WO 2011/ 062559PCT/ SG2010/ 000437 1 METHODS OF ENHANCI NG PLURI POTENTCY FI ELD
The present invention relates to the fields of devel opnent, cell biol ogy,
mol ecul arwbi2eligggyssand genetics. Mre particularly, the POTSGRIWVMIMETates to
met hods and conpositions for 5reprogramrmng somatic cells, deriving stem
cells fromsomatic cells and inducing plluripotency in somatic cells.
BACKGROUND ESCs are pluripotent and can self-renew indefinitely.
These properties, confMET#DDS$ QF ENHANCING:PLURIPOIENECr ni ne t he ESC
identity. 10lt has been shown that adult somatic cells can be reprogranmed
to resen‘%ll‘lﬁ_ SCs when key transcription factors are introduced . |nduced

pl uri pot tem (i PS) cells may be - obtained through the introduction of
defined factorﬁleg S IVER r@ﬁhbﬁ ra&kd & thd mﬂ,ﬁis%Fg%fci}fncﬁnp%%ll%ﬂﬁoéhm&éduw
between alternate cell identities 1s large ef’i ne uni que sets.of
regul at objologyl @cigdesstisr bk)emparhculahlsf ftley imventoal relateg pemethb8T ed comlprsitions faf

pl uripotent stem.cells can, be achle ed the viral transduction of a few
eness: n B HeRBlSE S rie e TPl ooy el pbd BRGgHe

Suppl errem@fr;ofyﬂgymma@m@mwal conpounds such as inhibitors to DNA
met hyl transferase, histone deacetyl ase, histone nethyltransferase,

m t ogen- gcti vated protein kinase and gl ycogen synthase ki nase-3, has been
reportedm the reprograrmi ng efficiency2-5. 20Recent|y, the

generati on of en a Q iral vect Of S c eat ed
Pranstect i on ErCarEohARtEY P S ML elmol! Tt ok s b PR s
cel I s w ssraflcorfagenpdaemmiife thetRSYT Rleh@y6. The conbi nation of Cct4, Sox2 and
Kif4 (OSK) constitutes the m ni mal requi rerrent for generati ng i PS cells

fro use e onic fibro ced i ent s PS)
el TA0D,SC PR Bedh o B AR s OBt detstef e RSB B RhE RS opa
gene expra@fikey tra;ﬁb%hysﬁ@sfacms are uﬁﬁﬁuhéd% elndBSedgstidisoté RteRE(iIPSLdlIB elay be -

obtained with t hese mnet hods, ver%‘ii ew studi es have car ef uﬁ | y exam ned their

ger nt | i nebeanedthnough the intreructiomehdefined facters iiie sempatic cells. Thin suggests thabthgh i PS

cells hay r m | ar
fo Esco. ‘i Sl SRR QUORE iRl R1ER Ty IRL RNl dR R T Ao T
hi ghly ‘ﬁ@l&ﬁlﬁk/p@&ﬁﬁﬁﬁlﬁﬁéramﬁﬂl@jmo437 2 varied4'7"9. This suggests that
i PS cells do not conpletely resenbl e ESCs10, and there is marked disparity

int 2$ fi qual R )i"hgfncﬁlﬁ (];r(la 5 Iagneot?rllt s‘t:" m cellsnc?iﬁ be acl%leveg%ﬁ”ﬂhpv?rgi Lyﬂsdacmon%ql ity

and i ci ency o ese ones 1 n-con
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and 5life-birth fromiPS cells.generated with tetraploid conpl enentation

hars] no]E sbepicakqomouadeich as inhibitprptodDINA mefhylgapyferase, histeneidsagehdasgs ¢+ £ or i
qual |ty i mbBy BRI OD ot SRR b RIS Ea %P%%\%%. (HaS% kifRje ."%ﬁ‘ °

ger m | i nbacbegpatpnted to improve the reprogramming efﬁc1ency

20 Recently, the generation of iPS cells has been achieved without viral vectors. Repeaﬁed
transfection of plasmids over-expressing OSK + c-Myc (OSKC) resulted in iPS cells without
exogenous DNA integration®. The combination of Oct4, Sox2 and KIf4 (OSK) constitutes the

minimal requirement for generating iPS cells from mouse embryonic fibroblasts (MEFs).

Induced pluripotent stem (iPS) cells are thought to resemble embryonic stem cells
25  (ESCs) based on global gene expression analyses. While ESC-like iPS cells can be routinely
obtained with these methods, very few studies have carefully examined their germ-line

contribution and transmission frequency.

Thus, although iPS cells have a distinct morphology and express molecular markérsE

véry similar to ESCs, their ability and degree of contribution to the chimera appears highly



SUMVARY 10According to a 1st aspect of the present invention, we provide
for use of Tbx3 (GenBank Accession Number: NM 005996. 3, NP 005987.3, NM
016569. 3,wbRoDm6658. 3) in a net hod of inducing or enhanecmgcpbwb@et ency in
a cell such as a somatic cell. There is provided, according to a 2nd
aspect of the present invention, a nethd of reprogramming a cell, the

nmet hod conpri sing nodul ating the expression and/or activity of 15 Tbx3

( GenBank vAgedS3Si This Mppbas thalVSORH9 96 ndt coNp1OREI8Fenthle BNCE' GRAING . iNP
057653.3) in the cell. The pethod or use nmay be such that the cell becones
a pl uri porasksd dignarity; tithe qually of ditfereng IHS calldingsovi de, according to a 3rd
aspect of the present invention, a nethod of causing a 20cell such as a
somatic cel |l tSpeéfissllydsheaibditp andBffRichbROAGESS iPStdell Tlddks th @IntHbupag et cel |,
t he net hod conprising nodul ati ng the expression and/or activity of Tbx3

( GenBank chigasisal, splonigatt of MBS wssnd megdirppoytastly sgermplinplismsmission and
NP_054653:£3): 1 : . : ApEi se
rodul At A PaT R e Eols penergjed with (RIS oRlp HRIRARTRY bt SR S lRIRE, <C,
or all of Oct4, Sox2 and KIf4 in the cell, optionally w thout the

25i nt r oduct i orf hete ig theyefosern rped frethe @t for other factprfe i torthgiasalmy be such
that the | LSpl re characterjistics . | ur i-pot ent,._cel |,
such as éx%rujgrsnglhtgr? fo dﬁgﬁ%&’oﬁ%&g qp“f‘ﬁ&iogé R rarr‘rlg}el?elrﬁé ,cg%sﬂ%shd’eglge%@f £lj,euNanog,
Gdf 3, Dppaghcitndor Higl3gér@eliBacumptarssi on Nunmber: NM 005996. 3, NP 005987. 3,
NM_ 016569. 3, NP_057653.3). WD 2011/ 062559PCT/ SG2010/ 000437 3 The use

or metho such that the cell is capable of contributing to chinerism
such as %Mroduced into an enbryo of different genetic background.

The yge or ”Emggrdﬂ?to%s P&t BP&%_pE&@mCiﬁlzémfoﬁ, &&@hﬁ‘ovﬁ& HPLYrIHxger m
tissue, such as by germce contribution to gonads. 5The use or nethod may
be such t(GenBankeAwebdion NumbpabiM_ X598 B ANP H05§8% 8y NM i036269.36N 087616303)

germline conpetency,or at a high germline transm ssion fre ncy.

The use & A METIRIE! e sahencr Plimestengpyin pscll SRR SmaERelar | ng

full -termlive-born progeny via tetraploid blastocyst conplenentation. As a
4th aspect of Thhe ippasided, accorting o 2" hewet dfshoprovint anveiitiod aehdbotk
Accession 10 Nunher: 005996..3, NP .005987. 3, NM 016569. 3, NP 057653. 3)
for use irwr%g{ﬁ@frﬁ%aaw%%ﬁwg CBFIBPFIB%P@HBE?UP&N& BEFISSIOP A/ BRctY H_S a

cel | j50r ToRY 3GAB MKk bssich RERbES NM 05996, 5DUR (U368 P5, NN §163WrAct eristics

of a pluripotent cell, in which the cell for exanple conprises a somatic
cell. NP_057653.3phe thesegllor net hod may be such that the cell conprises a
manmal i an cell such as a 15nmouse cell or a human cell. W provi de,

stemcell line, the nethod nprising performng a as set out ove
and derieelhg a cell line therefrom

ding t t ' 13 plii te
according to gu5thuasReSke ﬁ{% HReud GSEME c%l?ﬁ@d%‘iﬂe‘g'a prlrngtlwggl ﬁch%@%%tég%ng a

We provide, according to a 3" aspect of the present invention, a method of causing é
20  cell such as a somatic cell to display one or more characteristics of a pluripotent cell, the
method comprising modulating the expression and/or activity of Tbx3 (GenBank Accession
Number: NM_005996.3, NP_005987.3, NM_016569.3, NP_057653.3) in the cell. :

~ The use or method may further comprise modulating the expression and/or aCtiVity of
one or more, a combination of or all of Oct4, Sox2 and Klf4 in the cell, optionally without the

25  introduction of c-Myc into the cell.

The method or use may be such that the cell displays one or more characteristics of a

pluripotent cell, such as expression of one or more pluripotent markers, such as Oct4, Nanog,
Gdf3, Dppa4 and Thx3 (GenBank Accession Number: NM_005996.3, NP_005987.3, -
NM_016569.3, NP_057653.3).



The present invention, in a 6th aspect, provides an induced, reprogramed,
pluri potent 20or a stemcell or cell |ine obtainable by a nethod as

descri bedv02011/06235% a 7t aspect of the present inventi oRCT{SIGEIW/0DP&I3Provi ded
a method of identifying a nolecul e capable of enhancing differentiation of
a cell, the method conprising performng a method as set out above in the
presence of a candi date nol ecul e and detecting a reduced i nduction of

pl uripotency [hetuseocmkthod negibeadch that thg caliis dagaldé of hmtmilaitingao chiattuised

25expressi gn of. one. o re char cte ics of a otent cell by the
col 1 consr s RisSdudt e an eatr iR asfe kel Wo

2011/ 062559PCT/ SG2010/ 000437 4 |nduced, reprogramed, pluripotent or a stem
cell by a met Hie uasosmtthod inaglbesech thapihs iceld) istdbée walolonise garm aissliedsich as by
nol ecul e and % tecting differentiation of the cell. W provide, according
to a 9t h8&5HE C‘HF“&’ngitﬂ\g@m Son, a nethod of identifying a nolecule
capabl e of enhancing or inducing the pluripotency of a cell, the nethod
Corrgr ICSi si ng 5I ﬁéll‘el[u@df miﬂélgtclilad ey (heduelsthaethe oell 1s§tfapﬂl§e bﬂcdlbﬁs1]?g§|6mlilﬁ%11@fw1ﬁla .
candi dat ecul e an etectin n increased i.nduction of pluripotency by
the cell %lgrﬁ?&ﬁr@glé‘}?d;of@ﬁfeﬁﬁ)‘ ah%haﬁagbeerf%n%*émqu FRS8Yd expr essi on of
one or nore characteristics of a pluripotent cell by the cell, conpared to

in the absencdhefusé bemehodintgtte satH @atihe cell hecapitie bf Gheiting il prasiont
invention will enp unl ess otherw se indicated, 10 conventional -

t echni qu@anl?roé?f@rf{l%%/qt‘;@?l%b]é‘é‘ﬂ?yﬂ C%PE)‘F’@SWU?H cr obi ol ogy, reconbi nant DNA
and i nmunol ogy, which are within the capabilities of a person of ordinary

skill in the asta 4“&ypbcttcﬁ*@twrmslnaéﬁuﬁxmew i NgebwdbdtT&ﬁ(G%ﬁBWAecesﬁs@ for
exanpl e, J. Sanbr ook F. Fritsch, niatis, 1989, Mol ecul ar

and
d onilfig: M%WM?@%M 00%&@@0‘?&656%3 WBAKs7633.3) feraielingpricthgd i bor

Labor at or

Gur'rent BRI RarindSigeFh o bt HgofnBhine ik prafiAEL LA L GHRELETRIRS:
Sons, Newnor mprd\chdracteriSticsRefen, pldripdiraletil e whidiothécelKedr I’é:xarﬁﬁl@@:on@biées a

| sol ati on and SFI\ quenci ng: Essential Techni ques, John Wley & Sons; J. M
Pol ak and®Baleslly D McGee, 1990, In Situ Hybridization: Principles and
Practice; Oxford University Press; M J. Gait (Editor), 1984, ‘

d i gonucl eot i dﬁeﬁyenblhﬁsﬂhsd mhy Beaadh thal thépell o@aprisel 8 nilin@aslianl2ellMuchlas 4-i X ey
and i E. Dahlh ﬁ 20 1992, Methods of Enzynol ogy: DNA Structure Part A
Synt hesi FOYse o 9*54 ysis of DNA Methods in Enzynol ogy, Acadenic
Press; Using Antibodies : A Laboratory Manual : Portable Protocol NO. | by
Edwar d Har | oww®pievillel adeordifghtoas™ aipedt b 4R, présentlinSeritionga Mt oflobbakias ar y
Press, | SBN 0-87969-544- (% Anti bodies ; A Laboratory Manual by Ed Harl ow
( Edi t or) stepesalldineathe n(@hw emprisirggerforping agpethad aseatbut aboxpsrdidenyingress,

| SBN O- gé@?i@&eﬁ&ﬁ, ' 1855. Handbook of Drug Screening, edited by .
Ramakri shna Seet Pr abhavat hi B. Fernandes (2001, New York, NY, Marcel
Dekker, 1SBN 0-8247- 0562 9); and lLab Ref A Handbook of Recipes, Reagents,
and Cther Ref diheREwsentdpyantipprinadt agpeatpsoBdesc indulied et PIEFRNIRES AP0

Li ndanRo 02, | SBN 0- 87969- 630- 3.
Ea hg(())f tgﬁgét%mg%&l)le(rgé?@ﬂelgt(@gwgg%b?aallﬁ%ﬂ%gér)g%s?% ed by reference. 30 BRI EF
DESCRI PTI ON OF THE FI GURES Fiqure 1A to Figure IF are figure show ng
that gl obal géme 7exppestef tha ppsertinvengon.dhesalispropided aimpthaskedflidentifying a

fusion- mﬁ%l&&f arpgﬁr 8L r?hancmg differentiation of a cell, the method comprising performing a
method as set out above in the presence of a candidate molecule and detecting a reduced
induction of pluripotency by the cell, reduced reprogramming of the cell or reduced

25  expression of one or more characteristics ofa pluripotent cell by the cell, compared to in the .

absence of the candidate molecule.

According to an 8" aspect of the present invention, we provide a method of identifying

a molecule capable of enhancing differentiation of a cell, the method comprising obtaining a '



WD 2011/ 062559PCT/ S&2010/ 000437 5 Figure 1A. Modified ESCs with Nanog
over-expression (OE) or Tcf3 RNAI were fused with MEFs to generate

t et r apl oiwoBBG/dEF9ohybri ds resistant to neonycin and purcmscoo/obisgur e 1B.
Nanog CE, Tbx3 OCE and Tcf3 RNAI enhanced cell fusion-nediated 5 _
reprogranmm ng of MEFs. Representative exanples illustrate the enmergence of
ESC/ MEF hybrid col onies.- Control ESC fusion with MEFs resulted in an

ave (r]I aged(mﬁdwa@ rﬂﬁ'b%ﬁh@ﬁﬂb oclji’ mlaﬁpowﬂa?@eﬁexg ¢t bRNMethd‘sberscsgtC &kt aBbveTbxdﬁé)sﬁg éSEéBCs
produced nuymer ous . rid clones after fusiqgn, Figure 1C. Nanog ESCs were
ef ficientel {3 @wﬂ%eﬁg‘e deteghngatitferentiation of shetslloni es, fol | owed by
Tcf3 RNAI (10) and Tbhx3 OE (4.5). The nunbers represent the average of four
i ndependent f ugé provekp&IcoRERE ®. a 9" SpBEtoE sheSingdtitioncamethoddif ideatignag 4 om
vector, + denotes significantly different fromcontrol shRNA. Figure 1D.
The heat Mfigrudsearablg of ephaneige g inducing the plepetsaeyPfiarrelly tigmasihqdormptisigar ed

to cogtr T : i = ol i OE
and 15Tor 5 PR AgfERoRaR ol iBaloRtnchRinte 1P CRHIE S8\ QERGRd dBbETE

t ar get s dadcrédaadpdactionodfPphingmechey by tthecall) inerdakek@ pagehnGhing-afhhgdedl @at abases
respectively. Figure 1E. RNAI knockdo f . Thx3 in ESCs |led to a, loss
of Dol - Vi CXREPSIONA CBE OBTOTER BTAS Gr! 2 luripotent ceft by deefipcompared

Enri chnmerd irdhe 36dedcaodndostsdAcmeRamey on the Tbx3 gene, as neasured 20 by
Chl P- gPCR. Figure 2A to Figure 2E are figures showi ng that generation

of iPScells wth Oct4, Sox2, Klf4 and Thbx3 retrqviral transduction. Figure
2A. OSKC and Reﬁawﬁ%@ga pesen) imesation pel bl pilesiheryise IN@RAIRERS) with

- 10% X P63t A8n PR hnid0ess &@ﬁnﬁggﬁ@gpﬁf 'llzig?dc}%?lni&eﬁgi L ORS om bRk r?]muced

an 25 average of 38 conpared to onies from GSK, wth 89% and
74% GFP - aod inmatndngy,edpetare wathm theahapatiiktseswd a pemes of swlinany dkitlon theeit. on  day

16. Dat ts the av .t i dent -t dycti :
oxper | moRteh e RGN AL TR e AT e e R LR ORets bt Frjsh,
2011/ 0623p@ PNVan{a80 11B80 0B8R Euler Bidhie 2BabdiibraR@ntidJedoR® Fdfldn, BbokER3,

showed tight, donmed-shaped ESC-1i ke nnrﬁhology and uni form GFP expression
t hr oughoiold Peringotienhyr LahesatersPressk Susubshds Myshakh f K495 a8d periedie sepplements;
transtor i ' P SS$4 C = ~ Higure
20 T CIRTE Lo B DRLTE Slolodh B 3 B 13- RHE MGy & 50 eyl 01,
primary MEFS; B R8e, I0Cehbytse, 2048 tA. Kahac1996NDMes/adsn &KSandn&kE ssenrial nat i ons
required 14 days obseryed in four independent fransductign experimnent.

Fi gur e 2Bec/preesnahy sYiseycdmonsne L Priakged dames PP draes. g @l Situ .
over - exXPE3ARRLo): AW Hied Hd PREGLS, mférgqﬁm&siyépﬂe%g&&r%{ Si&ﬁ@?&rih@%,w th

the different conbi nations. i gure I PS cel I's”expreessed
typi cal EBRoprdtatidesSyudescttlrayiceipppodircll RespdriMi k LilkeyNaddgE. Bathc;r_g,

SSEA}O aqg9£)§\4eat}ni)<c%l oif%%zy%]o 3£yh %I@? g’trggtgni’evj’cgry A: §)9n6}}1eesisb&3}1rd thf‘s’z%gl Ehar}jvsis of
DNA Methods in Enzymology, Academic Press; Using Antibodies : A Labbratory Manual :
Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring .
Harbor Laboratory Press, [SBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed
Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, ISBN 0- _

25 87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala, .

Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and
Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,
Edited Jane Roskams and Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-
87969-630-3. Each of these general texts is herein incorporated by reference.

30 BRIEF DESCRIPTION OF THE FIGURES

Figure 1A to Figure 1F are figure showing that global gene expression proﬁlinvg

reveals Thx3 aids cell fusion-mediated reprogramming.



Figure 3A and Figure 3B are figures showi ng that the transcriptone of i PS
cell clones generated with different conbi nati ons of reprogramm ng factors.
Fi gure 3AVORDBY®R®Ri cal clustering of gl obal expressionPpTsG20108g048howed
that OSKT and OSK clones are nore simlar to wild-type ESCs than OSE, but

i ndi stingui shabl e from 15each ot her based on correl ation coefficient (R2 =
0.94). R2 value was obtained fromthe average individual gene signal
intensity of dligureP8. Mahiel ESCewtth Nowop bvertdxpressing (OB pafefdi Rbaivee Rl

ESCs. The. i ndepe t transductipn ri.penis.where the clones re .
ool at ed T HERBET o b RMRE Kb R ML B bt Rt TePuSBR il vi cua
ESC- assoguasigkigene profiles reveal ed a subset that 20 could distinguish
OSKT from OSK-derived i PS cells. 'Distinguishing' ESC genes were expressed

?r:aj Lre:/te 'ysofsi Cr;1t a egg%g&@ﬁﬁggﬁgﬁﬁﬁt@ XL%ﬂ{aB%egfﬁ%hg‘ﬁﬁilgrﬁmpﬁai d eglngs& The
presest abprogMfin¥ing OFMENs. REeEtRE eRarkBIEd il RBGatS o enerf@te LeESC/MEF

significantly different from OSKT;, + denotes significantly different from
ESC; p<0.hybrid chlenigesConiroh ERE fusipn addi MEFpreseliedoin aniayeoae phgned®r wepesiment

confirmed wth Fi . igur e, 4A Fi ar i.gures
how ng. CHsr AL IRERAT BIoE Qb7 O ESCYRRIER) hinEly BitpiBieS al?
transm sdugion. WO 2011/ 062559PCT/ SG2010/ 000437 7 Figure 4A. Injection of
GFP i PS cells into 4-8 cell norula (top panel), followed by in vitro

mat urati on intQ bl ast St re-i antation into.s ates. ..GFP+ cells
were Tocali zed @edrs REkH QRIS erk BB st b S R g 17 |

Repr ggentoalonks, filetves bs 1oy RIYAL (19) aud@ mbi 1 @Egﬂ.@).CIQﬁtﬂuh{Uéfsi 10presuid tieReiagk
5distribution of G-P+ cells generated with different reprogranm ng, factor
conbi nat iodheuriipdepgedesh Flisipn expedmentsr’ denptes sipnifiggpt)p different fronpyegtare 4C.

Tabul at i -' | N P+ I PS cell-derived germcells
to the ggfr%g@gg%gﬁlc%?nwgﬁ%gt gglgl;&gﬁgls?l el'r spatial distribution with

di fferent conbinations of factors. OSKT i PS cells were nost effective at

col oni zi ng t h&'igsad s The begianansshows albigengsavhicloserd ipgreased|in treated EROS e s
signific I iff <Q. nt: Set s _

m croinj g@ hpérﬁ: g t{/)\g?ﬁet%ggé rﬁrb %? %‘% 8$g %&&%Sé E@y%@q%ge%%%gﬁﬁamg%E a1|1_c|i gure
4D. Répr gaEhRNNAILES(NDheoleftahiosticolgnintia reédindicates diredt gehe taBztcel Nanog@rdiRifveri c

coat and .t he, prod i of F2 offsprning after crossing with al bino m ce.
Bl ack of 8§54 %gt?lF ?ﬁ%gggataé@ qrﬁg-c&pﬁ L dphRges TSRSV on of iPS cells.
15Figure 4E. Table summarizing the germline transm ssion frequency for i PS

cel I s gener at adgut 1. RN&i dnbélRloemntof TORBIMBSCORdad afll@siofsslf-rdretvabagh

conbi nation, between two to six iPS cell lines were used to obtain |live
chi mer as, ingced Hiffrentigtiop.east one mal e from each conbi nati on were crossed
with an albino fenmale to deternmine the frequency of black F2. * denotes

si gni fi cant |y ik eFephridhinmt 68K Rdd Nabog Beddipaktyonahé ThLDzd las measured.
rgspecti vely. [ 20Figure 4F. Two OSKT i PS cell lines were tested for their
abi | 2Py thy GdReP4Re i ve animals fromtetrapl oid conpl ementati on. Two -
fetuses froman initial 33 tetraploid conpl enentati on generated enbryos

wer e obt ai ned Hifire2aho Figee EGRe Aburkd Showlhg Halderéltiof W8 iBPcINABLOY,

uterine regression of the surrogate female. Wth OSKT #16, ten live births
wer e obt axonddKif4 s Bo3eetnyyisb tramsdyefionsur vi ved on day 1, five on day 2, and
three by week 1. ' :

Figure 2A. OSKC and OSKCT induced ~300 ESC-like colonies (per 5 x 10* MEFs)
with ~10% expressing GFP. Under the same experimental conditions, OSKT induced an

25  average of 38 compared to 26 ESC-like colonies from OSK, with 89% and 74% GFP
activation respectively. Colonies were ésséssed and counted on day 16. Data represents the

average of three independent transduction experiments. * denotes significantly different from
OSK; p<0.05.



25 One overwei ght pup died before week 2, with two remai ning mce surviving
past two nonths. Figure 4G Co-occurrence of transcription factor
(TF) groum® 201174eR539t he nul ti pl e transcri ption fact or- boRAd/SIGEEI0/00@37 ors i n
the heat-map refl ect the col ocalization frequency of each pair of TFs

(yel l ow neans nore frequently col ocali zed, red neans | ess). WO

2011/ 062559PCT/ SG2010/ 000437 8 RNAI ESC/ MEF hybrids were tetraploid with

t he nedi an chrFongs@BeO(S&md Q@BKBaPS Aelt d’oad:s shbwed tightt dphedsehappd ESHslikeer e

GE and TAPAPRRRE maE MG OEP pypresssu i B Cup s B8R B o ana

Tcf 3 RNAlapb&ieed yeflfteéd, @rahSfoph@Padie vath spaksd G FPedXpedIsidn HMcald tar WDQim.
wi | d-type ESCs woul d dlfferentlate (Tarrs?’ WL. et al. T-cell facto?lSA ,

regul at es enbr on| ot enc renewal.
tr gnscri ption gps E)SEQ&? ﬂﬁ?‘ﬁlt VRl éfe ﬁg@ﬁ?&lé%mg%feeewlégﬁw%ﬁom
2019- 31 (p2ikBy Mrﬁrsiat@,deays EbATRRESoN, Wherdd9 OSK! £hd OSK& cofibinhtiofls rdfared 14

promotes transfer of pluripotency after cell fusion. Nature 441, 997-1001
(2006) ) . daieokserved dp fasadopmdephirangdudtionrexperémentcel | s were al so able to
grow wi thout LIF, 10 whereas control hybrid cells could not.

Undi fferenti atlif rE965 P@erﬁaa%fé%hﬁﬁn&ﬂﬁ@ RORAS Sntb@Siis ¥oveReressiip! € bar =
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10l ines at -90% efficiency whereas the efficiencies for deriving i PS |ines
were 33.3% for OSKCT and 50% for OSKC. Figure 12 is a di agram show ng

di f f er entWat20o/n62¥59i PS cel | s into teratonas. | nduced- PSPEEISIG0M@P&I3T nj ect ed
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i nstances, extracted, fixed, paraffin enbedded, sectioned, and stained with
hemat oxylin and 15 eosin (H&E). Teratonmas obtained fromiPS cells induced
Wi th OSKC, OSKigurd 48skijection of 6 dP®xelbsrisiovie8 icell miomda (op pened) folkviedrbyiint o
different .cel |l types. Fiqure 13 s di agram show val i dati on of
Gene exprie BT Yvaridnd Fenpdelul bR Sl pFocr.
TranSCripbuﬂ@MﬁhﬁcﬂQﬁﬂyﬂﬂhg@@pﬁb@ﬁmh@hﬁﬂﬁst were normalized to 13-actin as
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were sacrificed to assess the contribution of iPS cells to the gonads of
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Figure 15 is a diagram show ng the contribution of iPS cells to the gonads

of chineras. Wgas3bsReprebdieatiiRPhbiod Yhdwing Be doRBituibh f IFS ¢l té SfhREicand
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popul ati on of reprogramed cells. DETAI LED DESCRI PTI ON
Figure 4G. Co-occurrence of transcription factor (TF) groups within the multiple

transcription factor-bound loci. Colors in the heat-map reflect the colocalization frequency of

each pair of TFs (yellow means more frequently colocalized, red means less).

Figure 5 is a diagram showing karyotype analyses of ESC/MEF hybrid cells. Primary
30 MEFs showed a normal diploid karyotype, n=40 at metaphase. Nanog OE ESC/MEF and Tcf3



25 ENHANCI NG PLURI POTENCY W TH TBX3 We have now identified Tbhx3 as a
transcription factor that significantly inproves the quality of iPS cells.
Speci fi caWDRO1INMB2¥8t abl i sh t hat Tbx3 i s capabl e of enhaR€T(s¢2010800437

pl uri potency of cells such as stemcells. W) 2011/ 062559PCT/-SG2010/ 000437
11 germline transmi ssion frequency. In®articular, we find that gl obal
gene expression profiling could not distinguish between OSK and OSKT i PS
cell's. RNAi B8C/MEK hyebricshmm tatraploéd Fithtipd ediah elirogesame covnd et 80. A total of

Chl P- sequenci n anal |nd| n tes in ESCs suggests that Tbx3
regul at 628 St W é{‘?é%%rfai’f %frﬁ?c}%g?rgfb Yyranmi ng factors, in addition

to sharing many conmon downstream regul atory targets with Oct4, Sox2, Nanog
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wi t hout erivedii SHMEF hybsids from dgsa %Héwegee%lﬁ%abla& grew wishays Lk,
det e g ”%&[e%e,fagkor&ldf ['h}/ﬁf?& E0f%ofld ?llljédlff?%n&?ted psEs %?edal%p &'i} Ghse -

pl uri pot en em ce may be efficien ared b I'on of
nucl ear pespnwg(l%mlmS*uglehanetu@Orpgl genes, such as an Oct famly gene, a K f
famly gene, a Sox famly gene (or any 20 conbi nation of the above) into

somat1 o cel | o el e, PHEIENCSoind BFencHE SIS ELAURATIEHRE BRI Of

preparing ind pluri pot s an anC|ng
pl uri pot eruxymalf preineter oEMEE waohighlyshetaylated |ae€pGrs&BS‘, agd anmtthglavddtin E@G’sucl ear
reprogranmn ng ﬁﬁitor i.n presence qf Thbx3. The Thx3 nmay_have a property

of provi &PeY el %ﬁsgawﬁﬁaybpewwﬁamao thiNaneg Sfcand T3 RN A ce of

t he X3 '
e T2 sAAAD I (e APRRORE: HASMEP B pHRIR, o EMIPS BR Go
somati c ckdsin thc(natrapfatdrmﬂs Blyckcombe fepeestiitea hredtylated Cb@tsﬁbw&ldwmoh)rq:ﬂ operty

of providi reprogramm ng efficiency in the presence of
t he Tbxscvﬂgﬁerfr eﬁﬁ ﬁB’rﬁ%& of Tbx3. WO 2011/ 062559PCT/ SG2010/ 000437

Figure 8. FACS analyses of the frequency of celi fusion events. To eliminate the
possibility that enhanced reprogrammiﬁg could be due to increased cell fusion events as a
20  result of genetic manipulation, we tracked cell fusion efficiency in modified versus control ES

cells. Modified ESCs (Nanog OE, Tbx3 OE or Tcf3 RNAIi) and MEFs were labeled with theg
florescent dyes SNARF-1 and CDFA-SE respectively, followed by cell fusion and plating.
After 24 hours, the proportion of labeled cells was analyzed by FACS. In all three modified - :
ESC lines which were fused with MEFs, there was no difference in the percentage of dual dye

25 labeling compared with control ESCs. '

Figure 9A is a diagram showing expressibn changes of Tbx3 as measured by qPCR.
Both Nanog OE and Tcf3 RNAi knockdown in ESCs upregulated the levels of Tbx3,

confirming microarray data shown in Figure 1D; n =3; error bars represent s.e.m.

Figure 9B is a diagram showing gene expression profiling of ESC/MEF hybrid clones.
30  Hybrids obtained from MEF fusion with Nanog OE or Tcf3 RNAi ESCs were compared to -
control ESC/MEF hybrids. Of all genes up-regulated in Nanog OE or Tcf3 RNAi ESC/MEF .



12 Qur nethod may conprise the feature that the nucl ear reprogramm ng
is performed in the presence of increased | evels of Tbx3 as conpared to the
| evel s prweentispssbhe somatic cell prior to nuclear reprogsarmionge43he
cells suitable for use in the nethods and conpositions described here may
be 5 derived fromany suitable source. %xanpl es include human, nouse, rat,
cattl e, sheep, horse, nonkey, and hanster cells, such as somatic or stem
cel I's fr QpbASTTBXDWaFRMBAY tHeQhio® RTREE g&RIETCreAbaftif hedeft nfost EslTmALTAN.
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that are obtained according to the nethods described here. The 20source
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descip0e e L1¥00; {fticAUAHBLAOR: AR POk LRl PRIREL nafe 1i0%0gL Y OF
conpound, rug, or a toxic agent Use of \arous cells obtai ned by

i nduci ng QﬂK(f”Eamdlﬁﬁ)%tfon@SKﬁom cells in which pluripotency is enhanced, . such
as i nduced pluri potent stem cells, that are obtained by a nethod descri bed
in this docung C
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a hi gher .pyg '(ﬁ@E)f?eFfﬁt%H{aéﬁmaﬂﬂd%fo‘iﬂ PISERAY iddlcdd Witk ORXEN ¢S50 hind b@ldibaqﬁ t han
in the absence ther eof WO 2011/ 062559PCT/ SG2010/ 000437 13

descri be ShowmbfbémsweepW(vgrdaﬁﬁfrrﬁmgatmmnodlft&fre@mqﬁﬁypcsceI | s which uses Tbx3
expressed in enbryonic stemcells at a higher level than in somatic cells,

and having a @"i%lg@'iﬁ ¥s Epcﬁla Hlvéhg llghtgcﬂ‘gé]f é&ég 'teﬁ]?rfes sidnPE RS @@ rom

efficiency int presenc of th sence o} 5The
net hods deswmairpeth Figue B(B)lmquP@R Thasscuipelewéls 'fdmﬁe gmmsef s&destnveeerboxymﬂnzed stem

Il's at a_higher level th 1S Tb )
expr os cedd riciagem Migmaroarel. AERER by oHRl 0L T R] ESCEb iy 4r0saL he Es

cel | yghi ¢ liQQt%s?Urefa&{ﬁ‘Stdeﬁtc%eOErrMa?shreBé%eH?%QLfﬂ differentiating such as
determined by RT-PCR or Northern bl ot anhal ysi s), and having a property: of

provi ding a higher nuclear reprogramm ng efficiency in the presence, of the
Tbx3 10 t han FHRYWH& HAsHAREM Shepinss a scheme donhs andlysine! geradiiedmnemissiogot ency

of cells céﬁﬁfo H‘f%roifq?'ﬁtclal‘fs. VLT Switk déﬁféﬁl frﬁﬁtll% Jﬁ%@%?&%&%‘tﬂﬁ ReuEEs tgln'[s'%éngm ent

stemcells e preparation o t stemc

descri be [@BARDBg(® onfl aEGHE)2Mnt/hle IndnieedbPS Telk3were pnjestsd thto theek® lcg/lbembr)@s em

cells at of albino mice, maturated into blastocysts which contamed GFP: cells in the inner cell mass,

25  and transplanted into pseudopregnant surrogate mice. At E13.5, half the mice were sacrificed

to assess the contribution of iPS cells to the gonads of chimeras. At this stage, Oct4 would be
reactivated solely in germ cells. Live chimeras (F:) were obtained from the remaining |
surrogate mice, and subsecjuently bred with albino mice. F:offspring include albinos and
heterozygous mice which are black. Black F. generation indicates the transmission of at least

30  one allele (specifying coat color) and chromosomes from iPS cells.



a higher level than in somatic cells, and having a property of providing a
hi gher nucl ear 15reprogramm ng efficiency in the presence of the Thbx3 than
in the ab¥onew/omb¥peof , for nucl ear reprogramm ng of soRETISG2¢WINE37 | N

ot her words, nucl ear reprogranmm ng, and _thus, induced pluripotent stemcell
production or enhancenent of pluri potené?, may be perfornmed in the presence
of Thx3 and in the absence of Tbx3. The nucl ear reprogramm ng nay al so be
performed in thgurpd&sendiegram shawing the somtibttgorPe iaﬁdﬁldﬁrtoftbfr penadsi ohclameras.
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Tbx3 can provi ok tlon of an induc | ur i pot ent st
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reprogranm ng factors suc as a conbi nation of these) in the presence of
Tbhx3. The nu #ear eprogramm ng factor may corrprl se either a single
subst ance or A18BaHS HAYBHA®Y a plurality of substances, which has nucl ear

reprogranm ng activity. Nuclear reprogrammi ng activity may be assayed or
detected by aFigir®ey isd diagrahcshswirki@oteliof “plipstehey laHdMarks” thaoss Bél scl osed
in International Publication No. W?2005/80598 Al. This docunent. further
descri be§MpRYSE dsawsessdbe EMZRINMING Ragressedfriby sematicragneme to full deyalgpmsytal
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positive | ear reprogranmm ng activity Be us nmet hods and
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increasing thejr of,eptcy. 20Thqse illed in the art are abIetDE
screen aPMETEAF | P’“‘H aﬁEPlHép‘PtﬁE‘Eyo&i‘F 63‘5{}8‘%0?#’&@ the Existing reprogramming

factors increases the probabilistic frequency of iPS cells that attains a pluripotent state

equivalent or closest to ESCs within the entire population of reprogrammed cells.

DETAILED DESCRIPTION |

25  ENHANCING PLURIPOTENCY WITH TBX3

We have now identified Tbx3 as a transcription factor that significantly imprbves the
quality of iPS cells. Specifically, we establish that Tbx3 is capable of enhancing the

pluripotency of cells such as stem cells.

As demonstrated in the Examples, induced-PS cells generated with Oct4, Sox2 and
30  KlIf4 (OSK) + Tbx3 (i.e., OSKT) are superior in both germ cell contribution to the gonads aﬁd



met hods and conpositions described here by referring to the above
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genes, each, of j.ch. be d d i or nucl ear reprogranmm ng
factor acPMdney ﬁbn%ulgﬁ?(ettgﬁ?neégg‘s&agg%tP‘P/S:%efutghat disclosed in

I nternational Publication No. WZ2005/ 80598 Al The nucl ear

r epr ogr anmi ng s futtdec shdyeth the Exhmples thao denoamdwiderfid Bisequemsing esalysis o TBLB
here may . .coppri.se.n ear repr.o in i th the nucl ear  repr.ogranm ng
factor by™ ?%’ii’}ggégg _ggﬁg@gnff@g%p%glﬂoﬁetn%mc%edge rel evant
subst 8NCeembgRARMANE thctsis, 1A MHMiBoR UEdRANg HRRY @OMATHN ddndGédny tdevlatdry Gargsts Ny a
plurality of substances such as a gene or genes), as determ ned above, into
a cel |l swdth Qet4aSe@adianeg and $madl. The gene or genes or substance or
substances may also be introduced into a cell such as a stemcell, such as
an induced pl uyé BRIGH RE&BeYRhirallPReRbdS Bf E@Mn&ﬂg'%?i&dﬂang‘fﬁdriﬁo%n gPME a
stemcell, where it is somatic, or” display one or nore characteristics or
activi ti esllofuch as semativetells oOstemrpetih Gogduding inducedplusipotent sferocelis). Wedi ti on,

i ncrease gr enhance the pluripotency of a stemgell such as .an induced

ol ur i pot SiterDp Aetiosof Tadbtng prnarenty i githgellt oY e drserbe Psidi arpEensBne i ¢
may he i RtehDeilB8dcH 4 iAdeced Pluripb@systemalla sonmatic cell or stemcell or

i nduced pluripotent stemcell by any nmeans suitable for the situation, and
in any suitable form., For e | e he substance havi ng nucl ear

repr ogr amni ng (glgtn?fi}lilﬂf r%'ﬁ)?nﬁﬁgﬁﬁfér%‘jﬂ?@&??Fﬂivdtyt%gxp:,rgfﬁ“%?’ it gﬂ@ PR mof a
reconbi nagfrop@intihg factor includifi® TbRX dPhRiculah SvSIREHBE MetMol b PrHpHhREON of
reprogramming_ activity may conprise a gene, and the gene may be contai ned
in a recépkansmgoryedicHg MiipHency of wellotigh egisomatis oglls ef stemgehs Gacludiag somat i ¢
cell or . i i t el I irpns of Nucl ear
Repr ogr angyne? HstipStent M € B ' A oAnET) Rt sp IRBRY ARl

r epr @§r ambxAgOfaatthods mae belusd vaigseor withdunusing aivog)avhieuidlal sugpected No. ~
W2007/ 069666 Al r%n‘d its famly nmenber U S. patent application Ser. No.

12/ 213, 03YMANFILS BCl0hat ent application Ser. No. 12/289,873, filed Nov. -6,
20 2008, entitled "Nuclear Reprogranmi ng Factor and |Induced Pl uripotent
Stem Cel | s" wWWwe havar tdriiudabatall @thoidncy of e¢iBnasy hiemeicasdduntiiducegnt i reti es.
Those skilled in the art are able to appropriately select a gene that may
be used PHHIRCHE HemTsHs maxdecflidentlyarerassd bemgioduditpniad nuplgarBpipgramming-

publ i cat iimcidgggreggn%g@% anDA FEm Y ggp'égglpfaaﬁgﬁggﬁQ,@wﬁ;ag@Qfgﬁﬁ%&gggf aI -

encodi ng repr actors are osed, I “exanp
Sci efte 3tBbiIAGTF 30the ADOVE) intn comptic atllsdn the preskaccesfCBoxBerein in its .
entirety. Accordingly, those skilled in the art are able to -

understand t hqyygll g% Rbcddds HAHBA B ﬂegz{}in%fi @S&ﬁ%&@%ﬁéﬁk 8l S G 2mm g
factors, and are Sbl e to enpl oy an appr prlafle conbl nat1on of genes in the
met hods d&slod dfeghieig theplzipocaop ofigemenlls, somptisidg satlesadplogranthigp Réth onal
Publ i cati on No. W2007/ 069666, AL or Yu ett al ., Science 318:1917-20, 2007,
WO 2011/ GHSSHIPRIPREENIE) foroma tha prepspce e Rbxt Hbe Jbxé sy igverd PRI O nucl ear
reprogra 35?@@&2\? A fHer AEAGK B HglaMoling S BPthe BHREAGAIHRITRS than in the. |
absence thereof. ' : ‘ ' ' T

For example, our method may comprise éxpreésing Tbx3 in embryonic stem cells at fa;
higher level than in somatic cells. Our method may comprise the feature that Tbx3 has a

property of providing a higher nuclear reprogramming efficiency in the presence of the Tbx3

than in the absence of Tbx3.



Exanpl es of the gene encoding a reprogranm ng factor that can be used for
the nmet hods descri bed here can include: one or nore gene(s) selected from
an Cct fawDI1Igwae? a 5 KIf famly gene, a Sox fam |y g@G&SGA0NIPE04BAM |y
gene,, a Lin famly gene, and a Nanog gene; such as one or nore gene(s)
selected froman Oct fanily gene, a Kifl%anily gene, a Sox fam [y gene, a
Lin famly gene, and a Nanog gene, and excluding a M/c fam |y gene; for
exanpl e a conm@uradtiood mfy tewpgeertbs feabuie thabtheaucleatie prigiranmmon is heréangdnes;

for exanpl e a conbjnation ,of .fo enes. 10 rdi ng the t . faml ne,
KT ot T EnRer 8l Rty 19veld SR Riporell o i e iubreabi tor Somate e

o. fam |y pgiepesnilcar epssratamind. N | nt ernati onal Publication No. WZ2007/ 069666
Al . Regarding the Lin famly gene, those skilled in the art are able to

extract the fanml ene in a si.m.lar . anples of . th i.n fam ene
i )I’(ICI ude, for ?)I’Iﬁr‘f%II%s,u‘tﬁI’lI’?g%r uds%hn f_I]e,{ﬁ‘gﬂg&/&ﬁﬁg}éﬂﬁpﬁﬁgwe@g?ﬁﬁlahﬁmﬁg I’%f gLi nZB
are NM 148833 oM AR buitdble SYMkcedERAMARIES int hidBROMan, HSuiGRL, cageedRER hopdenber s
of Lin28b are NM 001031772 (rmouse) and NM 001004317 (hurman). Low Ml ecul ar

Vei ght Compgendad hamster ¢ellsasightas spmaticeqsrstagn aettsi frgm hamen of Blouse odedmple one

or nore gg&gtgcs))r %%%Itlseﬁ%&rh%magn Cct famly gene, a KIf famly gene, a Sox
fam |y géne, a I\i/c amTlTy gene, a Lin famly. gene, 20 and a Nanog gene,

may be substituted by, for exanple a cytokine, or one or nore other |ow
mol ecul ar wei Jht scwapocalls (nedy dompsebumas embryonic cellfxagile bumén-derived ow

I I i. gh ' incl I I | ar .yei gh d
naving OB PGRP gk SIS e bESp o e B nRe B B iRy

sel e¢bed chnationdf S¥rhatfead@llb YrogE group oKiddiiawls or DevirlatienSox fam |y gene, a
M/c family gene, a 25Lin fam |y gene, and a Nanog gene. Those skilled in

the art are ahle to readjly screen such.|ow nolecul ar wei ght conmpound(s).
Speci 11 o corbi ReP AL s ey 6e auats SN B SRk Con of o
genes conprising an Cct famly gene and a Sox famly gene;(b) a conbination
of three genedveturher piongledor e cEBawi oellg@nehich pkiripofeany hys penenhardd,a Sox

famly gene; (c).a comhi natigon, of f ou enes ¢ risin n t famly
gene, ” 2 i indycalutPedie el yREhAES Se il RehS et o) o

combi nat icoRpditié USSR HeRITWd firtRer Aﬁrﬂvﬁé tforf Rati¥ cARSHIARE By #ldliciham |y
gene; WD 2011/ 062559PCT/ S&2010/ 000437 17 and(e) a conbi nati'on of Three

genedS codpifdrentiagion frogrsuchaails. WeyBmther proxide fommibiesapy éwhichamay be tharaed asteiny
gene. Ho £ i hati ons e npt .to be cpnsidered as limting. .
Al'l of t\églggI’eB%)ﬁ/zg&gPrgﬁég@T@HPVH%?%%%P fglimrIn Sur%%rla ISIS e %tl |nﬁg human. In
order to use the above genes according to the nethods and conpositions.
descri bed her éVe glemdescrbe aviwdary ihvdnehesomatimreetls arg fintrodeechpr tegnsplanted eatofar om

a manmmal such as, huma use, . rat.. cattl sh or.se,. and .nonkey) can
be enpl of8%t Slich SOInﬁII%‘a‘III%trIIWnI?e ,(IIItmIl%fII%PI g@hﬁgg glIefBeIrPénIIIaBOﬁ Irg III;lce\I\Ils ISHFIII %Qpe ‘gene
product, j@fic¥®pluripsSteALtE CellkCmMet 42¢ OBbkdned atdbrihk édheeNERs dabdribed Aeied¥hé f or
ex,_an*gle 1 to 10 am ng acids such as|l to 6 amno acids, such as 1 to 4 am no

aci d30 f spwex st cells may bgisakyediandrepllected friopmapatient. or 2 -ami no 10aci ds)
have been substituted, inserted, and/or del eted, and which have conparabl e

equi val ent fungs hieededcfibé R asenddf fol Bealwtiof of PREsIEIBFIBalNREUS toxicity of a FOT
exanple, as to the c-M/c gene product, a stable type variant, e.g., (T58A)

and the Icprpownsl agreg obe taxieageat Wik useaf vatieuswellgobtgined bknslugimge pri ncipl e
can be aIaIIIférgﬁ:IiaIign ?ttoglegelgefrrll gth)crhop Hr%o%éncy is enhanced, such as induced pluripotent stem

cells, that are obtained by a method described in this document.

25 We describe a method for enhancing or inducing pluripotency of cells such as somatié
cells or stem cells (including induced pIuripotent stem cells), such as a method of prepafing E
induced pluripotent stem célls, which uses Tbx3 expressed in embryonic stem cells at a hlgher
level than in somatic cells, and having a property of providing a higher nuclear ‘

reprogramming efficiency in the presence of the Tbx3 than in the absence thereof.



151 mortalising CGenes In addition to the above genes, a gene encoding
a factor which induces imortalization of cells may al so be conbi ned. As

di scl osedwPrR011/6255Mat i onal Publicati on No. W2007/ 069668CAISG2010/00&ANp| €,
one or nore gene(s) selected froma TERT gene, and follow ng genes: SV40
Large T antigen, HPV16 E6, HPV16 E7, and3Bni |, can-be either 20solely used
or jointly used in an appropriate conbl nat i on Speci fic ot her conbi nations
are as foll owéNe flescribg amptlear rémpgmnumnglmmhodnf somatlowllsgduelsumrfﬂmi%m ng an

o o) n§¥P% Fin Pl gt Aridhs BiekB oS peffbondngise e 1y

gene, h?mf Yo \@ERE a hadher Audhdéd PeprsaMmin@ Bific APy HEME ] re@,a%q;)fﬂee Tbx3
conbi natlon of five genes 25 conprising an t famly gene a KIf famly

gene, a %ewpp inahg 4‘3§elyfér$€Tbé3TERT gene, and a SV40 Large T antigen gene. The
KI'f famly gene may be onmtted fromthe above conbinations. Qher Genes
Further, in adgkhm@RodsAcidibed RO oBHHSS theQBE oPTHIPESrESRE bR BE s from
Fbx15, 30 ERas, ECAT15-2, Tell, and 13-catenin may be conbi ned, and/or one
or nore g@lﬁﬁef(@)hlshﬂr davebthan W)"UZ@IISGIOQBQG!@FM TTHED 0180 /b6 GBpETsed Bt fen elseaivAT 1

o o YR e T cofibha b RS e whichhA wirRR e 8F Shicn RS

speci fi cakgyh digferntibies sunh h@ ﬁaémhedJBﬁRTHP@R o€ Rorthérn ot aMBIZEH8), /aﬂ&ﬁﬁﬁﬁg al .

O her conbinatigns of genes are as foll ows: @#f a conbi nati on of tvvobéenes
1

conpri si MEPRSEY Df nroywngakzghegyu%aemvgrampg CieRpRl e Resercs nsthesT

Cct 3 34,
Soxzi 11 S5 SR EREIAGNE Ror SRIERR dr e A IENT S EORPL el
Sox2, TERSls arstenbved (irahgkinglindndadgeurigpeen sieh) c@ls):mnﬂor ﬁﬂtpranaﬁonfdf welugedes
conprisin %3/4 Kl h4 Sox2, TERT, and SV40 Large T antigen gene; (6) a
conbi nat PGH'PS enf%ﬁmgc@ &s conprising Oct3/4 and Ki1f4;(7) a conbination 10 of
t hree genes conprising Cct3/4, Kif4, and c-Mc; and(8) a conbination of
four genes conpe desscribe fethadd reldimgdo thehisé of AL exprysed hb&mln@bmc tsf&ﬁﬁ&lls at

conbi nat i a t to be conlder das limtin ' fac

i ncl udi ng%ﬂgﬁts Efé(ﬁgt%ﬁ‘? Briwetedc Sellsand Payiea aEpeEy ﬁgyroardyeg bhi ggern%}c B wi th
one @5 m?é;ﬁo RgniRg OF1Ednts In @F R%Qﬁe@f tl%fﬁﬁttﬂgn gr{ fA8hbde H&'él-l%ere%? uck3as,
ECAT15- 2, el I, and P-cateni Furt her ese factors may al So be

conbi ned rwrogramnang) of somaticgells In omeowguis( syclef regmg@m)msg Iaad ﬂaxs induerd
ECAT1, Es df 3 4, Rexl,
OTeL ot Bfiriporeal kel celf ppdliey gt of %#laa%?gaﬁgf Efcﬁﬁ*ﬁa%tsndaewgy bE SRt ghe ;

di scl ose@rdsendergfqrbaatah@nﬁdhengéht@@nm No. WD2007/ 069666 Al . However,
gene products that can be included i'n the nuclear reprogramm ng factors

20descri bed here are not limted to ts of eC|f|caIAIy
descri bed abojg‘e nuclear’ regrﬁgraﬁamngéqayragme@gg ﬁ’ﬁ’?‘ﬁ@ @EPEFF%“%@E&’F‘T“B‘E can
i ncl pgle QhdyBF foa@B Sushl RATEHIIMT THR3 ¢ ddsbhsdd MR whdredin MM hs@lfmén@pgmrtﬁm ng
factor, as well as one or nore factors involving differentiation,

devel opméenexamplep ths) qfﬁ@lcm afrihe mmtieafr serrogremhning isgnaredsed whiy diedeveiof e
activiti e mor e gene. product (s) is/are.

i ready aps EOCERRRY I ERGOMEOEBot Lot ullalTRb Do MEE clch gone pr oduct s
can be excluded fromthe factors to be introduced. For exanple, one or nore
gene(s) besi dé¥e alsedescribatythodprasprsdng theass pf Thxd haying a property of providing

a higher nuclear reprogramming efficiency in the presence of the Tbx3 than in the absence

25  thereof, for enhancing or inducing pluripotency of cells such as somatic cells or stem cells
(including induced pluripotent stem cells) such as for the preparation of induced pluripotent

stem cells.

For example, the presence of added Tbx3 can provide the formation of an induced
pluripotent stem cell as compared to the lack of formation in the absence of the Tbx3. Also,
30 for example when nuclear reprogramming is performed on the same number of somatic cells

in the presence of a nuclear reprogramming factor containing the same components in the



introduced into somatic cells by an appropriate gene introduction nethod,
for exanple, a nethod using a reconbi nant vector. WO

2011/ 062589RCI/EE&3910/ 000437 19 Al ternatively, amBeg/SGRewaogenes, if
one or nore gene product(s) is/are introduced into nuclei by a technique
such as addition of an HV virus-derived4TAT peptide and/ or nucl ear

| ocalization signal to forma fusion protein or by a techni que such as
nucl ear rameoomjeatrhticns, witr arsl withont bydidcdof Tie3, ofcraasahefficienty embesobsanyad| e

of diffusing across the plasma menbrane, the other one or re gene can
be intr oam,eg& Wtarrfl"ggﬂ&r stm%a%@rﬁ@ﬁ@t?mﬁwawélﬁ%g%f% N th;fam %Fﬁsf@,ena

met hod ug)i Rghtér MAARTBE AARiSpBE MiripdTttiéPEhEIRIUEES vlich MahjRes the addition ! N
addi ti on, @ gene product serving as a nucl ear reprogranm ng factor nay be

ei t her a ofbx2thaniin thel sampleodiilewd therasiditionefdlbadenent i oned gene, or in the
formof a fusion gene product 10between such a protein and anot her protein,
a pepgide, or tf Bﬁothex@am@c iRYROR &ficRndHof iRBudl MBt ot RS <8l BRIAction

Fl uorescent Protein (GFP) and a fusion dgene. produdct having a peptide such
as a hi smayi al® beaphieayd alithandreasad eshoulin of hibx3 avenmiredtopted amsdnfspsésent
protein haﬁ_igsg at.Hl%{ vi.ruts-delri ved TAT egti de enabl es the pronotion of
endocyt od} egPmatig Gell prior P@BFS@W%WW’EQ tor through cell menbrane, and

al so enabl es the 15 i nduction of reprogramm ng by sinply adding such a

f usi on pMN@iFAR RERROGRAMMINGUAGHOIRSe avoi di ng conpl i cat ed mani pul ati ons
such as gene introduction. The preparation nethod of the aforenentioned
fusi on gene pruuastheds rokylan axposing @ ecll sushas glepmptigicglh stemecedlrar induged

t her efore,t illed in.t I . [ [ . pl.e e
ar) b ot HRET st hels? BB budid st figh g A ot 558 a8 BHEBEGERY D
above, plthyskpiatteapiesaniy obEbehhanced by the addition of Thx3. TBX3

TBX3 is also known as T-box 3, and as UMS; XHL; TBX3-1SO TBX3. Sequences
of TBX3 incl ude: Nqﬁ008315. 1 Ref ?echene. T- box t%anscril%ti]i())rtl factor TBX3 is
a protein that FHURIFETBOPPERESIAT LYY RETRERS IE" HERe ™ CEPS Qe o 2

Newbur y- Eepbifdfion d€4 pRicdlity Af substaneds, WhichGds hideadeprgrafdrhinga&tisisy. T, Bul | en
PJ, Robson SC, Strachan T, Bonnet D, Lyornet S, Young | D, Raebum JA,

Buckl er AJ, L Brook JD (Jan.1997). "Holt-Oram syndrone,is caysed by
mitati one. | n- eISat BRI L B ey ot 75 SR PEARphe e ey 15
(1) 1 181- Khown\¥the (kL 5Gth2R I Tl s Y 18R bn AP ublicdtir NEIMD2D0HBOTIB Al.

devel opnent al processes. This protein is a transcriptional repressor and is
t hought tldipdeppment wrther desenies apatlads of sgeetieg nepleas xepsogrpmyag fastarssod

forelinb. f ' ' - R ; .ect nNg

| b, ap 20 FishtcuRAReleliel h BucHEr SRl RnathAPbr WRERBEacToL TR e Bunid 2
spl i ci ng naélehhieprogememingadtivisy inay bl ussl ih tikmethbds andadongpvsBioandexdiibgl in
different isoforns (as described Pel ow. . .., Thx3 maty be derived fromthe
same ani @i depHRGE forprepaging sigmyeqlls on inprsasing her BIGRRPFRY el Is are to be.
rgprogramed. Tbx3 suitable for use in the nethods and conpositions .

descpobed her ehopeskilkebinthd &t hiedlelioxdreds a natlearasprbfrarming hidtet fop uge ihohe
several nuc]eotides 10(for exanple 1 to 6 nucleotides, such as. 1 to 4 -
nucl eot i dethods sed campasitinszleseried eredysretardng todhapbevepublicagtion ln additiages,
for exa i : i i . ed, and
whi ch-ar ek SR i@ G KFb) UL BShehRERENSfhe ARRRBE i BhERCC,, PO

t ype Tbx3apprpuiatemodification or alteration has been made in the above screening method.

The nuclear reprogramming factor may comprise a single gene product, i.e., the
25  expression product of a single gene. It may alternatively or in addition comprise a
combination of gene products of a number of genes such as a plurality of genes, each of which

may be deemed positive for nuclear reprogramming factor activity by a suitable assay, such as

that disclosed in International Publication No. W02005/80598 Al.

The nuclear reprogramming as described in the methods and compositions described

~ 30 here may comprise nuclear reprogramming with the nuclear reprogramming factor by



For exanple, the Thbx3 which may be used includes Tbx3 in which one to
several nucleotides are substituted, inserted, and/or del eted, and which

i ncrease WhaodfoRr¥Pency of i PS 15cell production. The TBLI/SEG280000IET her e
al so includes Tbx3 in which one to several nucleotides are substituted,
inserted, and/or del eted, and which inpldve the efficiency of nuclear

r eprogranmm ng. Exanples of the Thbx3 which may be used in the nethods
descri bednthniuemgahte telrm/hnndmbstbmte aamesaped ad havirtgadiciear re'ﬁbog%amsmig)dcmmtys uch as

t hose set. o éWLOM/ 20TBX3 Isoform 1 s, variant of Tbx3
(1) is alPf i oD b b s SYRCGHALEeTOr BSP ot dqtgrmle?wm 18fo & ¢l
protein. glheasiihasie@egnce has GenBank Accessi on Number NM 005996.3 T-box 3
protein isoform1l. The protein sequence has GenBank Accessi on Nunber
NP_005987.3 T-box 3 protein isoform 1. 25The souyce sequence(s) mcluﬁb
AF140240, AKOSZBEANHPIELB glance ¢ sHawHSESmealsARs intrdugedivids el shber
CCDS94 75 5d a stbhifciNiddhol KRimkcs® ﬁﬁg%ﬂﬁ&éﬁ%l@ﬁ)&ﬁ a %% afit ¥l e at ed
Ensenbl sequences have acce55|oﬂ n ers ENSPO0000257567, ENST00000349155.
NBLSNRDPV%&E&EEEM&MH@HUWHRAEDFANBAMLGH@REEFBALMUBQNGmAAKEHRGAUHQQﬁvﬁksofa

AKPI NDQLVGAAETGL. P_FS SLGP KTMEPEE KVHLEAKEL HKRG
2011/ oaz%@&’%ﬁ%&éﬁfﬁ?"g Eﬁggallﬂ“#‘éﬁvz OFKS%%E Wﬂ%"tency
| AADDCRYKE HNSRVHAGKARPEMnRK MM HIRRSRA T EEQMBKVV T FHKLKLTNN | SDKHGET

| LNSVMHKYQPRFHI VRANDI LKL PYSTFRTYLFPETEFI AVTAYQNDKI TQLKI

DNNPFAKGFRDT TL FDERHKKENGTS DES S SE NC FA
PAASTVGTSNL Ka%&gbﬂgﬂ% HclegrreniogRIBHAR RFIEH 2 %‘“’ acell
PAVKAGIL Fé&&%@[&%ﬁﬁh@@ﬁse}:@&ﬁ%@ll Pof\m-ﬁul:e%ﬁ)ﬁr-fmml E’WB%@B@WM

PGKEAFAPLTVQT DAAAAHLAQG P
L GFAPGL AGRGEHENGHPER]. HRSRN mmm&m@mmmlear

v (U RE B PS s P s st AR RERURR Rkt vector

PASVAVDSGSELNSRS STLS S S SMSLS PKLCAEKEAATSELQS | QRLVSA.EAKPDRSRS ASP TBX3
| sof orm 2 For @anple;dhd subistanée Witk Bugl@dr repmgmimmsing actatityenmac@npnisefar geme,
exon conmpatred to variant 1. The resulting isofaqr 2). has th sa N. and
O Cor m ARGt gl 1% b8 Rondingd PEarE ML REYReT whaT haiedied B ERHEsirhe®
GenBask AGGRESE QN HLIKIRCcINA DAGRAPIGipoter tenicall Ot i n i sof orm 2. The
protei n sequence has GenBank Accession Nunmber NP_057653.3 T-box 3 protein

i sof orm 2. nggnﬁurce s d@ 2 (é? i ncl ude AF140240, AK054604 and BCC25258
A consensus HIORS O S SR FRI AR f76.1. The

Uni Pr ot KB/ SWi $xafipleb of (o@D fibitiatioh &P 8ének endbbil@proeinthig fhieRHM disgasances

have' accessi on nunbers ENSP00000257566, 20 ENST00000257566. NMSLSNVRDPVI .
PGT SVAY HEFIntrgtma \R b Aige S pRIMER0PT /ORGS0 enditafannlangmbenGAapategt

TEN1 TKSEIVEBDERURCE! TRIALY] EEA | AR RLER S RABBETp fled Nov. 6

PKRIVE HPDOH EREQIVBIAEr Rickttagkiihing SRKIHJEETA AfRGEHATHRENYFER QRIRS which
| LNSVHKY RFHI VRAN ILK YSTF YLFP TEFI AVTAYQNDKI TQLKI  DNNPFA

KGFRDTGN IPRRIrieSEQAAFNC FAQAS S PAASTV GT
SNLKDLC PSEGES DAEAESKEEHGPEACDAAKI STTTSEE PCRDKGS PAVKAHL FAAE |
RPRDSGRLDKAS PBGRHEIRATn theSarGarS ERELGARRERSatPYRET AP AR ERARALY H%GéEd\EA the

PLTVQTDAAAAHLA LPG_ GFAPGLAGQ]:FNGHPL FL HP AI\/GGAFSSMAAAGI\/G
PLLATVSGASThods desorpad ness kX scierragAs Aberabope pik Aée@émmnpthmamples of

PSMAAAAGL DR RS, PAAAVISSELSR KRSE i e S TR gl in Yo

| QRLYSCL EAKPSRERSAT: 1 I0-21) 200 1) 6ass9aed SradfehCOhet8in iR #s entirety.

Accordihgly, those skilled in the art are able to understand the variety of the
combination of genes encoding reprogramming factors, and are able to employ an apprdpi‘iaté
combination of genes in the methods described here, which combination is not disclosed in -

International Publication No. W02007/069666 Al or Yu et al., Science 318:1917-20, 2007,



Tbx3 | sof orm 3 NMSLSMRDPVI

PGTSMAYHPFL PHRAPDFANVBAVL GHQPPFFPAL TLPPNGAAAL SLPGAL  AKPI MDQLVGAAETG
PFSSL GPQAMDRPLIKIFMEPEEEVEDDPKVHL EAKEL WDQFHKRG PCT/SG2010/000437
TEMVI TKSGRRVFPPFKVRCSGLDKKAKY! LLMDI | AADDCRYKFHNSRWWAGKADPEM 5

PKRWY| HPDSPATGEQMWBKWT FHKLKLTNNI  SDKHEETLAFPSDHATWOGNYS FGTQT

| LNSVHKYQPRFHI VRANDI LKLPYSTFRTYLFPETEFI AVTAYQNDKI TQLKI  DNNPFA _
KGFRDT GNGRREKRIKE Ferasim/methiiick Endar SeipeS aginSEQfFM ereribas sl rpagionaT

SNLKDLC R . D Kl STTTSEEPCRDKGSPAVKAHLFAAE

RPRDSGRL ﬁ%@ﬂ%@%ﬁ 655@% EERRSPVREGTAPAKVEEARALPGKEAFA 10 PLTVQT
DAASAAAS S SVHRHPFLNLNTMRPRLRYS PYS 1 PVPVPDGS SLLTTALAAS PAS VAVDSGSELNSRS
STLS S S SVBL S RKIpBARKERAFSECOR ding RieySErEAKRIpRBREAtaPcarB© sed for thd BOX

f to t T-b bi ndi d i f the T- i f . -
T ireri Teftds b et s don elge SEBar lta depSis seliped mat B ity ppe- @

appeass tiaf pdndity gerfe! h 5b£ Bmilyohhel Ql\/ﬁf@_fﬁiﬁﬂ? s ORITBNin Fitif) gen@MdrdB NSRRCIRE:;
These genes were uncovered on the basis of simlarity to the DNA binding
domai n ofsueluay one @raRIA gens(s)(stlecigd ArwnpanBatfamibytgeneef KHifamily geneun Sonfamibe

famly. . e hared_ by T:hex fam | nbers are ,
onin b oSS A (PR det e RRnSE B LRt A P AT RERE o3l rent
and consebubihation o€ 886 @ehePadute 1S cordbinatisi ofthrek Ipendsh oM x@aple s dombitdtion
speci es being expressed in nesoderm or nmesoderm precursors. TBX3

POLYPEPTI T'8eneS. The net hods and conpositions described here make use of
Tbx3 pol ypepti des, which are described in detail below Tbx3 is also known

asy T-lbox 3, arkkgaslingvibie U fanhiSpentPKE. fadBAgents 8dx Mahiy géegaddeNyt Tah3
pol ypeptide" is intended to refer to a sequence havi ng GenBank Accessi on
Nunber NrEcpososigexanpiss of thesstfamily genss gradesciabedNp lysingtignat PybligatioB Nex ot ei n

i sof orm 0 (o} lele | [ f
pol ypept | HO PV BB KRS g BT AR SRS Rl SRIRT) R arhrliiB R il
any pept itbkefaorilypgent én a simtp miagi Feganiples afftherbirefaariiyrpenecindad¢, domeadntpde, each
ot her by .pepjide bonds. or nodified peptide hands, i.e.., _peptide jisaosteres.
OLner DY (REB) |95 BN o0y el 1 S et 0o bt i sPREAL . LSS
pept i1ges,02abHARARN). d9R NIBLACARMR RmRRLAIAn e NN 081 051779 BRBHR) hyd
referred to as &ﬁgt ei ns. Pol ypeptides may contain am no aci ds other than
the 20 géWd-GdiBetidd (hwhaw. aci ds.

Low Molecular Weight Compounds

In addition, reprogramming factor(s) encoded by one or more gene(s) selected from an

Oct family gene, a KIf fami‘ly gene, a Sox family gene, a Myc family gene, a Linf‘family, gené,
20  and a Nanog gene, may be substituted by, for example a cytokine, or one or more other low -

molecular weight compound(s) in some cases.

Examples of such low molecular weight compbund(s) can include low molecular
weight compounds having an enhancing action on the expression of one or more gene(s)
selected from an Oct family gene, a KIf family gene, a Sox family gene, a Myc family gene, a

25  Lin family gene, and a Nanog gene. Those skilled in the art are able to readily screen such logw

molecular weight compound(s).

Specific combinations of genes}ar'e as follows: (a) a combination of two genes
comprising an Oct family gene and a Sox family geﬁe;(b) a combination of thrée genes
comprising an Oct family gene, a KIf family gene, and a Sox family gene;(c) a combination of

30 four genes comprising an Oct family gene, a Sox family gene, a Lin family gene, and a Nanog

gene;(d) a combination of two genes comprising an Oct family gene and a KIf family gene;



"Pol ypeptides" include am no acid sequences nodified either by natural
processes, such as post-translational processing, or by chem cal

nodi fi catwonotigspi®ques which are well known in the art PCBSCROMOUNBT cat i ons
are well described in basic texts and |n nore detail ed nonographs, as well
as in a voluninous research literature. I¥bdifications can occur anywhere 10
in a pol ypeptide, including the peptide backbone, the amno acid

si de- chaiand(eaadombemation nbHthoge geaehanayprisirey ani Oct. family\gielhd atkdf &m]u't}egdnaiamﬂat hat

t he sane ,t m)dl icatio resent nme ., or i ng degrees
at sover AVETEly R BToun Berpepiien arce! B egooncpeny PR e my.
contain many types of nodifications. Polypeptides may be branched as a:
resul t of ubi g\l bf thasd gemes anadomineplynprysdne ircyieina]s, irfehiditg lomai. {horder to -
branchin clic, branched and, branch d ycI iC. on e S ma sul t
Fr om pos it SRADSTS BFReRATAPrAE Bt e aEaatapd Fa Pt B ped PrienBTIcE rRtHods.
Modi f BCatﬂ&Hﬁn*]ﬂﬁhh'ﬁ’a@ 3 e&aﬂl}ﬂé | RBivedfBA mARmaf\Rih s laaﬁl\éh Ahb@R, raRFLARL | ON,
coval ent attachnent of flavin, covalent attachnment of hene noi ety, '
coval ent Sbﬁqmbhwerﬂnd@ﬁoﬁemné@tem@}@d nucl eoti de deri vatl ve, coval ent
attachnent of a lipid or lipid derivative, coval ent attachnent of '
20phosphot i dyl1h BagiibR) it isGi@Sosdibl 18 dse &%ﬂh'tylzﬁ% r%eﬁ@ rﬂh&uﬁiévgl? Oithnt gene
formation, demethylation, formation of cova Possm ?ormatl n of
cystine, preduetst inovhid sepyrabghinoaesds ¢for esamplk dttb dA angernaad cach asdytost aroimp
gl ycosyl at | hor._ for on r ation, di nat i on, .
et oy at G S5 4 B)F aing R For SR ararté 4P st anding B P ELBRRIE L or 2 amino
phospbor vkils) Bave b@élemﬁsamteanmsm@de Bhd/at dedéted, 28H WHH Iaive @BmparidbledqhiRalent
transfer-RNA nedi ated addition of anmino 25acids to proteins such as
ar gi nyl atfimegtiong fithgss ofithe Wilddyrergensproduglor i nstance, Proteins - Structure
and Mol ecul ar Properties, 2nd Ed., T. E. Creighton, W H Freeman and
Conpany, New Yo kxam§183sab theWhHic gEne proaadt! 4 faBle ¥ PelRfhntE 8L €T58A) and the
Modi fications: Perspectives and Prospects, pgs. 1-12 in ﬁ’osttransl ati onal
Coval ent h\k@dﬁl#}ﬁ A boowsed ps Pebaethesyildiype, Thectame pmincipl can Aeapphiedstortler gentiew
Yor k, % ifter et ‘al., "Analysis for protéein nodifications and 30
nonprot eif® co actors”, Meth Enzynol (1990) 182:626-646 and Rattan et alL,
"Protein Synthesis: Posttransl ational Mdifications and Aging”, Ann NY Acad
Sci 13992) 663Imagredising\Won2011/ 062559PCT/ S&2010/ 000437 24 The term

" pol'ypepti de” Ih%&lﬂg&f Gy 5%%%? géﬁé cod %Etof’?vm %Hh&’&ce ns_known in
the art, such as a retrornver e an antigenic
det erm namﬁnoataﬁtarona)f’éenﬂnhy 819d bepembihbé: Mﬁal@k&dmﬂmmammn@lgmansn No.
vivo. The g) 1t)l de may be capabl e of ‘i nducing neutral i sing_anti bod| es in
vivo. 5ASV §§ 1/86P608 Al far example; gag,pr mAte SAF(ghsIRSt %Fé’é paie one
or nore Y n Ne Thx3
20l ypept | o Wink eBfcs SYAD LAY RS PYRFEEPVEE E”r%mr s é‘e@“ﬁ%xg
honoRBgueolelyyused we jaintdy edeidlin ay appyopnataneebiphtion. pot ency in a cell that has
been exposed to Tbx3 conpared to a cell that -has not. In particular, the
t erm;" honol og 9 ction
oot g T e BRI chrgRbib o AOIBRBS] A BT LRSS e
respect tgenwpnqnismgl aheDdtifhryily geree, a Kilfrfadlyi deyig, a $d)efamﬂ|yugenaemata TERBt 70%

such as at |least 75% such_as at |east. 85% such as at 90% sequ nce
i dent i ty 8fdPe sampipationof fQlr genesapmprising %ﬁ%&amﬁﬁgfﬂ%agfﬁf ﬁagaue&?e& a
identity. faﬂihf%@net 8hdR S#149Q. afgiCP Hhtiben Fgf;?ég)éﬁu@? h%&bﬂﬁﬁb?{ (e Qéﬂeé‘m no acids

which are allelic variations of the ei ¢ acid sequence. 15Wereé
r ef eﬂénc@omrlmg@ntcl\;t fanaily genej & Kiffamaly gehé, @l Sy femily gend, wi EERT génegand a

pol ypepti s Thx3 are intende er,.to the :
met abol i éqgﬁoslg &PB%?%% newﬂﬁﬁgl %ﬂ‘n@fgef‘ﬁ??y er%'?’&fj‘% ﬁﬁ I“?r'f‘l?%?'rﬁ activities
or inpr O\b@d-lb&ﬁihbﬁg ties or these activities with decreased undesirabl e side
effects. Al so i ncI uded are, antigenic and i munogenic activities of Thx3.
Exanpl es of s a((J;tl vities, and nethods of assaying and quantifying these
activities, ar enes

Further, in addition to the above genes, one or more gene(s) selected from Fbx15,

30 ERas, ECAT15-2, Tell, and (3-catenin may be combined, and/or one or more gene(s) selected



20 known in the art, and are described in detail elsewhere in this

docunent. O her Tbx3 Pol ypepti des Tbx3 vari ants, honol ogues,
deri vat i W¥© 28nd655agnent s are al so of use in the net hod®CaBG2COMPEIST t i ons
descri bed here. The terns "variant”, "honol ogue", "derivative" or

"fragment” in relation to Tbx3 25i ncl udd8any substitution of, variation of,
nodi fication of, replacenent of, deletion of or addition of one (or nore)
am no aciftbri EG1dr, Esgl, PreadLeCA T8l Bs Sox He ECaE18xt, Fauhy tSal ok, Rex v SEF 1,

Gor rvat | SRl SRt Ry Asel s B BHed “rhee Seigfint i e el AT AERERY G

i s defi neflI@ematiciad PeRtidatio® NoNWOZV0TI0B9E661& 107 ani no aci d 30sequence in
whi ch one or nore nucl eotides or ami no acid residues, respectively, are

absent. As us herein an "ipsertion" "addition" is that change in a
nucl eoti de or i@e‘al@th?rrﬁ?“hbd'?ad‘o_n@\é)%‘fiﬁﬁé‘ﬁ§@%ﬂgéf0f8?‘%’8& M98 e&¥Guence whi ch
has 1 gsulchgfprising (te3/a4Hd SbeT(Dfa RAdIMRHioNOF EarfliEdn@OEdHETsIRE ORMVAKIAL afld
residues, respectively, as conpared to the naturally occurring substance.
As used RPoxai($) 2 eampbinationtafdour geasutamprisingethd, Bexd, ddwife and Nanegi@) er nor e

nucl eoti des,or ..am acids by diff ug| ides; o 1 no-aci.ds

respecti vcgw.mag%QgPoﬂ)%fg?/%egﬁf) %gggmgs "g:{e}é’c#]‘ixgeﬁﬁﬁa%“ y‘“gpgr © a%‘ga‘& etions,
i nser ti ognd(5)Wasaibidatibh 0f §ive fer@ichMpasing OceS4 dUEs, SRR CNERT OAhdEV 4 Bargent
change and result in a functionally equival ent am no acid seciuence.' )

Del i ber atleatdigen engs(6d2 sombination phiye gangs emprisirg Gat3(handdald4:67)sf cosmbination; t y
in pghari 1) o JS W HYS RQPL.CI j d/ or the
arphitaat 5 ore pied Eombifybe Ot k1 ShETAIRL Ehidt)  ERARNLY bFIRY bR 00T 1
aci ds i ncbogesibf&xpHat Sax2aKifd, and-Nyet Howeveagcthelse qoathindtioas yrealoatoged am no
acids include |ysine.and arginine; and am no acids wth uncharged pol ar
head groGB‘gS‘ﬁeﬁgﬂsgh@f%gt ar hydrophilicity values include |eucine,

i sol euci ne, valine, glycine, alanine, asparagine, glutan ne, serine,

t hr eoni ne, phdiyglfadteniimdudiag chetgene prodacts as mentionedabses may alée bs abmbiredt i ons

may be made, for exanple according to the table below. 15 Am no_acids .in

the same ‘B qrﬁnqrﬁgew&ﬁwtﬁgpﬂ&?@%a&?ﬁef s By NegoRFRACECATL 2.

col Uy M DendplatkhinUE fithek Ahe 2350 alsd e mBThlT Wi BAPGH AbreGefle P -
product(s) of gene(s) selected from: ECAT1, Esgl, Dnmt3L, ECATS8, Gdf3, Sox15, ECAT15-
1, Fthl17, Sal14, Rex1, UTF1, Stella, Stat3, and Grb2, for example.

These gene products are disclosed in International Publication No. W02007/069666
Al. However, gene products that can be included in the nuclear reprogramming factors

20  described here are not limited to the gene products of genes specifically described above. |

The nuclear reprogramming factors described here can include other gene products A
which can function as a nuclear reprogramming factor, as well as one or more factors
involving differentiation, development, or proliferation, and factors having other physiological

activities.

25 Among these genes, if one or more gene product(s) is/are already expressed in somatic
cells to be reprogrammed, such gene products can be excluded from the factors to be
introduced. For example, one or more gé_ne(s) besides the already-expressed gene(s) can be -
introduced into somatic cells by an appropriate gene ihtroduction method, for example, a

method using a recombinant vector.
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Tbx3 pol ypepti des may further conprise heterol ogous amno acid

sequencesVotYi/waisPy at the N-term nus or C-term nus, sBEH/S&I010[060437
N-term nus. Heterol ogous sequences may include sequences that affect intra
or extracellular protein targeting (sucH9as | eader sequences). WO
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Alternatively, among these genes, if one or more gene product(s) is/are introduced into
nuclei by a technique such as addition of an HIV virus-derived TAT peptide and/or nuclear - _
localization signal to form. a fusion protein or by a technique such as nuclear microinjection, -
or simply by addition of a small molecule capable of diffusing across the plasma membrane_,
the other one or more gene(s) can be introduced by an appropriate gene introduction method,

for example, a method using a recombinant vector.

Fusion Products and Markers
In addition, a gene product serving as a nuclear reprogramming factor may be either a
protein itself produced from the abovementioned gene, or in the form of a fusion gene product

between such a protein and another protein, a peptide, or the like.

For example, a fusicn protein having Green Fluorescent Protein (GFP) and a fusion
gene product having a peptide such as a histidine tag may also be used. Further, use of a
prepared fusion protein having a HIV virus-derived TAT peptide enables the promotion of
endocytosis of a nuclear reprogramming factor through cell membrane, and also enables the
induction of reprogramming by simply adding such a fusion protein into the medium while

avoiding complicated manipulations such as gene introduction.

The preparation method of the aforementloned fusion gene product is well known to
those skilled in the art, and therefore those skilled in the art are able to readily de51gn and

prepare an approprlate fusion gene product accordmg to the purpose.
As described above, 'pluripotency may be enhaﬁced by the addition of Tbx3 j

TBX3

TBX3 is also known as T-box 3, and as UMS; XHL; TBX3-ISO; TBX3. Sequences of
TBX3 include: NG 008315 1 RefSeqGene.

T-box transcription factor TBX3 is a protein that in humans is encoded by the TBX3
gene (Li QY, Newbury-Ecob RA, Terrett JA, Wilson DI, Curtis AR, Yi CH, Gebuhr T, Bixlleh
PJ, Robson SC, Strachan T, Bonnet D, Lyonnet S, Young ID, Raeburn JA, Buckler AJ, Law .
DJ, Brook JD (Jan 1997). “Holt-Oram syndrome is caused by mutations in TBX5, a member j
of the Brachyury (T) gene family”. Nat Genet 15 (1): 21-9). o

This gene is a member of a phylogenetically conserved family of genes that share a

common DNA-binding domain, the T-box. T-box genes encode transcription factors involved



Het er ol ogous sequences may al so i nclude sequences that increase the

i mmunogenicity of the Tbx3 pol ypeptide and/or which facilitate

i denti fi ca0i20M/0685Pr acti on and/or purification of the p&CYSEpeI0®8&37 Anot her
het er ol ogous sequence that may be used is a pol yam no acid sequence such as
pol yhi stidine which may be N-terminal. ADpolyhistidine sequence of at |east
10 am no-acids, such as at |east 17 am no acids but fewer than 50 am no

aci ds nmayn the reggdhtionest. deVeleprbnt3] protespespThid psotemyis dHeanseriptienal oxrpnessdr Etnldés
"mature" protein. or .be a part of a larger, protein suc a. fusi

oot of . HueElogPbn tieihe uBBttrRtsrioner BE el GangitdoEhiad. QRdlionsd G
sequence guhd Eduis€ ARbAMRAMNSRE SRIR6Me Htfeb8RIRMb Safwe'ﬁﬂé? Sland,R6Sth SIREIY BAE Béhital
sequences which aid in purification such as nultiple hi'stidine resirdues, or
an addi t idevelppmertjuence for 10stability during reconbi nant production.

Tbx3 pol ypepti des as described here are advantageously made by reconbi nant
meansg using m&%t%ﬁﬂmlﬂ%@ﬁthls"é%@Y&ﬁlté HaNre@B¥n & DO VARG R oMY Aurirbgt i c
means using techniques welT known to skilled persons such as SO%Id phase
synt hesi ssof@uest{apdéspribgst bades). may al so be produced as fusion proteins, for
exanple to aid in extraction and purification. 15Exanples of fusion protein
partners incl tiat t aﬁﬁﬁa ng
and/ or transclrstl%g'?% %%@?%gﬁ%&@ éa %1 S(apggia flsgé'gléa@cr 3 ‘&m{é\sﬁha{l}%al SO
be converelsdre tobd rupmgnanmeqbrfhxécshyable farllmaua‘@e ngiithoels laed mmapomﬂlmmsf usi on

protein partner,and th ein ueng tere t allow re of
Pl on prBtecibet b dadids M| She TBCRRRED Ao T SUGR el Sopeverpi e R e,

protepn IRy ckenpleq t%'rﬁlbledﬁ@&s mh aBil ﬁ@larnuu@sudésnﬁfchqgu@é 3hiSleptidsSfop 200f
i nt er est sequence. he Tbx3 gol ypeptides may be in a subst anti al | y

i sol at ed ekanpie 1TQi|2sm{01§0ﬁﬂ¢Ss forexampled nuslaotifleyare wlatltléqchtnseﬁedwn@/hedﬁatnd, of
TN O BGBHE BloadleNrSxekhe Bl B! Bhibs SOMBRSLE hOR Ay SUSLARS o,
occurs in nature, nge renove rom:i :
environnent, or both. For exanple, a polynucleotide, nucleic acid or a

pol ypept i de nﬁpumsamme ﬁhe?bx& whamaylhnuvsgd gsarﬁesrﬁ?bﬁmwbnchbn%m svedl " but

t he sane c eot ucleic ac t de sepas at e
coexi.sti ngol ttleerS AR tute ’smse e@r al}d/st&;egeégfsxg?”@oﬁlh Pcraas@%he ef?ﬁlen ep%nl]tplgs
enpl oyed cBigpidiction. The Tka dwdctibedbere WRb ilgudes doKS iroetichloat td &eerBdx3 prot ein
may be mxed with carriers-or diluents which will not interfere with the

i nt ended DHEIEpédss aps subpéulsd pingsriedaang/errdelqteds and adichdegroys the sificieney af | y

i sol at ed tide may also be in a substantially purified form
in 30 mhfrlgﬁe%%éér gpgn%ﬂ]%f% general |y conprise the protein in a preparation in

whi ch nore than 90% for exanple, 95% 98%or 99% of the protein in the
preparation i £xamplegaf ths Thxdprhielemay bpusehin themstotedyssubahirocovigvlude,

By aligniyjg J%ﬁ?hﬁﬁ%%"%§3 [s %Hng sﬂéhea{s‘?ﬂé essQF&it%%dethﬁ pbigwpossible to
det erm ne Re oS are conserved between
di fferent species ( honol ogous regl ons ) and V\:hl ch regions vary between
the aPfferent 78deds@fern Thet er ol ogous regions”). The Tbx3 pol ypeptides ray
therefore co gqﬂﬁrg i &t (19F ai
honol ogous r ggr E)sf]x?ar% ﬁorm og%yartggfcgﬁﬁ "V%%H{?QH& &ﬁgédtggrs !é(g&g\s OE 12 of

bet ween aliis beaah. Tlm:mRDb’C:;eﬁﬁendECbﬂas &eaBmileAccteh;ﬂoxlanmmibegNM 006@96)31 Tnhwc $ how
at | east 70% at 80‘V at | eas % | east . 95% i t..the
ani no. aciPiPIFiavH 0% ¢ alcibsauense %%5%‘3 kARSI Wéersﬁﬁné@%ﬁﬁfpn se a
sequencemecﬂ;o@g,rlg(%gqus to a honol ogous regi on may be used in -

t herapeutic strategies as explained in further detail below 10 .

Al ternatively, the Tbx3 peptide nay conprise a 6@auence whi ch corresponds

to at’l east pé{th SB‘Frcés??é‘F'é‘fe&?)d%%FLe ‘?‘Eb‘}r@ﬂo AKAOIA 3 BP0 2 i sPnsEsig - a
| ow degr ‘EGDS)ﬂa%}Hé@é rt@lﬁséﬁ@%t TB%nﬁﬂGﬁ?}?/%w&E@i-gt dRPRY eﬁke

Thx3 pol ypept1 ose or use I nclude ogous sequences obt al ned

f rom 15aif)l 53 durRadated Enseaﬂdmpﬂlmnceslmyeabcesm@i_vhhnloﬂrsaENSPO@ﬁQﬂQéViﬁﬁ cel lular
honol ogu |c peptides, as well as variants or derivatives

t her eof . ﬁhﬁg)%ﬂﬁ@{?gg ides also include those encodi ng honol ogue's of Tbx3
from ot her species including animals such as mammals (e.g. mce, rats or

r abbi t s) MSESIYEREIPM T BGTHMAYRIRFS, PHRIYED FASAGILAHQP B PAIS L EINGA A3 S3iFdRdal |-y,

honoLQagu f a
nomor Bgocs M SRS R e e A By SRR L 2
| east 15, 20, 25, 30, 40, 50, 60, 70, ‘80 or 90% i dentical, such as at |east
95 or 98% identical at'the amno acid |level, for exanple over at |east 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700 or nore
amno acids with the sequence of a relevant Tbx3 sequence.




251 n particul ar, honology should typically be considered with respect to
those regions of the sequence known to be essential for protein function
rat her t a0 2a062%8enti al nei ghbouri ng sequences. Thi s PETESREW08043Y

i nportant when consi dering honol ogous sequences fromdistantly rel ated
organi sms. Exanpl e include residue numb@ts 107 - 220 for DNA binding
conprising the T-box; first part, residue nunbers 241 - 305 for DNA binding
conpri si AEME KEGRRYGSE, P FEAERGIHE [ha KA KYTd. LVES I DAR YIRS 1HI Al V-A GEOD HEdY

A 1 nough TGSy S s Rl R RANL o o

aci d resilIeey STARRTYG. FHETIE FAA VARIQNER T TIOTEHIENN PESVKARROTICIERREKRKQTITE.Qcont ext

dent 'ty S BB Rk e ot e MDA eran by e B R R TNRR T,

W t h 5he sxmkHEPER 0Dk I ST Ta\GH EH PR DX GHEIVEACE, FRAIRFRDSUR [ [DKAPPBRH SEHRe s e
publicly and connercial%%ﬁgvailable conput er %gg;ans can cal cul ate % -

i dent i ty THetneElr RS ERR SRE CEGAENEEL R y I8 e AR EE over

cont i QUOUE FREUH LR FNGHPL FOIMP STRANRIRE Sshaalnicyoed, WS dave getdtg b ssgquence
and each ami no acid in one sequence directly conpared wth the '

cor r es podiRg dYaGe AP TILY RO BHVIS & SIEHE B M PR SE A ATe.  Thi s
is call edsmrHPFINIGAMRERT, RAS | PV PDERISE AITTAT, PSMER AMRGA RRRE pdlT ingiyTent s

are perfornmed only over a relatively short nunber of residues (for exanple

| ess 19 haPASYAVESGSFIOWR SHRLEAS SiSdSPKLCAEKEAATIHS QP QRIVS GLE AL RPRSRSs i npl e
and cons@&kent nmethod, it fails to take into consideration that, for
exanple, I1n an otherw se identical pair of sequences, one insertion or

del etion wi || TBdGdeofore 2f ol | owi ng amino acid residues to be put out of

al i gnment, thys.potentiall esul t.i in a large reduction in % honol ogy
then a ol obal 4 GBHC TS BFF I AR iR S X EFrand foragi Y
conpari sqmhe i@&ulti@sseben ¢Btiag Hetahe NV d (T eroiii laf@ ks I8hgd REBPhRd td Rbfdrake
into consideration possible insertions and del eti ons w thout penalising

unduly the overall nmol o core.. This is.achi eve | rting "“gaps.! in
the Hquence. dIEGRIATSHETS P GERaRk AN SO bt PLOEP L R b
20HoweV efisoférhes ETHEYrBtehiti¥Rl@% e KBS GetiSankSAd@8sioIRBmBENRP 057853 8A-BaCh gap
that occurs in the alignment so that, for the sane nunber of identica

am no acips¥eingsoferiy dnkle wuregrsagurneg(s) inclade AFIAGRA0s AXDSARans BCO25258] Act i ng
hi gher r - Mid. |. aghi ev
s e g o T T S R
t hat chamgmbar is@ 1l 9.telatbd Ghsedslsd seduehicdshhavexicaisisicourabera EYSP000D287 5661 | er
25 penalty for each subsequent residue in the gap. This is the nost -
connﬁﬂlyEﬁggwoagﬁﬁgéé@ing system High gap penalties will of course produce
optim sed alignnments with fewer .gaps. Mbst .alignnent prograns.allow the
gap penalMSIessRDP e aTsuiAliHed L FHRAPDEAM SAVE. GHeical FP AT A1 LIPesi GRA Tse. Pesdd  when

coe w scand N sl bl R R e e S RS i o
aci d 30sauuenaes GRRMEER FiVR 0B QAKX KAKY T14.MDIIT AATT ROKFSINSRWMVAGKADPEM
© PKRMYTHPDSPATGEQWMSKVVTFHKLKLTNNTSDKHGFTLAFPSDHATWQGNYSFGTQT -
25  ILNSMHKYQPRFHIVRANDILKLPYSTFRTYLFPETEFIAVTAYONDKITQLKIDNNPFA
KGFRDTGNGRREKRKQLTLQSMRVFDERHKKENGTSDESSSEQAAFNCFAQASSPAASTV
GTSNLKDLCPSEGESDAEAESKEEHGPEACDAAKISTTTSEEPCRDKGS PAVKAHLFAAE
RPRDSGRLDKASPDSRHSPATISSSTRGLGAEERRSPVREGTAPAKVEEARALPGKEAFA
PLTVQTDAAAAHLAQGPLPGLGFAPGLAGQQFFNGHPLFLHPSQFAMGGAFSSMARAGMG
30  PLLATVSGASTGVSGLDSTAMASAAAAQGLSGASAATLPFHLOQHVLASQGLAMSPFGSL
| FPYPYTYMAAAAAASSAAASSSVHRHPFLNLNTMRPRLRYSPYSIPVPVPDGSSLLTTAL
PSMAAAAGPLDGKVAALAAS PASVAVDSGSELNSRSSTLSSSSMSLSPKLCAEKEAATSE

LOSIQRLVSGLEAKPDRSRSASP |



WO 2011/ 062559PCT/ SG2010/ 000437 29 Cal cul ati on of maxi mum % honol ogy
therefore firstly requires the production of an optinmal alignnment, taking
i nt o conswOapH(6dT9gap penal ties. A suitable conputer pPOEFSEGWHDO0IE3Arryi ng
out such an alignnment is the GCG WsconS| n Bestfit package (University of
W sconsin, U S A Devereux et al., 198422Nucleic Acids Research 12:387).
Exanpl es of other software than can perform sequence conparisons i ncl ude,
but are not | ilbx8éwhfere; 3t he BLAST package (see Ausubel et al., 1999 ibid -

GERE verRS ST D o st a0l e e A e o

for offl mePMMM@MMG@KWMMEE&E@PKVWEM@FWS 7-58

omol ogy WA eSS e 1 SRR e e kR B BB 1 e

i's typi ceHHRMYTIHP IErTert KyWMIK el | FHRI-HIAMNN TEDKHE FTICFREDHSNOGN YERGERE,  a
scal ed SI%@ score matrix. is %ﬂrrnerall used t hat assi s scores to-
caah pa oGRS Rl PTG i,

di st ance. Kmmﬁmemmwa%mmDesm@mndMQﬂWmt rix

- the default matrix for the BLAST suite of ograns. GCG 15W sconsin -
or 0gr ans GERErSITIGP SR AT S e GR ARG LA 1S B GRRK GEAY AR B y rbol

conpari s bRy, DA SN H Sh (1S9 M&a G AR P\fHE’GTfAP'PIMEAi@I@d@AFAThe

publ | c default values for the GCG ack%%e may be used, or in the case of
ot her 0s of AT DAATA At S M HRHRHLN SOEWBE DGSSLLTTALAARFAS he
softwaremg@ﬁ%@@ms@@gmsm@ﬁngﬁ@dﬁ%&@@b (@lﬂ@te %
Obom)l ogy, such as % sequence identity. The software typically does this
ad’ part of theTBan’ﬁuence conparison and generates a numerical result.

el udes. any. SiRak e o FESE DA IR ERr kR SPMDR-H) S BEREIRER,

of, del etré@fiatofs. Ohe Additfhmily os‘amwemgﬂasap €at appeaes Bpldysa drital @le in0 t he
sequence pr OVI ding the resultant _am no acid sequence 25retains

substlant i9gv¢lgpmend 18 allanisal spqciss. Blhese genasiyasel unwareé@aab%b@ls ef siilaity i ng
at | east I S
et ot BNSRARE KoKl R en BRI, O VRBRRLAGS. e g ROkORY e
honol ogudamiljer eof may be nodified for use in the net hods and COITpOSI tions
described here. Typically, nodifications are nade that maintain the

bi ol ogi cal ac i s may be
made, for exatdq\ﬁml?rgﬁft&&e%ﬁ%g%gnfgoﬁ%%lg% %8 su@wg {)lhpfﬁgr?gaprow ded
t hat t he trashiriptiedal segilgtoneactieitaiawld ihalebélopraghtaal canderweldtexpebsidhpatte(s, -
2011/.062559PCT/ SG2010/ 000437 30 unnodi fi ed sequence. Alternatively '
modi PP catThe! e fnown ggess 19 gll qRfGHsdieHea prastadp mespderar %?Soﬁ%FbPYFE}Hé?IFonaI
dormai ns of the pol ypepti des described here. Am no acid substitutions may
|ncI ude tFex3aLvekprmesnat ural ly occurring anal ogues, for exanple to - -
rease bl ood plasma half-life of a therapeutically adm nistered - -
poI ypepti de. Hbm&ld’@hcat;rmdtcempoilymsptesddzedﬂmre mgle usa of bemolhpqﬁldas;dvhlch
conpositi ons eg ed. I%IPQV al so include fragnments of the full length
sequence bF “GRY° in ﬁté'“ pol ypept i des identified above. Fragments may
conprise at |east one epitope. Methods of identifying epitopes are well
known in the &ibik3 1§alsxgthrsaW4bbequdmleSeKhﬁr|T$>&3<i$0t ersY. 6 -am no aC| ds,
such as at |east 10, 20, 30, 1050 or 100 am no acids. Included are

fr ag@ﬁgt S 1(730”9@ L&E(ﬁl HerR' thE ?«Qﬁf Sltﬂx@%ogfpem?de”?s 1nZend§d to refe]fQO ajsé‘que;ige havi}’ng 14
GenBank Accession Number NP_005987.3 T-box 3 protein isoform 1 or NP_057653.3 T- box.

3 protein isoform 2.
A “Tbx3 polypeptide” may comprise or consist of a human Tbx3 polypeptide.

Homologues variants and derivatives thereof of eny, some or all of these polypeptides

30 are also included.
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A “polypeptide” refers to any peptide or protein comprising two or more amino acids
Joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres.
“Polypeptide” refers to bofh short chains, commonly referred to as peptides, oligopeptides or j
oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain

5 amino a¢ids other than the 20 gene-encoded amino acids.

“Polypeptides” include amino acid sequences modified either by natural processés,
such as post-translational processing, or by chemical modification techniques which are well
known in the art. Such modifications are well described in basic texts and in more detailed
monographs, as well as in a voluminous research literature. Modifications can occur anywhere

10  in a polypeptide, including the peptide backbone, the amino acid side-chains and the amino or
carboxyl termini. It will be a'ppreciatéd that the same type of modification may be present in
the same or varying degrees at several sites in a given polypeptide. Also, a given polypeptide

may contain many types of modifications.

Polypeptides may be branched as a result of ubiquitination, and they may be cyclic,
15 with or without branching. Cyclic, branched and branched cyclic polypeptides may result
from posttranslation naturai processes or may be made by synthetic methods. Modifications
include acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of flavin,
covalent attachment of a heme moiety, coyalent attachment of a nucleotide or nucleotide
derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of
20  phosphotidylinositol, cross-inking, cyclization, disulfide bond formation, lde_rnethylation,
formation of covalent cross-inks, formation of cystine, formation of pyrogllitaméte,
formylation, gamma-carboxylation, glycosylation, GPI anchor formation, Hydrokyiation,_ :
iodination, methylation, myristoylation, oxidation, prptéolytic processing, phpsphofylatidn, .
prenylation, racemization, selenoylation, sulfation, tranSfer-RNA mediated addition of arhi’no :
_ 25  acids to proteins such as arginylation, and ubiquitination. Seé, for instance, Proteins -
Structure and Molecular Properties, 2nd Ed., T. E. Creighton, W. H. Freeman and Compahy,i
New York, 1993 and Wold, F., Posttranslational Protein Modifications: Perspectives and -
Prospects, pgs. 1-12 in Posttransiational Covalent Modification of Proteins, B. C.vJohnson, .
Ed., Academic Press, New York, 1983; Seifter et al., “Analysis for protein modifications and .
30 nonprotein cofactors”, Meth Enzymol (1990) 182:626-646 and Rattan et aL, “Protein |
Synthesis: Posttranslational Modifications and Aging”, Ann NY Acad Sci (1992) 663:48-62.
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The term “polypeptide” includes the various synthetic peptide variations known in the
art, such as a retroinverso D peptides. The peptide may be an antigenic determinant and/or a’
T-cell epitope. The peptide may be immunogenic in vivo. The peptide may be capable of

inducing neutralising antibodies in vivo.

As appliéd to Tbx3, the resultant amino acid secjuence may have one or more
activities, such as biological activities in common with a Tbx3 polypeptide, for examplé a
human Tbx3 polypeptide. For example, a Tbx3 homoldgue may have the ability to enhance
pluripotency in a cell that has been exposed to Tbx3 compared to a cell_that has not. In
particular, the term “homologue” covers identity with respect to structure and/br function

providing the resultant amino acid sequence has Tbx3 activity. With respect to sequence

identity (i.e. similarity), there may be at least 70%, such as at least 75%, such as at least 85%,

such as at least 90% sequence identity. There may be at least 95%, such as at least 98%,
sequence identity. These terms also encompass polypeptides derived from amino acids which

are allelic variations of the Tbx3 nucleic acid sequence.

Where reference is fnade to the “activity” or “biological activity” of a polypeptide such
as Tbx3, these terms are intended to refer to the metabolic or physiological function of Tbx3,
including similar activities or improved activities or these activities with decreased
undesirable side effects. Also included aré antigenic and immunogenic activities of Tbx3.
Exafnples of such activities, and methods of assaying and quantifying these activities, are

known in the art, and are described in detail elsewhere in this document.

Other Thx3 Polypebfides : : '
Tbx3 variants, homblogues, derivatives and fragments are also of use in the mgthbds b

and compositions described here.

The terms “variant”, “homologue”, “derivative” or “fragment” in relation to Tbx3 |
include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) amino acid from or to a sequence. Unless the context admits :
otherwise, references to “Tbx3” includes references to such variants, homologues, derivatives

and fragments of Tbx3.

As used herein a “deletion” is defined as a change in either nucleotide or amino acid
sequence in which one or more nucleotides or amino acid residues, respectively, are absent.

As used herein an “insertion” or “addition” is that change in a nucleotide or amino acid .

61,
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sequence which has resulted in the addition of one or more nucleotides or amino acid residues,
respectively, as compared to the naturally occurring substance. As used herein “substitution”
results from the replacement of one or more nucleotides or amino acids by different

nucleotides or amino acids, respectively.

5 Tbx3 polypeptides as described here may also have deletions, insertions or

- substitutions of amino acid residues which produce a silent change and result in a functionally
equivalent amino acid sequence. Deliberate amino acid substitutions may be made on the |
basis of similarity in polarity, charge, solubility, hydfophobicity, hydrophilicity, and/or the
amphipathic nature of the residues. For example, negatively charged amino acids include

10 aspartic acid and glutamic acid; positively charged amino acids include lysine and arginihe;

and amino acids with uncharged polaf head groups having similar hydrophilicity values
include leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,

| phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the table below.
15  Amino acids in the same block in the second column and in the same line in the third column

may be substituted for each other:

ALIPHAT Non-polar _ GAP
IC

ILV

Polar - uncharged CSTM

NQ

Polar - charged | - | DE

KR

AROMA : HFWY
TIC

Tbx3 polypeptides may further comprise heterologous amino acid sequencés, typically
at the N-terminus or C-terminus, such as the N-terminus. Heterologous sequences may include

sequences that affect intra or extracellular protein targeting (such as leader sequences).



93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120, 125, 130, 135, 140,
145, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700 or nore
resi dues woagmigpee¥bevant Thx3 am no aci d sequence. PCWSGROOtONEH37

descri be peptides conprising a portion of a Thx3 pol ypepti de as descri bed
here. Thus, fragments of Tbx3 and its h@fiol ogues, variants or derivatives
are included. The 20 peptides may be between 2 and 200 ami no acids, such as
bet ween Hetemlopoussdquences Nty alse ihendg sequdiives thapincbasathy ilnmudegdniaty dfrthen a

Tbx3 pol t] di scl . for . | e by .digestion with
U1 tabt o EROiRD peB st Aralorary s okt sdBHEE SR Sebion EhTergRr AR Ebe o o
may be nagdyfRptidRCARBIhBARcroRABEs sedlierté @ﬁéﬂ%ﬁyﬂﬁ%sé&ﬁtﬂﬁﬁ&ﬁhb ¥eid n3@x3

fragments may be used to generate probes to preferentially detect Tbx3 -
25expr essuehas payhistiding waichtmgyoregN-temming odi pedy higsideressequenge af atdeass 1¢ Amino

f o h ibodies woul-d b . bi nd_speci fical | Thx3,
and are dsdufieRaS ATy AR IS (TR A sPde RBS Rl gy o,

Thx3 and its fragments, honol ogues, variants and derivatives, may be nade
by reconbi nantTheeldns.pokipaptidas ndyehe indlye ormefitee ‘traaterel prasginton etay beragzantsof

using techni ques. 30 | | own to.skill persgns such as .solid,.phase .
synt %esi saharﬁ(%épr&ed? 8‘1\’&“&@5‘8? Eﬁog%g'kfﬁfso(gf?&? vantageqs (o ngnde an ?l‘gd,lg‘frﬁi |
exanpl e tagnifb deill BeiehéwhichRomaihs BedrétbhyCatleaer sdquefdeh 5o 8bque€es, sequences
2011/ 062559PCT/ SG2010/ 000437 31 fusion protein partners include

gl ut at hi oHEchsaidrin punteation spehsrs)mulgiplg histdigg residmpeaonimagidiipnahssagence for
tranggri %Ezlbﬂﬁ?lduﬁﬁ@ V8 hban IR and p-gal actosidase. It may al so be
cgnvenient to inc e a proteolytic cleavage site between the fusion
protein partner and the protein sequence of interest to allow renoval of

f usi on pr ot ei N'bxépobtpepisdesBh describedherp arst asvantaggpubly mats bytreedmbinant ngans,
hi nd t he. f ' . Ml ' e equ - Protel.ns may al so
beobt ai rifergionntHRlakr HRURRERY By oo YR, el E ™ $1.2

Tbx3 pol wespiqudesell kaowand skillkbparkag sech asf olid PhmdeSyathesislSuck pblypeides
di scl osed here l[)’r'ay ae in a substantially isolated form_ It wll _be, '
under st odBR% Hst d&RrOAussdIas fusien prateinsaiorszampleda ai inigxEagtionapd parifigationent s

ot 117 b anles SRREIOEb B bt AE P BHE ROt (G BB Sl aL
f ragment (BINA binding and/or transcriptional activation domains) and -galactosidase. It may also be
* convenient to include a proteolytic cleavage site between the fusion protein partner and the
protein sequence of interest: to allow removal of fusion protein sequences, such as a thrombin
cleaQage site. The fusion protein may be one which does not hinder the function of the proteixj

20  of interest sequence.

- The Tbx3 polypepti_dés may be in a substantially isolated form. This tern_i is inténded 3
to refer to altération by the hand of man from the nature_il state. If an “isdlated’? cgr’npo_sitibn or-
substance occurs in nature, 'Eit has been changed or rerhdved from its original enVifohment,_ or

- both. For example, a polynﬁcleotide, nucleic acid or é pblypeptide natur?lly présehf ina l‘iVing
25 animal is not “isolated,” but the same polynucleotide, ﬁucleic acid or polypeptide separated -

from the coexisting materials of its natural state is “isolated”, as the term is employed herein. - _

It will however be understood that the Tbx3 protein may be mixed with carriers or -
diluents which will not interfere with the intended purpose of the protein and still be regarded-
as substantially isolated. A Tbx3 polypeptide may also be in a substantially purified form, in

30 which case it will generally comprise the protein in a preparation in which more than 90%, fof

example, 95%, 98% or 99% of the protein. in the preparation is a Tbx3 polypeptide.



derivative may also be in a substantially purified form in which case it
W ll generally conprise the protein in a preparation in which nore than
90% e.g.WO3NI/BEWor 99% of the protein in the prepar aPCHSG281000p8Dt ei n.
The Tbx3 pol ypepti des, variants, honol ogues, fragnents and derivatives

di scl-osed 15here may be labelled wth a feveal i ng | abel. The revealing

| abel nmay be any suitable | abel which allows the pol ypeptide, etc to be
det ect ed. Sui tBataligningblrs sequdngerclrom diffirenttsppass, itds possibStb, deemmymeeshich

ant i bodi . no t i des linkers spuch as hi,otin. Labell ed _

pol ypept ?ggég&rr%%{ﬂ%%kglgeda Hf%qg«%ga ﬁ%esctoflﬁerﬁ?%l%eéﬁﬁ?ne‘ghg{ﬂ?ﬂs"ﬁg‘e? Eﬁ?%’é&%’é@s to
det er m neegitnes”prmd mthidf regiopoVarp dptvweds thediffefatietics PolipsIBEdE8ioRs™.abel | ed
pol ypeptides may al so be used in serol ogical or cell-nediated 2% i mune

for th ' £ tivity t i d tides i
ot s. and. homan %8 bbfYReach BV A GRS taatst o' Sadhal wRip BERnsbes ias,
vari afit s leasopul afgLiesnolbgagTaLios RRGEREbYAeLAShoWSE hRheReRebE homBldgynal | y

| abel | ed, may al so be fixed to a solid phase, for exanple the surfacé of an
i munoas $8YveRB R} leait typ seacieskt orsampleatheihoswlegons agiommapshavsadeso 79%ept | des
may be p ' oKi j it al nt ai-ner.al gng. wi.t h suitable

r eagent s%(gzlggj?g Eag%%)s%PhétlF%ﬁgS%g%éﬁ%&%tﬁg"é‘%‘? it %gfq;}%&gt‘[f‘%ﬁmand kits
may be udewribed atetvieoRisptides whichcbmprised sejuendeochiels corfespbialsno b hbgRldgdas or
their allelic or,specj.es, variants by imunoassay. I nmunoassay

met hods SFECTWERY b%ﬁ%%ﬂdni%ri‘ﬂ?@“%?tfat%ﬁﬁ%ﬁ &% xplayeddn Aurther defa below:. (a)

provigi na@rmaabMp et OpRfeinsd is€R! ' 0o

agai nst said pro? ei Eﬂgafb) ierﬁtytg)tn?dr%lgsgg s%@%ﬁ%%?@%ﬁ%gﬁﬁégmwoﬁuggﬁ%ﬁOf

pol ypept Bdeterpiegaus segien.tA betsroldgonhregidnmshoiver loweegidOof homology between at

2011/ 062%;1%!?%/5 %9510/ 000437 32 formation of an antibody-antigen conpl ex;
and (c) determ nrng whether antibody-antigen conpl ex conprising said

pol ypeptide is forned. - The Tbx3 pol ypepti des, variants, honol ogues,
fragment s andZ&ef Hompiogess di scl osed here may be used in in vitro or in vivo

cell culture o.study.the raqle of. their 5correspondi ng genes_and
honol ogues t hZﬁ‘zg?gfﬂ&X%‘TﬂtﬁF %%18‘%]?%614,%7 wé ‘éP?ngh‘i“Pf@%O‘Fé HEeTs 9 ‘H‘?i@%@e.
For b5<amn_i}&souweufm&kadpl@rrelmdivﬁriaﬁﬁhcmiayﬁl%ﬁﬁihg@élldl;ﬁ%o@xﬁ)lé)gﬂeﬁQ&P%ﬁﬁhé‘d&t 0 a
cell to disrupt thﬁ normal functions which occur in the cell. The -

pol ypept PeRbedgy Wsl as yarigus ederivati wsitheseefe Thusolypepsiles alsoxinelude those of  t he

pol ypept | U Fsgnﬁ . . see below). Th

expr essi %I%%sfél%t or é‘%%p“?gﬁgr y c%@%ﬁgﬁ!ﬁ#ﬁ%ﬁg@lgé aeuglf)r}aosn% Céla\sl\/%ngn%aﬁﬁ ?eog' t he
10expr essiicenrats ortrabbifs)) eppenidliydeimates, mord bspecialy himamp MuRé siciidangt cell's,
such as hns&gt cel Ils or mammalian cells, is expected to provide tor such
post - t r ap¥PYPRETAPCINdhumILtRAIEYE. . nyristol ation, glycosyl ation,
truncation, |apidation and tyrosine, serine or threonine phosphoryl ation)
as iy be neehbetile tontexinielis Apdunamk, atiorlddghoud seqehéeis kakeRo [RAMERN AR O
expression,products.. Such cell culture 15systens in which the Tbx3 =
pol ypept FFsequgnge; WHER TS 34 st iy 4825, 89.4Afhab 69, 0B rsrI0vatdeniienl. duel hoated
her e ar ejegst HBM; i ' Lf [ .
bt ancee D e pe DI il TRRYCL P BRI BroriETlalesh. FAR1S670,
pol ypept 2Wed00,3 50100 450,.500B589, BTG50 708G BEorE ammimesdidaiwith it sequanos of 4 ons
descri beg Qgrrltel.b%y er%l oy, as a neans for detecting 20expression |evels of
Thx3, Tbx? poly 6 %es, Tbx3 nucl eoti des ‘and Thx3 nucl ei ¢ ‘aci ds, " as.
wel | as variants, honol ogues, derivatives and fragnents -of any of ‘these. In
addi2si on, we liippdicde, endlbgustmuldiysisally bgomBiderddsediiutespest td hesdRE A Sf Of

di agnosi g descri bed here. The . Thx3 nucleic acids may al so be used for the
et hods. BF STPERMIP T SPRYNART POt e iohraien haneiomsssseniatnerghbouring

pol ynucl @qhdmdes. ThisTi8¥shetiafll Gapbieet whef conspdefinB hohdlszoS bdjueiRY il
distantly related organisms.tExample include residue numbers 107 — 220 for DNA binding
comprising the T-box; first pan, residue numbers 241 — 305 for DNA binding comprising the

30  T-box; second part and residue numbers 544 — 695 for transcription repression.



25 used interchangeably, and should be understood to specifically include
both cDNA and genom ¢ Tbx3 sequences. These terns are al so intended to

i ncl ude awAueldiozssaci d sequence capabl e of encodi ng a TBLI/SGEIWPePIBT de
and/or a fragnment, derivative, honol ogue or variant of this. WO

2011/ 062559PCT/ SG2010/ 000437 33 sel ecte®® from the group consisting of:
GenBank Accessi on Nunmber NM 005996.3 T-box 3 protein isoform1 and GenBank
Accessi on NunBdthong¥ 1668y GnTaldvobe @npidered iimterme bHsimilarity (i.e. amiabsoidi ncl uded
are any one, or, nore .of. the nucl ei c acjd seqguences set 0 as "t her Thx3
el ol & SRSl dal L PRI RES): FHBE SRS Rl eI PR
conpri seh@nblggymaymé%xﬁﬁg%gnﬁggrﬁgysfgkglugﬁma@{ﬁtﬁccess| on Nunmber NM 005996. 3
T-box 3 protern isoform1 or GenBank Accession Nunmber NM 016569.3 T-box 3
protein isofo 2 Tbx3 nugl ei c, aci.ds nmay be used.for.a variety of
Teans, for  ex ABILEYSMPEHHR SFh g SNAUFH Ov fae s dramp S ey ith Reahif 8T Luch as
sonaty c f‘e%hiéys availaBIRseflende S6tHpArRoh pRIErathd! MhBRL RiblicKlaamcdRaRidialy Jxdble

nucl eic acids may al so be used for the expression or production of Thx3"

pol ypept feieputer rogimsche oalrate %gddentit bepweanf taosortnaora i§quentsgr i bonucl eot i de
or pol ydeoxri bonucl eoti de, which may be unnbdified RNA or DNA or nodified
RNA or " DNA. " Poliiie he0ticdaRuld bt Bonttlub RO ubrichd, 8t b eqhdteb S alféd
doubl e-'stranded DN%?n%et hatu is 15 aonmigl(lturehgf 'csi’ngl e- aend ' a@ﬁ, :
doubl e- sithitliteetheregijaense asd eapheuminm acid oudnesegtermp dodctRNempane] WRitithehat i s

m xture of singl.e- and doubl e-stranded regions, hybrid |l ecul conpri sing
DNA and R PP 62 5a R e Sbbr Rin e SR ¥ otrtea TR S SR8 r anced
or- ajgn XtuHglpd” aliparhentalybidlyD bhSing appeaalipRe et Gre peRforfled nl9Bver a

"pol ynucl eoti1de” refers to triple-stranded regi ons conprising RNA or DNA or
bot h™ RNAredgityensRortmanbeephicpidnesfer examplgdesithan heantigueuszanippagidyy  RNAs
contai ning one or nore nodified bases and DNAs or RNAs with backbones

nmodi fied for aAl@bigdH this i9h vEQ simpRAhd LERSREE methda itfthigo thasififo donsidbiddon f Or
exanple, tritylated bases and unusual bases such as inosine. A variety of
modi f i cathiabier dxamphe énametberwiss idppticahphirpdseqednges, ong bisition [oe deleden widhbr aces
chen cal tical l:y or i i %u DA, B _0f . .

pol ynucl !é%{s? ﬁ%éfxggw{n%%f%é ?{}d v?%ﬁfﬁlgglkon&%lfté}le, é@hgm}gmf’ aglsq% P %ém%l err(f:ls%lgpgf or s
250f 1 DNAInadrdeNAd witiah g Velidmdlbgy vhery a globalsal nthefitis lpsrfornkal. Yohsdqaeitiyde” al so
enbraces relatively short pol ynucle ti,deé, often referred to a@‘a . '

ol i gonucMesfseawice comparisop mgthodsigee desigped tuprgduse qntignad plignmagntybatiske iniat

nuIrer ous ' : 3 : . ' a result
o T he- deRichioh {8, HREHRERRR AR ABEARS o5 AB BB LBRE B 50! Bonasy 54
deri vat i hanolbperawé. [lBushchisvqliyt inserting heapsdin) the S¢ymencecdlgatiedetodngoence nay
be DNA or RNA o{ i(‘:{egon‘i Cc or. 'slént hetic or reconbinant origin which may be
doubl e- sPPEINYGO6F 1IFIHY 8 ¥ AHTed whet her representing the sense or ‘
anti sense strand or conbinations thereof. The term nucl eoti de sequence may

be p2Epared biouseerptheseemorsmiongidx mMbtRodeaskigh fuaspdrfalifesetoaenph gap thacosdnirsnant

DNA) . The thgglrl]é nucl eqti de ?lequence ma

.means, DNA. . ' .
in ent so that, for the same number (%“ 1g§1t_1_cal amino acids, a sequence alignment

with as feW gaps as possible - reflecting higher relatednch between the two comp:a:rcd A
sequences - will achieve a higher score than one with many gaps. “Afﬁné gap.cos:fs”' afc o
typically used that charge a relatively high cost for the existence of a gapand a srﬁéllér o |

25 penalty for each subsequent residue in the gap. This is‘th:é most commonly used gap'scoring‘
system. High gap penalties will of course produce optimised alignments with fewer gaps.
Most alignment programs allow the gap penalties to be modified. However, the default values
may be used when using such software for sequence comparisons. For example when using

the GCG Wisconsin Bestfit p.ackage (see below) the default gap penalty for amino acid

30  sequences is -12 for a gap and -4 for each extension.



O her Nucl ei ¢ Aci ds We al so provide nucleic acids which are
fragnments, honol ogues, variants or derivatives of Tbx3 nucleic acids. The
terns "vawpDant10623honol ogue”, "derivative" or 10"fragnmeRCT/SGAYODEBY on t o
Tbx3 nucl eic acid include any substitution of, variation of, nodification
of , replacenent of, deletion of or addi4d on of one (or nore) nucleic acids
fromor to the sequence of a Tbx3 nucl eotide sequence. Unless the context
admi ts ot her wCeleulatien ef maxiawim & horhdagy theteforeficgly iequiresdbe peidaetemmodaint o

such varjants,.:h l.ogues,. derivatives and fra nt. f Tbx3. 15The ,
e i R e S el A E
mor e Thx&aragig sittsMch dihalign@iemt ishBerGIOTyWascofEiM Bastfit pa@krag@ UhiCergRy6f identity
with resg/e,ct to structure and/or_ function such that the resultant ,

nucl eot i #dsoBElcH A eResaak « ahol SRFePurlgic AtifeRessarch 83871 dixamplep. of phher
exa e, : a fi: 1 i r
ennansi oSl oy e et pHfimPscalcHES CORERIENS IR T RA AL HE. B ptagT

i nduced p@kpgassepatisibe] gtadml ¥ bid whhaptex i) sRASTA (Altedhubercsd), 199G dnptat.ed to
a cell i ¢ch ot .bee ed, Wth respect to _sequence B

i dentt %m‘i; 823 @?ﬁﬁ"ﬁéﬁ@@gfﬁ BE?%IPPa}r@agfO%&OﬂaBir‘\éé{s%ndfs%}éTAat. |

| east 858 QVaifibld ﬁaafﬂiﬁg%@&ﬂﬁﬁ@eﬁcmﬁg ek INrsubdl ©F &1., 1099 4 Flact ERSE (9PY0
such as at | east 98% sequence identity to a relevant sequenge. (e.g., a
Thx3 seq@®nthke G&4 BestiBaprogankmasbaussdssi on' Nunber NM 005996. 3 T-box 3
protein isoform1l or GenBank Accession Nunmber NM 016569.3 T-box 3 protein
isofgrm 2). TRAR&uILSH lo b Einvialh ald 005 0f mfgpences.
Vari ants, Derivat ig?}esérgﬁ% /Iiilgﬁlﬁ;lllaoggesﬁ%e ﬂ{ehﬁlré&rglxtgﬁ%ﬁqlgﬁlt%&%g\%arl aﬁt S,

f r agnment procebe itiselfitsi tygisal bt hased| anganed] - orenotiogpair sempariONAInstea®RscalEdey nay

be single-stranded or, .doubl e-stranded, They nay al sqQ be pol ynucl eot|des -
whi oh T T TIAHOUCDRR AR S OGFATI AP T 2SS FOCEF (AR TR USRS COmPATD BSed
WO 2011/ §62RAATH G 6f Qma%a%miﬁbﬁée.em@aﬁmf& s@éh AREirfN CAhORy fuSed

ol i gonuc| eotides are known in the art. These include nethyl phosphohate and
phosphor st BROSUpapaiis, thedefpult swatrof foathei Bl AST snitgof nrogremseGERRI ns  at
the & a b ] I I r. the,.purposes of this,docunent,
it ilgs toﬁﬁéec%sﬁggo??oo%g%%%{}&t eelg%#ﬁeu%@glgﬂe éllst Vﬁ%“ﬁs BE2 Y IPiS%lEb% any
rre'([jhod asom ﬂhaailsd)letablg if pphied (seSusdt nbanndi for iﬁtﬁ?ﬁeﬂﬂ&ai@y}“l&eplflﬁil’crdblﬁﬁilt@!aguek n f
order. to_enha the in vivo activity or |ife span of po] ynucl eotides o

i nt er estfor the 888\1‘3‘?8‘!""&%% tﬁ?dw‘sﬁﬁiﬂﬂf I Biej cgee plothes spitware ﬂ’&rﬁ&é{!‘lt TRRSEIN, HIEh afids
of the dgpbsymgi ther individually or in conbination, are enconpassed by

t he met hods and conpositions described here. Were the polynucleotide is
single-stranded, it is to be understood that the 10conpl enentary sequence
of that pol yndBecebe peftwars has Brodperd) anppgimal alignmepgdt is@opsble yaealeiate %
"ho o] . " ' Lye: | ati i de. i ncl ude
any Rubor TPy s BiskiEned Mehf PHAE b 2o Al F b AR SR e ! €

del et i onseqfienge cangartisonrand fzemerate§ @ numeried) resultl ei ¢ acid fromor to the
sequence. Said variant, honol ogues or derivatives may code for a -
pol ypepti de ' i 0l.ogb.cal BYE RS h, f nt.s, 15honml,ogues, .
Do o ot e e Gl 6P gl oSl ST R Sea kRO ER
out abovabstitution of\sariadinad} modifibatien, ofieplacémem et deldion &f ot AdditiodeNdriet(yr  a
"honol ogue" may have at |least 5% identity, at |least 10%identity, at |east
15% i derfPPie) amifo aciisdfom auq the sequeyee Ripvidmgdhe tesyliangamina aeid spaupregst  30%

| dentsi t Yretaitls duB@sitialy thd SRR dctiVity 8¢ the d‘kf%%ﬂfé@kéts ch ha!vﬁfg%& 188%e -
20i dentity, sat; | east §50% l'dent i Ittzl at ‘| east '5;55&” ent ?{% y?st at lPeast §t6%%v
i dent i t ysamgtactivigysas the¥bkdipolypeptideat | east 70% i dentity, at |east 75%
identity, at least 80%identity, at |east 85% identity, at |east 90%

identity, or %, i r C Thx3
!sequelnc)é havi %y@ﬁgasn%ﬁ'ﬁq cﬁelggli) %%Xﬂhﬁ)b%@e ﬁl@ﬁ%@ég%@g%%gk&# agrn%{l tesioﬁ' ?X '

i sof or m Honwologses Baméof Arayetsesmodifidtl fidrase MVhO héefififls And cbapositigtsaesirtbed hiofeor m
2).

Typically, modifications are made that maintain the biological activity of the sequence.

30 Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 20 or 30

substitutions provided that the modified sequence retains the biological activity of the



25There may be at |east 95% identity, at |least 96%identity, at |east 97%
identity, at |least 98% identity or at |least 99% identity. Nucl eotide

i dentity WOrpHVG63¥As may be conducted as descri bed abov@CTAGZeG®eH3?
conpari son program which nay be used is_the GCG Wsconsin Bestfit program
descri bed above. The default scoring ma$®ix has a match val ue of 10 for
each identical nucleotide and -9 for each m smatch. The default gap

cr eat i onupmndified seqiené&d Adtechatively 3 ddifimatiansgaqy tExnadesto gleliberatalyt ipadtivatednor

each nucleotide. .WO 2011/ 062559PCT/ SG2010/ 000437 36 .Hybrj di sati.on

Ve T ur't neF MABSER e dUTaR bh egs%sw% Piaped ecfgw'é? id futRliPe mang
sel ect i v@lctude@h@iié Fnoh @t ARURREAMIMERE RS EbrRRABPIR to Ricréidy blbod pBiRna
fragment or derivative thereof, or to the conplenent of any of the above.

Nucl eot i Helf-diggelchhempaeficaly adminidersd palypepiideeot i des in | ength, such as at

| east 20, 30, 40 or 50 nucleotides in |ength. The term :

“hybrs di zati oy pErdsmResNerein shall include "the process by which a strand
of nucleic acid joins with a conplenentary strand through base pairing" as
wel | as the pPelyeepfidss feryse irf the anatlnds aad éamposemormdesqrrbegcbpvrﬁéﬁoa%l%%ai n
reaction o] =Jel tl i i di sing
o the niepmany L edt rpln SR8 br ARPoFIRP 3BT pol pBRIAEE | oy BE T n

may be aFrdgamats rdcdnoprise ag letst, ona epit@rs Meflaids lo6 idehtfyinsepitped astellkdUovn
honol ogous, at | east 55% honol ogous,. at | east 60% honol ogous, at | east 65%
hommol ogodbie aFt- TBEEEnt v KEHE Bgosrisaet IFeh Srmino pridtrav St leask 10, dhe10: 80%
hono| ®90Y§ or 80 haStachR? honol ogous, at | east 90% honol ogous, or at | east
95% honol ogous to the correspondi ng nucl eoti de sequences presented herein
(e.g., a Tbx3_sequence_ having 15 GenBank Accession Nupber NM 005996. 3 T- box
3 protein i softslyded ags repneinromprassngsorsenisinget, Ant. 718569031 r180l3.d4ptdt ei n
i sof orm 2¢)4 C lynyel } ral { St Y ast
80 or 90§A§3 ’01r7’ i?l ’ ]ltyégg’tmséggb%?ég’g%/? %g;?gl’ g%o%ggg’oﬁf Rg %égé’g%bg?f | h%g’?lstugélhg’oti de
sequencedl,ci2ed3 a4, b 460 464849 ) Bast, 520 53,594¢ b5 85, 47, 3843160261 ,52, 8B), 64 65,

"ol oot 0617 RgHh dbrHb 2 it okl (el pBP st rdhh Find b 7288 50ne 1
usedi sindey, g0Dglidd, 9RHEMDEISR; 99t WNYEHS, AP YINSCI ERtDSE130S15RYAE, 148, P3RLEI ze
to the probe at a level significantly above background. The background

hybri di z380,300n30, 46& 50 Wa 568G 680, 650070 er moteymsidhesdrimiegelpyans dhx3 amioro
exanpl e, aj:.a S%T%%ngeDNA or genomc DNA library being screening. In this event,
background PhpIT€s a | evel of si gnhal generated by interaction between 25
the probe and a non-specific DNA nenber of the library which is |ess than
10 fol d, suchVésfurtbssdashrlbe geplidésotohpuisingrat pmtien aba The3 pplgpdptide as deseribed | on

observed,w th the target The .intensity of interaction may.b asur ed,
For exanps. Ty FabPERERCTPY it RdboBicipiet dfands 3 AEEGHVETard Borisan TR
non-p@di pasiidey thapbedesvded 2tind 200 USRS ERAY, sEBhES bebl&2hi4nd40dng8X hdasinn) -
Hybri di zati on conditions are based on the nelting tenperature (Tm of the

nucl ei ¢ BogteilThe pentiderngrycssriosd fram a Tonghpolypepide gediselaseddierandor ample
Gui de t : i 0 437 3 ' ,
Vet ods Ph EESHrEisEh Stk gt dah A0 HmT A RRAR R B g frad RETLE ST

defi ned tmrbiemyeie by reasnidngit aiears] obeymitesisv xjnthericatlyi ngency typical ly
occurs at about Tm5C (5C below the Tm of the probe); high stringency at

about 5C to 1QC Tm _internediat tringency.at about . 510C t.g 20C .
ol ow Trm - and T ery Tratsnig R8T PERD 6 sBbérn BARY st R ot Pl
25 expression, for example, through antibodies generated against such fragments. These .~
antibodies would be expectéd to bind specifically to Tbx3, and are useful in the methods of

diagnosis and treatment disclosed here. -

Tbx3 and its fragments, homologues, variants and derivatives, may be made by
recombinant means. However they may also be made by synthetic means using techniques
30  well known to skilled persons such as solid phase synthesis. The proteins may also be

produced as fusion proteins; for example to aid in extraction and purification. Examples of



understood by those of skill in the art, a maxi mum stringency hybridization
can be used to identify or detect identical polynucleotide sequences while
an i nt er 0i2ati@6¢ss® | ow) stringency hybridi zati on can becusedotomodsdentify
or detect simlar or related polynucl eotide sequences. - W\ provide
nucl eoti de sequences that may be able tY hybri di se to the Tbx3 nucleic
10aci ds, fragnents, variants, honol ogues or derivatives under stringent
condi t i ofusiohereteingBm@narsdn@udexgd@athidneSSGansforades(S NaGHis0GALS (MN¥aBi@dingat e

H7.0)). it i f H | var i d i t.i ) :
el s oGS nelact iR 50 AR bRk e T e b S cwwsnisnies
(e. 9., ainlkK3 aPrEtaIPae clRNHB JitE B RRAKIhATEESS potki mammhggyﬁ&% sdqUen@@x 3

protein isoform1 of 15 GenBank Accession Nunber NM 016569.3 T-box 3
pr ot ei n ¢fsiofesgshriozylloputermeivilod!f fusien protain seqvieneks d[heakisins protein thaynbd aguwekich

var i ant o DSt i o o R Rt Bt el ByMRF i b SBiea ™ '

| i brari esy pmification 6T eell ét@ets Bfon Mdingl il s, for exanple individuals. from
di fferent popul ations. For exanple, Tbx3 honol ogues may be identified from

ot her i ndi vi dual or .20 ather species.. Further reconbi,nant. Tbx3 .nucl ei ¢
Schds and po YTt raDRe iR biFolspur ERerEDS AR HOT A Fo

POsi t i ONigeré fhalybe il aRBbRGIARy is3REkdSHFth NI Wil b tn@rstB6@HHAE§RE polipepidcBGhtdye as
descri bed el sewhere in this docunent. " In addition, other

vi r al / bake @piediwithwargess ouflkyentronbicl ik sointerisseawith thetiniendest purpessiof thear
M i . e ; j
coy 11 OB PUREn e TRERe Akt aclarel A THRE Vans IRM S BE raBpTh ©

general ddériviatibemappBblbe ina ssistandhlly phryfiddyorm dinsvhich éa3e itusitinzehéeaBy Such

honol ogues may be used. to desi gn non-hunman Tbx3 nucl ei ¢ acids, {ragnents,
var i ant sCORRRIISE SRoPTS iR 2 IIGPH AR vehigh (Rofsthan PPYoe 62 oTR Vo4 XB/ABR A% I 8 i n
the art Igte@fqggﬂgsmfpglra}iggqsé/%{l\)l{&%.y. Sequences of Tbx3 honol ogues
may be obtained by probing c l'i brari es made 30 from or genom c DNA

|l ibraries from other animal species, and probing such libraries with WO

2011/ 062559 PCirsSErG 1R RAPEdSS: 3@18&5911@@0&96%% fragmgntapnd deriyagives disclased of t he
Tbx %lenUCllxe% fhaP Bk tbelidd RANE ali el %.ré%gliwél LR anf Eui%g%be{l WRgEENt S
of medi t I'n : imlar

x3 under-conditions 0O umto high st gency
consi deraltovanke pypeptids ehio be détaged Seitabdslabesiichga eslicsmoms) ed.i'CLvar i ant s

f th | ] | ept . di scl. 5Var i ant d
ot ai n/ STARES ahiskes embins rytide b HE R e BoHS L rgelgEhur b A en ch
W 1 useyged il @b gnodfS prabRlrds QuitdsIRImuBB IR GE Setéintiid &ehﬁﬁuﬂt?ﬁ'a%lﬁeﬁt% in

honol ogues encodi ng conserved ani no aci d 'sequences W thin the sequences of
t he Thx3a samplaiPolypeptitiss oCabelled pely persiguemey slse beiused ip adiogicaldr ctlbmediatadpl e,

by igning the am.nQ acid. seguences from several .vari ant s/ honpl ogues.

St ih e L I EINER el Bl REb AL T R BRown i
t he art . hinedns @xiagplagddrd protdecisW sconsi n PileUp programis w dely used.
The prinmers used in degenerate PCR will contain one or nore degenerate -

iti dowill b t stri ndi t i | .than th used
Por ¢l o g sAaltin o8B rp s farghs BEGaRS Bt Ot SRl el fnces.
It will &gioampr abdlRHSdayPMsd Befisdditd b@&id)lfﬂa%lforteﬁ&hplé\ﬂ%@ﬁacé‘éﬁneoti de -

honol ogy bet ween sequences fromdistantly related organisns is likely to 15
be very Iununeaskay Mgl or dipstinks Sualylebetled apfiordayeabdisad polprmtidesmaebe packagedhod

o o0 5T AL AR Pl LU A e

sear chi nguchyolygeptidis asdkitsahaypbeoised i tlethadyasestetitdn ¢ aneBudidy tatigqolyipaptidesuch
as the BLAST suite of progranms. Alternatively,; such polynucl eotides may. be
obt ai ned®eisliedic QT SRegies YATASY dMERINGasSPY - | | »

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeptide comprising an epitope bindable by an antibody against said protein;

30 (b) incubating a biological sample with said polypeptide under conditions which allow for the |



20characteri sed sequences, for exanple, Tbx3 nucleic acids, or variants,
honol ogues, derivatives or fragnents thereof This may be useful where for
exanpl e swWPeptl/d@¥On changes are required to sequences POTHGRIMWIE3ITodon
preferences for a particular host cell in which the polynucleotide
sequences are being expressed. Other seffuence changes nmay be desired in
order to introduce restriction enzyne recognition sites, or to alter the
pr oper t yfoomafiemef dnoemtibddy2satigen gompirapandies detennidmg vidyethdn enploddyrantigent i des.

The pol ynucl.eoti des .descri bed re e used to produce a priner, e.g. a
PCR pri nePmPIEX GempRying ﬁﬁ‘é B?E'YB‘?RQ@A%{E%‘S‘?anm ification reaction, a probe
e.g. labelled with a revealing | abel 'by conventi onal neans using

radi oacti ve oFfhabbx3 pudymepttiesy eatiaite homotigutd) érapmkyts and derfivatiess disglosed cl oned
into vectors. uch@griners, r obes ﬁnd ot her fragne t%>mjll ?ﬁ. WO

2011/ 062858 PEY/PeEseh 1y B EEar Bavgicefl syltpregystems fstudy thegole of figiras a1 | east
20, fgpr @%ﬁ:@g&ﬁliﬁé gdnB8&dd Komol3BulthtEofH CLIEAINCHSS ihdludifg Helh fuAditbndhe al so
enconpassed by the term "pol ynucl eoti des” as used herel n. : ,

Pol ynuc| éstaseld®or sxarhplasirencaied op olodified| podyipeptidesamay beriotreduasdyntbe cpll daluced

r econbi nant | synt ically,.or by .an avail abl e to,those of . skill
o the. Aerupie PO i@ deicosi i SRR PHT bl gl be Wihuteq i '
gener al , theickl'BY $ it dxpRsibh 0 tHegqfd 1y pEdefrbiaital rec SNt ekprédiv Ratet (Sdeep W Se
manuf act ure of the desired nucleic acid sequence one nucleotide at a tine.

Techni qusdowhThy xpresionsYacky opHpRallysarripsantipdustbleipromdier tg gestrelitke v eadi | y
avaijmpbl g 10 t L s conprising fragnents of Thbx3 are particularly
usefllﬂ31 i%p'{%gltoﬁg)tfﬂ% SOI}Eéeb%%et ection of Thx3 expression, such as
up-regul ati on _of Thx3 expression,. Suitable primers for anplification of
Tbx3 may 'be gbieusgtod @ppropriata hystealls, apeheassnsest edhls of mppusaliaprcelpisexpericd may
be used | e . Of e fyi of. T which is:
speci 1 cio ProMeE diRREpeR R it ARIeOEe B RERHERT U hA " ey

ar e nosttrusafion, llapidatioviafd dyrasingrsetiig ofthidofine phogphoBilatihnd af Mawde deg@tedn®r and
a reverse priner. %5 onger pol ynucl eotides wll generally be produced using
r econbi erpptipel W!Lﬂgl AT QR EERIRIngtRX PSSP s Sigh HCIF@&E{Y? on)

cl onjsng is i Lo d : i LT iJmrs. (8 of
aboul” 15 F NG BT bOI pLITED KBrRE Hoth oDl e el BB Brit s o or
cDNA obt disdlestdfherrara ax@assed mag rbehsedam assyl sy stpms toidentify cangdidhtgseba@ees hai n

reacti on under, condi.t,i ons, whi ri pg ahaqut | i.fi catjon, of the desired
regi on, WE‘SﬁéHtFrﬁ ' OZ(T’“HW&% @Hc?%ﬁgl?ﬁpoﬁgéﬁbdwn&ﬁ?eﬂlyi ng the reaction
m xture on an agarose gel) and recovering the anplified DNA. The priners
may be dEBx3NedLEw Aomsai n suitable restriction enzynme recognition sites so

that the anplified DNA can be cloned into a suitable cloning vector
Pol ynucl eot i dEke methpds anskcomnoyitioas describedehaseimay gmipidye bs a Sigansfor deteeting s

enzyi | SRESORTRRTT I RS tiRlosifes ThRRMIERI: mid YRERRRRIS TSR, o

added t owglbhyvdizh&ohor6i®gass, AeriviEivs addragiienBeofday of thesk. s hdditidy, wieechni ques
known per. se. Polynucleotides or prinmers or fragnents thereof |abelled or

unl abel edisqlese naetiquasd bry fragments ssefaldor thegmethodsf diggnopis daseeibed bergcTle based
f g . ; ) S
tests fofy, a8k R u%f&af ey %g géﬁggggﬁﬁﬁ&&%ﬂggﬁéﬁo%@gg%gd9§cnﬁéﬁ. mal

body. h tests . g gener C ringing a
bi ol ogi cal sanple containing 30 DNA or RNA into contact with a probe
conpri si ng a Pest terioe T Hudi redyrecleptidere i Tidorucleotide” and “Tbx3 nucleic acid” may be -

25  used interchangeably, and should be understood to spéciﬁcally include b(})th’cDNA énd‘

genomic Tbx3 sequences. These terms are also intendédgto include a nucleic acid fsec'luence:: I
capable of encoding a Tbx3 polypeptide and/or a fragment, derivative, homologue or variant
of this.

Where reference is made to a Tbx3 nucleic acid, this should be taken as a reference to .

30  any member of the Tbx3 family of nucleic acids. Of particular interest are Tbx3 nucleic acids



WO 2011/ 062559PCT/ SG2010/ 000437 40 hybridi sing conditions and detecting any
dupl ex fornmed between the probe and nucleic acid in the sanple. Such

det ect i orwOR911I8288 hi eved usi ng techni ques such as PCR @CTISG20M000#37 i si ng
the probe on a solid support, rennvingdgfcleic acid in the sanple which is
not hybridised to the probe, and then ecting nucleic acid which has
hybri di sed to the probe. Alternatively, the sanple nucleic acid ma

b

i mobi | i ddeFtehiremdls g1@uB Gppating offden aﬁrﬁsﬁﬁsion@ﬂurﬁb%WbBQﬁ?86t3oT-§g‘éﬁea
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sequenci ng nucl eotides, for exanple, the Tbx3 nucleic acids, involve

bringi ng a bi lsogndudedsappneoroofmensiof dhe ruclpss aqiiseqyenqRyAC v as COheRct wit h
a probe -S| Aycl eotide or primer under hybridising
conditioﬁgggﬁ@ﬁﬁgkggﬁgﬂﬁﬁé%t#goggquence by, for exanple the Sanger di deoxy
chain term nation nethod (see Sanbrook et al. Such a net hod

generdal |y conper exempld, regkhxdmycleiqacidmap comprisca biman T bxdsequensadeving, t he
primer b nthesi s . of [ BNt ar 0 1h r r..RNA and
el ot i v RS Tt G 003 E TR S Al T b A Gy g e

G or T/ UNuebecN® 0265698 TehokIsproteitisefop@at i on and term nation reaction-to
occur; separating out according to size the elongated products to determn ne

t he sequence é:%he nucl.eoti des at phich. el ective terninﬁt%onﬂgas. *
ocourred.  Sui 851 B eifly may B2 pif0na SRSty of dians for bk for piiitcing or
deoxynucindatihg pruripoicy Hlebls saihld sametiel EdlB, stemlvefl§ eid aatced Phuripotent stem

D'deoxynucleotldes are used for selective term_nation. 20Tbx3 Contr ol

Regi bhs wdls. Sorenysipigacdsmay alsekg uprd fqe thesxpreysionoprofudionsf Thxdest i gat e
control @&g%ﬁﬂﬁeff Tbx3. Such control regions include pronoters, enhancers
and | ocu trol regions. By a control region we nean a nucleic acid
sequence or structure which is capable of nodulating the expression of a
codi ng sequenckolyimictaetide” zm@raélviregrvo lany l@@’dﬂb@milotle.OtlaE Por exanpl e, control
regions n@&gdé&%{%uc;l&ﬁ% NGhigh h{&g b% ru%%ﬁgﬁhﬁzﬁﬂ'o??dﬁA SF PloffRa BN ARY HNA.
Furt hernore, control regions nmay be used 1o generat'e expression constructs
f or Tbx3“Polimurldosidezdni¢ludg Avithouf lihitdien sivgiléd dndldeublésstrhnldsdtDNAC BN thaofs
control regions of Tbx3 is straightforward, and may be carried out in_a

numbet  of Mg ofsyelesanddprbleshandeddrsigns siglenard doubiyimndad Rbeh. apd &ved

from an I i : S i 1.1 br [
Toxd, cON s BetRile B sifie Sb Rk And A Voulon DI bHI HRI AR cOMFARQDITRURE

appr opr i BN thetimay be binpleastrandesiorbmoraAgpizellyl, /do6BI5 5o RCIRASGA0MBN0O 0Agidgl4l

rimer extension as kpown in the art, t abase ,sear chi ng of one .
Pt abas cand bl e BRadT Ghtns ot dGidhr neb e R, SE R P s S Bians, 1y of
i nt er est cdmigrhisHER NANGAORANG HoBORNASand TIRAS Thé RSInGRSy niBMoh&: AXAHcRALs by eye,
or with the aid of conputer prograns, to |dent|f¥)sequence nmoti fs which

i ndi 2t eDNAs gsRdNAneentgningropaer aoramgdidied basesand DNAYOORNAs Silirhaskbanss e,
sequence, 3 da 5 sbillBYr 16 SRATEELES RlodlR2P NG ifLGa et AEBHERiFRted
bases and unusual bases such as inosine. A variety of modifications has been made to DNA
and RNA;Y, thus, “polynucleotide” embraces chemically, énzymatically or:,metaboliCally o
modified forms of polynucleotides as typically found in nature, as well as the chemical forms :
25 of DNA and RNA characteristic of viruses and cells. “Polynucleotide” alSo embréce’s_ ‘ -

relatively short polynucleotides, often referred to as oligOnucleotides.

It will be understood by the skilled person that numerous nucleotide sequences can

encode the same polypeptide as a result of the degeneracy of the genetic code.

As used herein, the term “nucleotide sequence” refers to nucleotide sequences,

30 oligonucleotide sequences, polynucleotide sequences and variants, homologues, fragments and



fromtwo or nore organisns. By aligning Tbhx3 sequences fromdifferent
species, it is possible to determ ne which regions of the amno acid
sequence WPatde¥Pved bet ween di fferent species. Such EERSE2VON0¢487i qns
are likely to contain control regions for the gene .in question (i.e.,"
Tbx3). The nmouse and human genonic sequ¥hces as di scl osed here, for '3
exanpl e, 'a 10 nouse Thx3 genom c sequence, may be enployed for this -

pur pose. déFivatinesrthareef, (siibves phoivos dgued). fThe midedtete soqmnésmsbﬂﬂQNA@r@mﬁai ned
usi ng sta dar d.net hods .of scre ni ng usin o) ratedfrom
e vous BT BRI e ARlS ot S5 ERDat brgi it SqhEe-BiARREr rSRETe Tak 1 ugu
rubri pesstradided QREhEL &brelgamngltﬁ@sdage SICANBISARE strhd SteRhibinatidns' ihél?eoh orReleave;

t hus, several zebrafish sequences of Thx3 have been identified (noted.
above) . nelexdidpapausose BRY bpprepared biiusoaf isgombighet DA teehaiquey (oo examele.af | sh
Tbx3 geng wi th.a RUSe or human genonic Thx3 sequence nmay be used to

i dent1 fy consérve r gions containing control regions. - Del eti on
studi es may al so be conducted to identify pronoter and/or enhancer regions
for Thx3. 20Thae fegarinielgotisie spareace vmay mearsoPNAegi ons nay be confirned by
nol ecul ar bi ol ogy experinents, in which the candi date sequences are |inked
to a reporterog%pwug[é%lyggs expression of the reporter detected. EXPOSING
CELLS TO TBX3 be exposed to a cell in the presence of
one or nore n%%ﬁ*pméﬁdﬁ@gﬂawwé“@ﬁ}aﬁﬁéﬁagmmﬁ, @mﬁdmeﬁgvamamswpotency
The prod T in th and gsitions -
descri be%crhjgggesl%sq{]%os ng];c)lee%:ci ?déa etlé?rgm‘farl&n@ (g%uet’héiegr gpuectl on can be
achi By ed:frigatenexial¥plation tzyTl@m{uaml@zadld fenideahy @uhsmtdmd offvagiafi®i b usi ng
genetl ¢ reconbinatjon. techni que. . WO 2011/ 062559PCT/ S&010/ 000437 42

pr oducedmefifisaien ¢fs Kplacement fndslesioniaf or additian gEenedpr morpumuelsigacidsdiamar a
RNA pol y %QH? I of usabl e
RNA pol y@?ggﬁu?ﬁ%adﬁ:ﬁogg %ﬁ}%@ﬁéep%lhg&ng;r@gg{é@ a g&gkﬁ%gﬂlﬁer as§§ and a SP6
RNA pol yrefereises toXf FTrediiand VEbx3” inclndecehdrentas to sneb varants habiotoguks, eeprvasss ng
Thx3 can lggf&rgg‘ggs(r:e by 5 insertion of Tbx3-encoding DNA into an

appr opr i H%E" 0 r the regul ation of expression control seqguences
(pronmoter and enhancer sequences and the like). The type of vector used
her eim i s not Thpesultanc aldlgotidesequedce mhy hnmxjjb alpify pepiidechiasingpanylame or more

specific used. Exanples thereof can include viral vect and plasmd
vect ors. ﬂr’hﬂ’ya“\%"ﬁélmﬁetﬁqg ‘horeolpgie” Ipay, qm@&ﬁ?ﬂytq GOKPR ‘aﬁnu%l"‘fl\%dﬁﬁ}?c?t@t roviral
vectors, staﬂaﬁexhd/ail fub8&dPSRh 134 %%ﬁﬁt%ﬁﬁ&&ie%ﬁdé’ kéq%len‘{&%%@emgﬁ‘ljygeiiﬁdéo li ke
can be enployed. In addition, as to the above plasm ds

expr essi whichlhas itbxkactiiitly . korewainpleoa homelogsketclof dbih miatidiave be capabloef

S35 Ssa ok BB BT 450 e BRI hoiE BP0

-, 20Ce! pludipdicREilend ¢all, wHi Expidel ¢hsithe defll &Jrﬁpdr&m@rmlﬂt\ﬁh@lthd% et&al fNce in
thelr entiretjes. Methods for usi ng a lentivirus as a 15vector are

di scl ose®kPopedyy et al ., Science 318:1917-1920, 2007, which is herein
i ncorporated by reference in its entirety. Methods for usi ng adenovirus as

a vector are WifhGe§rettolsBq @h@@id%ﬁﬂn? (Bé. stthilarityf HIRRE RaP B a@l@gstglé%, a?@gﬁ

which is herein incorporated b erence inits entirety. Methods for j
usi ng a ptlasdtilersh®>% onalenst O8Yo weuﬁtll@f: identitydiThere amaycbe at ladst) 5% sooh a5 @)tnal

Appl i cat VI S

e L e N S
322 2949- Abcssid Bambsh NG/ (mlse%mr[ebd’x 3 m&ﬁ@izbﬁirm YGéEH Bk eeessidh Nﬁkﬂbér ‘
entireties. One of ordi nar% skill in the art could choose and use an-

appr opr i MM 0826t Trhoyr RiRisiyiseioamolhe SRF%Wﬁaﬁmen%u%paswllqlwwaWS&f the
ot her knmg@ed{ghgggds or vectors available in the prior art.

Variants, Derivatives and Homologues
Tbx3 nucleic acid variants, fragments, derivatives and homologues may comprise
30 DNA or RNA. They may be single-stranded or double-stranded. They may also be

polynucleotides which include within them synthetic or modified nucleotides. A number of



Nucl ear reprogramm ng can be perforned in the presence of Tbhx3 in any
nunmber of 25 ways. The manner of providing the Tbx3 is not specifically
limted, WD2howigesSéxanpl es t hereof can include a net hod PEHSGAI0SHEABY
injecting Tbx3 into nuclei of somatic cells, and a nethod for introducing
an appropriate reconbi nant vector capabl®e of expressing Tbx3 into somatic
cells. However, these nethods are not to be considered as |limting.

The net hdidfefent tyipas oHulodificgtian m@ﬁgumicﬂmﬁdewaeﬂ(nowhmmesmmﬁhése indlides i s not

speci fical | mted nd ca arrled o ny. .met hod ovvn to
Those. skhetptosPoRat Rt hesphimes b Ay abe B etiaad cobtime ¥
transi enjt thé anmtiRe 5 Gids omlférlﬂ(blghﬁ@tf‘oi?ﬂ’ne RrpRbEbtls ddument, it is to be

2011/ 062559PCT/ SG2010/ 000437 43 phosphate precipitation nethod, '
| i posomeungsitendetdiat the pelyauel¢aisles mEADe arodi fiedbynanyi method availabledu thent. Such

EnvaRCEn R TR TR et o B nbitE B8 B RiBRTE Mipal R

conposi t palpsuciesides bEdteheat.e di spl ay i nduced or enhanced pluripotency. In
ot her words, such cells obtain or retain at | east one characteristic of a

stemcell, su S el | ells may,.retain the
characteristi gfett]éP pg&@@?&?@r‘%t}%ﬁ 8@%@”@%@“%@ B&’&Sl Bllef(’e thﬁ plurality
of passa@ﬁﬁuduauﬁ or in cobtsingl il he@hesihyassdd 15t BB ndhdds ahdcampeditisisidesdiyd
conprise a norphol ogi cal characteristic, irmunohistochen cal

char act ebaret Wheresharpolpnuslentidp isiege-standeat tsde &e uaderstoodihat thegThe
h t STEM CELL
cpelre Y SIS BMERAR i o

uripotency is enhanced or induced, d| spl ay any of the follow ng stem
ceI | char act eFheterms “vasaat temaloghey od cgqslvat}vci o readetoaapictesside sequenec t 4
and/ or nd c-kit
may be gg‘g@é‘és ﬁﬂ)r @l?ri]ofg g Q/farlé\‘ki (ﬂfy m%Hqicgt{ ?I{Tgfr ?eé)?acer%e#t o]f %e-ﬂzthn 0

shor t enestiditidn ofonel(er more) atdeictatiddtaioe @l the ssfuende. Said vﬁﬁhnt§ﬁdrﬁolbgm\/ur ng.
Stem cel | s, may di spl a deflned rmrBhoIo y. For exanple, in the two

di mensi ofE1VaHVes mPLeRsfar HpRlyprrtidp havip tj’éOgl‘Fﬂb AsthV iR BrSholirgmentem cel | s
di
| SPLRY fidflopus! \:;a SARLARIes SOTER § 8% cofipriddnbh g Qéq\a@eag STRIG:

prom nent nuc conpact co or rrat on w th poor di'scenmabl e
cel | j unahoivens. Stemcells nmay al so be characterized by expressed
cell markers as described in further detail bel ow EXPRESSI ON OF PLURI
POTENCY M“RKEB&%?&% o0 QAL RLpREL sthlidhck @ﬁ&m “ﬁérﬁwgﬁ'e ﬁ y BRI 1 se
expression of a pluripotercy marker 2 speci ryonic -
ant i gensle@ﬁSE’A)deamtg, atHeasa t@% rideitity aofeasxeSf%aldﬂntaybatymt m%edldntxty tay]eest '

Ant i bodi | e, f th | t es
br | don B Paat KBS AL ARIeT S g TR0 RN P T Bt SR e g
ant i jgodi ﬂ@ntlmta&%ﬂﬁ@ﬁ 2RARS { @Q@g% i 7at‘ﬂ€hsfjﬁ3% ﬂfk"i\hﬁd atlledkst 255@0 andJ

Trya-1- 81 (Andrews et al Li nesfrom Human Tunors, I1n E
Roberts ondentltsaal leasum%)dennmahleestﬁ6VOdﬁmltsx% rlnacem% 1®rnmyt, whlieast |8|S%fo SSEA- 1

D1 1 er oriEPaty o Tt pEa MRS or A Sadaadliy bRy Kl Sabehce GRRapS

Tra-1- Goseqaﬂd:e'ﬁﬁamé(%hBﬁiﬂpAeﬁ@hlﬁﬁ Naitéber NV E005996.8 APBHSS pvteiR isoforkt &r  PPS
cells can al so be characterized by the presence of al kal i ne phosphatase

acti vi t yOeripankcegssigneNaeberc Mg 0h9569; 3T hgx Brsotels iseformn 2h 49

par af or mal dehyde, and then devel oping with Vector Red as a substrat‘e as
descys bed by Thae HRpWeat ledit®5%4 MRAHH! atllediPocd Qldrtisy, aBléhtingaidentp! atfleast

98% identity or at least 99% identity. Nucleotide 1dent1ty comparxsons may be conducted as

described above. A sequence comparison program which. may be used is the GCG Wisconsin
Bestfit program described above. The default scoring matrix has a match value of 10 for each
identical nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the

30  default gap extension penalty is -3 for each nucleotide.



Enbryonic stemcells are also typically tel onerase positive and OCT-4
positive. 10 Tel onerase activity can be determ ned using TRAP activity
assay (KiwDep114162359Sci ence 266: 2011, 1997), using a comRETSGANINPOEAI | abl e
kit (TRAPeze. RTM XK Tel onerase Detection Kit, Cat. s7707; Intergen Co.,
Purchase N.Y.: or Tel oTAGGG TM Tel omer¥se PCR ELI SA plus, Cat. 2,013, 89:
Roche Di agnostl cs, Indianapolis). hTERT expression can al so be eval uated at
the nRNA | 'eveHyllvy'diEﬂiioF%CR The Light Cycl er Tel oTAGGG TM hTERT

15quanti fi cat| [ t. 344: Roc eD|a s.avail abl.e -
commercial ly Y%Pfuﬁh?eagﬁ%wedﬁlp %8@%65“@”%5 h?fre(f%éa%i‘? oﬁﬁ&’éldgfngt ﬁ’?’%gvely to

pl uri pot th@Edgaesces prreérted ReeiniDihy le—fra &itlor AEri VIS RIS 6 to Thel - 4,
SSEA- 4 and TRA-1-60, etc, may be retai ned by e cells produced by t he

met hods @teplemapiosiany ohthe abete- Nyeleotids sequomos may be ghleast 19dukieptidesdy be

achi eyed, 0 exanpl e i mmunol ogi cal |y.
Hi st ?éhe%hgﬁl H%Paa?ﬁ?llﬁég?épﬁod\;vag\%gtr)rgﬁle& (%iifls eh%est ern Bl ot, enzyme-linked
i munoassay (ELISA), etc may be used. Flow.i m’runoczt ochem stry may be used

to detect cel Theigrmahybridizationsas usechbarsin shabdnelndestt g/pr(os:@qs barmlnph @strmd fi xed
cells or I ce
e e oAU BB BB s el el
Enzynme- Ioﬁ‘dnﬁ;dlﬂcammm&smd dsmynbelyuﬁmdef:mlne@bhwﬁbhrﬁmbgleects or products
secreted into the medium WO 2011/ 062559PCT/ SG2010/ 000437 45 Anti bodi es

for the ident |ncI inhg,th eSpeC|f|c
Enbryoni c Antil)(g);le&?t]io?ﬁe afa%lggéﬁq tlv ISH)g tg'#ge ;118%%)}%?28]3 P¥Sn Anti gen
1- 601 0andpréschied(heRAn lora@theﬁ%nibie&ﬂém rmyy b@aﬂb&sﬁ%%dmﬁﬁﬂﬂ@ﬂh@laﬂéa}z’t 45%r

exanpl e from Cheni con |nternational, Inc (’Terrecul a, The

i munol orealPEeHs: ¥deash0%bhopedagous st legatss Yo Bpmglogavnal lsﬁ%ﬁogémq%eg% Has

been 18 Qg et g 4961108 1AUIIARL S B0 RpARgh RO ot
11307 - HdmdldgouEhatrieast 85% . haémobdgousyat 1€aitFHB) horﬁc:iogﬁlm;l o28deasi 98%-hbiablogous
K ot odfe Srsppondingsfiotkiseqisnies prensd heing & aqd L BATEODBONE o

Cel |155Ci €BeBanklRceidONImbdONRE 065@6@?1&53 3(HrotE1nSi§M%nﬁ AeRiIddnBage B&%cé%%BﬁUCt S
can al so be detected at the nRNA | evel by Northern blot analysis, dot-Dblot

hybri di ZMunber MNay6369,3 Brbolsy preteriseformans Suqlmmcmild¢!ane3db@g¢qermlyame

chai n reacti P J 6L-S fic in_stan

anplifi g%?ﬁt ﬁs}"r‘réﬁ%—%%gﬁ égg (ﬁ@g%g%{tqj;ﬁ 8?&%%; 2310‘5‘8 nﬁ%tﬁ © Rlrery l?g sted in
this di sglchstide sequends oobl DicpRm JffablFait ol slfeh(iabﬁlléaéi S o8 90 YorfsfantSakast URL
www. ncbi . nl m ni h. gov: 80/ entrez). 15See U S. Pat. No. 5, 843,780 for further
det ai | s.40, 60 or 180, pEmars otipyousinucisptidese cel s treated by the methods and
conposi tions described here, or a substantial portion of them may express
t he Joar ker ('s) Thd@fm EXMBRiVEly Hy'Bﬂdi%%l@’eﬁfeﬁﬂlsetthfth f&l&ﬁu&éatde%w@bsas fob&ishar ker
or markers may be 50% or nore, 60% or nore, nor e corrp05|rt)|ons
descri bededdnger conditippewhere @p@rgatp%mmlﬂonéwafgumd f@ehyhgdtze t@éllelprqheaaﬁlal ity
may be Vi 25A
pr ot ocol %rs‘r)%q)l nt&lnﬁgfa ié&rélsoa\é@gr 8PIIKI %rhe% &ﬁldqé'b;rfi &gﬁa& ?L’l(é(r:r%écoé? ga ce I
suspensi (ﬁthel(pﬁﬂ)ynuz&ﬁtlﬂésl.ﬁreSeﬂt &mwxampleaiﬂhé D AodgchonREDAIA Hblatimeeing 0 4%
Trypan blue and gently mx, let stand for 5 nmnutes at room tenperature:

Pl ace 105cFgepungs Insthys ‘?‘(é'élt bagkezound imphesleyelahstennl aenarated hytinteractinn beyeen

vi abje (BSka h RS I ’{Pa{h 2 rrber
of unst atilﬁnzd ggﬁ ﬁs n|%ncg c%%?{gﬁﬁo@ aﬁ?k h%fat féﬁg?ie‘%xi%i@};{gldf %3%
cel | s/ n lessTthan ped ﬁ)dzdlasalgeansé a3t ispdwlific me:lrdtcmonsbsdmedmrﬂndre tatfget/Dme @ heel |. s :
di vi ded ”bYensny of i 1np?ecrt108 ma %dmgaggre\c/ll fs‘ ?leganclzﬁe by radiolabelling the probe e. g. w1th

32P or **P or with non-radioactive probes (e.g., ﬂuorescent dyes, biotin 0r_d1gox1gen1»n).‘

Hybridization conditions are based on the melting temperature (Tm) of the nucleic

30  acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning



WO 2011/ 062559PCT/ SG2010/ 000437 46 The viability of cells may be 50% or
nore, 60% or nore, 70%or nore, 80% or nore, 90% or nore, 93%or nore, 95%
or nore, WoMnrosessee, 97% or nore, 99%or nore, or subsPamSGAI0POLIDY0
KARYOTYPE 5The cells treated by the net hods and conpositions described
here, in which pluripotency is enhanced37or i nduced, may retain a nornal
karyotype during or after propagation. A "normal” karyotype is a karyotype
t hat i s TedhniquesIMethods 1hé3nzpmok1gbsVah]ti2aAbgdmluPtas Sao DiegaCpatapdeonfer a

par ent s%ﬁm ell. fromwh %"Z ?ff ﬁropagul e is derived, or one which varies
fromit $dmefoptringensyy A e3AeH el Wrmnner . For exanple, there should not be
any gross lOanonalies such as translocations, |oss of chronpbsones,

del etions, et Maximum strinieoyay yipallyneocutsent abae S5ed *OY5 € balodoelie Dih ofiehods,
for exarrpl e visually under optical mcroscopy.,. Karyot pes may be prepared

and anal Qrz)éﬁ) aghcfgsltgerl%%r gbauine (el O below [ rngepCPt abpyino7)
and Gal | § B S R SR T Rene PR Ab%urfoécat R- é%er%errrgt XRagh ygi ng a
stan ard |ng echni que (aval di'agnosti cs | abs

15t hat pﬁlmersﬂ&ﬁi Byotbid6f skal mahy it %n&ﬂhﬁhﬁﬁﬁngeﬁié? myasdlkétﬁm%h CELIE SIS Lab
at Qakland Calif. 2 and conpared to published stemcell karyotypes.
Al or aldgry%fytoaﬁt: eall idprgice] prlywicleotie sequerses exhilsyandpiermeiaie ey layyystringency

conposi t) ﬁh&‘ﬁﬁﬁ rcéupg%g}%grt@ ide ey cg‘é@)e@t Smigf EEBljgbaEfd Oﬁ’o%%ﬁf‘eoug% uBf@por tion

may be5 © Of nDre nor e, nor e r nore, 93%

or nmnore, 95%or more, 97% or nore, 97% or nore, 20 99% or nobre, or
subst anti al | ywmwdpnwrkw@ﬂrzwnces that mayebesahile t nbadise do By Thxs nueleisods. may

el ASACHABRLRY {Ral ASLABAIALR LA AL Ind P ERRSE LAl k0oRORS |

erm an erm i on Of

to dlffeﬁrﬁfﬂlfeﬂsi‘s €asBCef 0.1 hesNati, n&ﬂgmmgeldﬁwmm))the art and nmay be
used to assay the 25capability of the cells to differentiate. Al or a

subst anti al rtlon of reated cells retain this ability. This may
be 50% or @ EBRHY ’%ﬂ'f?‘é’t"g”?eéﬂ ?fr’a'r%?’édggyd@atﬁ’les more, 90%or nore, 93% or
more, 95% or P&y Buclébiffe©whithrags n&t 1009 idemical to3RdecdévaiDdequerRes Gisd bk3 al |y
100% of the treated cells. WD 2011/062559PCT/ SG2010/ 000437 47 ASSAY FOR

NUCLEAR SROPFRISGRANIVE (SnBenkAixgession Numties N £ §05986,3  -bex $ Reotein dsofogm 1 or
reprog a@%w A{degél&{‘ﬁxm%} NW@%&M 9! %xE%éteﬁﬁ@o@ﬁn%g dG \%ﬁlggq%e?/ﬂso

exarrpl e ow ng manner ransgenic mce na ner ate
i nserti omcblﬂedgexq setics hoprobupies) yaimtis awkderba@tiessrof F[lbrxa ces beobtatdedirea n ( EGFP)
and an arrlllgrln er o wayg Séltﬁgr \%%agt%% lg:eI sréql(ljerncgsurgqg%g icl)glt)ained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. For example, Tbx3 homologues may be idéntiﬁed from other individuals, or :
20  other species. Further recombinant Tbx3 nucleic acids and polypeptides may: be produced:by '
- identifying corresponding poéitions in the homologues, and synthesising or producing the .

molecule as described elsewhere in this document.

In addition, other viral/bacterial, or cellular homologues of Tbx3, particularly cellular
homologues found in mammalian cells (e.g. rat, mouéé bovine and primate cells), ‘may be .
25  obtained and such homologues and fragments thereof i in general will be capable of selectlvely
hybridising to human Tbx3. Such homologues may be used to design non human Tbx3
nucleic acids, fragments, varrants and homologues. Mutagenesw may be camed out by means

known in the art to produce further variety.

Sequences of Tbx3 homologues may be obtained by probing cDNA libraries made

30  from or genomic DNA libraries from other animal species, and probing such libraries with



resi stance gene downstream of a gene pronoter region, the expression of
which is specific to ES cells (such as Nanog). Three genes, for exanple,
Cct 3/ 4, S¥R20114255K1f 4, and various Thx3 are then intro@GESG201100047rbr yoni ¢
fibroblasts derived fromthese transgenic mce to induce nucl ear
reprogramming, followed by confirmati o®f the production efficiency of

10i nduced pl uripotent stemcells. The production efficiency can be
determ nmbbes‘ mn;msmgxilbor payt af(auylbf thg Thix@ nocletrarcidsf fragrhans, e/ariambam

speci fical t he nu of co an be. co r fol | owi ng
manner - ESOR et B Tesmintyat s Rt RadiS08 DL uRe MEMRTRIEH on of
t he above genes and Tbx3; and the nunber of total colonies and the nunber
of Nanog GFP Smldrbumldmhtmeepw@&btaﬁﬁagifpeclexbdsxeelsgm adfl allblicYariantsiofduced
by the n ne pr onof er, i on, |s obsenrvabl e under fl uorescent

m cr oscggﬁ GPWt"é‘HICSHd“‘tW uenspsdig glgsedhere. |t shoul d be under st ood,
however, that: the confirmation of the nuclear reprogrammng efficiency is
not I3 mited tVafids albDst@inrgiebied homplogay may slsorbelbbtaimal using degenatdi€P@RI on

can be made in. _the above nethod; and any appropriate nmethod can be enpl oyed
by thoseWBichrillase primgrsidesigped tocdmget jequiaeesnnshingthepgsignts and homploghes hods may

conpri Seerﬁ:Uangr bRS rddeing heid sbdhehl& vpi'ﬂﬁﬁ %%%819€nc§sb§fetg9 ?P)Qj n&cq’el | gyr e. -The

term"co-cult refers to a mxture o nor e erent s of .
cel I s t h@bnmredgequancesogetbe eredidted, fexaamipés, by aligarag tlfeemieo acidIsbquenddse t wo

or nore different ki nda}qof cells, 25ma Pla_grown Qqef surfaces such
as parti gpESeysralarantshomelogues. Soavencs alignsperts,cay; herner FRC i P UaPUtRh o

di f f By engofkiadéelRn®dn fetht art"Bot REMPIAMOGOT WisdoRsiR PileDBprogthiaSs RidehPideal ner

sur f aces. Feeder cells, as the termis used in this docunent, may

mean cellswhch are us r for cultivation of cells o
different typehe Prhmf’rrsrélsﬁ‘gwt‘%ﬁ?n%ﬁte ?{%ﬁrwﬁﬂqqn%P{lwemorreééa%rrer@eeemr%@e
the funchiippe sted%?&%% (BRAIBYIMbYRE thaR iR)sé [isdaahi aamn@'géhd&bé%tv%ﬂ@ﬂﬁ@eo‘c
ES-cell WD 2011/0625 /SGZOlO/ 000437 48 pl uri potency. ES-cell

pl uri pot@quqnqermyintﬁes wmsekwrbgeqdcmceetlt yiltbe appirediated by thetshdleeetion that| | s.

Al | ddi t he feed s mmy be cul tured di
Fo. condi PTG Pectoridd HBfRle Mt SeufTre ey dstanla e rge Sthrting o Bl

cel s Thevdrpey afdithug eethede ditugtiGidriegéntedite PORMES b@the hdthdEofihdlte FRthedOe
coated with a feeder 5l ayer of npuse enbryonic skin cells that have been

treat ed %ans¢resning librapet with Jabghed ffﬁ@n?@%ﬁ’@rTbééISP@eﬂéqsease nutrients into
the culture nmedi umwhich aré required for ES cell growmh. The stemcells

may be grown jnadditfon, H&ﬁbl@@ox@s@&@én@@i Hay bORIhEREEDy s@tdntngMitIdofiasBRd/¥ES be
grown on particles. % 1e seeded on particles in a simlar way-as.

descr i beprotait d@ﬂ@@@%@ﬂlmgssea gorishms sychas the BEAST spig af ra@gims- be 10 gr own
together with or separate from such feeder particles. The stemcells my

therefore be ayematfly aubRYSyneilectidesmhy 86 8btatiRllb %ﬁ@ﬂﬁ@ct&@&hta@kﬁe“sls dn the
otjher hand, the stem<cells nay be grown on se aratye particl es. "Any

conthat ¢hamastesfsed pgguefices hios gxamp{a ﬂ@nc&muplsl Sa4>1’5‘<;irlpot§shd§n@10glie@r exanpl e, a
culture arti

ells gro ticle Wit h
Foedor UM EbMPSE R FEeS TR e el RReRTGt fardls pBA) bl Meiose
combi nat 4re Requid & Seq@ERIS tdl SptinisOBdddnNRERrentdsTora batidalar hay 61l By which fut .
polynucleotide sequences are being expressed. Other sequence changes may be de51red in '
order to introduce restriction enzyme recognition sites, or to alter the property or functlon of

25  the polypeptides encoded by the polynucleotides.

The polynucleotides described here may be used to produce a primer, e.g. aPCR
primer, a primer for an alternative amplification reaction, a probe e.g. labelled with a
revealing label by conventional means using radioactive or non-radioactive labels, or the

polynucleotides may be cloned into vectors. Such primers, probes and other fragments will be



Arrangenents in which feeder cells are absent or not required are also
possi bl e. For exanple, the cells may be grown in nedi um conditioned by

f eeder ceWpP20r06338m cel |l s. MEDI A AND FEEDER CELLS PCT/SKA 08009437

i sol ati ng and propagating pluripotent stemcells can have any of several
20di fferent formulas, as long as the cel9 s obtai ned have the desired
characteristics, and can be propagated further. Sui tabl e sources are
as foll oaﬁsleasD&,ngelem’ K, Bmllna‘smeli:aﬁalg)LﬁBenmdplem [cBNES) 30 G 4@ odclddiglbs GO2;

Knockout , bu o' s nmodifi ed di co#10829-018; 200
T boosFBEoEETe S AN Grios RDHUSSUACST FEIBEEE, 11140- 050
bet a- mer capt oet hanol , Si gnma#M7522; hunman reconbi nant basic fibrobl ast
growt h factorPéleﬂEqﬁd& hmh%iazﬁGAQﬁgrnuExeuiﬂﬂsah&pﬁfbeslmagz(bltpmdmicdstg enbryoni c
stem (ES) nmedjumis th 80% DVEM (typjcally KO 200 efi ned
fetal bolfrH@ @é?%szmr}g@ca BT imERRE RVARRRY o dloge ARE @§§é‘n & MaKi no
aci dss 1al§8\4)é91|oH&fiI:5]9 §&ndatdclhidudtM bet a- mer capt oet hanol . The nediumis
filtered and stor at 4 degrees 30 C for no |onger than 2 weeks.
Serumfree enpryoni¢c stem (ES) nmediumis made with 80% KO DVEM 20% serum
repl acenent, B ZengHl rpélﬁleé%wéh ¢ Blodygrdrhy syathglc meangnvolying asepavise wo

2011/ 062 l%ﬁgg;{] | t

ef fecti vlzés eru mé%gﬂ@é%%gﬁg Z‘f ééll% éé@c o%i%lggy%%%o&ﬁﬁé gﬁﬂﬁ‘gn?@ﬁh“ﬁ ered and
st or ed asccdmpbspiee thiQuding auiomhted ¢geehnighesar? readdk availhbitinltled @mt.e use, hunman
bFGF is added to a final concentration of 4 ng/rnL (Bodnar et al., Geron

compri 56 KnockuuP SR dani SerienG el P o83 AR bt e TR o 1y

suppleneddtadioniof Tbi® exmression, swhl ampmegﬁlaﬂrmﬂmfért(xB rexpiesigie nSulta'bhacprim@s dod.

;ﬁhai-!ﬂg/ %%kﬁef ?E}gfpm 5& ﬁen%ee@%hoq Y bl 3%?&95% ?rg}%rw 1|V°V§Y?mer e

used)  NMayaP6e REQINAABIChobdc e%%ﬁﬂg 1%5' uBhRDLIIPYs %l%%emﬁc
(G bco#11965-092), 10% FBS (Hycl one 0 , and 2 nM gl utam ne. nEFs are

propagated in T150 fl asks, (Com ng#430825 plitting the cells 1:2 every

ot her day wi t Hthoushsihy3 neesss gy g @revads dl@%t%s}ﬁéewm thenare mest ysefply emtvrﬂ,fd
feeder c inhibit proliferation
but per mggtﬁnsdﬁl}t hggl S ﬁfﬁlngﬁgfroﬁﬁta%{g{ce?g?gstr aetggi)ﬁigfoegrt human enbryoni c stem
cells (.about. 4000 rads gamma irradiation). Six-well culture plat es (such
as 1BFal con#3bﬂl)geap@ya%fé?<étﬁ%vﬂl|l gensralby] fefrpra@ucsql ugiag resombmangymepns foR 0. 59
gelatin i r per

vl | FeogmpElyineY PON @Bhmdy oy outh clonifp sl 3l i RS, PRy

The rredl making arpaplodipachevd (elg. bHf atsdut hdiad0 sudbeopidas)cbrigimg (Helfﬁ)nemmtmmqwst

bef ore seedi P Co |onsfo ulturing ofther stemcells are
enown. SRt CHENB T SERIAPotaties ep Mopmal e ol ety e HBO GRS R
Medi a anga&itdnl Hider Edeiting WicH BHngPdohi &H;Blﬁicaﬁ@ﬁ bf th¥ B@éirefderER%bﬁ qg’olht%l\gE et he
previ ous section are provided in the references cited. SERUM FREE MEDI A

The et hmdsllféndofragmqméﬂ g.ityrmirifpsg ﬁhebre@t:tWermxmeyom Al hgatesecgel tandgesivering I S
SHCARAS ﬁlte %mp?%ed %I\}f{l ﬁlespef\lrnlljerps ];nra?f%e de51gner(r1J to contain suitable restriction enzyme

~ recognition sites so that the amplified DNA can be cloned into a suitable cloning vector

Polynucleotides or primers may carry a revealing label. Suitable labels include .
radioisotopes such as **P or *°S, digoxigenin, ﬂuoreseent dyes, enzyme labels or other proteinvg
25  labels such as biotin. Such labels may be added to polynucleotldes or prlmers and may be-
detected using by techniques known per se. Polynucleotldes or primers or fragments thereof
labelled or unlabeled may be used by a person skilled in the art in nuclel_c amd-based tests.f‘or -

detecting or sequencing polynucleotides in the human of animal body.

Such tests for detecting generally comprise bringing a biological sample containing

30  DNA or RNA into contact with a probe comprising a polynucleotide or primer under



25The term "serumfree nedi a" may conprise cell culture nedia which is free
of serumproteins, e.g., fetal calf serum Serumfree nedia are known in
the art, WOQBYS258sCr i bed f or exanple in US Patents 5, B8T/SGBO0ANEH3T

5, 661, 034. Serumfree media are COMEFCi ally available from for exanple,

G bco-BRL (Invitrogen). WO 2011/ 062559HCT/ SG2010/ 000437 50 defined nedia
in which all conponents have a known chem cal structure. Chem cally-defined
serum f r bybritkslngcomslitamhs and defecting any duplepriomaiistacaathp patbe Iayd dedleicadidsyust em
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(I'nvitrogen-G bco, G and Island, WYor The serum free nedia may
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G bCO 1051.(cﬁraadﬁﬁpdrsl:é;ifh‘h deesedYSuidble assay metHdds s£thigankdratieer Teghaianbevoled t he
di ssoci ated or disa ated enbryonic stemcells are cultured may conprise
one or niyler 36‘9&1?1“?@%?/8}%91 aﬂerQé@/rl 38¢7-growt h factors are known in the
art, including FGF2, 1GF-2, Noggin, Activin A, TGF beta 1, HRGL beta, LIF,

SI P, PDGF, BAFésts Ml’sd:du.en(SﬁEnuﬁbétrdés | fof@tihpl RS T B Ehickih &tids, inhdvegr oWt h
factor(s), may be 15used at any, sui tabl e concentration such as between
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types (differentiation). The 20 stemcell is therefore capabl e of adopting
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Stem ceIIs as referred to in this docunent may i nclude toti otent .stem
cel |'s, termingfing fhsslongation gactian 3tone grenors plianherfs o8 T dhresiduesalloping al so

speci | Cf’li‘dnﬁ eu&%hﬁﬂ@addm@ffﬁﬁgumwrdnnetoe 1 s%fp@lg}el htsac(:bllaﬁ‘?gl to\}i%%'ﬂﬁé)t ent
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"Pluripotent stemcells" are true stem cells, the potential to nake
any dif f&reimetiet.ed cell in the body. However, they cannot contribute to.-
maki ng the extraenbryoni ¢ nenbranes which are derived fromt he trophobl ast

Sevezgal t ypesTpis @Mﬁdm@g@g} stem cel | s have been found.

For some purposes, it may be necessary to utlhse or investigate control regions of :

Tbx3. Such control regions include promoters, enhancers and locus control regions. By a
control region we mean a nucleic acid sequence or structure which is capable of modulating

the expression of a coding sequence which is operatively linked to it.

25 For example, control regions are useful in genérating transgenic animals expressing , .
Tbx3. Furthermore, control regions may be used to generate expression constructs for Tbx3.

“This is described in further detail below. "

Identification of control regions of Tbx3 is straightforward, and may be cérri'ed:ouf ina
number of ways. For examplé, the coding sequence of Tbx3 may be obtained from an
30  organism, by screening a cDNA library using a human or mouse Tbx3 cDNA sequence as a

probe. 5’ sequences may be obtained by screening an appropriate genomic library, or by



Enbryonic Stem Cel | s Enbryonic Stem (ES) cells may be isolated from
the inner cell mass (ICM of the blastocyst, which is the stage of

enbr yoni cwaeoslspisent when i npl antation occurs. EnbryonPCTEE20m008043%
10Enbryonic Germ (EG cells may be isolated fromthe precursor-to the
gonads in aborted fetuses. Enmbryonic Cetlci noma Cells Enbr yoni ¢
Carcinoma (EC) cells may be isolated fromteratocarci nonas, a tunor that
occasi onpiihmyr @tensic aisrknawg(inm&rst aof: Databeselwarcmgiolfgemdme datatwises may alshby ar e

ally ane . 15t hre e types. of pluripotent stem.cells can
only be FEBPUEEh Suicatiiegs Rt gre pananey SEinterod inciod W g TR At ©
cul-t ur e. The$hegRnd iy 8 @Wimindd bl @yalor withi th&aidl TR buﬁehﬁﬁgra{%sﬂd fehemt cells
fromdifferentrating. Adult Stem CelI's Adult stemcells conpri se a w de

vari ety ¥nuenagasotifhwhighi ingicale theoprasencef prometer and/opentignersdegiorsri ng st em
cells which are the active conponent in bone marrow transpl antation. These
lattey stem CFliuithc'frﬁﬁB%S sé%fu@néél H@nknBfts Pfidy'lfc' doRHud&PSIIT @(3QTucléi@éc]1d Eééll ences
cord-derived stemcells. Adult stemcells can mature in the laboratory
and in tfrcrnbwdwrmqrmfgamsmsoﬂahhgmng ébxsheaguenides ﬁonn@ffﬁremymsleal it isgpogiblehe

exact nu of ce es | limted by the type of st.em cel ho en.
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but can grbigs.ducheometvediregibiy e fikbly b toittainwahes] regiohy RRshe Juak iLy@abe, t he

bone marrow contains multipotent stemcells that gll ve rise to-all the cells
¢

of t he bli§odbrdt Themause aadlpman graemig segaences aplis¢lpssdiher, fartexpmplsl s are
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o e D roR PR B 5 R o Behee R ThRHS: Dl D el WA e or
Char aCt ehrfidd ghomic T HIAKdghierde Wity KN toSHEMifGibhriddtegiohé-tdMtaining control

Qur methods include the preparation of cells which display enhanced
pl uri pot @AORs- 10such as induced pluripotent stem cells.

Deletion studies may also be conducted to identify promoter and/or enhancer regions
for Tbx3.

20 The identity of putative control regions may be confirmed by molecular biology
experiments, in which the candidate sequences are linked to a reporter gene and the expression

of the reporter detected.

EXPOSING CELLS TO TBX3

Tbx3 may be exposed to a cell in the presence of one or more nuclear reprogramming

25  factors for enhancing pluripotency.

The production method of Tbx3 for use in the méthods and compositions described
here is not specifically limited, although the production can be achieved, for example by a :

chemical synthetic method or a method using genetic recombinatlon techmque

When the production is carried out by a method using genetic recombination

30  technique, Tbx3 for use in the methods and compositions described here can, for example, be :



In this docuneint, the term"induced pluripotent stemcells (iPS cells)"
refers to cells having simlar properties to those of ES cells, and nore
speci fi caWDyot1nw2358r m i ncl udes undifferenti ated cel | s WRCEISGAV1®/000437
reprogramed from somatic cells and have pluripotency and proliferation
potency. 15However, this termis not td*%e construed as liniting in any
sense, and should be construed to have its broadest neaning. Thus, any cell
whi ch di prpteged through lramsceidtidrescatticor with use qfat BNAytemelate andoayRNiAspilpenasg one
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different tim i . i . ¥PHRS S0 .be
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r

somat i ¢ E¥IALPPIOREalsBethed fromramaeng theaRq Ve nawB EHEeicdrars 2By ALE ofter
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expression vector to thereby obtain induced pluripotent stemcells can be

20 performed in accordance with, for exanple, a nmethod using a retrovirus.
Exanpl es of sUeflc#eeProgEmmiae ¢ae berperigyamedde thernresencs of Pusiin aay nemberfch as

Takahash; 863 7. 006, i - : 72,
20075 vo el Jfe magh it oI BE Bl By MGt mpl R i, clhougERmpled e
st em cel ¢ iacladé anfeehgdrforldiesty injectirg TaSiinwhiuelei of s@itaticlvells @ahd a dthad for
density after the introduction of an expression vect.or _fo_ be 25| ower than
nor i~ cHrisedugieg an GPRIORTIFE regAMBHIANCYACtas .camﬂivfe%&éﬁfﬂsgpg by 1o sRnmatlg cells.o

keep cul HHEeRG, RbseBmEBO& dr¥ nQﬂ(to:lfé%gﬁsiElaeé-és]-%ifﬁ@ I's/10 cm dish, such as
about 5x104 cells/ 10 cm di sh. o : o R

The method for introducing a recombinant vector into somatic cells is not speciﬁcally
30 limited, and can be carried out by any method well known to those skilled in the art. Examples

of the employable methods can include transient transfection, microinjection, a calcium



The nmediumfor use in culture is not specifically limted, and can be
appropriately selected by those skilled in the art, although for exanple it
i s sonet i WO20Pd®2IBl e t 0 use a nedi um suitable for hunaRCESGEe10[00¢3Tt ur e
for the production of human induced pluripotent 30stemcells. The nedi um
sel ection and culture condition can be $eferred to the above publications.
WO 2011/ 062559PCT/ SG2010/ 000437 54 .~ Thus produced i nduced pl uri potent
st em cel plsosphate bfecqjmenmmeﬂmdﬂlpmomeunednaedmamfecpen|EEAEtd@xtnmﬂnieﬂmterdnt i ated
cells, § e Z the .ef or cribed i El?the gbove gubl ications
speci fic fm# IR0 FlEiopOrapgR. 3895‘?%1? S COBRESBE (9 BECEARILPYD mar ker s i ncl ude:
al kal i ne phosphat ase (AP); ABCRX2; stage specific enbryonic antigen-1

( SSEA-1) INWSDRWEMW—@FMRIFMWYSL Tra- 2- 49/ 6E; ERas/ ECATS5,

E- cadherin; PlIll-tubulin; a-snmooth nuscle actin (a-SMA); fibroblast growh
fact or 4 (Fgf(/lylls teyaitqsk by, thDa)dthodzuan@ccbmmtnorptdoscen ad o d(l@ﬂmg@ced or

N ac ransf.erase- t cel,l Lated transcript Tl .
s/ DPpr RN Eord Pesthretoni 3o o ARG bl ARG o b
ECAT15- 2a stEmmeu;Lszmh 88 h piffiatelitdiunfaarsesm téll. Sdcle sdllsyaay retaieite dléﬁﬂt%ﬁéﬁ@dﬁd?n
factor (Ufl); Rex 1; 10 p53; G3PDH; telonerase, including TERT; silent X
chr onos o€ ‘@jéﬂ@@Paﬁﬁgﬁ%g eyljﬁﬁft’ dpso mrmurahtwwa&@gm ning protein 15
(Fbx15); Nanog/ ECAT4; Cct3/4; Sox2; Klf4; c-Mc; Esrrb; TDGF1l;, GABRBS;

Zf p42, FoxD3; Tkdpidii &&P@&Akten@leapmmﬂsabm Wolpeken m@%q&alat ed 2
(DPPA2) ; and T%II homa breakpoint 1 (Tgllh@ DPP???}p Stella; DPPA4.

O her neshegacteristip i ngtstqgh@m@al chsmel%rstlStaanglec@mologmtph_mlstrc ARG | gen
HPV1G, E Such cells can al so be
charlg)ct grnlle;_é‘gp%%eqisﬁzmc?%%()ﬁl%?lggﬁplotk?g; &Nﬁ% kers characteristic of the
differentiated cell fromwhich the i PS cell is induced. For exanple, iPS
cells d@TW@EtL&ﬂﬁfWWBIS&@SS may be characterized by down-regul ati on of

the fibrobl ast, cell E%r Thyl d/or up-regul atign of SSEA-3 and 4. It is
under st ood thy't‘e%f‘é'é&e?tﬁ amurgle Swmhefélopl%pqmés FiIARes 0T iNdycEdh Y ei n,

and encompiisy gﬁhgﬁm&%% §tgﬁl%§ﬁ%hglguen w.face markers, antigens, and

ot her gene products i1 nclu I ncl udi ng mcroRNAs and anti sense
RNA), DNA (i ncl udi ng genes and cDNAs), and portions thereof Media for
Mai nt ai ni ng PPIGH G546 By isplayi laﬁrﬁawé&mreésa%%ﬂ Q@ctdfangd/er §8BAng Expression of

undi ff er gpt n%tdr%r%f’ﬁ%rwhé‘ﬁ%ﬁ’ Wil R Gé‘&é’cr%sec?%t%%@# &m@ﬂgre"s@g' ous medi a

|ncapabl e of retaining thHese properties are known e art

appropri mhewmtgntnyr‘da'spl@na sliortehed eelh®dicecontpapd doto sefd calsaviiich srelnat sadfa - of

i nduced plurjpotent stemcells. The differentiation ability and

prol i fer%fl?‘ﬁ‘r’i’ Epot ency of thus isolated induced pluripotent stemcells can
be readily checked by those skilled in the art, with use of general .
30checki ng mestem detls nfa$ displdysdefined acdptol«y. Fmoémmm 110fheltwdldﬁﬁdlsiﬁrﬂlbif pot ent
stemcell.s be obtained by growing thus p ced uced pluri potent}
stem cel Sft%n%?ﬂvj@#cr%oa*ﬁm& frh COBrRICISoE S HoeRRShiE TP Sl agmic

condj | %tloéﬁxdthé P%PP bfthE %ﬁ%@ﬁ)ﬁ&rﬂﬁﬁﬁ du@ﬁ?ﬁe%dmoﬁ{é}gﬁ?gfcfe@ fBhRMdnShiks can be

identified wt erence t ape o eir
poorly discemable cell junctions.

Stem cells may also be characterized by expressed cell markers as described in further -

detail below.

EXPRESSION OF PLURIPOTENCY MARKERS

25 The biological activity that is retained may comprise expression of a pluripbtency )

marker.

Stage-specific embryonic antigens (SSEA) are characteristic of certain embryohic.cell f
types. Antibodies for SSEA markers are available from the Developmental Studies .

Hybridoma Bank (Bethesda Md.). Other useful markers are detectable using antibodies



For exanple, it is known that nouse induced pluripotent stemcells form

rai sed col onies, while human i nduced pluripotent stemcells formfl at

col oni es. WhRes@6gwPony shapes 5 are respectively very $CKiSGa100a048hose of
nmouse ES cells and human ES cells, and those skilled in the art are thus
able to identify these produced |nduced“blur|potent stemcells with
reference to the shape of their colonies. Sources of Somatic Cells The type
of somat designatdd Tra-1b6) auelanadr-&hﬁmﬂr@ys etred., Gell Ihixmésfrdms[&mrhhleﬁeme@@ll Temonst

10speci f imted, -and sonat c cell ca sed. FQr. exa

sonmt o s gheSobel 7 orpatly HRRE bR S5 Apyeare eSS PaB el
such as MmAmmverlaEG cEIRd atré fypléil'll?@SEAm) ﬁ)ﬁﬁtlv@ﬂﬂffeﬁﬂ{i@ﬁ/&n FPPSRRILs in
enpl oyed. Not only enmbryonic somatic cells but al so nednata

somati c Eido|resultgin thedessod $EACA.ClaR11s60, andi Trd- S expressivr and incieasedal so be
used.z In r Ilver cells,
and gsas t ?)?bgggrs}r?lﬂ%gssgﬁge? °;H>°s éseﬂggéﬂ gls& Eé ltl?argcltl&p eg%y%lg &ﬁ&%‘&g M alk ?1 e duced

pl uri pot plitisphdtasaceVitys which dsxarl&rﬂee&teag)@n ﬂ)&ﬁg theS:eH§®&h 404 permﬁmh@ldél@&ie[ abl e

to use sonaklc cells ispolated fromthe patient. For exanp somatic cells
i nvol ved2idithgn developing wih Vestonfied aéépv@trages ardoserabed e the alaph@ra%effy (Veptor

di sease HEMHQ§HH§ ﬂuégﬁgég%fze possi bl e uses of cells, which display
enhanced or i nduce uri pot ency such as induced pluripotent stemcells,:
produced by the nethods descri bed here is not speC|f|caII¥ limted, and
these cel |'s chmbponissdemicells argals tupiealtyialomsrass posiljve ndda Eé’rmﬂtW@d With

ES. el : F
266 SR B0 ARG TR SR TER Sl = o1
hoh e 25266/ 1i N9 abingd corsicatty il m(TmedzedéTMs XEStelomassncr ve

cells,. ocar di el | ood c ul i | 1s)

t r eat menPSGEFEIR ﬁgté?fofﬁogcﬂn&rg"é‘ ?0 Q?SSE‘P > %&8%%‘&@2&4 ':Felomeras

gl ucocor PCR%LCISA%ﬂust l@%& 2APBIFI RoAED TS, IAMahholi®). FRERT expressisht &R ce! |
t herapi es through autol ogous cel| transplantation can be achieved by

r et ur ni nyse heeelwitéd %ﬁbenmlRé{f‘etbvclew RTHACR.i Beldgtblydien&elolAGGE TAMbdVIERT
t 2559P / SG2010/ 000437 th
o oo PRI (R cn 2pir Rpctecdpeaim oS hle omyiskeialhe FE Py {5

be |im tgegpbRst he abovenentloned speci fic aspects. USES The net hods and
conpositions described here may be enpl oyed for various means. 5For

exanple, the cells treate t hods .and cQ her
Wi ch o spl ay BRATAEEEOHOh Bris EUFRIIFY BUrERey TG FR X Lo § OLRRL it et
of comepidsphdtise] OVILS, FYEA-8 2R TRA- 1$oaae<}§£ysere@diﬁed BRI prodiRied pYses.
The treated cells, |nclud|ng stem cel | s, may be used directly for these
purposesteémﬁhﬁ§abécﬁm®¢%ﬁ@ﬁﬂkaﬂé&dﬁﬁﬁb any chosen cell type using nethods
known in the art. Progenitor cells may also be derived fromthe treated

10celd s, i ncl peiePorSéaAkEls!Say be achieved through any means known in the art, for

example immunologically. Histochemical staining, flow ¢ytometry (FACs), Western Blbt, B

enzyme-linked immunoassay (ELISA), etc may be used.

Flow immunocytochemistry may be used to detect cell-surface markers.
immunohistochemistry (for example, of fixed cells or tissue sections) may be used for
25  intracellular or cell-surface markers. Western blot analysis may be conducted on cellular
extracts. Enzyme-linked immunoassay may be used fof cellular extracts or products secreted

into the meédium.

For this purpose, antibodies to the pluripotency markers as available from commercial _

sources may be used.



The differentiated cells or progenitor cells, or both, may be used in place
of, or in conbination with, the treated cells, including stemcells, for

t he sanme WOrpU#®IS9Thus, any use described in this docuREmSGROK/00¢48At ed
cells, including stemcells, attaches e%ual ly to progenitor cells and
differentiated cells derived fromthe t¥eated cells, incl udi ng stemcells.
15Simlarly, any uses of differentiated cells will equally attach to those
treated cel | sAniibusliesdonte ddentificatidnsof sfepr celhingtketshingluding ther StgesSpenific or
progenitgr.cells, .. . Th for ted cells, i.nclud] st.emcel |l s,
etc are glglﬁ@'ro 4q4risrs l%ﬁ%\%ﬁgsﬁgf %aélda##]a,e‘é'éﬁflnﬁﬁnfmfb%eja%téo&ér%&?nl}f @e?rf

here. The8aPERAHC-60ISEBA A0 anaEbd\sHsinédicbrameiasly! fop egarfifls gonbeHeiRog My be
used to propagate treated cells, including stemcells, for regeneratiyve

t her apy. Intsgpational, ine (teppepdadipaHddd Thedmmunelagiapl deestionf dhese antigess ysing

ati ent. her i i i n
raunn,  ORRIo b fifalesids b, dilely ROR b R EbLERERACh oI RnafbloR 03
t o generlsileeR5kb¢1998¢ PNeS 95188 B2fe i 371 ; Schuddideddr emhl. (R000E PNAS 9T:el1307 —

popul at i for rejgeperati hgr.apy., Progenjtar cel.ls be by ex
Vi vo ex pﬁﬁi?oﬁh%?m&?'r 'ce_tt'l 2\5 dg%#)n %‘F‘g‘r)ée?tfzi ﬂ?‘é'ngaBF\gtﬁP‘?ff%ftr?é&%gﬁ@o be,
used forNihiR BiRidRRAYILSS | ©390f40daBERSohi I UR. 1920EYY 8GN CAWR): 320837,
2011/ 062559PCT/ SG2010/°000437 57 enpl oyed for growi ng skin grafts for

pat i ent sPan¥l. ehdbt(Red0)al. Gstldgeanice b13:$elQ.y for endot helization of artificial
prosthetics such as stents or artificial hearts. Treated cel | s,

i nclpgdi ng st qm&&ép!réssio%?ﬁ%%ﬁ&gﬂage g&g&m&ka 1RO at TRIARRATRI  OF

endoder mal progenitor cell e treatment of degenerative di seases such

as di abdewed byWirtheen blet ammlydis daslot Bdridizatom amalykis eabp revetse trafisamptasd cel | s,

i ncl udi n‘g.tsgeﬁm cfel | s Cg;g be usegﬁgﬁoutces of mesodermal or. end d%r mal
progeni t Bt oTperate chafiierstion (RATTGRY B1n8 SeatisRsenErclfly PRBrda saRard
The net hagislifRator MRFRRAL.I9eq¢ncd AaGTHPME phRicalaf ARRlees el AIARWKcIR0eQfan
ectodermal, nesodermal or endodermal progenitor cells, which may of course

be nade Rerbtainedemynblie Hatplases such as SienBantetURId sywenaoly.nlm.nilhgoviB@/entoez).
t er msnal fherents a- . Thus, any uses of termnally
di fﬁelsren%%éeggdf)%é P'si\%iﬁ?g(g%hgﬁ%pg%?%%h to those ectodernal, nesodernal or

endoder mal progenitor cells (or stemcells) for which they are sources.
Treat ed cel | sSubstantialiy alboisthe pelbsdirdated hydhe thethods andresrophsitioals describadiberey mal

progenitaor 15cells and differentiated gells, pr ced by, the net hods and
conposi t9'dns és&%%t%:ar Pglglgnk?gfrtheemﬁanflaybeex P ﬁegéﬁjef%?r}(gréﬁqﬁo ] lep&&?ﬁfca?flf%gﬁ ng a
phar macesells Gk exge33abé iafker bOmarkelmaiy Bas 0P8R nfdre, K0 SRR, 7638R nibirsease
may conprise a disease treat aobl e by r egener ati ve t her apy 0i ncl udi ng ‘car di ac
fail ure, SU5bAEMAES: P8% Q1inergs®3% ok mere 93 Bxardnons 756 or Mot 987 eer mered? Lo g% e

suc s diabgt i : i 's disease, Parkinson's disease, etc and- cancer.
20Li O(raarrlgg%’ %ﬁ%ﬁ@l‘ﬁ% gl,ogg%pul ations of undifferentiated and differientiated
cells may be used to prepare antibodies and cDNA libraries that are
speci fi cCCEldr VIABLAYf f er ent i at ed phenotype. General techniques used{in -

rai sing, purifying and nodifying antibodjes, .and their use in i §0aSSays
and i mmunoi sol B eREkak SUNLY ey CamERs ffihvmlﬁh geRmsnt B ermetaersand

compositions described here, or after propagation following treatment. Cell viability may be

assayed in various ways, for example by Trypan Blue exclusion.

25 A protocol for vital staining follows. Place a suitable volume of a cell suspension (20-
200 pL) in appropriate tube add an equal volume of 0.4% Trypan blue and gently mix, let ‘
“stand for 5 minutes at room te_':mperature.' Place 10 pl of stained cells in a hemocytémeter and
count the number of viable (unstained) and dead (stained) cells. Calculate the avérage nurﬁber; .

of unstained cells in each quadrant, and multiply by 2 x ;104 to find cells/ml. The percentage of

30  viable cells is the number of viable cells divided by the humber of dead and viable cells. _



251 mmunol ogy (Weir & Blackwell, eds.); Current Protocols in |Immunol ogy
(Coligan et al., eds.); and Methods of I nmunol ogi cal Analysis (Masseyeff et
al ., eds.wWowiwaiSn VCH Verl ags GhbH). General techni qREZ/SGRVOI00EAT i n
preparation of mMRNA and cDNA |ibraries are described in RNA Methodol ogi es:
A Laboratory Guide for Isolation and CH¥racterization (R E. Farrell,
Academ c Press, 1998); cDNA Library Protocols (Cowell & Austin, eds., 30
Humana Pr ess) Thavidbiligphef detimalay BerdoPbh arsm(ieli60% &r hiove 894 orere, 3PB@D more,

Rel at i WO 20 62559P S&2010/ 437 58 | | | at i
re par t LGRS S0 G g, VLT RS 1de S eBng 1 CRAPT e aBRIR o o o

appl i cat ips@ntidMyumoser eeni ng Treated cells, including stemcells, and
differentiated cells nmay al so be used to screen 5for factors (such as

sol vents,, small nol ecul e drugs, peptides, polynucleotides, and the like) or
envi r onnBARYPTYBdi ti ons (such as cul fure conditions or manipul ation) that
affe t he characteristics of treated cells..including stemcells, or '
di ff§ enti at egﬁ%cetulgstr.eated%y therlpgtgf) gsdanéie(iolnép,osﬁh%f & rﬁig)f Stemn'ee Csp, may be
used to plafipeendyos ehiaticed or ihthaded Pin@y Rt£in @lndbrhpiddagytype dirindidr hteent i ati on.
In some applications, differentiated cells are used to screen 10factors

t hat pr oPi9PagaHARuM aRPmBIRl” kary QY Beristackapy sy RertBatds idshtieahcimbpierenhviatiadly such
cells ing t 8 NerVelol ' ! r
arou h 1apare LB e o Fpark ot APk in ROEUH ol ik, SRl
t hen det earies fiiongit dntyngs e At substancd] amgeet. Fat exaagled, tisere slooudd dotrig dng gdessi r abl e
cri t%ri a for 1.furt er cullturt-.e and u?e of the cgl | s. Particular screening
agplli c at FioRaliey push s franglpeations 1oss o1 ghropiesemes: S6ENRLY SConpounds i n 15drug
research. The reader is referred generally to the standard textbook "In
vitro Met hods Kanydtyse maye beiddssessbd Bes aambbr' of mMethcBntae ekimaple, vislalBy underd U. S.
Pat. No. 5,030, 015), wel| as the general,K description of dru creens

el sewher PRl PHIESCHRE tyPoadESERIRRaTEA a4 analZed o3 @vcgkedclaﬁ\ég\@tr@t al

phar mace@bomhemp&mg@og,emréalhimdr@mi mﬁ?@gﬁmgmgcm@mg? a8b od cells,

including stemcells, or differentiated ce , t'he can ate conpound,
det er m nkargotapgd Bingastamlard Gt handingrtedhoiqug avanablk et mphe oliygaliagnostivstlatisol i ¢

actimvity.of the cell.s that is attributable.tog, the conpoun ‘W th
it r Bt StStepegoulis ke bwbRedhicrioahar e S HnEGTa = ChBRERGATE)

cor r el at afiGoniparelth @ablished bleth edimaeybighedi t h the observed change. The
screeni ng nmay be done, for exanple, elither because the conpound is designed

to h h | agi cal , ef f.ect t qi |1t , be

conpound. des; DEGeee el Bt pecils R bR by dFSiteooRtnuacroBhesh

ef f ect s. hef¥ha rretamraﬁndiiﬁllagﬁarmpp&erhﬁseﬁbﬁ&ﬁbﬂnfa IHRi 5084 b1aofebY0% TR dRE, oy t h
S .

the cells either sinmultaneously or sequentially), to detect possible
dr ug- - drergnonst &%aer mene, 0P eenmore} B3% ermmaap PSheer motes 976 ompuuady Yapemore, |

scr edqadoni L |.al f nt 4 toxicity (Castell et al., pp. 375-410 in
L neé\?int ?%é%é’gh‘%éég%fﬁ%ha%ﬁ%@;% /iL°’caI Research," Acadenic Press, 1997). .
Cytotoxicity can be determned in the first instance by the 30effect on.
cel | vi aBLURIPQTENGK vi val , norphol ogy, and expression or rel ease of certain

mar kers, receptors or enzynes. Effects of a drug on chronosomal DNA can be
det er mi ned byThe cells treated by our methods may retain the capacity to differentiate into all three -

. cellular lineages, i.e., endoderm, ectoderm and mesoderm. Methods of induction of stem cells
to differentiate each of these lineages are known in the art and may be used to assay the -
25  capability of the cells to differentiate. All or a substantial portion of the treated cells may
retain this ability. This may be 50% or more, 60% or more, 70% or more, 80% or more, 90%
or more, 93% or more, 95% or more, 97% or more, 97% or more, 99% or more, or .

substantially 100% of the treated cells.



WO 2011/ 062559PCT/ SG2010/ 000437 59 neasuring DNA synthesis or repair.
[31-1]thym di ne or BrdU i ncorporation, especially at unscheduled tinmes in
the cell WQa@PH/06255%9above the | evel required for cell repCIS&R201OM0043%
consistent wth a drug effect. Unwanted effects can al so include unusual
rates of sister chromatid exchange, det®rmi ned by netaphase spread. The
reader is referred to A Vickers 5(PP 375-410 in "In vitro Methods in
Phar naceASSAoaIrOIRHEeaEmR'EPmaﬂchN@BE§§!X31997) for further el aboration.
Ti ssue Regeneration Treated cells, including stemcells, generated
according to Thediffereneeiin the audeanserrpgiasmeing efisienss vitheand wigheut Tbx3 can be’
differe e y be used for 10therapy, for
exanpl enédaggsg%d%?égcﬁsgg%htéf g‘ﬁtfgl?&g%gﬂr%?gﬁl on in a individual patient in
need thereof. The cells may be administered in a manner that permts them
to graft to thensgensrmdisd maydwgenesiated bernnlsertevmfsseqttqm:es ancodipg&nbareee t he
functl o]

| udi |1
et oo R ek Mol Rarn apdap af SR SE Fonh i Bufus™ o' ' o

engi neer reigtanSdigdne A8 whStkeahef Pgedeipiemeter flsion, leakpessidmefwhrl idgpetisiedo f or
t he 15bi oen i neeri n of artificial organs or tissues, or for prosthetics,

such as K% effisqsuch as angg} f @F"érﬁep‘é&’ &1 exampls, Rt3/4ISo827ad I apdvanquss ye
reconst i T‘ﬂ& B 1Rh 1ﬁt?&§:@§& fHied bt %@Qst?@ér}x%ﬁtf dn‘f'tH%?eegarfsE?ﬂ ?9{1?%{5he |
t o the

cells are adm ni ster I'n a mn perm hem to

i nt endedinducaelear teprapnrammag) ﬁﬂtdvtedtbg oonﬁm@mnerfalhcepmumctfoumfﬁidimldfy

defl |er1t area. For exanple, the nethods and conpositions described here
8W$@1Wmnéﬁt§%ﬁf-he differentiation of treated cells, including

stem ceI |s. Differentiated cells may be used for tissue engineering, such

as for the grDwd prgdaedftionletficigicgfcas be Mewdirhiatd,dor @fantpld, bgrcenitingt the numbertafeat ed
cells, | udi stem may be used for the bioen

artifici féﬁorts?sg S speciff g%‘&eﬂge nymbgr g cglopissican egomg%re%g&@lesf%hweg In

anot her @xafgp! (ﬁu% BaLtiRh i$ gt%&ﬁbﬁﬁth@ﬁ fst Hﬁ)aﬁﬁé?llﬁtﬁf(ﬁlgtigﬁ SEGE h¥ovebefes and

parenchymal or Intrathecal sites of the centr nervous syste accordi ng
to t he dflxéaaed tjnemmgtber eﬁtbmucolallaiamiﬁnbaudﬂmeoﬁlﬁam @mes@i\@eioﬂomess(}ﬁﬁ?ﬂ’sl on

| ates ade 5,000-500,000 cells. per .nu.L (U S
Pet o thE SEuEE T HielisafdRel by Y KR i e pRimotey Seiop ismbreriahls pder
assessedﬂmdie@eﬁtaﬁlcmd@ty)faﬁerco@ﬁtétieinxhé pgtHidagl. spi nal cord as described by
McDonal d et al. (Nat. Med. 5: 1410 1999. A successful transplant will show

transpl ant-d V%{l] Be”cf 5 in % esi qn 2- S%OV\/eek | at er,
di ffof enti at o SRS BEuRGeg °W8Y‘irg Ac e fradtion g 4 pudica Fepregramypting
mgrati r&'ﬁcﬁé\ﬁ:)zﬁ hbt %ﬂ@@ﬁﬁg ASSRAAENOD APBropEile3hQNBHCAR ah@ aRerbfiGiRdn R

| esi oned end, ‘and an inprovenent in gate, COOI’dI nation, and wei ght-beari ng.
Certain méctnlalthmb;gemmhnd erd ary appeoptiatd wedad tan be eoployehby tosaghibied ior
Chl‘%l C ﬂg qRoe to the nervous system For exanple, excitotoxicity has been
i mpli'cated”in a variety of 5conditions including epilepsy; st roke ‘

i schenia, Huntington's disease, Parkinson's d| sease and
Co-CULTURE AND FEEDERS , :

Our methods may comprise culturing stem cells in the presence or absence of co-
culture. The term “co-culture” refers to a mixture of two or more different kinds of cells that
are grown together, for example, stromal feeder cells. The two or more different kinds of eetls .
25 may be gtown on the same surfaces, such as particles or cell container surfaces, or on differentf
surfaces. The different kinds of cells may be grown ort d:ifferent particles or container

surfaces.

Feeder cells, as the term is used in this document, may mean cells which are used for
or required for cultivation of cells of a different type. In the context of stem cell culture, feede_ri

30  celis have the function of securing the survival, prolife'rattion, and maintenance of ES-cell -



Al zheinmer's disease. Certain differentiated cells as nmade according to the
nmet hods descri bed here may al so be appropriate for treating dysnyelinating
di sor der s\WO0t62a59Pel | zaeusMer zbacher di sease, mnulti pl @CTEIGEH1OHVG137

| eukodystrophies, neuritis and neuropathies. Appropriate for these purposes
are cell cultures enriched in oli godencﬂgocyt es or 10ol i godendrocyte
precursors to pronote renyelination. Hepatocytes and hepatocyte precursors

pr epar edplusipvtgn@u ESrastlipbarspotensy berydesshicwed bndiseritiyeio-awitdaking therfeedsir cellsy t o
i i d,b t t |
P act i ohEmeiRTR iy SR BXARa TRy P ORRRS B B o UohERGR i, PRE

1993) . Efdnidaam¢d afediune alaisusebd dkudehestsintells.by i munohi st ocheni cal
staining for liver cell 15markers, m croscopic determ' nation of vvhet her. -

canal i cul ar structures.for r.ovm ti ss n abl
Croatmont 1o FRCHBFLSEpR? hELE SopREt 8h ot fEMlfe ARG AR aDataigra BAF can
be used jafer JTRAGRY eRBribinikin eslRithit hhiEbdeAreaRll s§$hd96\{/ﬂl 1t damly TAS feler
device that provides tenporary liver function while the subject's |iver
ti ssue redlendeaseantrientsanfo the cilwe medfum whishrare tegpined for £8i dellresowth. The
20Cardi o ng differentiation of stemcells
by odul a @%@f&ﬁ%%{@%ﬁg@?&{ conPaq eg% exanpl e with SB203580, a
specific p38 MAP ki nase inhibitor, as descrl bed in Graichen et al (2007).
The efficacy bhe fadér celehmabﬂyemsykvesbm“beorarm@@sssérhﬁhmwbmbedmael s for
cardi ac ¢r ur whi ch %.0f t u ar sue to
rﬁq in AL AL way as ? A2 ?edsiﬁf Stfl{l cen Tlhle ste rﬁs 8 PLo é)a\g,\%a(# an%

becone s T IR

5’621 (554gro%96getﬁiakﬁth &isepdrate A9 suchifoédee axﬁureg Tlﬁ} sl’&ﬁ delishi@Ptheedibibeet

al’. . Thorac. Cardiovasc. Surg. 118:715, 1999). Successful treat msnt Wi ||
r educe t HOWaB lgyerianesugh fgeden Geflicoated partisles s ﬂ@rpthearmnﬁi e gom oglamay be
function ot S

Car di ac Farn eoaelieible X5k S inabARir O B o e A PRI -
porti on fof ekdrepleef ¢ulaund whichrconhsisesfdedeg ceitstgown @M\@hambdsepamclaé with Gsdder

Tr anspl an d239 b998 and 30 effic t ment can. be evgl uat ed by
hi st ol ogSf 15 40 sigmisels. adhverc Wl&%%m%w% per A BiRiong May e gEn i n
t hergpy ﬁlqzoﬁgagﬁap@%ﬁﬁg fé‘e’a%{dl ?gr(;mﬁg{o%‘and treat .insufficient cardiac :
function (U S. Pat. . 9, 449 and WD 99/ 03973) WO

2011/ 062559PCT/ SGZOlO/ 00043 1 Can Treated cel i ncl udi ng stem
cel I's, gener afBaNSFERHEHP T lbf%@ﬁg%@ws&ésegﬁar%m&%%%&% hEQT her e
and di ff &l ?r[ebtlé %@&H@%éy%e%%%ﬂ%@m@ﬁ'ﬁﬁ%&nﬁmo%d bP?eeHére&llEQF stth&efi€ eat ment of
cancer. terms "cancer and "cancerous” refer to or describe the ‘
physi ol o jcal condition in mamuals that is typically characterized by ‘
unr egul a "téNPF&FBWﬁ:ELE’?(arrpI es of cancer include but are not limted to,

xanpl o5 of | SUAdRHsBAERE RET raB el R AbBotal FODERLSFan taygrnY BERvERl n C”lg o

Cancry , MPRrHIRIrmukR! ds 1bAHSs t‘ﬁé‘ QEIEY obtAIASE Kdve thANGREd c%ﬁ&ér@sﬁbé Gn8R]REBE . |
glial cell tumors 10such as gliobl astona and neurof i bronatosi’s, cervi cal

cancer, Ponagatad fytherer, |iver cancer, bl adder. cancer, hepatoma,  breast
cancer, colon cancer, col or ect al cancer, endonetrial carcinoma, salivary.

gl and car ci noggabid s%ﬁ)és ﬁﬁ‘:%%llo&se'i!ﬁllbe‘éé‘&%%odlﬂ?éd)éég%s%&ﬁﬁ}ﬁ?bME’M') val =
cancer, thyroid cancer, hepatic carcinoma and various types of head and :

neck canGaico# FP66HIOR; KtheEuM®®Wb¢fmd ogles sredeim (KQIRMEM), col on .
cancer SIS ER IR SPGB St BRSO ot o
25  solution, Gibco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant basic

fibroblast growth factor (bFGF), Gibco#13256-029. Exemplary serum-containing embryonic
stem (ES) medium is made with 80% DMEM (typicalliyl KO DMEM), 20% defined fetal
bovine serum (FBS) not heat iﬁactivated, 0.1 mM non-essential amino acids, 1 mM L-
glutamine, and 0.1 mM beta-mercaptoethanol. The medium is filtered and stored at 4 degrees
30  C for no longer than 2 weeks. Serum-free embryonic sterﬁ (ES) medium is made With.8'0% -

KO DMEM, 20% serum replapement, 0.1 mM non-essentjal amino acids, 1 mM L-glutamihe,



di sease, aplastic anem a, skin cancer and fam |iar adenomat ous pol yposis.
Furt her exanpl es include brain neoplasns, colorectal neoplasns, breast
neopl asnmeWOeerviegssfeopl asms, eye neopl asns, |iver neopl REFESG201019§0437

neopl asns, pancreati c neopl.asns, ovarian neopl asns,. prostatic neopl asmns,
skin neopl asns, testicular neopl asns, rffbpl asns, bone neopl asns,

20t r ophobl asti ¢ neopl asns, fallopian tube neopl asns, rectal neoplasns,

col oni ¢ arebpl asvibetanerreptocthamil aAmeffectivesamm repptraentss Gibvd# pR828t028r Thel
neopl asns. Brea cancer rostate ¢ er ancreati c cancer, .col orect al
cancer . TSHETERTLErS HiastogLA dharess oni: n WTRELHRG 2 ek oy HOPETOROYSH | an
cancer, m@hd BRGF edied ta endlidoh@nyratiéét 4 ﬁ%%hm (BYdBaddt Q1. 868 iChep,uded.
Treated cells, including stemcells, generated and optionally _
differ enht%l’tl@wn&bﬁmlﬁipn'gh@@%é”%@ﬁ? hbds and conpositions described here
may al so be used in conbination with anticancer agents such as endostatin
and angi oSt at The Rkdia)hA! O tisd BIRERoWR DMERIRENE (BRAFges-RB&S) Graddlslayanp! e,
drugs such as such as adrianycin, daunonycin, cis-platinum etoposide,

t axol , tMgwt¥ork), anppblethentedivitd 1 0%usshura seplacemensmedie (Inaitthgant Gibeo 2Bwndt es

Subst ancBrPRate A LR R URASE AR Bep Tt i Ve YTt B BLoscs

dest r uct PDGFOAB ¢RéprStec IR ck Hill,iNew Iéregyged to incl ude radioactive isotopes
(e.g. I, Y, Pr), chenotherapeutic agents, and toxins such as enzymatically

active toxins.of, bacterial, fyngal | ant . qr._animal .origin,. or fragments
t hereof WD 26??%%“3‘%23‘5%?/“%@6‘%/%82%%3@ m mrﬂl:n’%ﬁ?‘%l,’ g‘t"ﬁ@n{n@r%/ﬁ ncl udes
oncogeneDMEMUGiBdoy DFI5EH2Y, 1196 BBB gh‘y&bﬁmm BUY)) ad$ 2 M ghiteivifilel MEF's are
ansanyci ns di sclosed in WD 94/ 22867; 1, 2-bis(arylam no) benzoic acid

der | vat | OBASRELNINAN Nask S opORBt3 0825 ) rmlitine the collp KAPvery mirer dmevith
deri vat i egaanabndded 5% el chia ey mifies g
dor i vat | OB EISGBR R colls FheRANEIE Tsthret Bt RO OB Bl e o

a tyrosiadoseitoagbit prodiféshizorcinnpatnit shtitdsisifimpertant Gictors tHas seppdfd Hiad 7913,
for exanple). A "chenptherapeutic agent"” is. a chem cal conpound useful in
t he treg%)’HB‘l)B{PmeSt% r(;a%m%%bé%dscaa%%éﬁ@f?%)pgmweﬂ SyeHe g'l”qt%c,(ﬁ. s
Adr i Cj L&A : i RL t b . Rasi de
R b g B L M A L L

Met hot r escaersightChscbplateid rwithVET oMM iemdiateid mf Essierr mee] . Btedongadl layerEbepppically;

Lo o S MDA RS O i Bk

Dact i nong@smmemlﬁ@ Ebétore Stbdift ppaotide, Esperamicins (see U.S. Pat. No. -
4,675, 187), -Mel phal an and ot her related nitrogen nustards, and endocrine

t herapies (sugh as diethylstilhestrol (DES), Tanoxjfen, LHRH antagoni zing
dr ugs, proges&??fgt,lo f‘-"'ﬁ%’@‘gé’f ehsteny goyls WF@?%&&E@?@‘ZC@ Furt her
aspenf s aphlorERAG bRt & thkRell grb%epkuﬁranarcaltﬁ}e%&ﬁfqueyforbﬂnfcbrar tal typud ng
nunbered; it is to be understood that the invention enconpasses these
aspect s: referred to yethgesevipusessentianare pravidedan thegiefemericgs gitedpar i ng i nduced

pl uri potent stemcells.” W describe nethods for achieving efficient . .
prepar at §pxumFrepMESd Pl uripotent stemcells.in the 20 presence of Tbx3.
We describe nethods for efficient preparation of induced pluripotent stem
cells with a Thehetods SR QMpYIToRY déREDET herk Rzl UadlNdE UkaR o118 Sshrdsbe

met hods for efficient preparation of induced pluripotent stemcells with a
nucl ear ¥ePrcely Brmiengnifesemeedivm. t he presence of increased Tbx3 as conpared
to the level present in the somatic cell prior to nuclear reprogranm ng. W
descyy be suchTrefehAtserhm- M mbdikhal e6mBate deBRuRFANREIA W hiN iR ELObS S8R Not

i ncl ude c-Mc. We describe a method of preparing induced pluripotent
st em cel proteinso pigr ifetalneplfrngine dyeryrares gneshiarira knaws dmtheiact, ard dredesdnibadiédrear

r epr ogr amn f [ X i i Tox3 increases efficien of the
nucl ear &eyg?pgeglrngﬁén%ﬁtﬁg{ég ’@éﬁg oar?éts}lgc?l@ftl g%%%%?eelaeq%% aﬁucc%lg?rcﬂag%r ogr anmi ng
of the samiihble fom, lfoméxdampld)GibssBRAI(InvéRsgegy.ammi ng factor in the absence of

The serum-free media may be protein free, in that it may lack proteins, hy‘dfolysatejs,

30  and components of unknown composition. The serum-.fr:ee media may comprise cherﬁically-



30 Thx3. WD 2011/ 062559PCT/ SG2010/ 000437 63 We descri be such a
met hod, in which Tbx3 is expressed in enbryonic stemcells at a higher

| evel thaW0i201190623Pi ¢ cel | s. We descri be such a mBCHSG2010008437 ch a
gene encodi ng the nucl ear reprogranm ng factor and/or Thx3 is introduced
into a somatic cell. 5We describe such ¥ nethod, in which a vector

conprising the gene and/or a Vector encoding Tbx3 is introduced into a
somat i ¢ deflrded media in Wiicldals compeneatsdiava a kadowo dhemicalvdtiucturd. ithemndeai lgrdefined

conprising t ene or .encoding Thx3 iis a retroviral. vector. .. W
Gouprt bl ee e B R SRR ¥ R vihsd B riti SR hee TS SRIRhieR a1y

gene, a difinithies VaMUiNtya866s fethprove¥efdradidibilifena moHeé cofsasitpRrioHfdhce,
met hod, in which the gene is selected fromCct3/4, K f4, and Sox2.

descri beanslddsreasesenosnibility of aqmiagrinative byiasivertitious pgags.armi ng f act or conpri ses
Oct 3/ 4, K1f4, and Sox2. 15We descri be such a nethod, in which Tbx3 is

introduced i nfge &rérﬁf]??efeirﬁed?z?hﬂay%émﬁriEEJKh@ék%uﬁﬁf\/fEM media (I%trﬁ&éﬁ(}iﬁé& such a
nmet hod, in which the nuclear reprogranm ng factor does hot ihclude c-Mec,

In an al Genddsland Nevo¥dikyent, the nucl ear reprogranming factor includes a
Myc 20 fam |y gene, such as c-Myc. W describe such a nethod, in

whi ch the nUCHRALrd ARTAGHAIKAY of AGHAmEATPLAR B BPmER cdifinkiis AR0E erer

a Sox famly gene ne r, y gene nenber. escri be
such a nefriodeplacement mdinhe armootedmatior pf fogezamplags % atl%6r 1 5¢ampe. iThe serankl f

fam | ne, and an Cct fam | o, 20\ descri be such.a pethod, in which

the nuicl B5¢ e Ay beppigmenict svihy (12 REPm ERR s med i et JRyifTgeds b0 \wo

E%llﬂd)GZ@&EﬁMﬁ@gﬂé@/@QﬁS? 64 _ W descri be such a nethod, in which
e

nucl ear reprogramrng factor further conprises a Sox fam |y gene.
[ .in.which the nuclear reprogranmng f r
\é‘é(;rrg?;sggls bEL i’ﬁﬁegﬁgur%egﬁgédxﬁnq in w'h?ch the 81590%%&%‘ or 156a%gr% at%mmbgyon?ccétgm
- cells are cultured may comprise one or more growth factors. A number of growth factors are
known in the art, including FGF2, IGF-2, Noggin, Activin A, TGF beta 1, HRGI1 beta, LIF,
S1P, PDGF, BAFF, April, SCF, FIt-3 ligand, Wnt3A and others. The growth factbr(,s), may be -

15  used at any suitable concentration such as between 1pg/ml to 500ng/mi.

STEM CELLS

As used in this documént, the term “stem cell” refers to a cell that on division faces
- two de?elopmental options: the daughter cells can be identical to the original cell (self-
renewal) or they may be the progenitors of more specialised cell types (differentiation). The
) 20  stem cell is therefore capable of adopting one or other pathway (a further pathWay exists in’
which one of each cell type can be formed). Stem cells are therefore cells which are not

terminally differentiated and are able to produce cells of other types.

‘ Stem cells as referred to in this document may include totipotent stem cells, ’
pluripotent stem cells, and mulﬁpotent stem cells. They also specifically include induced

25  pluripotent stem cells (iPS).

Totipotent Stem Cells
The term “totipotent” céll refers to a cell which has the potential to become any cell
type in the adult body, or any cell of the extraembryonic membranes (e.g., -placcnta).' Thus, the -

only totipotent cells are the fevnilized egg and the first 4'01:’ so cells produced by its cleavage.



5We describe such a nmethod, in which the nuclear reprogramm ng factor
excludes a Sox fam |y gene. We descri be such a nethod, in which the
nucl ear reprROYY®@2I®PNg factor excludes a Myc fanm |y genePCWSGAew®PI4e such a
net hod, where the sonmatic cell conprises a plurality of somatic 0 1Ocells.
Ve describe a method of increasi ng the dfficiency of nuclear reprogranm ng
conprising: adding a nuclear reprogramming factor and Thx3 to a somatic
cell so that PheipoleabSemdtellsnduced pluripotent stem cell s produced is

greater than jtf) the absence, gf the added, Thx e an i nduced

pl uri pot ent stlgHY‘B‘g?I?t %Ed awr‘feesﬁ?néﬁgl “ﬁ‘dh%p%%mf’? %mé 1Y in which the
repr ogr adgmfeRGtihed REl hpﬂhenbedpm@%vef\ GheliPagn@niribuld ¥ nddk$RNGHE eﬁtfrae%%?@)mc '
enbryos, or enbryonic stem(ES) cells. We descri be such an i nduced
pluri potenmbwewb@blare derivgdifiom thedrophellasidSeyeral bypse ehplusipetantotgm cells g
hunman ce#lAVe b%Qly\Fouﬂ scribe an induced pluripotent 'stemcell obtained by a
met hod of prepari ng i nduced pluripotent stemcells, conpri sing nucl ear

reprogramm ng a somatic cell - with nuclear reprogramm ng factor and Tbx3, in
whi ch the TbxB8mbronea¥en Cellii ci ency of the nucl ear reprogranming of t he

somatic cell ar f. Mth the
nucl ear reprog[r?lgfﬁiﬁ%ds‘tgE @gﬂ T#Yelper g(géﬁgg}oo th% “@%ﬁgmgscn féh an

pl uri pot Eastostsewhiel is tl@d)itagertefd:rrbyycmmsr&équ;n&fnt when aaglamgtidheccafs i ci ency of
nucl ear reprogranmn ng conprising: adding a nuclear reprogramm ng factor and
Tbhx3 to a sonEt }:O%Iec S0 that t he nunber of induced pluripotent stemcells
produced is greater t An ?n t he absence of the added Thx3. WO

2011¥0062559 PAInS52ai0G&R0ART) d@ls may be iditatelefromi the proumbi © thefénadein ved by

i nduci ng .di fferentiation of any of the above pluripotent stemcells. -
V‘é'furth@?"rﬁgg dH%Be a nethod of preparing an induced pluripotent stem cell
froma somatic cell, conprising nuclear reprogrammng the somatic cell wth

a nucl ear 5reEmb@roamﬁ?d}gin?)mt@llsand Tbx3, in vvhi ch Tbx3i ncreases efficiency

of the nucl e am‘n n t somatic C ared to nucl ear

r epr ogr ammi ng s Bh plfeR o If@é‘?t "55966&?% Adwpacthal |
the abseé‘&:ﬁs@ﬁall&h?&%urs%’i‘g gbﬁ'ad’\ﬁ‘acfi@tlfsh@nl'ﬂ&cth@ﬁ'ist "t@@rtﬁ Mﬁﬂlyfﬂeﬁﬂéld All
conprises at least (i) an Oct famly gene, (ii) a famTly gene and a

Kl f ¥ami thyeegeilgse @mes pf plurigotent siern Icylla;@n@nbnbb aollaltaedcfgn@embryomc qrifetpl an Cct

f | f , f i d
conpr s ool yant 875 oAERE MaRGa St ko LY B SUB ket or

i ncrea5|151gnpdstemefef1g ﬁbﬁfmyfe@hngmfgl ear repr ogranmm ng for inducing an induced
pluripotent stemcell froma somatic cell, conprising subjecting the

somatic cell gulnk?cl g%él reprogrammng Wt h t he nucl ear reprogramm ng factor
in the presen’é so that the nunber of induced pluripotent stem

cel | s producegddilsst¢mdfetiatempiidtaiwide vatietya9sges encbididduehronal, stdti 4d the .
Tbx3i ncr eases effici ence{ of . t he nucl ear reprogr amﬂ ng of the somatic cell
Q) .

conmpd edblped fuaregstensgloyhisharagic astiverromponantiip berg arrow transplantation.

These latter stem cell types are also the principal feature of umbilical cord-derived stem cells. -
- Adult stem cells can mature both in the laboratory and in the body into functional, more
- specialised cell types although the exact number of cell types is limited by the type of stem .

cell chosen.

25 Multipotent Stem Cells
Multipotent stem cells are true stem cells but can only differentiate into a limited
number of types. For example, the bone marrow contains multipotent stem cells that give rise -
to all the cells of the blood but not to other types of cells. Multipotent stem cells are found in .
adult animals. It is thought that every organ in the body (brain, liver) contains them where

30  they can replace dead or damaged cells.



wi th the nucl ear reprogramm ng factor in the absence of Thx3, and in which
t he nucl ear reprogranm ng factor conprises at least (i) an Cct famly gene,
(1) an O¥O2pHick§9gene and a KIf famly gene, (iii) anPCEtSGfZWODQM@]ene and
a Nanog gene, or (iv) an Cct famly gene, KIf 20 family gene, and a Myc
famly gene, but it does not conprise 50X fam ly gene. Ve descri be
each of such nethods, in which the Thx3 is expressed in enbryonic st em
cells at a hi Medmdbeﬁelharad’n@mmg]stsomalﬂs are kabws in the art, and inglude therisbef each of
such net h the.QOct faml ne i.s_an t3/4 ge the KIf
a1y ganbrd ey iefibgh Hion R clongl s AERSeviin@Ry. Sne e it abd Rfechiie son

fani |y 2bigripeeal fechni®ees%. gPTR, RT-PCR M4 Sdagetd Bettach of such methods, in
whi ch the nucl ear reprogranmng factor is (i) a Oct3/4 gene, (ii) a

Cor 3/ 4 gene alRNBHOGIERRSEEN & frsncss OBt BS P GAPRET SA Gilte,
K1f 4 gengifRith teit MSreS8NEof a D bt LAPARRIE Qﬂg%@@sl&ﬁ a0 MArkeRS. Markers M?

descri be each of such nmethods, in which the nucl ear twgrogram‘n ng factor is
i nt r oducgemicalls prd methadoef thewé@tp@ronca@wémcgbvxbeIMe@m isilgcement{undesar

repr Ogrmﬁ%mg&vﬁ&%&lt eﬂér%? %&@EI” cell. W descri be each qf

such ne S|n ducedlntheformof a 5 vector
conpri sing DNA encoding Thx3 into the somatic cell. The somatic cell may
conpr i selNPUGER. URIPRIEENT SREM CEEDGG(IIPIEEEELES()arrpI e 1. Materials and Methods -
Cell culture and Transfection cell cultures were nmaintai ned

at 37C wi t h 59npmgth Oq*ﬁiéicwptﬂaﬁrlérepﬁratiﬁmféemwam disptey qharcedplurinotencybed

prieviPusi¥ils i Ft&ELsiR, were mai ntained in DVEM suppl emented with
10’% I%S anﬁ Blenrﬁug? E&%r esptorry% n. Tr ansfectl on of plasmds into

nouse ESCs and HEK293 cells was perfornmed using Bof_ec_t am ne 2000
(1 nvi trogen) . Intthp|decumeatrdgih n@aed@h{rm@rqnt SP@IC& s (iP5 elfs)” veders o mllse used

t o produ i rer’
gui e, ERE SOt pidperdlE B TRt ABS RATRHE RiA L 2 RRAAART Y, ©
pac kagi nglchffetentrikited: télrwhich are reprogr@ﬂﬂlddgfrcﬁﬁ qmalﬁxeecllefand' hx@ plertigotaaylantli ed
from nouse g‘-l' RT- PCR and cl oned 20 into pLenti 6-UBC (Invitrogen) and
pMXs vecPigh at&f‘t eng¥x2, Klf4, c-Myc in pMXs were obtained from Addgene;
Esrrb was obtained from Feng et al2. The retrovirus and lentivirus were .

genersated as Hoewi@Uthister® foidt ebe cotStrued as limitiag it ey gansbad slwuldbe | PS
cells, equal apounts_of virus encoding different conbination of factaors

wer e app‘rqné%w%wélaxe itp hrogest aganeesThys, anycgedl whichdisplays arpophepesdigyalofedi a
25cont ai 'uﬂgot@ncgg ?d é"&’ d?%héé@ﬁ O orthdrE eniihed AL %en mYﬁE?Qf%ﬂS&?Gﬁlcgﬁqs and

fresh wer eculture was Intarn o 21
days. Fo¢ellRNis dontparddeto @rvel whikithias ndelseegnreata:d byahs methotls dﬂcnbecbllms,rrnzm;s for

ShRNA synth se-pair gene-specific regl ons were deS| ghed based on
the al gowfaé?wso# é%fﬁﬁi ds et al27. | _

20 The preparation method of induced pluripotent stem cells with the use of a nuclear
reprogramming factor is descﬁbed in International Pubiidation No. W02005/80598 Al (the
term “ES-like cell” is used in this publication), and mefh@ds for isolating induced pluripotent »
stem cells are also specifically described. In addition, specific examples of the reprograrhming .
factor and specific examples of the reprogr‘amming method of somatic cells with use of such a j

25  reprogramming factor are disclosed in International Publication No. W02007/069666.

The preparation method of induced plurlpotent stem cells from somatic cells by the -
methods described here is not specifically limited, and any method can be employed as long
as the method enables nuclear reprogramming of somatic cells with a nuclear reprogramming
factor in the presence of Tbx3 in an environment where somatic cells and induced pluripdtcnt

30 stem cells can grow.



WO 2011/ 062559PCT/ SG2010/ 000437 67 A i gonucl eotides were cloned into
pSuper.puro (A igoengine). Al sequences were anal yzed by BLAST to ensure
speci fi ciwQ.20BxwAPPe 3. Materials and Methods - Cel |l f u®CHISGROK0/000437

PEG nedi ated fusions, cells of each type (-1 x 106) were m xed in
serumfree 5 DVEM pelleted, and the supernatant renoved. The pellet was
resuspended in 300111 of 50% w v PEGL500, and left for 3 mn with

occasi onal t apgi exgmipte, aivector comprisiigemger2 wiiclofamexgprassa wasleaddprgeantninige

cells were, spun, down, and ,superpat ant. di scarded,, Th el.l et was resuspended
Cn ESC eI R R e BHroge Sief et inio Smasts oy ot Pites ASADY Gind
Neomy ci ndifRRt Kehifd akbcoMiRarR 6&6r which @a@étbrles%%&z %aipb@irfﬂcrgd}y@édqﬁioam and

Met hods - Gene expression mcroarray and Anal ysis ) Il's were rinsed
tw ce i nsqmaaticcsllsl IPRSh VEeior arRNERdwEo endnprgcgenes may hginteippaited infvi veaderen)

and col ugm- puri fij i I ] e . pr essi on

profili né@ﬁ%c‘f?g%éilaﬁgou‘gé‘g%@g %gé%lrgrﬁsreitcg‘éﬁ( %%&%%3‘2‘%“88 lpls?ﬂﬁglcn%e%/ousel?ef -8vl. 1
BeadArrays as per manufacturer's instructions. Total chip data is deposited
for public ac®dws geae(s)and/cBHbxX? epsosirodiropd sigo esmatimeahla widy use @ d aeétagwhich
process. | data we ubtracted from background,intensitie n
here: mor 6 95 e BOLCRHRET. fe P BHE blof By AR i et R

nor mal i zegiedb@ civured b fegtled U2, dr tiRGdpRdsEBE va&ter mbE Alsé BB irtasuesd infeom t he
mean of the pedian intensities of the two groups (I.e. Nanog OE with

cont rol weatisreellyelone. Albslatigr methashis sometrngs morezgitible in erdertolmperverte t he
dat 2y gier iR RALISbIRsEhaRialikagt targets of Nanog or Tof3, and

subsequent|ly arranged Irn t escendi ng order of the fold change. The
clustering tree was generated using hierarchical clustering with average

i nkage.  Exandb é the fauebedlsl e manks srpsepriatalpused freslee eellsdor wsrinchbure o

Cct 4- GFP i 1.C ' | 0 46 re ed for
VEF 251 SRR ek el Bl 6B cRon3t BN BRARPELLIT O $385, |

st age, nmibusecintrgoric Fibectlldstssand BT ol Israf dibeobiase céletnapwibich Strested svithsi ng t he
Piezo Mcro ni pul at or ( PMAS- CT150, P under the fluorescent m croscope
(a yrrpus?lﬂfeb?%éaﬁ ¥ @ v SHEh 38 MIoRYEM &d enbryos were cul tured WO '
2011/ 062559PCT/ SG2010/ 000437 68 in KSOM nedi a (Specialty Media) to the

bl astocyst st @hecultide dhsdimadtic @84 RErbégtet avithenudler rdpeodiampsin®facto? ubder an
pseudopregnant F1 (CBA x C57BL/6J) females. Chineric enbryos were harvested
at E13. SAHRPPriatefqpditiondpadstpanloppiagys Bislean raprReryamings as ExesHs b Whichvat er i al s

and Met h : : i j i 0S were
coner at onecd IEKSABRloh GHRAE BB B AL ShhaR I, THOroBIRINOS 1o B
Har ard #ypduangs gemnahcodiog baiektan repiégtavhrhingl facteBandédr ThsB dgte spmiatic cdlls

aggregatiopn with iPS cells. The zona pellucida of the tetraploid 4-8 ceI:I
P g6 onbi] 5t HerEenpERBURICHgT B har oL e it Plcidion SEHaeLs S B8  on.
Thr er) t epdrfirRll Gh S6EBFA4ASe WA, foﬂ@xdn?ﬁe,%étﬁo&‘@ﬁﬁ% aQetRAGHe0ated in a single
wel |, and incubated in KSOM nediumfor 24 h to forma norula or 1
bl ast t16' 17. '
astocys l:lz"xamples of such methods include methods described in publications such as
Takahashi et al., Cell 126:663-76, 2006; Takahashi et al., Cell 131:861-72,2007; Yuetal.,,
" Science 318:1917-20, 2007. When human induced plufipotent stem cells are to bé produccd; it
~is desirable to set the cell culture density after the intrddﬁctioﬁ of an expression vector to be

25  lower than normal cases for culturing animal cells. For example, it is possible to keep

culturing at a density of 1x10* to 1x10° cells/10 cm dish, such as about 5x10* cells/10 cm dish.

The medium for use in culture is ﬁot specifically limited, and can be appropriately
selected by those skilled in the art, although for exampie it is sometimes possible to use a
medium suitable for human ES cell culture for the production of human induced pluripotent
30  stem cells. The medium selection and culture conditioh can be referred to the above

publications.



Approxi mately 10-14 enbryos were transferred into the uterus (for
bl ast ocysts) or oviducts (for norulas) of CBAB6F1 pseudopregnent m ce.
Exanpl e AWONA11&62%Ps and Methods - Differentiation of EBCI/SG3MINEEIESCs
were grown in ESC nmediumw thout LIF plus the addition of all-trans
retinoic acid (RA; 100 nM, maintained ¥h 0.1% gel atin-coated plates wth
cul ture nedi umrepl eni shed every 24 h. In vivo differentiation of ESCs was
performed i n Sondproieced ikeepplrigotevastem icallscaarbd chetded dath vafionemagens city
in SCID mc op l e SCI.D mce 6-8 weeks ol d.were. hous nder
pat hogen HeFais te nditferessiatfl TR s g pitanS ot desesedin T b b popdraong
|'i ght / dasgecHTeARd H @tiil. For EamhleRemedl@ipotsht bélPinhH®s include: aftdlinBr ocedur es
i nvol vi ng}ma?ni mal s and their care were in accordance with national and

P

i nt er nat Plasehatassd Py ABRSZ; stage specifis embrymicantiggnrldSEacH; 88RArL:iSSEAWT e

uoba o TRACH SUCRRRIERY, Tt B MOMR RS n el AR b bR oo (e

tunor s exusaeh&th (a-SMA); fibfoblado @k HEQE BERERY,Cript AVdx 1Y Rint Mingkr protein
par af fi n- emrbedded tunor tissue sections were stained with haematoxylin and

eosin. Y9 ZdpA0essgpitmnserse-d/(DetIAESes]l Besoeistaes tansuptdr(EQATIand Met-hods

- Protei ' d e OLIHARD. A e. al r-otei xfracts,
cel 1 5 wepSCHBARARL AR R EC A BT e B Pl Rt Sat 350
g for 4 BOAdUSACFthtE ISatl 4agadiffetehititBSembidnicelhainediption f2lomiUifli)Réxae col d
| ysis buffer c n}%}ai ning freshly added protease inhibitors (0.5 nM

phenif] nePfr?wCé@ﬁ? siomsiasg,dpelnding IERT; silent chromepamegenesppmida; Bpmbitsni n) .
Lysat es e i i a ) . Nyl nd the
o nat o o e e B, B S K R B e
det er m nEstriySiDGF BrGABRBA; TXpd2 ( By IREGDE3 ; T 256 1t dewdlogmeitaiphurippsensgpar at ed

by SDS- PAGE I | nvi t en),. and fr f t nd- P PVDF
merbr ancRPeE A2 BRE AR A Tofei mehea nisshan} bR P ASiside: PPEAT

ant i bodi @e Hriand ¢AAAVU DhitTL; SIRPH:Btatd SEAEY 8 4D)al ANBLHI 38 6 E6;

anti bodi es and ECL- Pl us (Amersham Bi osci ences). Exanple 10. Material s ‘and

Met hiods HPRWAE7a%-ggtenin, and BinNAueloegdisicar alsods chiara¢tepieed bysheldewnd bed

previ ous Lan et al A.co |4 circuit regul at es..sel f.-.renewal of
P rtr yon ety RR8matkers i AieriRiE0f e Miferhdafed (Ll b AN RUER IR X

const r ucindhieed. Foxekanipte, (EStIRAEri Vel fram TirobIStHMaE be ShdradtbiedibyaidseL i pt -
specific regi.ons, The sequence tarﬁlet ed by the shRNAs is as foll ow ng:

GAGCCAACJSETATeTidha fibroblast gelbmarkst 1By 1 andidyupsiegulatiereof 3SEA-3 and 4. Itis
GATGAAAT, o s th i - -
tfoll i§ AStdfhited D thdsH Pl B8
oli gonucﬁgeacg)gl es wer e onédﬁl(l5 nto péupedrspurao {r%gﬁf(?ﬁéa}gﬁl’ ﬁtﬁﬁﬁf)wpg?steses; 20
A i g¥engmakers sTible ap&alirface markesss antigenx pind oges gone progadtsinakidingE Sk, BNA ve
mar ker. Transfectio f ShRNA pl i ds s .perf.ormed usin i pof ect am ne
2000 (i rofetraBERyeraRB g gntrenR At mr s GhRTiding Brits B EENGARR and poftions
Briefly,hdregfl Of plasm ds were transfected into ES cells on 60-mm pl at es.
Puronycin (Sigma) selection was introduced 1 day after transfection at 1.0
pg/ M, and naMt ai ned for 3. 25days prior to harvesting. :
edia for Maintaining Pluripotency }
Various media capable of retaining undifferentiation property and pluripotency of ES o
25  cells and various media incapable of rétaining these prOpértiés are known'in the art, and
appropriate combination of these media enables efficient isolation of induced pluripotent stem

cells.

The differentiation ability and proliferation potency of thus isolated induced
pluripotent stem cells can be feadily checked by those skilled in the art, with use of general
- 30 checking means for ES cells. In addition, colonies of induced pluripotent stem cells may be

obtained by growing thus produced induced pluripotent stem cells under an appropriate



Exanple 11. Materials and Methods - ChlP and Chl P-seq assay WO

2011/ 062559PCT/ SG2010/ 000437 70 Briefly, the cells were cross-linked with
1% (w v) worentlgeidyde for 10 min at roomtenperature, aR@TISGRomI0deIyde was
then inactivated by the addition of 125 nM glycine. Chromatin extracts
contai ning DNA fragnents with an averag® size of 500 bp were '

i mmunopr eci pi tated using anti-Tbx3 anti body (sc-31657; Santa Cruz

Bi ot echnaind@ion, aridlthe pEiskieearfthest adlubbdplvapottitestend eeltsaas [be idemdi fiadh dvithnal yzed
by realti PCR ﬂfi ng the ABI PRI SM 7900 sequence detection system and SYBR
green meS{RPNGHS thepshppepfi their coloniesay 10 ng of Chi P DNA was end pol i shed
with T4 DNA pol ynerase and ki nase. An A base was added to the polished DNA
fragment s f ol Favesdmple, ithekfgvaoihatikonselindated phaipotant st&al ceafathapised S wer e
ligated tg t.he Chl P DNA frag ts and enriched by 15 cycles of PCR :
10anpl | f?@%ﬁlfﬁwﬂféen@een%e pppincsB A torn Nas pleriey dingseelon hapsom
the I . . , _ _
quantg'.zs::J fi %(BjQ%S?E%%‘%glgmﬁgnggggbyﬁgﬁed%%%ggsgﬁug gﬁ %g‘ﬂ_lggréggtecé%gtﬁg?hg accordi ng
to the narthé art axertbus able tsitlentdy ithase pildonaeduindaied plyrimitent sflei ced)s othmefesence -
refer ence tﬁqu%ge Eﬁ\%f dope. by MACS programa. 15Col ocali zation anal ysis of
Tbx3 bi ndi'Ng &Pt 8" H R % Ses of other TFs was done using Chl P-seq data
(Chen, X. et al. Integration of external signhaling pathways with the core
transcr.i pt i onsdurostofiSokatio Celtor yoni ¢ stemcells. Cell 133, 1106-17 (2008)).

200 bp di stange between | P-se eaks was . used to. . count event of T

Co- occurrenc gfhﬁgﬁﬁm?%mﬂ%é %'?%E? gﬁpéogéﬂamﬁﬂﬁ K sm-ethggsu%ﬁ‘éﬁﬁe%&%? Bd° E ation
20Gerpom gebiallys Bmab tnfl AAysosiCcRlll cat bo DS, FOF exaniple, YAtV esIsdedost ed Wi th
restriction enzynes, separated on an agarose gel, transferred to a nylon

nenbr anefrommay masmal Gagxompls, derivoriArost » praniregl saeh a5 hugeanp meusey rasy cattls 3.

Cct4: S + : j & GCAACTCAGAGGGAACC, Reverse prinmer -
G&A@M&%&&@%ggﬁﬂ%ﬁbﬁ coRl; Forward prinmer - -
AGAACCCCAAGATGCACAAC, Reverse primner - AGITGGGAGGAAGAGGTAACCA Kl f4: BanHl +
H nDI || ; Forwdeiondy pmbryonicsprgticeriyintasenenorl smeate edlspmateed somatic

TGTGTGIT e X3y, al .+ BapHl . Forward pri - .
AcacTaTT R Rt ghal o bt Bhed 1 0n KRR gy s sin
201 1/06 2&H9AGEr SEHR) AR §36H3Muotka Exldyqahde t&profiasimdds - Loss of Tcf3 enhances
fusi on-nmedi at ed reprogramm ng of somatic hybrid cells To denonstrate

that | oss of Jcf3 enhances .fusion-nedi at ed..reprogramn of somatic hybrid
cel |5, ve usel gbt SRR SRET FBEgo T8 ol ERiT T BT Bk JEFP e bet ween
Nanog 5 d@uéBablexpPuRSssiratic cEM)isslhted Glog MAPatidrsQSortehahplesandiRRNS inolegiist ant
(NeoR), and primary MEFs that were puronycin-resistant (PuroR). After

fusion, &ecas ardepreatiqcsligaysecigsdpyie: abeaey dor adisspsp@mpeiusedand pur onyci n

USES

20 : The possible uses of cells, which display enhanced or induced pluripotency ‘such as
induced pluripotent stem cells, produced by the methods described here is not specifically .
limited, and these cells can be used for every examination/study to be performed with use of B

ES cells, and fbr any disease.therapy which utilizes ES célls.

For example, induced ioluripotent stem cells obtained by the methods described here |
25  can be induced into desired differentiated cells (such as nerve cells, myocardial cells, blood
cells and insulin-producing cells) by treatment with retinoic acid, a growth factor such as

EGF, or glucocorticoid, so that appropriate tissue can be formed.

Stem cell therapies through autologous cell transplantation can be achieved by

returning these differentiated cells or tissue obtained in the above manner, into the patient.



(Figure 1A). Under these conditions, only reprogramed ESC/ MEF hybrids can
survive. Consistent with previous observations, Nanog CE ESCs showed
enhance MNOreprwgySamr ng ef fici ency, conpared to contr olPCTBGIUOHOMBT & C) .
Usi ng Tcf3-deficient ESC |ines, there was al so a marked increase in the
number of hybrid clones (Figure 1B & €)% Karyotype anal ysis confirned that
these were tetraploid (Figure 5). We showed these hybrids to possess
pr oper t i Heweverj thappplEatibeofthe éntuatd plodpétesttstdEGCells dessribedhetaid mngtotlh:el r

respons ema.inhibitory factor (LIF) and epigenetic 15
reprogr :I‘HIICIE‘IJII e?ﬁ%vemﬁhﬂi FBRBHE F‘Sp(e?—'i gure 6 and Figure 7). W also
elimnated the possibility that the inprovenent in reprogranm ng frequency
could beUsasri buted to increased cell fusion eventsl3 (Figure 8). Exanple
14. Results - Tbx3 is a Shared Downstream Medi at or of Nanog and Tcl3 j

We exam ned thee metheds ad eomposigionedesetibedbheseimay brigmptpyer fernidrivus Glemmai  ESCs
that 20 coul d suggest a shared downstream nedi ator. The intersected gene
eXpr 651 O priafidGpRl HEASULHR Gl rhdhSS ah&%?ﬂk;@s@tl&s%ﬁwﬂéh hef, RGPS
such "as Dazl, Fzdl10, Hal, 4930502E18Ri k, and hat were upregulated in
bot h cormsplasocman&dorknmglegi plufipe@ncy maFde wes ﬁmaastaeldtytcrfammerprallym f act or

that h t ed t I t I ted
(Frgure MORAN Ereginedanyo SsrihambR ity THES o B hthebu i ng

di f f er endelllgt h&nbd Esealaﬁlectlg,Elfor thsé I?bgésc&ﬂﬁ@m)é differceivted @8t lady choteR tell
pl uri pot ency- associ at ed genes. is also directly bound by both Nanog

and Tcf 3yprhgng metioys known gpihg gﬂaﬁﬁ%m@swlwamlm peiderivedhfpom dhedregtadenai ned

hi ghly elfvahadg I-,gs &IRA) . WD 2011/ 062559PCT/ SG2010/ 000437 72 To
t est the role oII b In cell fusion-nmediated reprogranm ng, we generated
st abl e NeoR Tbx3 over-expressing ESC |ines (Figure 10), followed by fusion

with MEFs. | nbesedifferentinted gells esprogesiterestls; ar bote mavrhsatsedin plgesrafder i t h Tbx3

col | rusy AR il (Rl cfl THEBHE stintts Yoo BALARR PRSP 1y SRV B0 o

I mpr ov esdesefibeddh Aiivdogiment forateared eldd, indRRligestem cells, attadheb equelllyab i hfection
of MEFs bearing the QOct4-G-P transgene wth OSKC i nduced - 300 ESC-1i ke

col oni esprséerm@r gellsgnd difigrentipteduealls depiysdgfyem tlzeﬂyeatqq&ﬁ@eénclueﬁgytenmixbs |
thesg Shﬁﬂﬁﬂrl? aIrIy}/L%Ieé leﬁtrehpﬁa@éé}&%%% ual Oﬁtaﬁg% Ih'oQ thedT%%Aé%%) di d

not 1 ncrease requenc nunbers (Figure
t hr ee f agtmorcslly, _@ﬁKyhlcln ﬂeytam'prbgenmmapr pfog&iS©ricelke col oni es was dramati cal |y
reduced but false positive iPS cells were significantly elimnated as well.

742 of O Ol RRISER, TR AL Gl Jogerl LORAITIRERRET)

i nproved the overa ol ony count en conpare

OSK (- 26hut valdbe dheeribed baeflyabeme.of GFP+ col oni es al so signi ficant I y

15i ncreased to 89% (Figure 2A). QO her qualitative differences. bet ween
i PS cells Obt?, glt&} ﬂl fferent factor conbinations were observed. The

i PS col oni es der e th oskc were i nterspersed and difficult to

di stdngui sh afngethods amisfontpusitioasdespabdd lair may(bpmsgharprrmiigateltteeteﬂhaﬂs d| d

not show P. ex res . OsK and ce oni es
mor phol o‘&CESInW IaII’r IGgEnFranye fapasrﬁrce@ph% ggrmdgﬁmﬁ HrscHi vi dual
col oni esdnfihBHE&l 1%@ a patient. They may be used for the repopulatlon of damaged tissue

following trauma.

Treated cells, includihg stem cells, may be used directly, or used to generate
25  ectodermal, mesodermal or endodermal progenitor cell populations, for regenerative therapy.
Progenitor cells may be made by ex vivo €xpansion or directly administered into a patient.

They may also be used for the re-population of damaged tissue following trauma.

Thus, hematopoietic progemtor cells may be used for bone marrow replacement whxle j

cardiac progenitor cells may be used for cardiac fallure patients. Skin progemtor cells may be ’



However, while the activation of Oct4 typically required 14 days
post-infection with OSK and OSKC, the use of OSKT took 9-10 days,

suggest i ngotbatocTize3 accel erated the reprogranm ng process/sGeiguo@s2C) . The
efficiency of isolating stable iPS cell_lines from GFP+ col oni es was
similar between OSK and OSKT transductidh, but al nbst two-fold higher 25

t han OSKC and OSKCT (Figure 11). For all the i PS cell |ines obtained, we
per f or neemploRedfralgysvisg skingeaftmior pditatseand epdetheliahprbgeniterpedls fan of t he

Char act cPsTgR oo ndioa P it Sedser S F AUt isen vor o kal i ne

phosphat ase- posi ti ve and expressed Nanog, Sox2 and SSEAl (Figure 2E). -
Simlar to ESCzatedWellfdcludisg SEORENS, Sﬁmobsms(éd@&%rd@ of Ieetybdermab, n‘l@Dde:rmal_ _

teratomas co d of .mult e diff reti ted c rafted
it o So1 5 SAABBeRY giaenios ool B4R s ottt Behetive RS il lBPREL on
Prof i4 es AlzheimerNetidea¥¥s PafkHHh’ st&seeg@eicnereta&e fild, i R1eNBE Steinteds, qﬂ@l bad@sea
expression profiles between iPS cells gener ated using di fferent factor

conbi nat apgesirces of mesqckmnaldzérend@eenalmrﬂeﬁnetomfyr W& oradendmiic edllstforcoul d have
arisen fromh n chniques, and to further ensure the reproducibility
of propernilm sa%ﬁn g)rrrtcg[%cgrr PS cell lines generated with different

conmbi nations, clones were isolated fromtwo or nore independent

t ransduction @h@mrethwémed panpfasitiond destcrlbetbbmabeahw the pp@dutrtlgn pbectodesmalar r ay

profilin rarchr clusterin edt at 1 cen reported
Pbs cel | ey sy EmepriBiafios Sl RBES il o Pyt B rlelF Y fuhet o

W | dt@ ypéifftentia® Usihgméthod¥ Kndwa 1ﬁ@1rerzet @ttemmn@l@edlfﬁefdnaaredeaz)ypei. 0.92
(Figure 3A). Both OSK-and OSKT i PS cells bore cl oser resenbl ance to

o coni on oy Thik hit bR B Rty AR FUSEin el Atactio bR oy O O

di f f er engasddblveRBoder@sFor elﬂso@&}dasprogémdﬁ@érrs ©xXaeinnRllb)0r whichpgsi diec gene
| evel alterations, however, reveal ed key differences (Figure 3B; Figure

13). souregs. conpared t he pluri potency-associ ated gene Ievel s anong OSK,
OSKT i PS and ES cells. A large portion of these genes such as Sall4, Tcf3,

Sox2, Zft, Lifg@iedefid, lﬁmgdlzg SBmIRAIS, e@%eﬂhaﬁtﬁl%&ﬁﬁﬁl Y eREIREA itgnd
OsSK i PS ceIIs as their level 3 were simlar. 20 Surprisingly, a small subset

of disti crglsrasﬂ drf@ereréattqdrceﬂs pmgiludeculef iha enctigids and gwnpﬁlmcmssle@(elheé here may The
| evel s o 4adTb |nOSKT| eIIs

equi val e&? u§68 Por eiprgp ﬂﬁ l(ﬁjga%?lﬁ/m?c ﬁ%aelﬁomﬁoeg?{lr Serlefltmemrl' fa
suggest sdisbat. ﬁiéﬁ@l@é@éé&nﬂib&ﬁnpr%e%rdifda@d trée@dbl@B)St@bhd’t&ﬂd’théﬁpﬁihc&bdhhg hing. .
proper levels of certain ESC factors critical for the 25induction of

pl uri pot @révcfmhre OaRn BATRY R, ékl@ld}seaaquweorie\gpwatesr@%ﬂaﬁﬁ@c BXanpl e 17.
Resul ts %}és’;ﬁg re§d1%la'ﬁa¥lﬂ o f(ﬁsé;g% | e3c an canc t hen i nvestigated -

whet her s wer e “of er qua ity 5K and %E i PS cell s

(Fr gure 18A and Fi gure 18B) .
Libraries

For example, populations of undifferentiated and differentiated cells may be used to
prepare antibodies and cDNA libraries that are specific for the differentiated phenotype.
General techniques used in raising, purifying and modifying antibodies, and their use in.
immunoassays and immunoisolation methods are described in Handbook of Experimental :

25 Immunology (Weir & Blackwell, eds.); Current Protocols in Immunology (Coligan et al'.,
eds.); and Methods of Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH
Verlags GmbH). General techniques involved in preparation of mRNA and cDNA libraries
are described in RNA Methodologies: A Laboratory Guide for Isolation and Characterization
(R. E. Farrell, Academic Press, 1998); cDNA Library Protocols (Cowell & Austin, eds.,

. 30 Humana Press); and Functional Genomics (Hunt & Livesey, eds., 2000). Relatively |



74 Table S7: Summary of i PS clones anal yses Oiginal author's annotation
Clone ID used in manuscript Transd uction experi nment M croarray Southern
Gonads CHWOBPH/GYA | ne Tetraploid OSK G 1 (20/10) OsK #@TI«SGY@Q/OWW Yes Yes
Yes OSK G2 OSK #2 A Yes

10

15

20

30.

58

homogeneous cell populations are particularly suited for use in drug screening and therapeutic

applications.

Drug Screening

Treated cells, including stem cells, and differentiated cells may also be used to screen
for factors (such as solvents, small molecule drugs, peptides, polynucleotides, and the like)Aor
environmental conditions (such as culture conditions or manipulation) that affect the |

characteristics of treated cells, including stem cells, or differe_ntiated cells.

Treated cells, including stem cells, rhay be used to screen for factors that promote
pluripotency, or differentiation. In some applicatioris, differentiated cells are used to screen
factors that promote maturation, or promote proliferation and maintenance of such cells in
long-term culture. For example, candidate maturation factors or growth factors are tested by
adding them to cells in different wells, and then determining any phenotypic change that

results, according to desirable criteria for further culture and use of the cells.

Particular screening applications relate to the testing'of pharmaceutical compounds in
drug research. The reader is referred generally to the standard textbook "In vitro Methods in
Pharmaceutical Research", Academic Press, 1997, and U.S. Pat. No. 5,030,015), as well as the
general description of drug screens elsewhere in this document. Assessment of the activitybof :
candidate pharmaceutical compounds generally involves:cbmbining the treated cells,
including stem cells, or differentiated cellvs with the candidate compound, determining any
change in the morphology, marker phenotype, or metabolic activity of the cells that is |
attributable to the compound (compared with untreated cells or cells treated with an inert

compound), and then correlating the effect of the compound with the observed change.

The screening may be done, for example, either because the compound is designed to

. have a pharmacological effect on certain cell types, or beqausé a compound designed to haﬁ/e_ :

25

effects elsewhere may have uﬁintended side effects. TWQ or more drugs can be tested in -
combination (by combining with the cells either simulfarieously or sequentially), to detect - |
possible drug--drug interaction effects. In'some applications, compounds are screenéd initially
for potential toxicity (Castell et al., pp. 375-410 in "In vitro Methods in Pharmaceutical »
Research," Academic Press, 1997). Cytotoxicity can be determined in the first instance by the
effect on cell viability, survival, morphology, and expression or release of certain markers,

receptors or enzymes. Effects of a drug on chromosomal DNA can be determined by



Yes Yes Yes Yes (OSK G 3 OSK #3 A Yes Yes OSK G4 OsK #4 A Yes OsK
G 8 P10 (2/11) CSK #5 A
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measuring DNA synthesis or repair. [* H]thymidine or BrdU incorporation, espécially at
unscheduled times in the cell cycle, or above the level required for cell replication, is
consistent with a drug effecf. Unwanted effects can also include unusual rates of sister
chromatid exchange, determined by metaphase spread. The reader is referred to A. Vickers
(PP 375-410 in "In vitro Methods in Pharmaceutical Research," Academic Press, 1997) for
further elaboration. ' '

Tissue Regeneration

Treated cells, including stem cells, generated according to the methods and

~ compositions described here (and differentiated cells derived therefrom) may be used for

therapy, for example tissue reconstitution or regeneration in a individual patient in need

~ thereof. The cells may be administered in a manner that permits them to graft to the intended

tissue site and reconstitute or regenerate the functionally deficient area.

Treated cells, including stem cells, or differentiated cells derived therefrom may be
used for tissue engineering, such as for the growing of skin grafts. They may be used for the

bioengineering of artificial organs or tissues, or for prosthetics, such as stents.

Differentiated cells may also be used for tissue reconstitution or regeneration in a
human patient in need thereof. The cells are administered in a manner that permits them to

graft to the intended tissue site and reconstitute or regenerate the functionally deficient area.

For example, the methods and compositions described here may be used to modulate
the differentiation of treated cells, including stem cells. Differentiated cells may be used for
tissue engineering, such as for the growing of skin grafts. Modulation of differentiation of
treated cells, including stem cells, may be used for the bioengineering of artificial organs or

tissues, or for prosthetics, such as stents.

In another example, neural stem cells are transplanted directly into parenchymal 'or.
intrathecal sites of the central nervous system, accordirjlg‘ to the disease being treafed. Grafts |
are done using single cell suspension or small aggregates at a density of 25,000-500,000 célls :
per .mu.L (U.S. Pat. No. 5,968,829). The .efﬁcacy of neural cell transplants can be assessed in
a rat model for acutely injured spinal cord as described by McDonald et al. (Nat. Med. 5:1410, -
1999. A successful transplant will show transplant-derived cells present in the lesion 2-5

weeks later, differentiated into astrocytes, oligodendrocytes, and/or neurons, and migrating



Yes Yes OSK G 9 P10 (2/11) OSK #6 A Yes Yes OSK G 11 P12 OSK #7 B

Yes OSK G 12 OSK #8
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along the cord from the lesioned end, and an impfovement in gate, coordination, and weight-

bearing.

Certain neural progenitbr cells are designed for tréatment of acute or chronic damage =
to the nervous system. For example, excitotoxicity has been implicated in a variety of
5  conditions including epilepsy; stroke, ischemia, Huntington's disease, Parkinson's disease and
Alzheimer's disease. Certain differentiated cells as made according to the methods describéd
here may also be appropriate for treating dysmyelinating disorders, such as Pelizaeus- -
‘Merzbacher disease, multiple sclerosis, leukodystrophies, neuritis and neuropathies.
Appropriate for these purposes are cell cultures enriched in oligodendrocytes or

10  oligodendrocyte precursors to promote remyelination.

Hepatocytes and hepatocyte precursors prepared using our methods can be assessed in
animal models for ability to repair liver démag'e. One such example is damage caused by
intraperitoneal injection of D-galactosamine (Dabeva et al., Am. J. Pathol. 143:1606, 1993).
Efficacy of treatment can be cietermined by immunohistochemical staining for liver cell

15 markers, microscopic determination of whether canalicular structures form in growing tissue,
and the ability of the treatment to restore synthesis of liver-specific proteins. Liver cells can be
used in therapy by direct administration, or as part of a bioassi,st device that provides
temporary liver function while the subject's liver tissue regenerates itself following fulminant

hepatié failure.

20 Cardiomyocytes may Be prepared by inducing differentiation of stém cells by
odulation of the MAP kinase pathway for example with SB203580, a specific p38 MAP
kinase inhibitor, as described in Graichen et al (2007). The efficacy of such cardiomyocytes
may be assessed in animal mddels for cardiac cryoinjury, which causes 55% of the left
ventricular wall tissue to become scar tissue without treatment (Lietal., Ann. _Thoraé. Surg. -

25 62:654, 1996; Sakai et al., Ann, Thorac. Surg. 8:2074, 1999, Sakai etal., J. Thorac. =
Cardiovasc. Surg. 118:715, 1999). Successful treatmenf Wﬂl reduce the aréa of theiséaf, limit -
scar expansion, and improve heart function as determined: by systolic, diastolic, and developed
pressure. Cardiac injury can also be modeled using an embolization coil in the distal portion
of the left anterior descending artery (Watanabe et al., Cell Transplant. 7:239, 1998), and

30 efficacy of treatment can be evéluated by histology and cardiac function. Cardiomyocyte

preparations can be used in therapy to regenerate cardiac muscle and treat insufficient cardiac
function (U.S. Pat. No. 5,919,449 and WO 99/03973).



B Yes

10

15

20

25

30

OSK G 13 OSK #9 B Yes OSK G 14 OSK #10 B OsK G 15
WO 2011/062559 PCT/SG2010/000437

61

Cancer

Treated cells, including stem cells, generated acc()rding to the methods and

" compositions described here and differentiated cells derived therefrom may be used for the

treatment of cancer.

The terms “cancer” and “cancerous” refer to or describe the physiological condition in .
mammals that is typically characterized by unregulated cell growth. Examples of cancer |

include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia.

More particular examples of such cancers include squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, gasﬁic cancer, pancreatic cancer, glial cell tumors .
such as glio'blastoma and neur_oﬁbromatosis, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer. Further
examples are solid tumor cancer including colon cancer, breast cancer, lung cancer and
prostrate cancer, hematopoietic malignancies including leukemias and lymphomas, Hodgkin’s
disease, aplastic anemia, skin cancer and familiar adenomatous polyposis. Further examples
include brain neoplasms, colorectal neoplasms, breast neoplasms, cervix neoplasms, eye
neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms, ovarian neoplasms,
prostaﬁc neoplasms, skin neoplasms, testicular neoplaém’s, neoplasms, bone neoplasms,
trophoblastic neoplasms, fallopian tube neoplasms, recfa,i neoplasms, colonic neoplééms,
kidney neoplasms, stomach neoplasms, and parathyroid heoplasms. Breast cancer, prostate
cancer, pancreatic cancer, colorectal cancer, lung cancer, malignant melanorha, leukaemia,

lympyhoma, ovarian cancer, cervical cancer and biliary tract carcinoma are also included.

Treated cells, including stem cells, generated and optionally differentiated according to -

the methods and compositions described here may also be used in combination with

-~ anticancer agents such as endostatin and angiostatin or cytotoxic agents or chemotherapeuti¢

agent. For example, drugs such as such as adriamycin, ida:lunomycin, cis-platinum, etoposide?
taxol, taxotere and alkaloids, such as vincristine, and antimetabolites such as methotrexate:
The term “cytotoxic agent” as used herein refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is intended to include radioactive
isotopes (e.g. I, Y, Pr), chemotherapeutic agents, and toxins such as enzymatically active

toxins of bacterial, fungal, plant or animal origin, or frégments thereof.
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Also, the term includes oncogene product/tyro'sine kinase inhibitors, such as the

bicyclic ansamycins disclosed in WO 94/22867; 1,2-bis(arylamino) benzoic acid derivatives

“disclosed in EP 600832; 6,7—diamino-phthalazin-1-one derivatives disclosed in EP 60083 1;
4,5-bis(arylamino)-phthalimide derivatives as disclosed in EP 516598; or peptides which

5 inhibit binding of a fyrosine kinase to a SH2-containing substrate protein (see WO 94/07913,

for example). A “chemotherapeutic agent” is a chemical compound useful in the treatment of
caﬁcer. Examples of chemotherapeutic agents include Adriamycin, Doxorubicin, 5-

- Fluorouracil (5-FU), Cytosine arabinoside (Ara-C), Cyclophosphamide, Thiotepa, Buéulfan,
Cytoxin, Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, Etoposide,

10  Ifosfamide, Mitomycin C, Mitoxantrone, Vincristine, VP-16, Vinorelbine, Carboplatin,
Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomycin, Mitomycins,
Nicotinamide, Esperamicins (see U.S. Pat. No. 4,675,187), Melphalan and other related
nitrogen mustards, and endocrine therapiés (such as diethylstilbestrol (DES), Tamoxifen,

LHRH antagonizing drugs, progestins, anti-progestins etc).

15 FURTHER ASPECTS

Further aspects and embodiments of the invention are now set out in the following

numbered; it is to be understood that the invention encompasses these aspects:

We describe methods for efficiently preparing induced pluripotent stem cells. We
describe methods for achieving efficient preparation of Ein:duced pluripotent stem c-él'l:s in the :
20  presence of Tbx3. We describe methods for efficient preparation of inducéd pluripotént ‘ste'm‘ o
cells with a nuclear reprogramfning factor, including Tbx3. We describe methbds for efficient .
preparation of induced pluripotent stem cells with a nuclear reprogramming factor in the
presence of increased Tbx3 as compared to the level present in the somatic cell prior to
nuclear reprogramming. We describe such methods in which the nuclear reprogramming

25  factor does not include c-Myc.

We‘ describe a method of preparing induced plufipotent stem cells, compriSing nﬁclear ‘
~_reprogramming a somatic cell With nuclear reprogrammiﬁg factor and Tbi3, in which Tbx3 .
increases efficiency of the nuclear reprogramming of the somatic cell compared to nuclear o

reprogramming of the somatic cell with the nuclear reprogramming factor in the absence of

30 Tbx3.
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We describe such a method, in which Tb'x3 is expressed in embryonic stem cells at a

higher level than in somatic cells.

We describe such a me'thod, in which a gene encoding the nuclear reprogramming |

factor and/or Tbx3 is introduced into a somatic cell.

5 We describe such a method, in which a vector comprising the gene and/or a vector

encoding Tbx3 is introduced into a somatic cell.

We describe such a method, in which the vector comprising the gene or encoding Tbx3

is a retroviral vector.

We describe such a method, in which the gene is selected from an Oct family gene, a

10 KIf family gene, and a Sox family gene.

We describe such a method, in which the gene is selected from Oct3/4, K1f4, and
Sox2.

We describe such a method, in which the nuclear reprogramming factor comprises

Oct3/4, K14, and Sox2.

15 We describe such a method, in which Tbx3 is introduced into a somatic cell as a

nucleic acid.

‘We describe such a method, in which the nuclear reprogrammmg factor does not

1nclude c-Myc.

In an alternative embodiment, the nuclear reprogramming factor includes a Myc

20  family gene, such as c-Myc.

We describe such a method, in which the nuclear reprogramming factor comprises an
Oct family gene member, a Sox family gene member, and a KIf family gene member.

‘ , _ :
We describe such a method in whlch the nuclear reprogrammmg factor comprises a

Klf family gene, and an Oct family gene.

25 We describe such a method, in which the nuclear reprogramming factor further

comprises a Sox family gene.
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* We describe such a method, in which the nuclear reprogramming factor further

comprises a Sox family gene.

We describe such a method, in which the nuclear reprogramming factor comprises

KLF4 and OCT3/4.

5 We describe such a method, in which the nuclear reprogramming factor excludes a

Sox family gene.

We describe such a method, in which the nuclear reprogramming factor excludes a

Myc family gene.

i

9

) We describe such a method, where the somatic cell comprises a plurality of somatic

10  cells.

We describe a method of increasing the efficiency of nuclear reprogramming
comprising: adding a nuclear reprogramming factor and Tbx3 to a somatic cell so that the
number of induced pluripotent stem cells produced is greatef than in the absence of the added

Tbx3.

15 We describe an induced pluripotent stem cell induced by reprogramming a somatic
cell, in which the reprogramming is performed by adding Tbx3 and in the absence of eggs,

embryos, or embryonic stem (ES) cells.

We describe such an induced pluripotent stem cell, in which the induced pluripotéht

stem cell is a human cell. ‘

20 We describe an induced pluripotent stem cell obtained by a method of preparing
induced pluripotent stem cells, comprising nuclear reprogramming a somatic cell with nuclear
reprogramming factor and Tbx3, in which the Tbx3 increases efficiency of the nuclear
reprogramming of the somatic cell compared to nuclear reprogramming of the somatic cell |

with the nuclear reprogramming factor in the absence of Tbx3.

25 We describe an pluripotent stem cell obtained by é method of increasing the efﬁéiehcy - :‘
of nuclear reprogramming corﬂprising: adding a nuclear reprogramming factor and Tbx3 toa
somatic cell so that the number of induced pluripotent stem cells produced is greater than in

the absence of the added Tbx3.
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We describe somatic cell derived by inducing differentiation of any of the above

pluripotent stem cells.

~ We further describe a method of preparing an indﬁced pluripotent stem cell from a
somatic cell, comprising nuclear reprogramming the sométic cell with a nuclear
reprogramming factor and Tbx3, in which Tbx3increases efficiency of the nuclear
reprogramming of the somatic cell compared to nuclear reprogramming of the somatic cell

with the nuclear reprogramming factor in the absence of Tbx3, and in which the nuclear

* reprogramming factor comprises at least (i) an Oct family gene, (ii) an Oct family gene and a

KIf family gene, (iii) an Oct family gene and a Nanog gene, or (iv) an Oct family gene, KIf

family gene, and a Myc family gene, but it does not comprise a Sox family gene.

We yet further describe a method of increasing the efﬁciency of nuclear
reprogramming for inducing an induced pluripotent stem cell from a somatic cell, comprising
subjecting the somatic cell to nuclear reprogramming with the nuclear reprogramming factor
in the presence of Tbx3, so that the number of induced pluripotent stem cells produced is
greater than in the absence of Tbx3, in which Tbx3increases efficiency of the nuclear
reprogramming of the somatic cell compared to nuclear reprogramming of the somatic cell
with the nuclear reprogramming factor in the absence of Tbx3, and in which the nuclear
reprogramming factor comprises at least (i) an Oct fémily gene, (ii) an Oct family gene and a
KIf family gene, (iii) an Oct family gene and a Nanog gene or (iv) an Oct famlly gene Klf

family gene, and a Myc family gene, but it does not comprlse a Sox famlly gene.

We describe each of such methods, in which the Tbx3 is expressed in-embryonic stem

cells at a higher level than in somatic cells.

We describe each of such methods, in which the Oct family gene is an Oct3/4 gene,
the KIf family gene is a KIf4 gene, the Myc family gene is a c-Myc gene, or the Sox family

gene is a Sox2 gene.

We describe each of such methods, in which the ﬁuclear‘reprogramming factor is (i) a
Oct3/4 gene, (ii) a combination of an Oct3/4 gene and a Klf4 gene, (iii) a combination of an
Oct3/4 gene and a Nonog gene, or (iv) a combination of an Oct3/4 gene, a KIf4 gene and ac-

Myc gene.
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We describe each of such methods, in which the nuclear reprogramming factor is
introduced in the form of a vector comprising DNA encoding the nuclear reprogramming

factor, into the somatic cell.

~ We describe each of such methods, in which the Tbx3is introduced in the form ofa

vector comprising DNA encoding Tbx3 into the somatic cell.
The somatic cell mayAcomprise a human somatic cell.

EXAMPLES

Example 1. Materials and Methods - Cell culture and Transfection

All cell cultures were maintained at 37°C with 5% CO,. The culture of mouse R1 and

D3 ESCs was described previously™.

HEK293T cells were maintained in DMEM supplemented with 10% FBS and

penicillin/streptomycin.

Transfection of plasmids into mouse ESCs and HEK293 cells was performed using

Lipofectamine 2000 (Invitrogen).

Plat-E packaging cells (Cell Biolabs, INC), which were used to produce retrovirus,

were maintained according to the manufacturer’s guide.

Example 2. Materials and Methods- Plasmid constfuCtion, viral packagin'g aﬁdi -

infection.

Coding sequences of 7bx3 were amplified from mouse ESCs by RT-PCR and cloned
into pLenti6-UBC (Invitrogen) and pMXs vectors; Oct4, Sox2, Kif4, c-Myc in pMXs were

obtained from Addgene; Esrrb was obtained from Feng et al.
The retrovirus and lentivirus were generated as previously described"?.

For the generation of iPS cells, equal amounts of virus encoding different combination :

of factors were applied to 5 x 104 plated MEFs in 10cm’ dlshes in 10% FBS DMEM medla .

‘containing 8 ng ml™ polybrene After 24h, inactivated feeder cells and fresh media were

added, and the culture was then maintained for up to 21 days. For RNA interference (RNAi)
design and construction of plasmids for shRNA synthesis, 19 base-pair gene-specific regions

were designed based on the algorithm of Reynolds et al*’.
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Oligonucleotides were cloned into pSupet.puro (Oligoengine). All sequences were

analyzed by BLAST to ensure specificity.
Example 3. Materials and Methods - Cell fusion

For PEG-mediated fusions, cells of each type (~1 x 10°%) were mixéd in serum-free
5 DMEM, pelleted, and the supernatant removed. The pellet was resuspended in 300ul of 50%

w/v PEG1500, and left for 3 min with occasional tapping to mix. ’

Then, 2 ml of medium was added and the cells were spun down, and supernatant
“discarded. The pellet was resuspended in ESC medium and plated on 10 cm? dishes.

Puromycin (1 pg ml™") and Neomycin (300 mg ml") were added after 24h.
10  Example 4. Materials and Methods - Gene expression microarray and Analysis

Cells were rinsed twice in ice-cold PBS. Total RNA was extracted using Trizol

(Invitrogen) and column-purified with RNeasy kits (Qiagen).

Expression profiling of coding genes was carried out using [llumina MouseRef-8v1.1
BeadArrays as per manufacturer’s instructions. Total chip data is deposited for public access

15 with GEO repository accession number: updating in process.

" All data were subtracted from background intensitiés and were normalized across
chips using the cross-correlation method®®. The normalizéd data were first log, trahsfbrmed ,
and then subtracted from the mean of the median intensities of the two'grdups-(i.e.i :NéznOZg OE

with control vector, Tcf3 RNAI with control RNAI).

20 Prior to clustering, the data were further sorted based on direct targets of Nénog or .
Tef3, and subsequently arranged in the descending order of the fold change. The cluster'ing'

tree was generated using hierarchical clustering with average linkage.
Example S. Materials and Methods - Mouse molecular genetics

Oct4-GFP transgenic mice (Jackson’s Lab, stock no. 004654) weré used for MEF ‘
25 isolation at E13.5. ' o : .

Albino embryos were isolated at 2-cell stage, matured to 4-8-cell stage and
microinjected with iPS cells using the Piezo Micro Manipulator (PMAS-CT150, PMM) under

the fluorescent microscope (Olympus) to generate chimeras. Injected embryos were cultured
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in KSOM media (Specialty Media) to the blastocyst stage and then transferred to the uterine
horns of E2.5 pseudopregnant F; (CBA x C57BL/6J) females. Chimeric embryos were

‘harvested at E13.5 for analysis of GFP expreéssion in the gonads.

Example 6. Materials and Methods - Tetraploid com_piementation

Tetraploid (4n) embrylos were generated using 2-cell fusion by Electro cell

manipulator (ECM 2001, BTX Har

ard Apparétus) and incubated_ in KSOM till 4-8 cell stége prior to aggregation with iPS
cells. The zona pellucida of the tetraploid 4-8 cell stége embryos were removed by brief
exposure to acid Tyrode’s solution. Three tetraploid embryos and ~40 iPS cells were
aggregated in a single well, and incubated in KSOM medium for 24 h to-form a morula or

blastocyst'®"”.

Approximately 10-14 embryos were transferred into the uterus (for blastocysts) or

oviducts (for morulas) of CBAB6F1 pseudopregnent mice. .
Example 7. Materials and Methods - Differentiation of ESCs

Mouse ESCs were grown in ESC medium without LIF plus the addition of all-trans
retinoic acid (RA; 100 nM), maintained on 0.1% gelatin-coated plates with culture medium

replenished every 24 h. In vivo_differentiat-ioh of ESCs was performed in SCID mice.
Example 8. Materials and Methods - Tumorigenicity in SCID mice

Female SCID mice 6-8 weeks old were housed uﬁder pathogen—fre’be conditionsina

temperature controlled room on 12/12 h light/dark schedule with food and water ad libitum.

All procedures involving animals and their care were in accordance with national and

international regulations.

5 x 10% cells from each condition were injected subcutaneously into the lower back of
the mice. Five mice were used for each condition. At three weeks, the mice were euthanized

and the tumors extracted.

For immunohistochemiStry, four um thick paraffin-embedded tumor tissue sections

were stained with haematoxylin and eosin.
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Example 9. Materials and Methods - Protein extraction and western blotting

To obtain protein extracts, cells were scraped from culture dishes in chilled PBS,

centrifuged at 450 x g for 4 min at 4°C, washed again in PBS, and incubated for 20 min in ice

cold lysis buffer containing freshly added protease inhibitors (0.5 mM phenylmethylsulfonyl
fluoride, 10 pg ml™ leupeptin, 2 pg ml™ aprotonin). '

Lysates were cleared by centrifugation at 12,100 x g, 4°C for 10 min and the

~ supernatant was snap frozen in liquid nitrogen. Protein concentrations were determined using

Bradford Dye (Bio-Rad). 10 pg total protein was separated by SDS- PAGE on NuPAge gels
(Invitrogen), and transferred to Hybond-P PVDF membrane (GE Healthcare).

The membrane was probed with specific antibodies and antibody-protein complex

detected by HRP-conjugated antibodies and ECL-Plus (Amersham Biosciences).
Example 10. Materials and Methods - RNAI assay

shRNA construct was designed as described previduSly (Jiang, J. et al. A core KIf
circuitry regulates self-renewal of embryonic stem cells. Nat Cell Biol 10, 353-60 (2008)).
The shRNA construct for Tbx3 was designed to target 19-base-pair (bp) transcript- specific
regions. The sequence targeted by the shRNAs is as following:
GAGCCAACGATATCCTGAA | |

The control shRNA sequence is GATGAAATGGGTAAGTACA, _which téfgﬁts the .
luciferase gene. These oligonucleotides were cloned in.toszuperpuro (Bglll and HindIII sites; |
Oligoengine). The pSuperpuro plasmid expresses puromYcin as the selectiveAmark'er._»
Transfection of shRNA plasmids was performed using iLipofectamine 2000 (Invitrogen)

according to the manufacturer’s instructions.

Briefly, 2 pg of plasmids were transfected into ES cells on 60-mm plafes. Puromycin
(Sigma) selection was introduced 1 day after transfection at 1.0 pg/ml, and maintained for 3

days prior to harvesting.
Example 11. Matérials and Methods - ChIP and ChIP-seq assay

ChIP assay was carried out as described previously (Jiang, J. et al. A core KIf circuitry :

regulates self-renewal of embryonic stem cells. Nat Cell Biol 10, 353-60 (2008)).
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Briefly, the cells were cross-linked with 1% (w/v) formaldehyde for 10 min at room ;
temperature, and formaldehyde was then inactivated by the addition of 125 mM glycine.
Chromatin extracts containing DNA fragments with an average size of 500 bp were

immunoprecipitated using anti-Tbx3 antibody (sc-31657; Santa Cruz Biotechnology).

5 The ChIP-enriched DNA was then decrosslinked :and analyzed by realtimé PCR usiﬁg
the ABI PRISM 7900 sequence detection system and SYBR green master mix. For ChIP-.seq
assay, 10 ng of ChIP DNA was end polished with T4 DNA polymerase and kinase. An A base

~ was added to the polished DNA fragments followed by the Qiaquick column clean up. Solexa
adaptors were ligated to the ChIP DNA fragments and enriched by 15 cycles of PCR

10  amplification.

150-300 bp size fractions were selectively cut out from the gel and eluted by Qiagen
gel extraction kit. The extracted DNA was quantiﬁed by picogreen assay and subjected to
Solexa sequencing according to the manufacturer’s instruction. Tbx3 binding peak calling to

mouse reference genome was done by MACS programa.

15 Colocalization analysis bf Tbx3 binding sites with sites of other TFs was done using
ChIP-seq data (Chen, X. et al. Integration of external signaling pathways with the core
transcriptional network in embryonic stem cells. Cell 133, 1106-17 (2008)). 200 bp distance

between ChlP-seq peaks was used to count event of TF co-occurrence.
Example 12. Materials and Methods - Southern hybridization

20 Genomic DNA isolated from iPS cell clones, or ESCs (WT) was digested with
restriction enzymes, separated on an agarose gel, transferfed toa nyloh m-'embranei,: and
hybridized with a cDNA probe for Oct4, Sox2 K1f4 or Tbx3. Oct4: Sall + EcoRI; Forward |
primer - AAAGCAACTCAGAGGGAACC; Reverse primer —
GGCAGAGGAAAGGATACAGC

25 Sox2: BamHI + EcoRI; Forward primer - AGAACCCCAAGATGCACAAC; Reverse
primer - AGTGGGAGGAAGAGGTAACCA KIlf4: BamHI + HinDIII; F§rward primer— -
"TTTGTGCTGAAGGCGTCTCT; Reverse primer — TGTGTGTTTGCGGTAGTGC '

Tbx3: Clal + BamHI; Forward primer - AGAGTGTTTGAGGAGAGGCA; Reverse
primer - TAGGGGTAAGGAAACAGGCT
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Example 13. Results - Loss of T¢f3 enhances fusion-mediated reprogramming of somatic

hybrid cells

To demonstrate that loss of Tcf3 enhances fusion-mediated reprogramming of somatic
hybrid cells, we used polyethyleneglycol (PEG) to generate fusion hybrids between Nanog.
over-expressing (OE) or Tcf3 RNAi ESCs that were neomycm -resistant (Neo®), and prlmary

MEFs that were puromycin-resistant (Puro®). -

After fusion, the plated cells were double selected with neomycin and puromycin

(Figure 1A). Under these conditions, only reprogrammed ESC/MEF hybrids can survive.

Consistent with previous observations, Nanog OE ESCs showed enhance
reprogramming efficiency, compared to control (Figure 1B & C). Using Tcf3-deficient ESC -
lihes, there was also a marked increase in the number of hybrid clones (Figure 1B & C).

Karyotype analysis confirmed that these were tetraploid (Figure 5).

We showed these hybrids to possess properties similar to the parental modified ESC |
lines, including their response to the lack of leukemia inhibitory factor (LIF) and epigenetic
reprogramming of the Nanog promoter (Figure 6 and Figure 7). We also eliminated the
possibility that the improvement in reprogramming frequency could be attributed to increased

cell fusion events'® (Figure 8).
Example 14. Results - Tbx3 is a Shared Downstream Mediator of Nanog and ch3

We examined the repertoire of genes elevated in Nanog OE and T cj3 RNA1 ESCs that 3

could suggest a shared downstream mediator.

The intersected gene expression profiles of these two cell lines revealed a handful of
genes such as Dazl, Fzd10, Hal, 4930502E18Rik, and Erfthat were upregulated in both
conditions. Strikingly, 7hx3, an ESC-associated transcription factor that has reported rolés in

sustaining pluripotency'” was strongly elevated (Figure 1D and Figure 9A).

RNAIi knockdown of Tbx3 in ESC induced striking differentiation (Figure 1E), with |

the concomitant downregulation of pluripotency-associated genes. Tbx3 is also directly bound .

~ by both Nanog and Tcf3 (Flgure 1F). In reprogrammed ESC/MEF hybrids, 7hx3 levels

remained highly elevated (Figure 9A).
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To test the role of Thx3 in cell fusion-mediated reprogramming, we generated stable
Neo® Thx3 over-expressing ESC lines (Figure 10), followed by fusion with MEFs. Indeed,
“there was an increase in the number of hybrids with 7hx3 OE ESCs compared to control

(Figure 1B & C). We again eliminated enhanced cell fusion as a mechanism (Figure 9).
5 Example 15. Results - Thx3 improves reprogrammihgj efficiency of iPS cells

Retroviral infection of MEFs bearing the Oct4-GFP transgene with OSKC induced
- ~300 ESC-like colonies per 5 x 10* starting cells (Flgure 2A). However, only ~10% of these

. showed activation of the transgene.

The addition of Tbx3 (OSKCT) did not increase the frequency of GFP" colony |
' 10 numbers (Figure 2A). With three factors (OSK), the total number of ESC-like colonies was

dfamatically reduced but false positive iPS cells were significantly eliminated as well. 74% of

OSK colonies expressed GFP, (Figure 2A).

The addition of Tbx3 (OSKT) improved the overall colony count (~38 on average)
when compared with OSK (~26), and the percentage of GFP" colonies also significantly
15 increased to 89% (Figure 2A).

Othér qualitative differences between iPS cells obtained with different factor
combinations were observed. The iPS colomes derived with OSKC were interspersed and
difficult to dlstlngulsh amongst transformed and partlally reprogrammed cells that did not
show GFP expression. OSK and OSKT iPS cell colonies were morphologically 51m11ar with

20  uniform GFP expression within individual colonies (Fi 1gure 2B).

However, while the activation of Oct4 typically rcquired 14 days post-infeétién With :
OSK and OSKC, the use of OSKT took 9-10 days, suggesting that Tbx3 aécelerated the
reprogramming process (Figure 2C). The efficiency of isolating stable iPS cell lines from
GFP" colonies was similar between OSK and OSKT transduction, but almost two-fold higher
25  than OSKC and OSKCT (Figure 11). For all the iPS cell lines obtained, we performed PCR
analysis on genomic DNA and confirmed integration of the respective transduced géne

plasmids (Figure 2D).

Molecular characterization of iPS cells from OSKT confirmed these were alkaline -

phosphatase-positive and expressed Nanog, Sox2 and SSEA1 (Figure 2E). Similar to ESCs,
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they also form teratomas comprised of multiple differentiated cell types when xenografted

into SCID mice (Figure 12).
Example 16. Results - Global' Gene Expression Profiles

Next we sought to examine the differences in global gene expression profiles between

S5 1PS cells generated using different factor combinations.

In order to eliminate any variations that could have arisen from handling techniques,
" and to further ensure the reproducibility of properties inherent to iPS cell line's generated with
different combinations, clones were isolated from two or more 1ndependent transduction

experiments performed at separate time points for microarray proﬁlmg

10 : Hierarchical clustering revealed that the recently reported iPS cells generated with OS
+ Esrrb (OSE)’ were most dissimilar to wild- type R1 and D3 ESCs with a correlation
coefficient (R?) of 0.92 (Figure 3A).

Both OSK and OSKT iPS cells bore closer resemblahce to ESCs but were
indistinguishable from each other, R* = 0.94. Hence, global expression profiling was not
15 sufficiently sensitive in detecting differences between these iPS cells. In depth examination of

specific gene level alterations, however, revealed key differences (Figure 3B; F igure 13).

We compared the plurlpotency assomated gene levels among OSK OSKT iPS and ES :
cells. A large portlon of these genes such as Sall4, T cj3 Sox2, Zfx, Lin28, U tf1 and ch3 were. .
| non—dlstlngulshlng between OSKT and OSK iPS cells as thelr levels were: 51m11ar =
20 Surprisingly, a small subset of distinguishing features could define OSKT from OSK 1PS

cells.

The levels of Oct4, Nanog, Gdf3, Dppa4 and T. bx3 in OSKT iPS cells were equivalen't. .
to ESCs, but significantly reduced in OSK iPS cells. This suggests that exogenous Tbx3 is
crucial for assisting in re-establishing proper levels of certain ESC factors critical for the |

25  induction of pluripotency that cannot be completely achieved with OSK alone.
Example 17. Results - Thx3 Improves Quality of iPS Cells

We then investigated whether OSKT iPS cells Wefe of higher quality than OSK and
OSE iPS cells (Figure 18A and Figure 18B). '
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Table $7: Summary of iPS clones analyses

Transd
uction
Clone ID used |experi
Original author's annotation |in manuscript |ment |Microarray |Southern |Gonads |Chimera |Germliine |Tetraploid

0OSK G-1 (20/10} OSK #1 A Yes Yes Yes Yes Yes
OSK G-2 OSK #2 A Yes Yes Yes Yes Yes
0OSK G-3 . OSK #3 A Yes Yes
- |OSK G-4 OSK #4 A Yes :
0OSK G-8 P10 (2/11) OSK #5 A Yes Yes
0SK G-9 P10 (2/11) OSK #6 A Yes Yes
0OSK G-11 P12 OSK #7 B Yes
OSK G-12 OSK #8 B Yes
OSK G-13 OSK #9 B Yes
OSK G-14 OSK #10 B
OSK G-15 OSK #11 B
osk 2-1 OSK #12 C Yes Yes Yes Yes Yes
osk 2-5 p5 OSK #13 C Yes Yes Yes
osk 2-6 OSK #14 [ Yes Yes Yes
osk 3-1 OSK #15 D Yes )
osk 3-2 OSK #16 D Yes Yes - Yes
osk 3-5 OSK #17 D Yes Yes
osk 3-6 OSK #18 D Yes Yes
osk 3-8 OSK #19 D Yes
osk 3-9 OSK #20 D Yes
osk 3-10 . OSK #21 D Yes
osk 4-1 OSK #22 E Yes

Original author's annotation {Clone 1D used {TransdMicroarray {Southern Gonads ‘|Chimera |Germline |Tetraploid

OSKT G-1 (20/11) OSKT #1 A Yes Yes Yes

OSKT G-2 OSKT #2 ‘A Yes Yes Yes

OSKT G-3 OSKT #3 A Yes ’

OSKT G-4 OSKT #4 A Yes Yes

OSKT G-11 P10 OSKT #5 A Yes Yes

OSKT G-12 P12 OSKT #6 A Yes Yes Yes Yes

OSKT G-13 OSKT #7 B Yes

OSKT G-14 OSKT #8 B Yes

OSKT G-15 OSKT #9 B Yes

OSKT G-6 P10 OSKT #10 A

OSKT G-5 OSKT #11 A Yes Yes Yes Yes

oskt 2-1 OSKT #12 ~ |C Yes ) Yes Yes

oskt 2-4 p5 OSKT #13 C Yes Yes Yes 1 -

oskt 2-8 ) . OSKT#14 |C Yes Yes Yes Yes . Yes
oskt 2-11 OSKT #15 - |C ) Yes Yes

oskt 3-1 OSKT #16 D Yes Yes - Yes
oskt 3-3 . |OSKT #17 D Yes '
oskt 3-4 OSKT #18 D Yes ~ |Yes
oskt 3-5 OSKT #19 D Yes - . |Yes
oskt 3-7 OSKT#20 |D Yes

oskt 3-8 OSKT #21 D Yes Yes

oskt 4-1 OSKT #22 E Yes

Original author's annotation {Clone ID used {TransdMicroarray |Southern |Gonads |Chimera [Germline |Tetraploid

OSE 1-2 ) OSE #1 A Yes Yes Yes Yes Yes
OSE 1-3 OSE #2 A Yes Yes Yes Yes

OSE D45-1 OSE #3 B Yes

OSE D45-2 OSE #4 B Yes

OSE D48-1 OSE #5 C Yes

OSE D48-2 OSE #6 [ Yes

OSE CD1-5 . OSE #7 D Yes

OSE D27 OSE #8 D Yes

ose 2-3 p5 OSE #9 F Yes Yes
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We selected numerous iPS cell lines from each factor combination which showed
homogeneous activation of Oct4-GFP within each colony: OSKT #1,2,4,6,11,13,14,16-21;
OSK #1-3,12,13,16,17-21; OSE #1,2.

It is of note that these iPS cell lines were derived from a total of four independent
transduction experiments performed at different times, thereby eliminating any biasness in '
clonal selection that may arise from the stochastic behavior of individual clones. Induced-PS

cells were then injected into 4-8 cell embryos and cultured in vitro to blastocysts (Figure 4A).

- There was no difference in the maturation efficiency (~95%) between the three iPS cell lines

(data not shown).

All blastocysts transplanted into the surrogate female mice initially had shown
contribution of GFP" cells to the inner cell mass (ICM) (Figure 4A) and live chimeras were
obtained from the three combinations. As evaluated by coat color, all OSKT and OSK iPS
chimeras showed coats with varying density of black fur, signifying iPS cell contribution;
whereas OSE iPS chimeras clearly had less black coat (Figure 4D, top panels) 1nd1cat1ng that

OSE iPS cells tend to contribute poorly to chimerism.

More interestingly, obvious differences can be discerned between OSKT and OSK iPS
cells in their ability to colonize the germ tissues. At E13.5, the gonads (testis or ovaries) were
obtained from the F; chimeric embryos. 34.9% of the gonads from OSKT iPS embryos
showed contribution of iPS cells with GFP expression contrasting significantly with 23.6%
from OSK iPS and 12.5% from OSE 1PS embryos (Flgure 4B; Figure 15A and Figure ISB
p<0.01).

Further assessment based on GFP distribution w1th1n these gonads revealed extenswe . '
contr1but1on by OSKT iPS cells as 57.5% of the ch1mer1c ‘gonads contamed >90% GFP* cells ‘
compared to 26.2% of those from OSK iPS embryos (Figure 4C; p<O0. 01) "This 1ndlcates o
OSKT iPS cells were more effective in colonizing the germ tissues while OSK and OSE iPS

cells were much less efficient.

Using one of the most stringent criteria for demonstrating the quality of iPS cell clones
and their resemblance to wild-type ESCs, we tested their frequency of germ-line transmission
and production of viable F, offspring. Once again, we used several iPS lines from each

combination to eliminate any stochastic clonal variation and biasness in clone selection.
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Induced-PS cells generated with OSE had very poor capacity for germ-line transmission

(Figure 4D, bottom panels; and Figure 4E).

Using five chimeras from two iPS cell lines which were bred with albino mice, a total |
of seven litters were obtained. Only one litter contained two of 10 offspring that had iPS cell-
derived black coat. With OSK; nine chimeras from five iPS cell lines were used for breeding.
13 litters were produced, of which only two had 100% black offspring, and another four had-
an average of ~33%. Strikingly, with the nine OSKT chirheras obtained from six iPS cell |

 lines, nine of 14 litters had 100% black offspring, three had 41%, 50% and 28% each, and
“only two with none (Figure 4E; p<0.005).

It has been previously reported that improper retroviral silencing can alter the
efficiency of generating iPS cells and their resultant properties. It has also been suggested that
the frequency of retroviral integration into the somatic cell genome can affect the behavior of

1PS cells as a result of DNA damage.

To exclude these possibilities, we confirmed that exegenous expression from the
retroviral plasmids has been siienced in the iPS cell clones for all combinations of factors
tested (Figure 16). Southern blot analyses showed that retroviral integration the different OSK
factors into‘ either OSK or OSKT iPS cells was comparable (Figure 17).

Importantly, even with the additional integration of exogenous Tbx3, iPS cells were

consistently of higher quality, thus ruling out the effects of DNA damage on their properties.
Example 18. Results - OSKTZ—derived iPS Cells Can Generate Viable Mice

We then speculated that the higher quality OSKT- derlved iPS cells could be used to _
generate viable mice composed entirely of the engmeered cells through tetrap101d

complementation'®'".

This has not been previously shown, perhaps owihg to the difficulty of generating high
quality iPS cells with the standard factor combinations. In the two cell lines tested, OSKT #14 .
iPS cells supported embryonic development of two fetuses until E19 when C-section was

performed because of suspected uterine regression.

It would seem likely that live births may be expected in this case (Figure 4F). With
OSKT #16, we were successful in obtaining 10 live births (20%) from 50 aggregated embryos
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' - Strikingly, hierarchical clustering of Tbx3 with the previously mapped ESC factors'®

revealed that it shares a large number of common binding sites with the classic pluripotency-

associated transcription factors Oct4, Sox2, Nanog and Smadl (Figure 4G).

10 4 Tbx3 is also found to target the ESC factors Oct4, Sox2, Sall4, Lefty1/2, Zfp42, as
well as reprogramming factors K1f2/4/5 and n/c-Myc (Figure 18A and Figure 18B). This
finding is consistent with our initial reason for focusing on Tbx3 regulated by Nanog and Tcf3
and supporting LIF-independent ESC growth, and is further supported by recent evidence thaf

Tbx3 or KIf4 over-expression confers LIF-independence'”.
15 Example 20. Results - Induction of Human iPS by Tbx3

The experiments on mouse cells described in the Examples above were repeated with

human cells.

In the human system, the data obtained shows that a combination of OSKC and Tbx3
(OSKCT) , when compared to OSKC, resulted in a higher efficiency of generating iPS cells.

20 : Furthermore, some of the human iPS cells look - more like murine ES cells w1th the =

typlcal tight and dome shaped colonies.

Finally, a number of the human iPS clones grow and proliferate in responsé 0ES
medium with FCS, and LIF, even with no FGF. The growth factor usually used for human ES

cell expansion is FGF. Conventional human ES cells cannot respond to LIF.

25 Tbx3 thus appears to be a key factor to generate a new type of human pluripotent cell
with pluripotency potential similar to murine ES cells. This will offer a tremendous advantage

over the conventional human ES or human iPS cells since mouse ES cells are much easier to
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embryonic development where it localized to the ICM of the blastocyst**. These, together w1th
25  our ChlIP-seq data, suggest that Tbx3 is important for the effective re- _establishment of the

ESC circuitry during the onset of reprogramming, and 1_ts subsequent maintenance.

The presence of exogenous Tbx3 during the initiation of reprogramming may ensure
proper titration of pluripotency and other yet unidentified reprogramming factors which are
reactivated by OSK to the optimal level, resulting in the emergence of a higher frequency of

30  truly ESC-like iPS cells. We therefore propose a model Whereby the re-establishment of
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CLAI M5 1. Use of Tbx3 (GenBank Accession Nunmber: NM 005996. 3, NP 005987. 3,
NM 016569. 3, NP 057653.3) in a nethod of inducing or enhancing pluripotency
in a cel IWOQeh/®was54 somatic cell. 5 2. A nethod of repro@€CasG2og/oasdel |, the
met hod conprising nodul ating, such as up- regulating, the expression and/or
activity of Thx3 (GenBank Accession Nuner: NM 005996.3, NP 005987.3, NM
016569. 3, NP 057653.3) in the cell. 3. A nethod or use according to Caiml
or 2, inChhiM$ the cell becomes a pluripotent cell such as a stemcell.
104. A met hod of causiag(%a cell such as a somatic cell to di sgl ay one or

nor e chatact eVpasef Eax3dGeaBankAr¢sssion Nuger: NMhQ0IR96 50 NP BORASTSHh ng

umber:  NY-G0BS8ERI% TR EREL Uniftg ¥t ibndhe P GRet TR BIPE CREPRLAT, |
5. A useswh asatsbmdti@cadbrding to Caiml1l, 2 or 3, in which the nmethod
further conprises 15nodul ati ng the expression and/or activity of one or

nore,c a gonbi Rat j f 4 : L. C ,

opti osnal Y W ﬁ%ﬁﬁ@q ﬁitere? %’lg?%‘g‘ﬂc ia(c)%r\?hb?le(%?%oc |%§ﬂ§&!@e&§%¢l{ﬁﬁlg’ gl!.léh&slljlg'e or-
net'hodhaﬁ:goradhgghgt &qﬁéslgiopraﬁdbdhag/igloafiM? :(GeNBﬁrtrl]khAdcbssi@ethﬁélspl ?ys one or
nore characteristics q uri nt ce ych as expression of one or .
mor e pl N RbIDEHe hitk 03B La MBS b Reahs S Qi teispias and Tox
(GenBank Accession Number: 20 NM 005996.3, NP 005987.3, NM 016569.3, NP
057653. 3}..  7A rfeths®oiiseietdidithg a¢ Cliisli INgr 2, ¢h ahichpheetibeagmes aphiripbenivhi ch
the cell is capable of contributing to chinmerismsuch as when introduced.

into an &tbughass signreelly ent  genetic background: 8. A use or method _
according to any preceding claim in which the cell is able to col onise

259eron tissueA hiethdd aScaayingarcel el asGRhiatib Wéll WdibslaPomasismore Tharcigrbthed
according:to Claim8, in ich the cell colonises germtissue with a high
ger m | i nef &piuppetericpliothe methodogiprismermeduiating the e¥aressiaprangfos getavinof Thrg. A
use or ' ' Ik i ' enpe '

capabl e T e S o A e 2N T 3 oyt
conpl eneinttat celh. WO 2011/ 062559PCT/ SG2010/ 000437 84 11. Tbx3 ( GenBank ,
Accessi on Nunmber: NM 005996. 3, NP_005987.3, NM 016569. 3, NP 057653.3) for

b |0 24 "Rl U0 A0 BRLACEY 1,56 v GRLSREHTD Bndis

pl urigot gotiulaghd theieRpioksiohandier aality 6Onecor angek 2 adbinatiafar A EAOCE, cel | .
512. A nethaod or use according to any precedi ng .cl ai in which the cell

conpri s e30x2 and K14 in the cell, optionally without the introduction of c-Myc into the cell. .

6. -A use or method according to any preceding claim, in which the cell displays one or
more characteristics of a pluripotent cell, such as expression of one or more pluripotent
markers, such as Oct4, Nanog, Gdf3, Dppa4 and Thx3 (GenBank Accession Number:

20 NM _005996.3, NP _005987.3, NM_016569.3, NP_057653.3).

7. A use or method according to any preceding claim, in which the cell is capable of
contributing to chimerism suc'h: as when introduced into an embryo of different genetic

background.

8. A use or method according to any preceding claim, in which the cell is ablé to co'lon.is,e R

25 . germ tissue, such as by germ cell contribution to gonads. .

9. A method according to Claim 8, in which the cell colonises germ tissue with a high

germ-line competency or at a high germ-line transmission frequency.

10. A use or method according to any preceding claim, in which the cell is capable of

‘generating full-term live-born progeny via tetraploid blastocyst complementation.



mammal i an cell such as a nouse cell or a human cell. 13. A nethod of
obtaining a stemcell line, the nethod conprising performng a nethod
accor di ngvoaoag2ppecedi ng cl ai m and deriving a cell |i RETSHGEIO0PGIFY

14. An induced, reprogrammed, pluripotent or a stemcell or cell line

obt ai nabl e by a 10 nethod according teo y preceding claim 15. A nethod
of identifying a nolecul e capable of enhancing differentiation of a cell,

t he met hbd colpx3 Erandpaple Acerssion dNunbest N 082946 X iNTY 0029 &ds NoYL_ D 6aivhs, 1 t o
12 int p of a.candjdate.nplecule. and detect;in I o
Mduct i onP oS TRY A8 B F S o R R AR BLTSU et ey o
reduced @xpingaetlo eXprei@neior Mdi€ot G racre@hardttetsticdfof @ phiripotsnt pelt, ¢t cel |
by the cel]l, conpared to_in the absence of the candidate nolecule. 16. A
met hod oWhichdht salliongxample remptisss aspmpliecdt enhancing differentiation of a
cell, the nmethod conprising obtaining a induced, reprogranmmed, pluripotent

or asstem.cel A fdthéd sBiskabcaraBg t6l moprefedaidy/clfim, Gh ¥hivh the tll dofmpr¥POsi ng t he
cell to a candidate nolecule and detecting differentiation of the cell.

2017. A maematplian celljsuchias pimepsa cefbpiethmanegllabl e of enhancing or i nduci ng
the pluripotency of a cell, the nmethod conprising performng a nethod

accordi ng3 .t 0 ANYetRbd & GHtaTRing alstend BelPlinel 2hd Methb& cth §§ﬂ§§e&$mﬁn%§ﬂ@hﬂﬂt €
nmol ecul e and detecting an increased i nducti on of pluripotency by the cell,

i ncr eas edtcprinoigransnpresgdioe clava apdideriving agell dine derafigm.essi on of one or nore
characteristics of a pluripotent cell by the cell, conpared to inthe

absence pf NgniRARBMIARYEraRBARL Piufipoith & ditn cBRbPOM lifeldiaifiblOny b |1 ne

supstantially as hereinbefore described with reference to and£ as shown in
Fi gulles method accasding ftreanjcproeqsang ¢laign. dr awi ngs. o
15. A method of identifyihg a molecule capable of enhancing differentiation of a cell, the
method comprising performing a method according to any of Claims 1 to 12 in the presence of
a candidate molecule and detecting a reduced induction of pluripotenéy by the cell, reduced |
reprogramming of the cell or redﬁced expression of one or more chargcteristics ofa

15  pluripotent cell by the cell, compared to in the absence of the candidate molecule.

16. A niethod of identifying a molecule capable of enhancing differentiation of a cell, the
method comprising obtaining a induced, reprogrammed, pluripotent or a stem cell by a
method according to any of Claims 1 to 12, exposing the cell to a candidate molecule and

detecting differentiation of the cell.

20 17. A method of identifying a molecule capable of enhancing or inducing the pluripotency
of a cell, the method comprising perfoming a method:according'to any of Claims 1 to 10 or -
12 in the presence of a candidate molecule and detectiﬁg an increased induction of |
pluripotenCy by the cell, incréased reprogramming of the Ecell or increa_sedg expression‘ of one-
or more characteristics of a pluﬁpoteht cell by the cell, :cdmpared to in the; abs'ence:ic:)f thé o

25  candidate molecule.

18. A use, method, cell or cell line substantially as hereinbefore described with reference

to and as shown in Figures 1 to 19 of the accompanying drawings.



