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1  RELATED APPLICATIONS       This application claims the benefit if U.S. Provisional Application No.
61/061,525, filed Sane 13,200K and I..; S. Provisional Application No. 6077,068, tikd June 30" 2008. The
entire teachings of these appl kat:ow are incorporated herein by reference. Cii0VtiaNIMENT SUPPORT
TriaiSapponti'at WiaOlepan, by a. grants. 5.-RI)l- H0045022, 5.-1:37.-C,A084 l9F; and 5.-ROI-CA0S'M9
from .che National Instituter of lleahlt. The Government has certain rights in the invention.
13ACKOROUN1) OF THE lNVENTION       Embryonic. development and cellular diff0-entiation are
considered unidirectional p,ithways ca codia undergo a progressiye ioss of &velum-nen:Ai potency during
ceil fate Specification. Two categories of phnipotent ;;:tem cells axe known to date.: embryonic stem
cOi.13 and emnervomac ptiaili cells. Embryonic stem cells    pluripotent L. cell:: that are _a 'd direetly
&ern 3 CIP.bria. 11',nabtvotne. germ cells are pluripolent SiVETt cet Ea that are derived directly ftoim the
fetal tissue of aborted fetuses:, For purposes of simplicity". embryonic stem cells and embryonic germ
cells vitl be collectisiMy refereed teas "ES" eella herein,        fIre gelleration of live animals by nucleat
transfer 0.'411:i.dernonsztrated that the epigenetic .;;;;4k-, of$orna;ic cells, ;whaling than of terminally
differentiated cons, is lablle and can, be reset to an embryonic state that: is eapable ctr directin
development  2 of a new organism. The nuclear cloning litchnologY istht transplantation raedicine but any
medicai applicalion is bannaered by the inefficiency at the cloning process, the lark <s knowlecive of the
underlying miterstitharci and crhicai concerns. A inaiof breakthrough in scivinc& these issues has been
the in vitro der:vat:Mil of roprogratnnird somatic ecils {design:mai as 'induced Pthripeient Stein"   "iPS"
ecils) by the riempic expression of the !bur transcription factors 0d4, Sox2, rrna.0.-{ and Klf4
heVat:mut:Ica (ilesignated bei5We S -reprousamming factors" m 'factors') fitikahaith: and Yamanaka. Cell
126,663-676 (2006)), 
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Further {tdViX3-1CCIlint in the area of reprogramming would be tacilitated by establishing robust methods
for reprogranaming human somatic cells and defining ofiective RIDEOCOIS 6)1' Mardpiilating blirEnt: ES
and :PS cells. \4kfSh\ VP TIIE 2N V EN') ION       The invernion relaies generally to the dedifferentiation of
di ethrenlialed somatic: ceils, tio methods rif gm)enlibg !cteonciatycens and the seca{ndory cells produced
by the methods, to chimericg, mice, produced from said secondary :PS cells, and to methods a screening
for raprogramming agents utilizing the secondary if'S cdis and chimeric animals. lu one embodiment die
invention relates to o method of reprognunining a 20differentiated si{:{{aaric cell to a Our:potent state,
comprisingsteps of contacting a di {let eimated sornath: cell With at least one ieprograrimt jag agaot that
contrithiges to reprogramming of said cell to a pluripotern state., nuuntauung .said cell under conditions
ypropriate for proiiferation of the cell and fiyr activity of the at least one reprogramming agent for a period
of time sufficient to begin reprogramming of the 5{5ce{t{ and finielianally inaellyating the at leas{ one
reprogramming agent.        hi another embodiment the ink,ention Mates to a method of reprogramming a
di Ithromiated soinaik cell to a pita:go:dig state, comprising the steps of providing a somaiiir (din that
COas at least one exogenous:), introduced factor that eon{ ribufesreprogricrimi ng of said cell to a
fthtrit.:Ment state; maintaining the 30cell under conditions appropriate for proliferation of the cell and for
actic iiv of the at least one exc{genmisly initothiced factor fin- a pericid of titne sufficiem to activate at :east
one endow:moos pithipotency gene, and functionally inacthcating the at least one eNogenously
introduced factor.  3 ln a further embodiment the invention pertains to a method of selecting a 
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differentiate.d somatic cd t that has been reprograthuned to a plthipment state, comprising the si.c.ps ol
procidima a differentiated son tic:. cell that contains at lcyast one esogenotisty introdnced factor that
cm:tot:kites re reprcrammine of the cell to a pthripotent state; maintaining the cell under conditions
appropriate for proliferatlisn of the cell and the activily of ihe at least one es(k2;etIOUSi.;:S: ithrththiCed
facies for a period of time sufficient to activate at least one endogenea.Ls ;slur:potency gene; functimally
inactivating the at loast one eaegeneddy infrodeeed ibcteri and (liffteeethaiug or di;11thgthAling betkV(1;
111'11111S which display one or more markers of pluripmeney and cells which do not in one embodiment
direientiating or distinguishing between cells which dll:play one or more markers orpluripmency and cells
which do not compth.': selection or enrichment for eel is lsplaying one or more markers of pluripmency
andlor selection against cells which do not :display UDC Or more markers of plthipmency       in
131M1C1C111bOthITICIltS o the: invention the differentiated somatic cell is partially differentiated. In
other embodiments or the invention the .ilifficreithaied eel-italic eon is faiiiiy difThienethed       In Sothe
et1111(1111i11111Ta Or the invention the differentiated somatic cell is cell or hematopeastic Menge or is
a inescnehytnal..:llein cell; in some cmbesilmettll. the diffeientiaif_id sainatia cad is obtained frcim
peripheral blood. In one einimdiment or the 1111111161:1 the ClitThrt1r:thated Wf1.1ifiii,1 cell is an
immune system cell. in one enilsoditnent the dificsentialed somatic cell is a macrophage. In one
embodiment the diffet entiated somatie cell is a lymphoid cell.other emboditneras of the 13-R1m:ion the
differentiated somalie Geri is a B cell, such as an immature (e.g pro-B cell or pi-e- B cell) or
inaturexmnnarve) 1$-cell lit stfil other embodiments the differentiated eel: is a tieeral ptegeither cell, an
adrenal gland CCII, kr1raL1110i1y1C, 11 Mr-WIC Ceth or an intestinal epithelium cell,       In some
embodiments of the invention the at least one eaogenonsly introduced factor is a polynneletatide hi othet
embodiments the at least one exolsonowily -30Mtroduced factcr is a s3sedyperide.mile embodiment the
at least one exogenously irullodueed factor is selected fit'lm the ;coup consisting of Octs-I. Sox2Nanog,
esklyc and combinations thereof. In particMar embodiments of the ir:ri.-:)-6on  4 the clifferennated
sormthe CI eianUltflSesiootiSly Mu-educedScA2, tin(l esogenousty rntroduced Oct4, Sox2, Klf-4 and
e-Mve.        g.n crae f,tm}xxli.mcnt of 1,171e inventhg: the at least one exogenoualy introduced fador it;
selected from the group consisting of Octg, Sc3x2, MC-4, e-Nlyc and comb:nations thereof and the
differentiated aomatie cell ftwAher eot-itaina at kast one esogenously Introduced Mem: (e.g., a
poly:sue:es:Aida or poiypeptide) capable of inducing dedifRremiation of the differentiated somatic cell. In
some embcgthnents the :helot capable of indueintt deck l'terentiaiion ot taid differentiated somatic eet is
sd'-`(,,l/g1 ftgul the grouP consisting oral least one pal yrineleetide which downregniates 
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C)B cell late spec :lie markers, at least one poly/loci:ten& which inhibits expression of Pox, at least one
polypeptide which dotynregulates 1- cell latt specific markers, at least one potypeptide which inhibits
expression of Pax 5. and combinations thereof In otw embodiment of the 'invention the factor ca;xibie of
inducing dedifferentiation of said di fiererMaied somatic cell is C/FliPa or a human hornpipe, of CtEt1Pu
15In particular embodiments of the invention the at least one exogenously iturodueed thctot is introduced
using a vector, e.g,, an inducible vector or a comfitionally expressed vecaor. In one aspect the at least
one CaOtZtalOOSIY introduced t;iicior is introduced asitiga i,c.t.or which is not subject to !nothykitioiiimed
'cited silencing. in ye: another embodiment the at least one exogetiously introduced thetor dt:is icirodllacel
using a viral smetrir such as a :ictrotiaal or lent:gen-al rector.       'The present invention also pRa'ide::
methods tot producing a cloned animal. in the methods, a a0tilatie: Ceti fa isolated From an animal
lianedisg desired charucteristie.s, and reprogt 'using the methods of the invention 1.0 produce one or
more 3:OprOararlialtai t?} uric:Mel:11 somatic coil ("RPSC").RilSes are then 25inserted Otto a Teen:gem
embryo, and the resulting embryo is cultured to produce an embiyo of suitable aige Cor implantation into
a recipient remale, which is then tran.Sjerrea 'into a recipient &male to produce a pregnant female. The
pregnant female is maintained ander eunditions appropriate: :br carrying the: embryo to ICO-13 1St
pitadtlett OitiaietiO anima! progeny, The chimeric animal can furter be. Mated to a .tvild type animal as
desired, The :invention further rehates to a chirnerie anima:, e.g., a :Mimi:a:in. mouse, produced by the
methods of the invention.       The 'Invention further relates to an isolated pluripracrit eel] produced by a
nlethod comprising k'a) proei:Tinga diffeigtthated somatkNit conliEIS 'ietaa,  10 Is ".2c 30 5 
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on.2 nclgenotay introduced :factor that contributes to reprogramming of said cell to a pinripmentntiritairiing
said cell under condithms iimpropriate prohleraboncFE:aid cO11 and !Or aetyl-tys:.flid a:t least one
CtKogenc,csiy introduced j'actor for a period of time sufficient to activate at least one endogenous
phiripotency gene; (e Nnctionany innhiutting said a:CttS ono ex ogenously introduced factor: and t.d)
differentiating cells which display one or rflOrC:Marke:rs of pluripetency from cells which do not.        The
invention also relates to a purified population of somatic cells comprising at leaA 70% phiripotent ceils
derived imm reprogammed differentiated ,3mnatie ce,i is produced by a method compr:sing C,a)providing
a differentiated somatic cell that contains          at least one exogcnou,*: invoduced factor that contributes
to cc:programming Of %Said ea 1:0 a pi:61)ot= state; (b) maintaining said coll under conditions
appropriate for proliferation of said cell and for acliv it), Of Said at ht ow:Y.! xogimousiy introth:ced facto:
for a period ofsufficient begin reprogrammingof said cell or to activate at least one endogenous
pluripoteney gene; (e) lianctionally inactivating said at leas: one exogenous!), introduced factor, mid (d)
differentiating coils Macn dispiav one or mote nuirkers of pi:acme:icy and cells which do not.        in
ailother aspect the innTiliari relate:: to a method of producing a pitiripotem cell rremn a SOMalie ec
comprising OA! steps of (ai inoviding one or more somatic cells that each contain at least One
cAogCflOC:Siy iiittthlaCed la0tCq htt COnti ibtitc4 to rcpTngralinnin; of said cell 10 ci pkt;ipatCnt state,
wherein said eNopenously irarodueed factor is iniroduced using ari Mt:hail:Ile vector which is not siftsject
to molly:anon-induced silencing; (b) maintaining said one or more cells under conditions "Iippropnaic for
proliferation of said eel's and for activity of said at least one CXC4,:;Ci101.liik, iniredliCed 1-k{OF for a
period of time SaffiCieMt ccprogratalining of said caloro activate al :east care cndogetiolL:s pimipolency
ger:C; t:c) functionally inactivating said at kast one exci.:,:enonsdy introduced factor, (d) ;31-k:.kciing one
or MOrc ccik which display a market of pluripoteney; (e) generating a Chnlierk embryo milizing s:a,A one
or more cells which display a marker of pladpoleney, (i) obiaining one or 37,10FC somatic cells front :Said
Chime:de Cnthry0; (g) unaima)Ietig said one ot more somatic cells under conditions :i-oprOprinte, For
NOE ler:1:130r% Of szid cells and for activity Of Pc Iller:tst one exogcnotisly idrabfactor for a period of
time sufiEicient to N:gin a:progriunmings. I a o activL-de  6 L ast one endogenous i)laripmency gene,
;anddillthirentiatinp between cells. :S11:,;:b dispiay one orBlatiCCE;iofploripokcey and Caark SVIAL13 do
not. In a particular embodiment the method yields a purified population Of somatic cells ;au:uprising in
least 70% inn:Mot:ant cells derived from reprograramedSOirtalra COIN                                     -rhe
invention also relates to im isolated plaripotent cell produced by a method compriaing (a) moulding one or
more somatic cells that each contain al leaal one exogenous:1y introduced factor that contributes to
reprogramming of said etill to a pharipotent state, wherein said OX0aetlailaly 3nlrodaeed feeter is
introduced using :AB 
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iiathraibk votnor which is not subject to mothylatiaiminduced silencing, (In 10maintaining said one or more
cells under conditions appropriate. tot proliferation of said cells and for activity of said at :cast one
exogimously introduced :hider for a period of time sufficient to begin reprogramming Said sell or to
activate. M least one                           Cc) fanctiocially itiitainvating said so ieaS; one exisigenously
irutrodUCed naciori. (d) selecting one or more cells which dispitty a marker of phiripoloneyi (e) generating
a chimeric embryo utilizing said one or Mort.: OCHS which di-SO* a marker of plurincitianeyiobtaining one
or more somata: cells from said chinieric embryo; (g) maintaining said one iine more somane cells tinder
conditions appropriate fin' proliferation of said cells and for activity of said at least one exogenous!)
introduced factor for a period of time sufficient to activate at least 20one endogenous pluripotenny gene;
and (h) differentiating cells which display one or more mrakers tit phiripotency and cells which do not.
in prelen ' ed embodiments of the invention the methods yield a purified population of somatic cells
comprising at least 70% (e.g., 70%, 75%, 80%, 85%, 90%, 95%, 99%) pluripoteril cells deriYed from
reprogrammed differentiated somatic 25In particular embodiments the phfripetent cells are genetically
homogenous.       The inyeotion iiiso relates to a method of identifying a .reprogranuning agent coinnrisMg
(a) providing one or more somatic cells that each contain at least one esugesioutly introduced factor that
contributes to reprogramming of said cell to a phiripotent state, wherein each of said exogenously
introduced factors is introduced 30:king int inducible vector which is. not subject to methylation-inciacciil
silencing and the expression of which ca con:rokd by regulatory elements ilidneed by distinct indricorsi(b)
Maintaining said one or Mon, CO'S under COndiikInS approprikte for rirolififration of said cells and fix
activity of said at least one emiktenetaily introduced  10 20 7 factor rer a period of time sufficient to
-reprogram said eell or to activate at least one endogenous pluripotemy gene; (cc') functionally
inactivating a.ici at least one "ogenCni*t cil.tC`dUce,(1 C4C0)1:1111)Selectinitt eOe or flOrie eelk which
display a markor 
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of plwipoi.ency (e) generating a chimeric embryo utilizing :taiti one or more cells which dhsPh-W airuuker
of Pil-^liPoteticY; Mob:al/ling One Or more somatic cells from said chimeric embryo., (0 maintaining said
one or nore somatie cells tinder condnions appropriate or prolitention or said cells and Mr activity of said
at least one exogenously introduced factor wherein activity of said at leas: one exogenously introduced
factor isinsufficient by itself to actiyate at leas: one endogenous plurii)oteriQ. gene; (h) contacting the
somatic cell of (g) with one or more 'candidate reprogrannning a-,WM:S. and ; 0 idetniting cells eontacled
with said one or more candidate feprogramming altantS Whiel; dlaplay one or more markers of
plutipoteney, wherein candidate reprogramming agents which Induce the somatic cell or (g) to display one
or more markers or plutipo4...1,;$ are identified as reprogramming at-tens.       the invention also relay,..s
to methods ofili2ing known inducible Iromoter systems. As one ttxampk nducible vectors, e.g., :XIX and
tamoxifen inducible lc:1M     vi flit vectors, are or:cam-massed. DON inducible rettoviral vectors 'nave
licen unporiant 10 define the _sembal activation of plaripmeney markers and the iniOnnom limo or yeator
0:pressiOn rioting nrpregrammimg of sOrmthe mom:: celk. As described herein we i:ave generated
inducible lentiviral vectors that will allow the temporally restrieted expression of the reprogramming factors
Followina the same strategy as used for rtithine genes, we have generated lentiviral vectors that
transdace the human 0014, St)X11" K l.tht and C-MYC e-DNAs either constitutively or under the control-
of a DON. i:iducible promoter. To generate a 1)0X inducible system we int'ected liwnan fibroblasts with a
leonvind 1,eclor eairying tierItTA transriclevator.       To enable in,dependera inducible control olvectoN
we also genei.sied 0E1114, SOX2 and (11-N,PiC estrogen receptor- (ER) thsioti constructs by lltaing the
factors -to the estro;en ligand 'binding domain to allow thr tamoxiten dpendent expression. Addition of
hartoxicen to cells tranadueed with a SOX2-ER fusion emistrnet loads to tmosbeation of the SOX2 protein
from the nyiopLisin to the nucleus as expected for drag. ndueedactuation, 'these resttihd show that the
DOX and ER fkisitin inducible systems cam be used to independently control the expression of
transduced factors  8       One embodiment of the invention telates to the use of multiple, e.g.. two,
different regulauthie systems, each controlling espiesistion eta subset, of the :bL$M. For example. one
:night place 3ot the fitetiits under commit of a :ifs: inttheible te.rz, doxthiduelblei prOlthitet and the 4th
(actor under control of a second inducible (e. a. tamox ilell-iuclucibk) prom)ter. Then, one ethnd generate
an IPS stell by inducing eitisrceition from both mornoters, generate a inotise from this iPS eell, and isolate
fibroblasts tor any other cell type) from the mouse. These fibroblasts would be gene:in:any hminigenotis
and would be reprogram:table without need for viral inthetion. One would then anitirtht to reprogram the
Fibroblasts tinder tatinditions {0 which only the first promoter is aCti'VC, in the presence of different small
molecules that could potentially substitute. for the strh factor, m order to identify small molecule
-reprogram:1hp: agents" or optimize transient transtection or other prerecois for introducing the rftn factor.
A number of vatiaid0t13 are possible; for example, one might siabiy induce expression of ,3 inetors and
transiently induce expression of the Lifit tlictoct etc., Any combination of factors can be assessed using.
the described methods"ciso, one can modulate expression levels of the Cantors by using different COM;
e:Ittaii:MS of inducing agent.       Another approach is to place the gene that encodes one of the factors
between sites fist v recombinase and then induce expression of the teeombinase to turn off 20expression
of that factor. For example, a heterologetts sequence could he positioned kt,AN:::3-1 the promote( and
the coding sequence, wherein the heterologons4 sequence is located between sites ter a recombinase;
the betetiotogotis sequence prciegts exoressiort A meets-lb:nese is introduced into the cells (e,g,, by
introducing an cigpression vector dud encodes the racism:inn:se, c.v., AdetrovirtyPere) and causes
excision of the iteterologints sequence, thereby alloying expression of the transgette, Also, transgenes
e'XI be integrated at a variety of non-essential loci (e.g., loci vsthose disruption doesn't significantly affect
development, exemplified by Collagen I cm Resta6 loci).           These systems are nseful, e.g,, Ibr tdenti
lying reprogramming agents and 30slud.ying, the requirements and events that occur in reprogramming
(including discovering celktype :3pecif:c differences)  
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9 BREW DESCRIP'110.N OF THE DRAWINCIS       FIGS. 1A-ID illustrate the generation of genetically
homogenous cell cultures for taren:ride. reprogramming     I A shows a schema for infection of
puromycinsivsistant, NancigiGIT or bianogiImo primary MEN: expressing the reverse tetracycline
iransactivater 042rtIA 3 with sitys:draltarible leniiviruses encoding the 1 reprogramming factors followed
by induction ofivibrogiaraming, primary IPS colony selection, dox withdrawal, chimera illumetion, and
ptfromycin seleethin for ill'ederiVed secitihdary sothatieFIG, 1B ithrstrares that Nblfee secondary MEFa
solated tkom ethineras :undergo complete 1Uepigenetic reprograntining"Dox-indeprindient cultures
express the planapotencys associated genes alkaline ;:ihosghstase, SSEA1, and Nitriog, FIGS. IC shiwys
that MEE-derived NNeo and NOF132 secondary WS cells generate cells of all three germ layers in
teratema formation assays, and contribute to clanneta rorniation when injected hue blatstocyriis, as
indicated by the presence of WS-derived agonli coat color on a black background10).       FIGS. 2A-2.E
illustrate that reprogramming kinetics and efficiencies vary betwaria hifirdis from distinct WS cell limes. As
shown in FIG, 2A, secondary from three 'primary WS eel: lines were treated with dex and reprogramming
was monitored -visually. The different fidflifi populations exhibited morphologic dilemmas  days alder dox
asimthistration. bat all :framed colonies with ES cell :morphology within 12 days (arrows). FIG. 23 shows
that neomycin resistant and alkaline phosphate positive colonies were present in NICeo eultureg when
the drug was added to the media as early as day 4 after dox Mani:bow El U. 2C: illustrates flow
cytometric: iiimaysis ter reactivation of SSEA I and the Nit:log-01T reporter allele (in NCIFP2 and Mli:FP3
lines: over 1$ days of dox culture. As shown in FRI 212 secondary NOIT2 MITS were plated in: densitieS
varying from 0,025,-500 eellsrlathr'- followed by rick addition:. GIP'- colonies -were counted 1- weeks
later. As shown in FIG, 2.k, sinde secondary lisilifFs ommi plated in 96 well Wales containing a
7,4:milk:Jed ME1j.tieeder layer followed by dox induction. The percentage of single cells- able to
proliferate 30 :sufficiently to liarm a visible colony On the MET feeder hcifer (light grey bars) and the
percentage o vine cells able to form MT ir or Nitio resistant seeondary is eolonies kiark grey bink) were
Kore.d. 4 -weeks later,  10 ii1A-3F show the requirement and exigession of 4 Detor trantigentra in
secondary 51IFIls.cintimititative RI-PCR examining induction of expression 0 (the 4 reptogranaDiNi"
radon: n response to 42rsc4 CIOX itearrcehte. rCleiiVe to Gacidh lox-els.38 shows immtaidniorescence
detection of oc.t4 and 
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lloK2 iii seenadary NTH' eettutes 72 hours Mier dent induction, As Shown in FiCt. 30. NeliliP2 secondary
MPS's were cultured in the presence of dex for ;he indicated time (5-22 days, red bars) followed by dox
withdrawal. Cult:ices were inotinored daily for the First instance of OFF Activation ;green liars)r iThAe
nitric indicate periods in which ppii epiiitnitis appeared during dos treatment, FIG $D shows that N0P22
MEFa 10Were cal:tired in the presence of dox Inc 10-d 5 days, at which point dux was withdrawn, and
GU colonies were snored at day 34. As inns:rated in PIG, Pliti NGFP2 MEIni were cultured in the
presence of Cie>: for either 9 (Hue) or 22 days (red line)... and the appearance of GliP colonies WaS
Seenal :hay net day 29. Note the appearance of CIPP-posithie colonies as late as 15 days after dos
withdrawal: (blue H ne). As ihmlAtiald lit FIG. Ph. NC-T3 secondary hillills were etil tared in :he presence
or absence of Dix, dmint-S-Aza, or dos if SA, and 1.11191,4 colonies were scored       FIGS. 4A-4N show
reprogramming, of intestinal epithelial cells. As shown in FIG., 4A, NNtio secondary intestinal epithelial
crypt-villas.strinitures were :kol4ted LU firOhl and after 24 hours of endure in the irreseneCe of dex.
The:aside began Veeih:hqZ iii:`,:haiXtS101:). (FIG. 413, inset). NG. 40 iliostrates thin within 22 hours of
dont. culture, suspended shhemids attached to the mhtradiated. feeder layer and took on ES-Iiim
morphology.. As shown in PIG. 4D, edionica continued to grow. (luting two weeks of dox treattnent, Out
differentimed and became indistingaishable from the 25theder layer Upon .dois withdrawal (FIG..4E). FIG,
4P a:tom:Mai soix-dependent infest leadcelonies were neer:weir: resistant two weeks after dux
administration. Fkl, 41.3 shows .bitAtifite secgtencingHof the encloperions Otit4 and .Nanog priarnoterS
in:In:Slily isolated N.Nitio secondary intestinal epithelium, .partially reprogrammed dox. dependent cells,
fully .reprogrammed NNeo IFS ails after 30infection with Sox2 and Klf4 eithaes. As shown in
FIG.4.122741CP, analyses of expresaiodolthe.4 famors and. Nanog revealed that dox-dependent .bhlsiiix
intestinal epithelial colonies express NO levels of Oct4 andt-ctnccnreartson with ES cells, biut very low
amounts. of Soit2 and K1f4. HG. C. shows. that NtitiP2 secondary  11 intestinal epithelial cells formed
spheroids in suspension within 24 hours of doe 
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addition and took on ES-like morphology within 72 hours (HO. 44 1);ck, 4K and 41. iliustrates that NO:T.2
intestinal epithet:um gave rise to dox-indepciadent secondary ;PS colonies that express OFF' Cron) the
endogenous NanOg :0(.13S. As shown n HG. EffLA-DTI based fractionation of intestinal 'it:1th from
differentiated cells of the UptC.111 Cor UK. crypt (tractIoll .a01,11AC a ^w days dox induction
demonstrates that etypt fractions in both NNtto and N0RP2 secondary lines are more etiletern. in initial
colony formation: As shown in FIG, 4N, (IRT-peR am:vain showed that with the exception of Kill, the
transgenes were more efficiently- 10inchieral Ia fraction 7 (crypt) than in fraCiiOn eVilh-LSof the N'NfeCs
and NCH32 inic:Si :MI epithelial cells.       FIGS 5A-31_. show reorogrUMMii1W. of other somatic coil
.types. HOS. 5A. and 5I:# show NNCO 131,,ESetpcjaymal &tem cells (MSC:sl, before and after 2 week,
of dux administration. FIGS. SC and 5D ShOW NtifP2 MSCs betbre and atter 0 days of dox treatment
forming I3Se colonies. FIGS. 5E and 51- show that Nal3P2 .MSCs gave rise to doxicindopondent iPS
CE)::)flies that express C,) PP from the endogenous Nariog locus. An shown ht Fig. 50, colonies of
dermal Iteratinoeytes from NNco chimeras with lypieal epithoLal morphology (inset) began to exhibit ES
cell morphology within 12 Jays of dew treatment (FIG. all). 'these cells fully 20reprogrammed to form
3100111YCinSU'itindiny iPS colonies (Fla SF. illusmtled in FIG. 5J, after expansion in seram-frire media,
plated NNeo-deti \fed neurospheres readily differentiated into astroerdc cells in response to dos and
serum-containing ES cell media, When plated neurosphere cells were expanded in adherent conditions
with EGI' and FOF2 for another 3 weeks and then exposed to doxcontaining media iFS cell-likc colonies,
appeared both in ES cell (FIG. 5K) and sermin-free media (HO. 51).       FlO. 6 shows that Cully
reprogrammed NOFP2 secondary rylEf's reactivated the endogenous Nanog locos, exmess Oct4c. AP,
and SSEA.1, and could be maintained in the absence of dos. 30MOS, 7A-7C show additional analysis.
FIG. 7A shows tilt f-PCR analysis of endogenous Oci4, Sox2, Kira, and o-N,Tyc transcripts in NGIP2
MITs during the time emne ot mprogramtning: in response to (lox treatment. Also shoci.en are expression
ltmeis in t'yo Es cell RNA preparalionsi.y6.5 lino and the NOIT3 i1353. cell line. FIG.  5 1U 25 
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30 , 12 shows a comparison of the interexpenmental variability in iPS colony formation efficiency between
dneci: infection and the secondary system. 5;x10300:4-neo 4II51-s1 vercii-515eiiied with the 4 fac.tors
encoded by Moloney-based retroviral vectors On a 10 emneomycin seicietion was initiated on day 6, and
tacistant colonics as";an conntcd on day 20dire d infant:on). 3x II; secondary NC FP2 dftFswere platad ha
a 6 wcil dish, aaposcd to dDK-CCtilI3iing media, and GEP-positive colonies were counted 3 weeks later
(right ---- secondary system). The bars represent colony numbers 5n each ot the 4 indepierichini
exporinients. 151G,shosi,:s Scnithelin analysis of secondary5PS li ties NUFP3. NGFP2, and NiNeo with
K1f4, cMve, Sox2, and Octit 00NA pilnea. IPM0genitms bands are marked with all arrow, and prmyiral
insertions are markedaniowilead, with the exceptlon of klIci4 in the NNeo line. which Is a transpene
laignasi to the collagen t locus.       FIGS. SA-D show PIG. SA shows NGFP2 seeondary tall up librobtasts
snecessfully icarograinmed into dim-independent, OF P4- iPS coils, FIG.shows that iPS calls darlved
0a0n MIIIP2 secondary intestinal epithelium express endogenous Naomi and SSF,A I . FiG. SC shows
that iPS cells derived fmni N5I4P.02 secondary mesenehi,i,mal stem cells express endogenous Nanog
and SSEAL As shown in FIG. 8D, primary Illesimcbyml; stem eel's harbotin the reverse iransi5ctivator at
the Rosa 26 locus and the Oet4 coding sequence under control of the 1et-operator:6 were it:tee:54d with
44thise:i encoding Scts.2, wit:tee. and KIP. Addition of dox to the infected NtSCs resulted in fully
reprogrammed, (lox-independent IPS cells that express ondo(5orious Nanog protein
ilninhitnolluorescenceh       FIGS, 9.4,559G show sucees.sful reprogramming of cell cultures derived from
the adrenal gland (FIG. 9A), False F5G. 911), muscle tiFIG. 90. keratincieytes (FIG, 9ai, and
neurosphercs (FIG. 9E) of !'Theo secondary chimeras determined by dos independence. :neomycin
rosistimee, and Nattog expression (red, immunoiltioreseence), HG. PP snows secondary intestinal
epithelium isolated from NNen chirneras and cultured In the presence of dux Tof 8, 10, or 12 days nod
stained for alkaline phosph55tase ;AC-IiVitY,alloWil inIlia 90, NNeo secondary iniesiina5 epithelial cells
became doxindependent iPS cells after infeC00:1 with additional Sox2 and KII54 Mrnses.
Iiimminothioresconce anal ysis (red. top rosc) revealed expression or oct4, Sox2.. Nanog, and SSEA1 in
fntly reprogrammed cell:: (blue-, bottom tow represents the nacksn. DAPi stain)        EIG, I 0A-10D silows
bomohygons inscrtion of GRP into the 0011 locais. 119 ltdFS cells we.re elecnroporateri with the CIFP-
nw:oR gene nap vector tr.:meted:0 the     R Ufthe OCT4 >cu.sass1101,S13 in FIG, :OA. A correctly
targeted elenes, iderdifitd by Southern analysis (FI(T. 1.011) stained ihr GIP andpnto rosistatif 



12

(GS, ;.00 10th when undifferentiated but the marker and drug resistance genes were silenced when
differentiated (not shown).       FIGS. ILA-11B show DON and tatnnxilen inducible factor expression. As
ShOWSFla I A. launan fibroblasts were inTected s th 1cntis4rns in.a..to:fs carrying DON Inducible factors
i..,Brambrint, o at. C'ell Stem COL Feb1.59 OWhen DON ,,kes added to the CULtfil,;)S, nnfflvsia by
ETPCI3 detected strong Ilictor expression. \vile:tits little if any transcript was seen in the absence ofDOX.
Also. iPS eclis derived lion" the Infected fibroblasts displayed 1)0X dependent expression (right two
panels). As shown in FIG, II B. fibroblasts were infected with vectors containing a SOX2-ISA fusion
eonstmet I arnoxilen addition to the medium resulted in translocation, of the cytoplasmic:, protein to the
nucleus indicating: drug dependent protein activation,       1105. I2A-120 show generation of it'S cells from
human fibroblasts. As shown in HO, I2A, I.X.:14 and NANO expression was quantitated by qi3CR and
shown to be in a similar range as in control haES cells. FIG. I213 zda.Asis examples of iFS eel is
generated from adult Ina:ram Fbrohlast.s, The 118Mall iPSfrrime.d nght colonics and stained tbr
ssr&A.4,1RA 160 and 00.14. FIG. 120 shows teratomas with differentiated cell types footed after inject:on
or the :ET'S cells into SC:ID mice.       FIGS, I 3A- I30. slloy., reprogramming of mouse fibroblasts after
transduction of the four factors vat a polyeistronie retroviral vector. 3A shows a schematic illustration or
vectors QaThying the four transcription lf:ictors Sox2" Oett 1<114 end emyc, each separated by 2A
sequences or various combInahons of 3 or 2 factors, As shown in Ha 314, iihrobinsts were co-ihfectod
with Hsi., 4 factor polycistronie vector shown in the Lipper part of the panel and a single Otdd virus.
Reprogrammed iR,IS cells expressed alkaline phosphatase (AP), SISKA I, Molog and 0c14. FIG, I '30
shows, the 30results of Southern b1o. analysis fnr proviral integrations of 3 independent IRS linos. Thc
DNA was digested with spel which elem,tes enee in the ?BS ef the vector (giving I band pet prosdnat)
and the blots were E,:equentially pt.obed ..A,Oh a Sex2, c-inye and Octsl so 's.41:0;45 alhi r:tO carrkNi
t,Mle4FOcal.14 two  14 polyeistronic vectors (one of the latter was truncated and had lost the 5'
stiquenties).ltowever, fi:iilariditiation with an Deft probe re.VC1tEMg anti ;IS.ditind 00t4 prOt       FIGS.
14A -14E shoski geniaration of marine iPS ceils usinm a single 4F2A nolycisitronic tints. FIG. 14,A shows
1,13W lei:divirus constructs tested by transient truristiebon (also shotim in the previous Egarii), in total
:bar 2A peptides tiii2A" ICA, and P2A) were14B shows transient irtitnsfection of 293 cells with 
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RAM 2A lentUslrases. Cells were harvested after 48 hours and analyzed by westem bloi (WB). Efficient
protein expression was observed in all constructs tested, 10 indicating four unique 2,A peptides support
robust protein eiginission NOTE: SON2 protein is not detected in ES cells because only a short exposure
sires used. FIG. 14C: shows a schematic of the 4.1i2A DOX-indaeilite lerin vitals 003flaillin three typtli of
2A peptides 0-12A. T2A, and E2A''). Moine ei.1)NAs Car Cent, Sox2,K114, and partieidar SCSMCWO of
factors and 2A peptides is subsequently referred to as 15"D shows RT-PCR a:lay:Isis of trill:NA Mduction
in cells trantiduced with OSKM 41- 2A frO A km 3-days. Tont/ Ogg or Sox2 Md.:intim was used to test
letytils of 4P2A induction relative to ES cells. E2A-eMye primers were used to detect viral-specific
transcripts. Error bars tepresent it.d of the mean or triplicate risadions. 1,:lE show::: the rt,i;itilts of
Western blot: analysis or MEls trartsdueed with 20-41:2:isii-nTA. for three days, Cella infected with lf2A
DOX-indueible lantivirtts i- rfrA produce all Cour reprogramming ilictors upon addition of dosycyciine,
1)0X.       FIGS. I 5A- 15e. illustrate that 41-2A1PS cells express pluripatency markers. As show:: is. 1 Ri
1 5A, hfununoslaining of Oet4 protein indicates high titre infections can be achieved with the 4f2A. MErs
were cultured in DON media far 2 days eater 25transduction with 41,2A *ICA. E 1G. 511 ii ostraos
mot-oho:au changes in NanogGI-12.-MEFs transduced with 4F2A rtTA cultured in PS media s- DON.
Colonies appeared 8 days similar to CCIS.di 0311Ste viruses. Nariog GEE colonies were observed by
day 25 after DON media reinovel at day 2.0.1W0 show tvp3uJi eolcntcs observed on the piato FIG. ;, 5C
shows 4F $.A IFS lines 30generated from Nano: --611P tylEf's or 14. week fail-tip fibroblasts (Tiffs) that
stain positive for pitaapotonoy markers Al'. SSEA1 0"4 and have reactivated the endogenous
:Naxs.::gfO3 M1'SirI3r0RI0Sta11 in5 for TIT) 
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15 FIGS. GA-I 6C :this:rates that 4.r2A iPS cells ate ',An:potenteontain l!etweenprovforl Into:Du:J(46i.
FIG, I 6A shows 111nien elifferothiolion of 4F2A 6rafiltiPS linos '41. 2, and 4. Htstologic.at anal,ysit
o11.etsatomas indl.Ked utter sulxmtaneons injeclion into SCID Inject ichcaie i PS 3 intcs corthibute to all
;hree germ       blG. I 6B sho\cs moderale io high contribution postnalal chimeric mice as detecteilagotni
coat color ftnin 41:2A iPS line 04 F IC. 3 40 shows the results of Southem blot anal ysi; or 4F2A. proviral
integrations in NIEF-4P8 eel: linesiPS cell DNA was digested tvith Ba.mtil..tlybridtath)n of the Same
111:31:Xlilai weight :fragment using all four probes indicates presence of 4 F24 provitus, Red arrow
0highlights ips lino 04 which oothathed one prey:raj copy of the 4F2A. indicates endogenous allele..
nos 17.A...1.7E show generation of human iPS 3ines using a single 9172A polycistronic virus. HO. I 7A
show:( Neon:rad intinan foreskin keritinocytes (Mit:K) transdaccd with 4 F2A (earr..ing motwe cDNAs)
rt:TA, On day 22 a single colony 3was picked and expanded, givitn,,, rise lo colonies resembling h.ES
colonies, These colon:es we 'a picked and a stable in.PS: line was CS:Lail:S:80d. FIG, 1 7.13 IzittQk,SIS
Rev H1>.8 :II 1 immunostaitring fbi pluripetency markets AP, Grid, Naneg, SSEA-1,. 'Ira - 40, mullra 1 I .
DAN alairt is to lower panels. Fl0. 170 ;lit:snit:Les thalkaryolype of Ker hiPS 4 1 normal 46 XY, FIG. ITO
shows in vheo differentiation of Ker KIPS 20,,zlItenintoyli El and eosin staining of teratorm-J sectiorts.
generated hy Ker hiPS    i .FlO. 7E shows in vitro differenti 0.1X. :8' 111PS 4 1.1. 01..o11)< PS 41.:
dorfvoci nooral praeoraon> osposod to cliff:broth:anon couch:ions fOr 6 days produce terminally
differeatialed neurons as detected by anti2Itt; I ninunostataing (green). (Hight KetuiPS neural Fecursois
(NPs) taidexgo spontaneous differentiation. 25NPs were detected tn nti-Nestin ostaMing and
differentiated neurons by anti- a;I (red). DAN stain le; DNA in both plc:tints is blue. 
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FIGS. I8A-3811 tthow Southern blot of' MU-derived IFS lines and do X-- WiThdraWl, Inti8CIIiii;V 8 days is
$1.1ffit;:iiMI to generate iPS lines. FIG. ISA shows Southern blot arsilysis of 4F2A thaes. A se:Ansi unuesl
was pc:fern:b.:NJ io confirm the proviral copy ;:ntother. ln ;his d1 'e-'S li7, mid tf.l sh,ow proviral copy,
however only #4 had 3 proviral copy in both digeas.$B shows Dox wihdra'v3 alter 8 days post-Mlection
oFNano.g OF? NTFlbs with ttIA tOSKM gtnierated two IFS lines. Both generated stable IFS lines after 1-2
passages.  C) 20 2.5 7;0 16 FIG. [9 shows reia6 wz. efficienciesreprogramming using 4F2A in Iv]
NimogUIP IVIEFs ivere infected with 41,2Ahrti'.Ii and cuhurod in I.S mddia       icn-Iiours. Ceils were fixed
inid.,i.tained for Chn,4 proteit E Eratc nfecfion elliciencry Waf:: 70%, The same 51Pd5 WAS :id:;) Used to
infect 0,2 5: I 0A6 helEFfi and          coils were cal:tired on DON. for 20 days After will:drawl of PDX at day
20. GI7P+ colonies were counted at day 25, in three. plates 10, I 0. and 17 GP? t colonies WCTO
observed, 



16

FIGS. 20A-20B illustrate infliction efficiency and pluripotfiney analysis of keratinoeyte-derived human :PS
lines. HG, 20A, shows infection ecfinieney from two exIxr rents. as detected by 0c14 inannuoilaining in
Kerittinocytes infected with 4F2A-i riTA and cultured in hES methafDOX for 4$ bows. Efficiency of
infection \Adis - I 0-201:: based on fraction of ceits posifive for Oc.14 protein. FIG 20B shows human IPS
tir-nds stain positiviLi roveittripoletiQ, markers exptei;sed in fifiS cells (Ker iPSshown),       FIGS. 2i A-2 I B
show proviral copy number of Keradnocyle-deriyed human iPS lines. FIG. 2] A shows SO:3111C17.1 blet
analysis of Ker-iPS lines. I 0mg of genomie 1.)N,A, was harvested and digested with Xbal. Hybridization
of the same molecular weight fragment indientes pre:::enee cif 4F2A idrovirtis, Probes for Sox.2. KI:14,
and Myc :.,,ng.ge,sid 2 1.1) and .1 h,73) proviral copies. Common bands observed between the two iPS
IS are not vim] hi:eh:ration as thesedeii.Ved from Uepeouwlt in feetions. FIG. 2I13 shows Southern Not
:313kdySiSK.Cr-iPS lines. I 0:mg of genon 1.1N:.:\ was harvested and digeszed walt Bandlit.
Hybridization of the same make:ilia weight fragment indicates presence of 4F2A :provirds, Probes thr
Oct4 and e-Mye itItheate 3 (hII .1: and 2 03) provirai copies..       l'10. 22 iiinstrates a stfaievY for be
:lending ii'S eel's with single polycistronic construct at defined genomie locations.       FIGS. 23A-23B
,.:thow generatio;) of secondary ilbroblasts carrying. II>OX induc:bie vectors, permitting reprogramming
without -viral transduction. As iiluiarandi. n 1:10. 23A "primary- fibroblasts C5ttv1 On GEE> in the OCI4
b.xlis were transduced with ail Rim ilictorso DOX inducible vee,:ors tweli as, a vector carrying the let
rtTA.transacti yator, and "primary" ips cols w(tiv generated after PDX induction. The eel Is, w
dIiierenhated in the absence of vox to "secondary' fibroblasts carrying the .sdnie comb:in:Mon 0f vectors
that had iillowed the derivation 17 of ihe primaiy ips cells. As shown in HO, 2313, reprogramming the
accondary fibroblasts ti).!';ecoralavy iPS el ref:jun-es only DOX induction of the proviruses instcad of
infection with new c.Aaa:es, NO, 24 shows tvprog,raurrning without \.'ector-tuediatedtramiduction. Prirnaty
fibroblasts will be derived .from IruES ceik carrying the 0C14-cliEP marker, the let transactivatta.M2rf IA.
and the. DUX inducible polycistronic construct expressing 3 reprogramming fadersthis example OCT4,
S0X2, cMYC3 described        3 in,serted into the COI".1A l locus. The cells wilt be initx:.ted with a vcelor
flanked by 21.ox sites .(Veranra et al, PPM: Nth,{iicadSci USA,13;101y8 y.10380-           int:tying the KFt
oDNA. DOX 1.reauncnt will. generate prilmary IPS cells ,shich, after ere expre;:sion, will delete the KI..,F4
vector Secondary fibroblasts will    dericed that apes DOX treannent, will allow screening for small
molecules that replace the deleted K.I.TA factor.       FIG, 25 shows a scheme :tim. quantifyitu4 the
efficiency of reprogramming by testing thr different markers. Cells carrying the CFP and pure marl...er in
the 0(14 locus were transduced with 3 or 4 factors.. The fraction of drug resistant or OFP posilive
colOnie'S and the appmance of cells that slain tot alkaline phoschatase (AP), SSFA4" 1 RA6I or Nano:i.
were determined ln ecU populin ions at different times after inleenon 2;)FIG. 26 illustrates screening for
small :1:1101.ef."1.11etill8ing secondary fibroblasts 
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th factors that can he independently induced. Pr may fihtoblasta carciing the viral %12,rtTA and the
UGH-OFF marker will be inicisdneed with 13rt3OXifen IIIdCtbt vectors tranaducing lactors and with a
DOX induct ble vector tram:due:Ina the 4111 laci,ot (in ill:S case clvlYG). Primary iPS cells will he derived
by culture in larnoxlfen and DOX and secondary It brboalsts will be derived. These eel's, when cultured in
tamoxiten, can be screened thr small molecules that replace eNVIC hr re}.-trogratrunlng to secondary ;PS
cells.       FIGS, 27A-27C shovv characterization of DOX-inducible IIIPSC; derived ftwit fittn:thliatit.tt from
PD po..tents. Fla 27A sfle'sss phase contrast picture and imtIEIMOthkoresc.c.:Tx2 staining of hiPSC lines
NeF-I (nen-P1.)hiPSesi" FDA 3'4, PDB?"'POCI'Ll, PDI:)>''-l and PDPP-3 the pluripotency markers
SSEA4, Tea-I- 60. OCT4, SOX2 and NANOG. FIG 2A shows quantitativefor the reaeliva:Mn of the U In' it.
. 13teney related genes NANC.'6, OCTri zind 5.'0,3C2  18 in independent hilYSC limns ItfiSCia and
primary fibroblasts. Relative expression level's Were ii'oiiiinarund to expression of the.se genes in
fibmiliMsts.2.8C shows thethyiation.;m::::!ys of the 0(.74 pronnflor :region. Light 'gray sginum indleate
unmethylated and black squaresthethythted CVOS In the (XIV promoter of 5.hiPSCs and parental mi)i:tip
FIGS. 28A-2SC il.ltistratethat P1) patimmderived hiliSes .oarry low copy nurniims ofinnarrations. FIG.,
28A shows hemananyhtt and eosin staining of teramma sections an:Ion:and from iiiPSC linos t6
(no:EF-rD hiPSCM, , POLY- ""..and POE' -3.showingt 'Fop row pariets: pigmented neural 10epithelium;
:Md. ronatmnds: neural rosettes; 3rd row .pandsi intestinal epitheliumn 4th row panels: bortoreartilage;
lantorn tow panels- smooth muscle. F.10. 2f i.1:1 shows Me re-subs of Southern blot ..analysis of hESC
line FIGOlmouse. embryonic fibroblast (MEV) feeder eiiihr and the intiMated PI> patieraiderived hiPSCs
(and:non-Pp hiPSC line M)LT1) for prosind integrations of Xbal. digested genomic DNA rising 32P-
1.5labelled .DNApiolies agaMst Our* Afp'4, SiOn ande-MYC, PIG. 28C irca table summarizing the
apt:can:imam number of pins-had integrations 1W the Cour reprograrnintng:tactors in hiPSCs based on
Southern hiot analysis shown in 2813. 
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FIGS. 29A--29C. show gyration of 'RD patieni-dericod hiPSes using icts.P 'excisable teprogramnaing
the-tons. P. 0. 2.9A is a .schematic drawing of the, 00X- 20bnimeible leyeivira eenstruet ri,N1-;;Aty-Loxp.
the IN:mania locus alien pri)Vira! integration f2liss) and after Cre-reeoinbinase Mediated excision (fimit).
The 141W- Tos.0-loxP vector eomudits a seiPixydine response(IRE) lonatcd afa   ihtnd lifet.'" promoter
and a unique /N-1.M site used for diagnostie Southern blot digests. The reprogramming factors are
flanked by Ecoki tesirlinion siles, The 25NIH. of this leinisthal Vector contains a. single lax? site, which is
duplicated during provirol replication 1tito the 5' I:TR. This duplication results in a trin-q.Zniin flanked. by
2.1o.x1). sites atier.gonomic integration of tha.provirus (21px.), 'II:is allows the excision of the inniiigene Ill
entill)iiinthM With the .complete promotepsequenees. using Crerecombingse f lox). (..W.RE.- Woodchuck
Response @omen, FIG. 298 shows phase. contrast tactare end immunothimescenee staining of hiPSC
lines .1-'01l2k'-'17 and PD.B-21. ihr pluripaterley markers SS.E.....,1t4,0014, 50.X2 and NAM.X1.        -17
atnl poi3:'k'x -21 name derived by impression W. the fbree.reprograntining Inemrs OCId, sox:d Kfalf4 from
the PUW-inte-loxIl virus shoe...is in A. In those  19 lit ail three ritittogfairtming, factors are flat:iced by lox
Is sites at rite3t                    2.9C shows iterthatexylin aiirl (trysan staining of a tcraiorna section ,icriertiieti
from 0Ill132'",, I 7 .::311 PD[YnevCartVing XdSIbiCreprogt facto; s,             30A-30.0 show .ifeneration
and ahibtacteriiratition iitf reprogramming factor-ftee.hiPSes. Ha .30A. is a schematic overview of
Cft-mediated excision of the transgentra hi generate reprogramming factor free hiNes. IPS.PD.R21 cells
\satire :derived. using 1ILIW-le10-.-IioxP lentiiMial vectors tratisdifeing S repriilgratraning factors 0(77,
Kl.hilind SIO.,(2.. MG. SOB shows .Southern him' analysis for pro:3ml integrations of parental fibroblasts
(PDB.), prasbus-carrying PD:fs' clones i7 and POite'-21) and:he indicatedclones atier Cre-recoMbitiase
mediated excision oldie trans:Ones. PIM) indierittes.PD.Bi''' clones, which were isolated by Ortanayelia
selection; (itiliT indicates POTtl'" clones isolated by FAGS sorting .for 
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(as. itthown in MIA). Gettomie DNA was digested with Xbal and probed for .proviral integrations rising
"12?-labelled DNA probes against OCTitiSOK2. atones .indicated in blue were disregarded because of
NillainitIc4 integrations based on the Nifiel digest Shown in Figure 34. FIG: 30C. shows cyiogerictie
analysis of IniPSCI lines .PD8-17..Puro-5., and PDB2 I Puriwi .2. shows noritnal karyoqpir. utter
Cm-mediated.excisiemof the trans genes. FIG. SOD is a summery of the generation: of factior-frtx.:
hifigcs, FIGSshows characterization of reprogramming factor-free .hiPISC:st FIG. id IA shows phase
contrast picture and immitnolluoresamice staining. of reprograniming factor-free hiPSC.I.ies
.FIDB'''-17Puro-5 and POWPorn-12 for pi tiripoteny Markers ..........0014" IlitIOX2 and .NAN00, FIG. 3.18
shows :quantitative RI-KIR jot the: reacitivation or the endogenous pluripiateney related genes
Af4AIOG.and .SO.X2 in hESCS..nbrohlaSts (PDB.), provirls-cdtryiiq: . POW:" elo.riesIV and PDIP"-.21)
and indicated POW'''. clones after Ore- recottibinaSe Ilicdi0A excision of the. I.Jar;:SgeileS. Relative
expression levels were indimalized to :expression of these f.itt.nelibroblatits. to.3iC shows. Itetnittox.ylin
and eosin staining of a...Mt-Mo.:no sections generated from ftMter-free: FOBl7fitiro-5 and PDB''"I.--.2.1
purmi15 celia FI.Cs, 310 shows Mtaitatiativefor residual trausgetie expression of 0074, ic:LF4 and SW? in
hESCaite,GOIIi, primary. fibrabFisis WOE), primafy infected fihrOblaiillShiPSCS  
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90 PD-derived hiPSCs (PDAnt-1,Pne-1,provirus eanyinclones (PDB:uvA-17 and PDi-321' -21) and the
reprogammitw. Mew:: 6.{-,,";- VD1V clones (PDB 'I'"-17 W-5, P1)137Pnro-31, PDBk":--2 Ptnii--20).
Relative expression levels are normalized to DOX-ineineed QxProssion in PlimarY infected fibroblasts.
HG, 31E3 is u ViMn diagram disnlayinz, the another o [differentially expressed genes T<0.05 determined
by moderalvdt-test, CanteIbr fake discovery rate) between provirus-earrying PD&F"' lines
0l.):B2k}x--17, PDR"k%21. PDR:Th'-2.21) compared to hESCs (119,13(201) or reprograthmu atP DB
lines P1311.31k;A- I 7P uro-5, PDBijro10, PDBI''-'21Puro-20, P0133i'-21Puro-26) compared to hESes
04),13001) :respectively,       FIGS. 32A-3 zo show that transaene expression for 8 days is sufllcient to
reprogram human fibroblasts zther primary infeelions, FIG. 32A shows hntnunoflUOV:EteetICe Stain; flg
of pritnary fibroblasts (P10/.3) transduced with the 4 reprogramining factors 0C1.4" K.LF4, SOX2 and
e-MYC. Cells were fixed and stained for the exptesion or NANOG (red) and Tra-1-60 (green) at id: Boren;
time points (top panel at day 8; bottom panel at day 1(1)DOX-indueed transgew,...! expression, No
NANOGITra-1-60 positive celk SVC", detected earlier than 8 days or in cultures that wore not treated with
DOX. NANO0 and Tin. -60colonies were also deteetable in all eultta es that were stainedtime points :2,
14, 16, }8, (lays),. Dtt. 3!2B shows immunolmoreseence stainthg thr pi illip01,013Cy related markers SS
}1A4, FRA- I -6o. ocr4, SOX2 and NANOG of iliPSC efones PUB': --I and PDB'3.- 12d.,1 cs determirEe
the teinpocni requiremem tar transr,s,oliC eNpression, primary fibroblasts (PDEi) were infected with
DOX-indueible1entiviruses cayrying the :-eprogramming ..ilielors...flai.z.sgene expression was indueed by
the addition oF nax. At different tirne points the medium was changed to hESC medium without 1)0X and
PSes were isolated at 24 days after nrilial DOX addition. l'he left panel shows hirSC clone PDT3' -1 that
was isolated froth a culture that was transdueed with the four reprogramming factors ;)/Id exposed to
DOX Inc 3 days. The rigid panel shows the 301111'SC clone PD13- -12d that was .isolated from a culture
that was transduced with the three reprogranthring Iktors and exPosi to DCA .ror: 12 days, H0. 132C
shows quantitati ye RI-PGR: for the reactivation of the endoiNnoth; pluripateney related g.;,:b:.; N:4 wocc
0(.74 and SOX2 to the f.:;,:illow;ng.hiPSC: lines PDT343t1 and  91 
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PD131F-2, D4, AS, hitiSCs and primary fibroblasts Relative expression tevels were normalized to
expression 01i:these genes in illihroblasts, FOB' -1 and 1013:--2 IPSes cue isolated after 8 days of
transgentt espisisition of thereprogramming factors 80X2,1114 and tv-ht VC. HO.. 32D shows
hematoxytin and eosin sitairtlug of teratoma sections generated from liiPS:t2 bine PD.Bd 2d and PDT34'
-2, TilD18:31til 2.dderived by DOX-induced transgene expression of the three reprogramming factors
OGViii, 810X2... KiLIN for 12 tiia PD134'i-i2 was derived ha DON-induced transgene expression of the
four reprogramming factors DCf4, SOX2, K1J4 and ci-MYC for 8 days. FIG. 33 shows generation of
hipSCs carrying ervisrecombinase excisable viral , reprogramming factors. Southern blot analysis of the
indicated FPSctones for proviral integrations of Xbal digested genotnie DNA using 3"Pt-itibeld DNA
probes against 0(ii1/14', taiii4, and SON 2. Alt 11.1111:'' clones were derived by reiroviral transduction
with (restoeumbinasislentivirel vectors 081...1W-teliO-loisP) for the 3 reprogramming factors  004, 5,8i)X2
and Fa.r4,      no. 34 slainsis Southern blot analysis for exteishan of the reprograrainitig leactors in
hiPSes. Southern blot analysis bur proviral integrations of parental fibisiblissts (PUB), provitusi-carrying
MB:Nos clones (PDB2'''-i'l and and the indicatedclones after ere-recombinase mediated excision of the
transgenes.clones, which weretted by Purort),Ydi: Sek-CtiOW "Fis indicates dories isolated by FACS
sorting for 1-1.1(3IP tas shown in hilgLitits 5A;. Cienornie DNA was digested with MM and probed for
provirai integrations using aheucd DNA probes against 0C114, bilifisc and S0X2. Based on this Southern
blot analltiisirlii the PEtbil''' clones indicated in bluePDi37(t 18, ifinti21Paro33 andOF ft-28) were isTarded
as either partially deleted or mixed cellular populations with partial deietions or the iransgenes. FIG, 35
shows Southern blot analysis for aliW-NI2rtiA. 
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Southern blot aintlysis of parental fibitiblasts (PDR), provisos-carrying Pclones (11.)DffiTh'xiii7 and
PDB]:it'iii2 ) and the indicated PailtIk' clones for proviral integration of 1711W-M2rtit A. Pow indicates
chines wit ieb were kohtied by purowyCm CePP lccatcr, C: loses is:aimed by FAGS sorting for EGFP
iti,as shown in Figjilii) 30A), Chrclomic DNA was digested whit MfhI and probed for proviral integrations
using DNA probes against I'll W-tvittliitTA.  . 92, Table ]: f.lumgacells deri,ced &cm factor transduced
embryonic or adult human fibroblasts, Fibroblasts were infected with constitutive or DON inducible Lenti
virus vectors tranudtating clifferent combinations DI factors, fien.yeen SO and loci clones were picked in
each eXpriment. Southern blots tor viral integrations showed thm the IPS lines were &rived from
independently infected fibrolnaults. (0 = OC14, S SOX2, KN NANOC),       Table 2: SOMMarY of
transgenic human ES or iPS cell lines used in this proposal. IX)Xinducihk polvci st runic vectors cartyi no
di libretti: combinations of iloctors \sill he integrated inio the 3'Lltk of the COL, /A locus ot (IFP will be
inserted into the OCT.; I:)cios or the indicated neural specific genes. The table also indicates the specific
alms where the cells il lix used. DETAl LED DESCRPTION OF THE INVENTION        The teachings of
P(..:f Application Serial No, PCT/U30810045.16, Idcti April 7, 2005 and U.S. Patent Applieation I
(I/997,146, Eled Nov',..,:ber 24. 2004 are incomorated heroin by r1:::teTenCe in their etalrety, ft is
contemplated that the vat ions embodiments and aspects of the invention described herein are applhtable
to all di:lb:rent aspects and embodiments of the invention. It is also contemplated that any of the
embodiments or aspects can be freely combined With one or more other such embodimants or aspect::
whenever appropriate.       The study of induced pluripotency is complicated by the need lot infection with
high titer retroviral vectors resulting in genetically heterogenetms cell populations. We generate d
gcucincatiy homogeneous "secondary" somatie C.I,:2118 that carry the reprogranuning factors as
defiln?:.d dOxycycline (dox)-inclueible ttatts;:4enes. These etals were produced los, infecting fibr:oblasts
with dox-inducilde lora:iv:ruses, reprograrnming by dos addition,. selecting iPS Cells, and producing
chimeric mice. Cans (loci ved from these chinteras efficiently roping:mut npoit dos exposure 'sgthont the
need totiniection. Ittiliaing this system we danamstrate. that (1) various    it Ifli\ '01S k:bi0:121 indtgZe
phiriptottonoy,thc: duration of :fransgc:ne acn,,,,ity directly ent-Ix- ales with reprogramming efficit;McY,
cells from many sorotMo t=:,,i can be reprogre MMed and, tOHn &lie:tent cell require di'Ak,.rent irehedtion
levete. This 'it '4thie eldereeteri:eetikm 
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reprogritmming and provide:: a. unique platflmici for genetic or chemical screens to enhance
tuprogramming or replace :nth widual lectors. ;       it lia>: rucently been shown that mouse and human
fibroblasts can be reprogrammed to a pluripotern slate through reiroxinal-mediated introduction f fear
transcrintion taisdors Orrt4. Sox2, KIN, and c-Myc Reprompintring can aisc ai achieved in the absence of
ci-M,/e. though with decreased effkieney. Nevertheless,. with these approaches only a very small fraction
of cells infected with all 4 factors will eventually reprogram . The nindom viral infection results m genetic
tUhetcropencity in the infected cell culture that likely plays a significant role in the low observed frequency
of induced piaripotent stem (IFS) cell formation. 'IherefOrei iltithfuily reprogrammed cells must be selected
for by the rear:ill:aim; of endogenous plaripotency genes , or based on morphologicai criteriathe
reprogramming process has been shown to require approximately 10 to 12 days of sustained transgene
Siexiiitesqicin after viral transduction and ibilows a L4ei4W)thd ad:Nat:01? Of phlripOlene:y" :11:11'1er:::,
with initial activation of alkaline phosphaitase and :itage-specific embryonic ariligen E.:SSE:A ill followed
by recaqi:ation of the endogenous Oeizi and Nanog genes, after which the cultures are able to sustain the
pimipoiem stare in the absence of irampene acilvity 20The cellular and genetic hetcro;ene;w of randomly
infected fibroblast3 
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eoirinlicateri the exploratioil of important rmiftrailar events occurring during reprogramming and limits the
sealabfilly required for high throughput arAy.W.S. Jo oviffe.omti these problems We dexelopcd a system
LU generate genetically identical cell populations amenable to reprogramthinc without any furthei genetic
interference To this end primary fibroblasts were infected with doxycycline-indneible lent:virus:us
encoding the 4 reprogramming factors. Following btastoeyst injection Mir:leek! 3.113C-0 were generated
consisting of tissue types clonally derived ilrorn reprogrammed piti,mblasts, F'rotn these mice
homr,geuecitts donor Cell pCpUia11031 could he derived. harboring preiselerUd vector tritegrahomi
permissible for reprogi`arnining, 30rot the robust and simple doxycycline-induced reprogramming or
prirnary cell types without the need for direct viral transduction ot the reprogramming factors. This
technology taCWtStOS lbiLl generation of large numbers of geraUically identical: donor cells and
reproiieni,s powettal platform for genetic or chemical screening  94 lIPPkatiolls to in1PrOVO
ICT)Mgrarniilingaddition. the same approach can be is:UR:eel to screen for small molecules replacing
cath of the 4 factors by genetic: deletion of one padiettlar naitor in the oluripotend reprogrammed
fibrotilinas Furthermore, this tool is not: innited io fibroblast cultures but can in principle he rdmilaely
applied to al I other somatic cell types, pm \Acting an attractive way to induce genes: in cell types that are
difficult to Infect wills rethwiruses such as lymphocytes or intestinal epithelial cells. RES:ft:TS GenenttiOn
of gene:lea:Hy hrhnogenosts cell E0ET6aldords for drug4nducibio teprogriminsing gelierate cell
populations hortia n0utWtttt respect to the number and location of proviral integrations, we utilized a
dciaynycline iltitotHiadateible trans:geme te, systemmid constmoteddoiyindneible lentiviral vectors
encoding the 4 reprogramming faelore. Mouse embryonic 6kt:blastscontaining both a reverse teirseycline
traria:in:Rini:ay and a PeK promeiter-driven piwomycin resistance gene targeted to the ROSA locus
EROSA-M2rETA) in addition to a green Ihrormseent protein ((ITT) targeted to the endOgCTIOUS Nanog
cus E:NOFP) were infected with the 4 lentiviroses Sjnulariv, Pie In-Elected Rosa-Mad:TA. M
EistnarborIng the Oct4 efENA under eeintrc4 ofthe tetracycline EsperatEg: targeted to Meype Coil:igen
locus and a 
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is neonexan resietanc.e gene in the endogenous Nanog locus(NNees) with dox- inducible lentiviruses
ene:oding K1If4. So:s2, and e-Myc (fig. L.       Alley viral trunsdniition, doxycycline was added to the
culture medium to activate the tranegence and initiate the reprogramming process. As expected,
NanogCFR posh:dye arid Nanog-neo rest:atm: iPS colonies appeared and cktnai PS cell lines were
established. All 1P8 cell lines could be expanded in the absence of dox, exhibited alkaline phosphate:se
activity and huiringtniously ext>resscd the platipoiciacy road-era SSEA , and Nanog him shown). This
indissales that these 'primary' IPS cell lines had acrecatExt men: cm:ow:nous pittripotenc:s core
transteaptional network and no :anger relied upon exogenous expression of the 4 reprogramming factors
.Fe generate somatic names thu: S.C.re composed of genetically homogenous eel Is ea:Tying idenlical
proviral insertions known to achieve reprograirmaing in primacy  95 i1broblal;:i3,, we in:wed several of
these cional primary i PS lines into bias-tort:obi 'file resulting iimoindiittible IFS cell aimoras were allowed
to gestate tintil El 3.5", at which paint Wail's were iSolated. Pubennycin seleethan Was then used in
seleet agninst cells deriYed from the host blastecyst leaving only iPS-derived cella. We will mfor to Such
cells as ''secondary' \Mrs as they are derived from the tad:may iiS cells and EOM. eaay a speel.6c set of
proviral inst,:rtions that is able to repro:tram somatic cells (FIC., :A). Secondary hilkIti were isolated from
chimeric :PS cell embryos concreted 1Ofrom Mite distinct, clonal primary iPS ca lines (ntie Nanogmeo
and two hianog-GFT? lines) and were Cifitunal in the presence of dox to determine whether the integrated
lentivirai vectors retained competence to mediate epigenetic reprogramming after difibrenbazion in the
developing embryo, The addition or dox to these cultures initiated dramatic morphological changes and
"secondary" :PS cell lines were 1 5efficiently isolated from these CURfinni. by neo selection or GFP
expression and subsequently propagated M the absence of dok immunoltiterescenee demonstrated thia
secondary iPS cells had teactivated the ES cell Mtn-Mote:Icy markets alkaline phosphatase, SSEA I. and
the endogenous: Nanog gene (MC B and NG, 6), The pluripotency of these cell Fines was confirmed by
their ability to form cells of 20endodermal, ectodencal, and mesodermal lineages in teratorna to tattoo
attsava two by their ability to contribute to aritth chimeric mice noon blastoeyst hike:ion (BO. IC. I Et).
"frensperte induetiontepregratinttimghtnetics,.and efficiencies vary between secondary keltdics derived
from distinct iPS cclI lines       While secondary istit.tErderived frOtri all three dO),-incitleible illS cell tines
:underwent reprogramming to form secolidary IFS Cell lines, we noticed differences 
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\via: respect to their inr:rphohigieal chanvs-and proliferation tales oftettdo treatment fintially.,:Mlifs .trom
both Nanog-OFP lines prottrerat;;;:d. to form a 30continent ribroblasticimonolayer alter c:!mx.,:iure to dot
The cells liorn 'line :) (NOEVO:theo underwent robust post confluent proliferation including growth of cells
in suspension, while cells Mint NWIC3):(3Fp line 2 (Nai:p2) grew stowet, forming discreet, .aheal Inc
phosphatese positive, 'ES liketcoiertes opnit the fthrriblastie  96 mcocr ( .FR.i. 2A). The filicobiasts derived
from the Nanog-neo it nc neer formed a confluent monolayer upon dox addition. but generated large,
three-dimensional colonies. :1/2 fier 12 days ot :lox atimitaktration, INcolonies; with IH:S cell morphology
were readily visible in all three cultures (HU 2A, arrows). 5evaluate the reprogramming kinetics in more
detail, fvfilEs from the. three lines were cultured in dox-centaining euaanci flow cytometrie analgsia was
utilized to monitor the reactivation of SSEA I and GIP (1:16. 2C). All three secondary hilth's exhibited a
gradual inerease SSEAl -positive cells over the time em use, bni some difirerenccs in timing were
observed. The NNeo NIEFs showed the earliest increase of toSSEAl-positive cells fr:):3) 1.3% to 17.8%
between daye 8 and I. the NGFP2 MEFs showed a etiniim increase bra at a machpoint (from 4.4'..!..n to
2.9% between days 14 and 18). in contrast,from the ef'S eel] line NGFP3 :::::hibited a dower, gradual
activation of SSEM reaching, about 10% on day 14. the first OF P-positha:i cells were detheted as early
as day 14 in NGIT2r31U on day 18 M NC1FP-4 Mires. 15to monitor the timing of reactivation of the
::::1(1:::g:110113 Mixing locus. in NNeo secondaryNIEFa. see plated cells and began drag selection at
carious time points :tiler dog i.i.,ittnient, in contrast to itethauion 01 the Natiog-GFP repmter gene around
2 weeks alter induction. NNeo NilTs were riecan),tan resistant when neo was added to the cultures as
early as dav 4 (HG, 213).-Eltiii.. tniithit reflect is faster reactivation of the  20 Natiog locus similar to what
we obserY,;:xl ihr S'S NAT expression in this fine 2Q. Alternatively, neo resistant colonies may appear
eftrlier beetnise a low leVe: of NanN .41-,:a activation 13 SidfiCtOnt to gwe drug resistance in contrast to
6E13 detection which necessitates higher expression . Ailhou ji the ;4erermion of secondary cells selects
for a specifie set orpreeirin integrations the expression of which is able to induce the formation of primary
iPS cell lines, the overall kinetics of pluripotency marker 
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t,:4 activation were similar to that. seen in diet itifection oTNI ha's. This supports the notion that the
reprogramming process requires a series of sequential epigenetic changes. 30Next we. compared the
:"OPregfa.:3137th:117, citcwricies of S. TO determine the optiinill platirtg density, ',ye.second:try
NC-A.4132 MEEk at densities sanOng from. 0.025-590 cells/mm in. box-containing media and CCIA:3tCti
61:1)-positiee colonies 4 weeks later. As snown in FIG. 2D. the plating elimsity had  97 proltxnm.eton h tt
t twn NtH-4..:144"& akAy, completely inhibited UPPtosi.bve.colony 'Mimi:men. We speculate that
parsorimi factorsm rh Mitiallytx mtpired to facilitate 'groydh" and essential ceil proliferation is itnpeded kf
cells are .cont.oct inhthlted. prior to .activation of the tratistenes, ln order 1.0 strim;ently detennine the
reprogramming efficiency in the secondary system we plated slngie fihrobtasts from the NNeo and N01P2
lines into    vteli plates containing 7-irradiated ,YIEI's as feeder cells to pxocitle optimal grOWth support
l'kie observed that only -14% and -8% of the seeded cells from the N,Neo. and NGFP2 .N.IEF's,
respectively, had proliferated sulliciently to form distinct colonies after dos: administration 0iglu prey bars
in FIG. 2E). Howeven, approximately one quarter of those colonie.s eventually became neomycin
resistant or GEP--postice atter 4 weeks in culture resulnaa in t..tr, overall :reprogramming efficiency of
-4% fix the NNeo line and -2% for the NOl3P2 line (dark grey hers in FIG, 2E)..ITtis is 25-50 tnnos mc)re
ell'icient than what was originally reported for drug resits:Jam:le-based iPS t, selectionand betwe,.en 4-8
times more efficient than morphology-hosed lES selection in CtillinCttS Of primary infected iThroblasts
We next compared the reproducibility of lhe secondary NINF system with direct: lntections We in feted
oth,4-nkto MErs skith Moloncy-hased viruses encoding the 4 reprogramming factor::: and counted
nemresisiant colonies on day 20. FoU 17 independent experiments revealed a high degree of
inter-experimental variability of :PS formation using this method (FIG. 7B). In contrast, we noticed a mach
smaller degree orvariability in the secondary system when we counted .Nanog-GFP positive colonies
from doxycycline-treated NE31,1,2 MIA's in 4 independent experiments. 
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TO correlate the phenotypic behavior of the three secondary ME.I' popubltions with transgene induction,
equal numbers of secondary ME-ES 's...ere plated in the presence at absence of dox for 72 hours at
which point the total transcript lecels of the 4 factors were determined by qUanthadVe. RT-PCR.
Surprisingly, both NanCtp-CFP lines induced Get4 at much lower leveis than the hiNeo line which
expressed 004 from the tr::ffiSge:CI in the collagen IA 'GCBS at levehi similar to ES cells FIG. $A)..
Conversely, Sox2 induction in the Nanog-Gr,P lines reached levels much closer to ihat of endogenous
Ses2 in ES ceils, whereas NNeo expre.ssed Sox2 td. significantly  98 lesvet levels in response to sex.
c-Nlye expression was higher in unindtici;id ivilt(Fs in corapation to ES cells, and the addition of dox
resulted in a dramatic induction of transcript levels in all three secondary MEI' lines, In contrast, loral 1(1
i4 levels were similar to those in ES cells in all 3 secondary MEE populations alter transgene induction.
The obsemition that tolal Ont4 leveis in doxtroated Ni\leo secondary Mbl was closest to LiS: >eiis might
explain the faster and ;non:: efficient reprogrammlq kinetics observed in this line (see above), We then
determined the expression levek at later stages nil' reprogramming in NUFP2 NIErs. Snx2, .Kltl, and
c-Nlyn Were alWayS robsisdy induced with only little variation whereas Oe 04 expression slowly
increased over time 4J1 G. 2.A.). This might reflect the selection of cells with liii?,bet Dev4 induction over
time in culture. Southern blot analysis indicated the genothic integration oil:2. e-Myc, l-3 Oct4. 13 Sox2,
and 3-4 KIP; inigviruses in the three lines siudied Desplie their genetic homogeneity, dox induction
resulted in activation of the tramigeties that varied at the single cell level as deterrtnned by
immunfluoreseenee analysis of Ocel and Sox2 (HO, 311), Since not all secondary N.11.-ifs induced the
tram:genes equally in response to dux, we cannot rule ow the possibility that a vecific stoichiometry ot
transgene (fXprOISSiiili is required for runungimming and occurs at only a subset of the secondary Mil's.
14:11cazi ot transgene expression on rO.ptC.giDnirsIng C:IttieriCy arid timing       To investigate how long
expression of the 4 reprogt . amming factors was requirod         ton stable reprogiarnming to occur,
secondary NOFP2 NIEFii were plated Optimal density (see above), exposed to doxycycline for various
periods of time ranging lgoin 5 to 22 days and monitored daily tor GEV fluorescence, The minimum length
o (do>: exposure resulting in (3FP-i colonies was 9 days, with the first GEE+ coionies appearing seven
days a Pier dos: removal at day :16 (110 3(2. St'jkingiv, additional exposure to dox did not accelerate the
appearance or GEP-U colonies, with aFfiarms bthVet.tn days 16 and 18 regardless of the length of :lox
adminiArauon. sinniady, NNee, secondary MEEs were found to require ii 13 days of dox exposure before
stabk, neemycittsresistam secondary i PS colonies could he established.  99 TO CO:te:a the duration of
Irailtigetie, C,Xpre,SSiOrt With 01,Vra11 344prOgralliraing eitielency we exposed seecndary N&FP2
N4E.Fs to doxycyclinc ithr 10- 3 days and aunfifled GFP-po;;itivi.;. colonies on day L Wei found a strilititig
correlation between the length of transgene expreSS:00 and manber of OFP-spositive colonies3IY).
.51/21/21e then Inn:Mated the. 3p1varanect. of netklycipp..posthee colonies over time in the S'aille dish,
Sur risingiy, \IEfs that were exposed lo doxycyclitte far only 9 days C.07iihilied toP-posizi cc colonies up
-to day 25 0 S days after dox withdrawal) MC 3E, blue inlet. Twenty-two days of do>: neaunent yielded a
much more pronounced increase in Grp-positive colony fortnatittitt over time WM. 313, red Intel, [hese
findings are consistent with reprogramming being a gradual atoehastic process even in this genetically
homogenous system and are in agreement with previous conethisions based upon primary
:infectionsharthemsore, the 
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reprogramming proceset continues and can be completed long alter the 4 :rail;,:gelleS Ore down
regulated in resportse to des: withdrawal. 3We also tested whether the secondary cells ethild be used to
assess the effect cit drtigti on Inc efficiency of. reprograintising. F01 this we explored the effects of the
DNA demethylating compound 5-Aita-dinpxycytidine (5-Aza) and the histone thatietylase inhibitor
triehostatin A (I SA). Because of their aCtiOfion modifications both small molecules are candicialce to
improve the Srentrogramming 2thefficiency.. nu. 3 F shows that addition or s-Aza to the 14,1t)diUITU
inethased the reprogramming efficiency of Mithit froth the NGIT3 hoe whereas IS treatinerti had no
obvious effect on the introber of colonies. Reprogramming olotiter cell types scWe straight to determine
what range of tissue types are amenable to reprogramming by isolating secondary cells from :PS cell
chimeras generated from the NNee and filitiEP2 lines and exarnined the- reprogramming ability ofnuthiple
eel I types derived from these eftimeras. As summarized in 'Fable I, some cell types could readily he
rsTrogammed when isolated from the NOFP2 line but the same 30cell types isolated from the NNeo llne
did not yteld IFS cells suggesting that thitharent cell types require different transgene induction levels,
which may result from the different provital integration site:: between the lines studied,  30 'rank?
Sumfltary of Necnarlary iPS cell generatim from multiple tkosue and call pes clerked from NNeo and
NGFP thimeras fissttICe !'e NN eNOT:1)2 Noma: Progenl tor + N./I) Adrenal Gland + Nlfp 
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Keratinocyte Nur) muscle t N./D Integinal Epithetinm 30MesenchyrnM Stem Cell Heinafopoletie lineage
--s Tip fibroblast intestinal epithelial cells Purified iniestinal epithelial cells front both secondary SK31)P2
acL NI:ice chimeras responded 0:,friark ably igdekly th ;foxy:eye:Me In:.).alment and farmed schen:41.5
In suspension f.vithin 4 limns which salfsergamily adhered to the mEr: feader layer and .rook or liar:4lfa)
tvg*.phology within 3-4 day's (FIG. 4A-4C. and .41-43). Alkaline phosghthase ;:ltativity, ownvcr w5 not CC
'Coo prior to 10-12: days of culture with :JON ;Ha .91::). Using a mecthatlical fractionation protocol(sec.:
Methods)thund. that dicse colonic:a thrilled nand: more efficiently from fraction 7 (rno31fly arypt-derrved
calls) than from aatiler fraclions (enriched rot' viflus tilf-derivtl cells) (FRI. 4M). Cells derived .14gn NOPP2
chimeras developed into dox-thdependent ;IPS. cells that Aexpiessedendogenous Nai)og alter
approximately kvo weeks of culture the fat:mice or d0x. (FIG. 4.K.41...,813)..       In congas). cells derktd
from the.NNeo chimera became neo resislara after two .SVCCk.S un.$1able and lost their ES like
morphology upon dox skithdrawrdiFIG 8D-4F'} Risuifite sequencing rofccded some degree oi
30dernethylation of the Nano:i.!, pit:notes :ail only minimal dernethylation of thenclzil promoter t FIG. 40),
and when irgeated under the slain of SC!) mice, these cells were unable to sencrate {era:on:as in the
presence or absence of doxygyelina. chiantitan'ye          showed that these (1,0ils fithed to induee.Nanos
nd'ef:.pressed only very low levels of Sloxlil and KIT4 brg high levels of Gatzl and'e-Mlye'41lIf, Additional
lateolon srSax2 and K it4 lead to the generation of 1olly reprogrammed:. :lox  
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31 independent PS cells expressin;a pll,tripotency markers and shosving complete deniethylation of their
004 and Nanog promoters (FIG 40 and HG. 901       Comparison of transgene induction ievels ;o NCIFP2
and NNeo intestinal epithelial cells $5 hours alter dox treatment revealed di ffierenccs in induction levels
aunhtr to what v;..a;;;; okx;ierved in secondary MEI;;;; from these lines ;TM. 4-.N, co/nix:re to FiCi. 3A),
halestinal epithelial cells derived from the crypt induced most transgene5 more readfly than cells from the
villus, offering i3.11 explanation fbr their increased colony formation ram. FhePe litidinga indicate the
in:Dail-al Mtegration sites; in the NNeo line, while permissible Icr reprogramming of MEPs, are net
competent IFto mediate full teprograMMIDg rn Mies:Mai epithelial ails, irt contras;.; to those present in
NG11132. Mese:lel:rim: stem cell5;:p fibtobiasta We next compared the reprogramming abi My of bone
marrow delayed masenehymai stem cells; ;;MSCG and tail tip ribrOWafti;:i: firlia) isolated from NNeo and
NGIP2 ISchnneras. these cells reoresen; two mesenchymal populations that are amenable to
Rprogramirtmg by direct in:ea:ionCsapplementary FIG. bp?. As wikn intestinal cells:, secondary NGET2
NISCs and 'Fifa were capable of generating iPS cells in response to ;lox, svbile thoae derived from NNeo
elthneras were not (FIG. SA-SF, FIG. 8./C8C), 20 KeltIM,I,CYZeS CAS iSQ:awci from the epidermis
fNNeo chimeras were first propagated. in the absence of doxyeyeline in growth wadations optimized. for
keratinceyfee Homogeneous epithelial cultures were obtained WIG 50), and dox-vcs;cline was added lo
the media. Clusters of epithelial cells proliferakd and changed their morpho;ogy over time. After tvcadve
days the :=d1:1:311 WaSi C1-;irtged to tioxycyCline Wraali:ing ES cell medium f110. 5IT;, and seven
days later :thorny:pin was added. Neo-esistain cells growing in tight colonies resembled ES cells (FIG.
51) and were p:aisaged <ato 7-irradiated l'eeder cells at which peint the cultures were maintanned 30ia
the ai-M.',WitiC Of (ION a:4'1d :::!XpreSSCA endOe.e1301Ct NariOg (11.0. 91)),  
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32 Neural image:Mot cells       Brains front IXNeri chimeras were dissected and a tissue block around the
lateral ventricles was dissociated into single teils and plated onto uncoated culture dishes in LOP and
RiP2-containi rig seramtlime media tiX3EIT) in the presence ot 15:40:T./Chi to select for secondary eel is.
4 weeks hater nemospheres had Mimed that were subsequently plated onto tmlyoritithinesilarnitan coated
dishes in either P'4 cell or Nii3E1 it tedia containing dos to activate the icraisdral transigetiseS:peCted lOr
neural precursors, the cells exposed to the thrum-containing ES cell media difitrentiated into fiat
astroc.ytic cells and stooped divng (111G 51), in contrast, the 10cells plated in Ndfil; media continued to
proliferate robustly resembfing undifferentiated nentioepithellal cells. Three wixiis later these proliferating
cells were     plated in either ES eel I or N3EF media containing dosycyciiiite, ifhe cells exposed to serum
mostly adopted a list morphology, whereas hr NSFF the cells ilThilitOined a bipolar inoichology. in
contrast to the previous passage however, small IS1.1.S-1the colonies appParail in both oonditions over
the next 2 VAtekt: (FIG 5K, 514 When pastngod onniline&r MEl a, nan-resislant doxindopinxiont iFS Pell
lines expressing endogenous Nanog were readily established iina 9E1, Other :tissues 20additioth ;co also
sue0cothid at generating secondary iPS cell lines than cells explained from the adrenal gland, kidney, and
muscle ot NNito chimetati.,..These pgsnes were dissected, dissociated its ti:ypin, and plated in ES cell
media containing doxycycline, After 642 days in the presence of dox, colonies with ES cell morphology
appeared that tthimately became neomycin resistant. dox-independem, 25and had activated Niaitog (F
RI. OA-9C).       Reprogramming of the somatic cpigetionte to a pitnipotent, embryonic state through the
ectopic expression of the 4 transcription factors K114, Sox2, ethlye, and Oct$ 'is a sloP.,, and inefficient
process. The current method iiar induction: of reprogramming is through reitroviral gene. delivery resulting
in heterogeneous cell populations with groviral integrations varying In both imintset and enomic location,
offering an explanation for the vat mdi lity mad inefticieney of direct reprogramming. liete we describe a
novel system for reprogramming: genetically homogeneous cell 
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5 15 20 30 33 .;:ximinations. Reprogramming .ssith doxycychne-inducible lentivital vectors and
333.a):$(3t1213.3I1.3 (Mimosa Iiiiirmatien yi.uicis tissues: comprised of genetically homogenous ceils.that
harbor identical proyiral integrations and re-express the repromynnining factors upon exposure to
doxycycline. This strategy selects for cells.that carry the correct number of proviruses inserwl at
.14c:nornie .h.irir that iire ilatiorable to drug-:induced activation and eliminates the heterogeneity inherent
in de novo viral infection. of target cells. .Surprisingly the timing of reprogramming in this system was
similar to directly infected primary fibroblasts. The minimum length Oftime rnai di": was required to in inte
rQprogrumniUIRc was 9-1.3 days, This time:sea:in is consistent \ern). the 10-14 day time, frame
Observed in cells thiit have been directly. infected with 13t V33.333tot3,3Wei?ciso observed that when
dox was withdrawn 'from the cultures as eaffr as day 9,seeendary 3PS colonies (mini:maift appeared for
the next 53.3,3\3-Q.13A weeks in the absence of doxycycline. These results support the notion that
reprogram/Mug is dri.ven by a stixthastie sequence of epigenetic modifications requiring a minimum
:period el:trans:gone expression. The obserylid reprograiriming efficiency of secondary MElis was as high
as :a which is comparable to the reprogramming efficieney of mature B-cells and vastiy higher than the
estimated 0..1% eliticiency using de nose infection and drug 
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and about .titifoisi higher than what has been reported using :morphological selection criteriahas been
well .thictimented that IPS U0-115 derived from intbisted .N.lEitis carry 6n: average 5 different provirai
copies 'suggesting strong selection for the tints!! fraction of the infected cells' that carry the "terrecr"
number of proviruses, or that express the 4 factors .with the appropriate.stoiebiometry for shceteiritind
reprogramming. Thus, the reprograrnming frequency of secondary MEllis         eirprieted to he higher
beeause these eel Is have been elonally derived from infected cells that carried the "conger' combination
of proyiruses. It so, why would but not most, or all dox trcaterfseeendary cells give rise to Wuou4ary We
consider several ramilintitually exclusive explanations... (ft it has. been esiablisbed. that genetically dora
ical subci.clues cftdirrietly inflicted NitiliFs become reprogrammed atsignifietintly diftreut 1:Mc's or not at
allAs discussed previously:, this suggests that reprogramming involves a sequence of stochastic 3:!Veras
such that cells carrying an identical nuMber o pR3V333331 33003i:333 nult autivato .the ez.140,Vilous
piutipoteney  34 genes at different times. (ii) Our data also show that dox tmument does not activate the
previa:sea tint:lbw-Mycells but rather that differences in lit:ChiCtiOrt between individual cells. Because of
theao variegated expression levels only a fraene:: of secondary MEEs ;may achieve high enetrA
expression levels of or the cotreet relative exottasion kvek bet ten the factors and therefore he capable of
generating secondary iPS cells.       While re' rogramining is induced h vind transduction of the 4 faclors,
the nutinienance of the plat:potent state depends on the re-establishment of the tsta toregulatoty loop
involving the amittation of the l'cor endogenous plurapotency - Meters Octil, Nano. Sox2 and Tet2and
silencing of exogenous lectors. Similarly, secondary METs were:capable of being f;,3 ;Ty reprogrammed
to a aipatm: Stat.0 ;halthe ztiloseneetransgene eXpIVSSiOft.            aiS.0 1.S6 used Me secondary
system to eKat3line the repmg3tamming potoritial of several additional adtdi somatic eell types, iPS cells
could be derived from many other tiSSUe5 including brain. epidermis, inteatinal epithelbgn, mesenchyrwil
sWir: cci is. uril no fibrobllaats, kidney, muscle and adrenal gland through dox tratutotent indicating that
the prociuntes were appropriately activated in cell ty:e,es other than MESs. This (1.efili)tiSlit;ILS that the 4
reprogramming factors can mediate 
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". epigenetic reprogramming in cans with different developmental origins and oigtenetie ste;es and
highlights the usefulness nit secondary ayatem For tho study of reprogramming in a broad range of cell
types. Although special care was taken to avoid other contaminadw; e&H typi:":: we cannot
kint:03.1.11vocAy detnonstrate the 'cells of origin of iPS cells inant these various tissue types. Genetic
ilneage tracing experiments have in fact damontarated thatcells candetitted fitom litter aild 24,23
r.,:ifncr:?.alith:d.IS after trauSdrattinti with 0ct4, Sox2, e-Mye and KlettHowever, not all ceji types are
pernaisslye to reprogramming by these lbw: factors.. We have shown dim reprourturaMng of mahtre hat
not of immature cells requited cx an audinomo la,atoror the ''"1:\PY !NI of the - cells -,st, lit , mo.ieriptiou
i3cior ax.)It 15.. pa.sthte that 11i tiontd and as vet W3K:101,Vii anorF, are required to reprogram certain
cell types. One praclicai advantage of the system described here la that cell typos including those that
might he refractory 30 ex vivo culture and metro viral tallection such as intestinal epithelial cells can be
studied.  35       The drug-indudble system described here itpresenis a novel reprogramming piattOrm
with predictable and highty reproducible kinedes and efficiemies (see Sa)plemen{ary FIG 7B) tha: shou.id
Catate the oidY olearb mcite-cuin c`70tits icading q3ige,rictie repto;zratninh)g. Jo addniiim the genetic
homogenay of secondary con types orovides the fezeiihiiity of chemical and geneiie screening
apptcraches to enhance the reprogramming efficiency. As one example, We de:rift:IA:ale that the DNA
cieme.thvlating igeni15-Aza-deoxycytiiline sitbstantialiy enhance:: the rimmgrammIng efficiency.
Furthermom, such scieens can also be. appiiedklontily COMpOOMIS repiacing the m snal aTuq.nainining
factor:J. Because: the reprograrim3ed state a; not depiindent on the exngerzeuii thetors, the transgenes
can QXCESQC{ Z:uid sccondary coils can bc norstod by c hirnom kir:nation ihat is lack a particular
reprogramming factor .  36 
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The tenet:in:4s of all references.; cited herein are incotporated herein by nclerence in theit entirety.
EXAMPLE 1 Vinti pit:ups:raton and infection        CMISirtiCtiOnat lentiviral vectors containing K114, 50x2,
004.. and e.-Nlye under Conde: of the tent:cycling operatOr nnd a minimal CMV promoter has been :4
described previously. Ruplieation-incoMpotent lentiviral particles were packaged hi 2931' cel1s with a
VSV-0 coat and used to infect MFFs cotnaining M2riTA and POKPuro resistance acne at the ICS
locuswell as either a neOlnyCi31stance or GIP allele targeted to the en:loge:1+ms Nalg locus. Viral:
supematantsfrum est:turns pacliaOng each of the 4 dradzs were periled, filtered through a .45 .:41:4 Muer
and mixed 1: with ES-coll medium t-DNIENT suppletnimtcd wr ft% FBS Wyclonc, Logan, tilT), leukemia
'inhibitory isactur, hemstnercaptoethano1 (SIGMA, A tatieht, penicillin/struptomyci).Lsghuarninu, and
nonessential amino neidsfrom Inv:Orogen, Carlsbad, CA) herore being applied to MEPs. Pritnary iPS
Isolation, teratomig, itud chimera :imitation Approximately three week:: after the addition of dON. GS
tWrw-Aldrid; St. Louis MO. 2ttgludl.), &EN- or ficomyuit: resistant iPS colOnieS vcCe '1..<40lig:Cd and
expanded In. the absence a dex. The NanegGFP2 U'S line was picked from the same plate as line
25Natatii0lb PI (described in di MELi-iPSilli Fine-) whereas line NaptuddbP3 was cleaved from an
independent experiment. IPS lines were injected into C574-36 x         Fl blastoeysts. Bitutlooysts were
plaecd in u drop of DMEM with 15% PBS undo:- mineral oil. A flat-tip microinjectlon pipette with an
internal diameter of .12-45 mm was used tloc :PS cell injection using a Picio mieromunipulator. About 10
>PS 30cells were injected into the blastocyst cavity and blastocysts were placed in KSOM 
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(Specialty Media, Phillipsburg, NJ) and incubated at 3 '7C until they were trunsiered to recipient
tetrzfACS. FifteC:3 ip,jected biatdOeyStS were tranSterrOd to the uterine horns of pcnedopregmun
C:57:B6 x DBASI II fen:tales at 2.5 days pest cdtum. For lento:nit generation, 2x10 cells were iniocted
subcutaneously into the flanks of recipient 5010  37 mice, and tumixs were isolated for histological
analysis 36 weeks later. All anirnai svere treated M aecofflance s.sith institutional lACUC guidelims.
Secondary stnnatic cell iselailon and culture       For MEP isolation, chimeric embryos N'wrir isolated at El
3.5 and the head and vernal rincinding reoroducti ve) orgam were removed. kern:in:Intl?. :issue ;vas
physically dissociated and incubated in trypsin at 37C for 20 minutes, after which cells were resospended
in MET :31(Xlia COntainiEW, istiromyein (2p.gffra..) and expo:lc:y.)1 for two passes prior to freezing.
Secondary Mlifr: used for the described expeffineras were thawed and eKperiments plated 1-2 passages
after tbinving. Kkiletie pxpprimerns FIG. 21 were pitrr)mpled by platins 4x10 secondary kylEks per well in
() wel platt)s and pl)pcs were stained or analyzed at the indicated times. Cell density expetimords were
porlisrmed in 32 won; plates and Cff,Mi. il'S cojpnies were scored 4 weeks aRer dox induction. Single cell
efficiency experiments were performed by ['dating single. secondary NMIF's onto a layer or wddlype
Ikeder MU'S in 96 well plates prior to dox induction (using limiting diltMons. winch were confirmed by eye
in .,eplipate plates lacking feeder MET's). iPS formation was scored 4 weeks inter. Representative
experiments from 2-3 biological replicates are shown. For 5-A20 and TSA experiments, lixl0 secondary
MI; Fs were plated in 6 well plates (a paw 100 20cells/mm? and pretreated with ES cell media containing
5-Aza (1)t.N4) or TSA lbr 481). After 481). secondary kylEk's were cultured in ES cell media plus dos
lacking    \,2;a or ThA. kvIEFS were exposed to 5..A/a or i2c;.0, fix a second $gh period between days
8-10 alter induction, thilowed by culture with dox only oath scoring OFT* colonies on day 21. 25Sornalie
organs were isolated from 3 to 4 month old chimeras. Epidermal keratint)(710S. Weft': :.-Sola:ed and
CflitUF:::tiptintioilsty described. Neural 13.1)4:en:tor cells were isolated and cultured as previously
describedFetal intestinal epitheliun was dissociated using a solmion of 3mM [DTA and 0 05mM DrPBS Mr
30 mirrates at room temperature. The nmsculature was discarded and purilkd 30cr.yptslvilli were plated
on y-iffadiated feeder Miffs in 'the presence of dox, For crypt villas fractionation, the same EDsolution was
used, but frac:ions were 
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collec:tcd bySi:I:A.1:T Mr 10, 6.5, 5, 9, 10, rind 25 niinutes (corresponding to  38 frac:ions -7, respectively,
with representing the kilins tip to 7 representing the 2S erypti allot :ncobation as de.scribad.apitho:i&, cells
6.0m each fraenon were plated on a MEC keder layer in ES media containing 2p OM: CIOX. No grOWn't
observed in (minims htck3ng dok. Whole marrow was isolated from secondary Chthierth miceor thinl
Coill-TetO-Oct4,. Rosa264:,..42rale, mice for direct infections) from tim Sour and tibia Miler removal' of
the condyles at the growth plate by Hushing with a syringe and 30-gagge needle containing DMENI s 5%
Fetal bovineS.erum KRBS) (dyclarkt, Thermo Fisher Scientific). esenchymal stem colis skere. -selected
through diftbrential plating on tissue culture plates for 72 hours in nMEN:I supplemented -with 15% f:BS
(flyCionc), Coinny ft:rim:non of :MSC's in eulturc was carried out by plating 4x10 nucleated cells from
freshly isolated whole marrow onto lOcin plates and allowed to expand far 5 days in the, presence of
plirOnlydn to eliminate host-blastoeyst derived cells. after which dox was introduced to induce
reprogramming, Cultures derived troin atircrtal glands, muscle, and kidneys were dissected, mechanic:ill)
dissociated, and digested in trypsiri at $7'(.1: for 20 thinthes. prior to plating On gol,aiiincoatedwith ES
media containing dox Ant:bodies       For now crcipmetric analysis we used an AEC conjugated
anti.--mouse SSE.A1 (R&D systems, .Minneapolis, MN) and an alkaline phosphatase sitbaniate kit:
Vector Red eJ,IbAtath kit (Vector LabOththrieS, 131111.thFi.t:UM, CA). For inkramolmoreacence, cells
were 0xed in 4% panithrinaldebyde and we used mouse Mormelonai fIJyRliOS against SSEAI
(Developmental Studies klybridoma Bank), goat anti Soa.2 (R&D Systems), mouse anti i:)enl-(Saiiia
Crua), and rabbit anti Nation, (P,ethyl).Fluirtioptiorelabeled, appropriate secondary antibodies were
purchased from lackson lin m ano ReSe arab.  39 
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twine in PBS. Cellathen wasfied once with wash buffer and resuspended in 'FADS buffet For anzdysi,s on
a FACS-cali but coil Sorter. Bisi.thito sequencing and Southern blotting irerionent of DNA was done using,
the CipCienoing DNA Modificithon     (Choinition, Tometsita, CA) fillip:sing ihe maindetsturtith.
Instructions, 'Die is:nu:thug modified DNA was amplified by nested polynsettisc chain reaction t'ill.CR)
using two Iiiirwiati (F) plltisesigignd one reverseprimer: Oct4 OEFIDITTIGITITIOGEITIUGATAT; SEQ. NO:
(Fl ATOGGITGAAATATICOGITT.AITTA; SEQ ID NO: 21; (R, CCACCCTCTAACCTEA,ACCTCTAAC;
SEQ WINO, 2) and Nancig (F oAcromorrinTAAcrittyruf. SR) ID NC: 4; E),
AATOITTAIGGIGGATITIGILAGGF, SEQ. ID .N(): .R, OCCACACTCATATCAATATAATAAC" SEQ U) NO:
6). The first round of PCR .was..dene as 'follows: 94"C for 4 initiates; live rtyrikt; of 94C for $0 goisondsi
56C for   minutu (-1C per cycle), 72'42 for I ininetei and $0 eycles of 94C .for 30 secontia, .51'C for 45
seconde..tiisti 72C for minute:: 20 seconds. The :Secetid round of PCR was 94C for 4 minutes: 30 gyeles
of .942(ii the .30 seconds, Cog I minute, and 72442 far :1 minute 20 seconds. The resinting amplified
pireithiets were giterpstrified Li;Rsinsepti" :Imo Research, Orange,subeionell into the MP() TA vector
(J1rotrotoro,.3riasegret.treed, Southern Honing of gunornic DNA was curried out by di.gescting I U pg of
DNA with Spot (which cuts once in the kW:vb.:31 vuettir backbone) tbflowed by .inibriritiintion with
tuaitiorn priEled itin-ICtIgth.CDNA probes kr the four :tiseesta. Quantitative RT-PCR       Total P.NA gaits
isolated Using I runt renit:ierit nv ronen. Ctulubud, CA), Five micrograms of total RNA was :mated with
UNasis I to remove potential coot mignon of genornic DNA usnig a DNA Free RNA kit (Zyino Research,
On, CA), One 30microgram of DNasti ithreated RNA was reverse tramcribed sit:.ing a First Strand
Synthesis kit (richrogen) and uttinJately rostisp(mdixi in 100 ul of water. )uatithativo PCR analysis was
performed in trip:a:etc wilng 1150 of the itverse iraniseription miastion in anFrisin 7000 ttop c Biosystems,
Fissitor City, C12) with Nittinum  40 



40

SYRR gcten oPCR SuporMix-IIDD with .R.(,)>: arr40-.0genY. Primers used for amplifiexdon wure a].;Oct4
F. 5"-ACATCC.CCAATUAGUT Rai-3' NCF7 and R. 5'A GAACCA1'ALCCOAA.CCACA.TCC-3' SEQ ID
NO: 8; esmgc 5'seCACCAGCAOCGACTCTGA3'NO 9 and R, 3'-- TOCCICVIVICCACAG.A.CACC-3'
SIT,Q ID NO: 10: 1(1H F. s'- ocAcAcCI1 uccAiske1cAcike-3. SEQ ID NO: II and IC 5'-
eCOFCCCAOTCACAGTOOTAA--3' SEQ ID NO: I 2; Scutl F.5-'- A;CACIATtiCAACCGATOCACC-3"
SEQ. ID NO: 133And R, S'- "Ita,AGITEI.ACTOCAOGOCO-3' SEO ID NO: 14; Nanog K5's
GeTcCAOCAGATGCAAGAACICT SEQ ID NO; 15 and R. :5- CIiCAACCIAC fOGT t1-1.1:CT(3C-C-3'
SFQ II) NO: 15. To erktittIV ettitt31 loading ol uDNA into RI' reactions, GAPOI: mRNA was amplified using
the fbilowing: F., .5- TICACCAC:CA'100 AGAA000-3' SE:9 10 Na 17 and R., 5% COCTITTOCCI '
CCAOCCI-3' SEQ ID NO: 18, Data were extracted from the linear range of at-80 ification. A II graphs of
gRI-PC.IR data shown represent sampIes of RNA that were DNase :reated, reverse transcribe& and
amplified in paraild to avoid variation 'inIstrern in these procedures. Error bars rupresent standard
deviation of the mean or triplicate reactions.  41 REFERENCES FOR EN,AMP.1.1111 ) WornUy,, M. J. al.
In vitro reprograemning cf fibrithlasts: into a pithipotunt ES-ce.11- like state. Niante 448, 3 :8424 (2007).
2) OkK.. Iithisaka, T. & Yam:a:aka, S. Generation (ist..germbneseompetain Induced plininotent :man eclis.
INatere 448, 318-337 (2007).            3) Nilabierali, N. et al. Ditectly Reprogrimed Fibroblasts Show Glob:1i
Epigenetic., 1(1Remodeling and Widespread Tissue Contribution. Cell Stem Cell 1, 55-70 (2007). 4)
Takahashi, K. & Yamanaka, S. Induction of plusipotera stern cells from mouse embryonic: and adult
fibroblaia cultures by defined hectors. Cell 126, 663-676 (2006). :3 
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5) Yu, ot al. bidoted pturini steru ct;t11 lines derived from hilf1Mil siM11;:iliti, coils. Science 318, 1917- 920
(2007).            6) Takailasthi., K. et ai. Induction of Epturipotent stem cel3s from adult human
20fibrob1asts by defined factins, Celt 13 , 561-872 (2007). 7) Park, 1,l1. et al, Reprogramming of human
somatic calls to plaripoieney with defined factors, Nature 451, L4  -146 (2008). 8) Lowry, WE el: at
Generation of hatnan induced pluripotent stem colts from dermal fibroblasis. Proc Nati Acad Sei U S A
105, 2883-2888 (2008), 9) Wernia, NI.. Meis,sner,..,A.., Cassidy, J.P. & her:1st:h. R. c-MW le
Dispensable fois Direct Reprogram:fling of mouse Filiu-Thlasts. 0c11 Stem Cell 2, 10-12 (2008). 30 30)
Nakagawa, M. et al,. Generation of indueed plutipoteut stem coos WithOUt MW ifrota mouse and human
fibrobSists" Nat Bitiquebnol 26,101-106 .(2008)..  42 11) hinrA.. Wernig, M. & Jaenisch, R. Direct
rep:roger:Tuning Of getiedes;;Iy unmodified libroblests into. pluripotere stem @Ms. Net tiluteetanot, 25,
1177- t (2007). 512) Takahashi, K., Okita" K., Nalbtgaece,& Y;sinart313,Induction of plurtpoteut stem eel
ts from librob1ast cultures, Nat PEOIOC 2, 3081,3089 (2007) 13)1Sb:Ititteld, lvi, labere1i, N., D.T., B. &
Hochedlinvt, K. Defining !,;10.",ecal.ar Ci.wileretonet during Fibrobim:1 to IPS Coll Roprogramtnim4iu
Mouse, Coll Stem c:e112, 230-24U (20081 14)13tainbrink, T. et al. Sequential Expression of
Pilaripotency'Maticere during DItbet Reptogitanimlug of Mo'ese Sormtlic Colts, Cell Stem Cell 2, 151-159
(2(08), 
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1515)1-lama, J. et RI. -rtcal.tnenz of sieldo volt ;:.ttletnia mouse model with :PS ve1ts go:non:1'2d from
autolm?,otls skin. Science 31S, 1920-1923 (20017). 16)Hochodline:cr, K., Yamada, Y., Beard, C. &
lee-nisch, IC Ectoplc expression of (:2t::4 Mocks progonitot-oe0 differentletion and causes tlysphtla in
epithelial 20tissues, 17) Coll 121,165477 12005).    1')Boetd, C., I loettedlinget" K., Plath, K., WW2, A, &
.juoniseb, Ii, Efficiont method 25to generale :dttgIo-copy tramsgenic mioe by she-specific integaiton in
embryonic stern coils. Genesis 44, 23-28 (2006). 9)t.,,t11";31.1;" K. m'The bomeopratelil Narlog is
required for ci"thgC.I.MOCe of pi tir1;:)fl:Cticy m mouse epiblast and ES cells. Cell 113. 631-642
(12(j11.6). 20) rioy:A.A, et al. Colt'. ,,tanseiript.bna regulatory circuitry In iltak;313:.".:Bbryonii" stun) cells.
CCU I22,147-956 (2005),  4:"1. 2 i ),Rteniseh, R. & VOW:* R. Stein eells. the int)keuldr cire.:Ldtry of
pluripotency and nuclear remograminhig. Cell 32, 567-82 (2008). 22 uncs, P21 & Wait. P.M. Sq)aration
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23).11anna, J., el al. Direct reprctiztrammnig ot tem:IR/ally differentiated mature B lymphocytes to pi
t.d(po(eney.. Cell 13,R 250-254 (2008). 24)(201e, M.F., Johnstone, SE.. Newman,Kagoy,& young, R,A,
Teo is    hategeal component of the core rep:Amy circuitr,y of embryonic stern cells, Cenes Dev 22,
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Phys.:al 30262,4:3 447-1059 (1994  44 EXAMPLE 2 Overview A, (ton:en:lion of thols for the genetic
inattifaitation of human ES and :PS cells 
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Work described 1-terein providea robusi approaChes firc targeting gC-31:::; in IniEftl cells and In ;araetote
took for the rOpItogaEnfilb:igInt0CCIRI, MOIV. spec:Aka:1y, hornologons recombitration is used to insert
Of- P line key neural /thetsge genes of InaltS and iPS odis, The oFp riiii::tiker is used to Isolate neuronal
precursor cells irom maniptsiated iPS cells to ttssess their developmental potential, 10 the curreot
reprogramming pronuols rely on itelnyvnni ventor-triodtated transduction of transcription factors resulting
in inultipte pith-hal. insertions. in the iPS cells. This work &it:ger:hes methods that either avoid the use of
multiple vim]. inflections ot 5I hut eintriinate the reOttMie3at for thrtattonediated feorograrno-ting. IS1,
DOX and tam:mitten inducible thiroviriti vectors 1)0X (VU S] rettovirat vectors have been important to
define the sequential activation Of .pluripatency markers and the Minimum time of vector et:Ix-cask-tn.
during reprogramming of Sthir.iatiC 3711055," Ct)Us.; We have generated inducible haul:sin: vecitars that
will allow the tempointly restricted expression e-f the reprogramming '16ihetont  (a) DOX
inch:tableFoibnving the same strategy as used tlst- :mutate gent's we base generated lectitilthi vectors
that hat-Omits the human 0C14, 80X2, EILF4 and CNIYC ct-DNAts either constituttivety or under the
control of a DOX inducible promoter [13thinbrink,25)0 068771, lb generale a DOX inducible systom we
infected human fibroblasts with a tenth /nail vector carrying the tiCIA hansactivittitic      IlA shows nigh
DOX-dependent expression of 0cT4, SOX2,in fibroblasts 0-Distil:iced with the reapecthat DQX inducible
vectors Similarly, robust DOX dependent truiTtsgene expression was observed in IPS cells derived from
the inleettx: littroblasts (right two pgnnis of FIG, 30  (b) .faritthtifen inducible ientivirsts vectors: To einible
independent inducible control of vectors we also generated CPI, 80X2 and C-Nit`f etaxtuten reeepter (ER)
fusion consthaas by fusing the ihinors to the estrogen hgand binding domain to allow for  45 Mum:siren
thapaidt;;;I: ar<presicsn19% #6505.1. As [Mown a) Ha aCKiliOn taral):61:::11 io Carla 11;11.'11i:Etilead
514U1it SOX.241:R Ciaiaitaid C.za:::i5 10 timaskcation of the SOX) protein from the cytoplasm to the
nucleus as expected hdrdrup bid:iced activation.] hose results show that the DOX and FR fusion mdueible
systems can be used to independently control the expie5esion of transduced thctors.       One imporhint
COticelyt is the use oftwo diffetent regalatable systems, caeb controlling expresson of a subset of the
factors. For example, one might place 3 of the ractopt under cotinetl eta firm Indumble
dox-itiducible'i.prommer and the 41' 
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factor tinder control of a second inducible ftamoxilen-indixiblei promoter. Then, one could iionorate an iPS
cell by inducing mepression from both promo:um: generate a mouse from this (PS cell, and isolate
fibroblasts or any other cell type) froth the mouse, These fibtobiasts would be genebeallif
homo:ic..enou.::; and Would be ,...programmable without need for viral infection. One would then attempt
lo peplos-Jam  the fibroblasts under conditions: Pt which only the first promoter is active, t 5in the
presence 01(65ft-rem small molecules that could potentially substitute lb:: the 4"3 Inctor, 1"; order to
identifi.,. small molecule 'reprogramming agents" or optimize transient transfection or other protocols fo:c
introducing the 4'1' facior. A number or          3re posMde: for e:ample, one .migtit stably induce
exprcsaion of sthcroes and transiently induce expreSSIDEI of thefactor, eft. Al-d  one can modulate e;
:pression laktiS of the Meters by using MilThrem eoncennation5 or inducitm :mem.       Another approach
ls to place the gone that encode:: :MC Or the factors between sites for A reeombinase and then indnec
exmcotPort or the recombinusu to turn off e&pression of that factor. Recombinase eNpression could be
induced by infecting with a viral vector (e:g., Adienovir-Cre).. Fianna, et al. Science, 318, 1920-1923
(2Q)7i describes such an approadi, which was used to reduce the poterdiai risk of tumor Mtn:anon due to
e-Myc transgene ex,mession Cells wete infected with rem-iv:ruses encoding br Oett SoN.2, and
Kiltfactors and a 1C110 Virus mi.:coding a 2-lox c-Nlye cDN.A. iPS cells generated from these cells were
infected with an adettovirus encoding Cri;. R,..comi5i35,a;:e to delete the lenti rus-trarthdoced e-Mye
copiem       These dystems are useful: e.g., for identifying reprogramming agents and studying the
requirements and events that occur M reprogramming (including discovering edl-type specific
differences).  46 2. Generation of human ilff1 cells confirming that the inducible system works as expected
Ur btatax as writ as inonse.. A number &different strategics have been shown to ii3<hicc LPS cc Us from
mouse or burr= somatic dotiou :tells including the canatiliaixe or inducib0 expression of the foiiir
tratiscription fast-tots Oct4, Soix2, Kir:land c-myc or a subset of the thtg, ;helot.* or alternative faolor
CombirtallOSIS [Lowry, 2008 in5827; Park, 7008 1l$788; Taitabakin, 2007 46769, Yu, 2007 e$79111,
The utility of tho diffeumit, vector system diwctibed in FIG. IA ibr the reprogramming of human libmblasts
was compared. -Fable I shows that iPS cells were obtained by transduction of 4 DI 3 30(minus COO YO)
constitutiyely expressed or DOX inducible transetiption factors. When the DO< inducible lentivi ruses
were used :PS clones arniented wih a ainnlai irrequeney and afler about the same time :31 the IrtiOU:Cd
cultures as has been published byothem [ Takahashi, 2007 f6769) FIG 2,A shows that the endogenous
0014 and NANO genes V,,,Vre C.Ninitz,z,t:Al in 2 iPS tines at similar levels as in hiLES cells. The
feprogrammed iffS imilL; grew as tight colonies with morphology typical of human ES ecits and they CN
pressoi the appropriate pluripotency markers ffle 128) To iced fur   nripotency the :PS cells were injected.
into SOD mice, Histological examination of tire resulting tumors showed typical teratoings containing
multiple differentiated cell types (1110. 12C), 
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2.0 B. Generation of mouse and human >PS cells by a piLlypiatronic retroytral Yee:et             eortellt
pt:AUCOIS to nencruk VS etdIs call [hr transduction or the 4 transerioilon factors Oct4, Soxl, emaye and
KI811 by l'otir different relsovirai vectors. Reprogramming this tnenner in:solves the selection tor the small
liaction of inthc1ed cells that carry multiple Integrated vectors: (up to 15 or more provirnsesn) raising
concerns of cancer duo to the use or powerful oncogenes and/or tetrovirue induce:a inseMonal
inmagenesM TO reduce the number of independent RR:viral iinegruthrtis required lbr reprogramming we
have desivurd and used a polycistrork yecter OW can. mu:Lid:tee any conibitkeion of the factors with a
goai of reducing the 80number of proviral intagrations.       Internal ribosomal entry sites tlRESTiana
widely used to express :multiple genes itiore one prinnone but this fromiently leads to noinsurtchiamntric
expression of the genes. The elf-d'.1`-ziving 18.122 mb10 acids ltting 271 pcptides mediate 'ribosomal 47
skipping' between lint prolate and gistisie residues:Ind n 3epthie tn feIniai:On ta:: affecting downstream
iranFikt6013., MeSe peptides alictry limit-Mk proteins to be encoded as poispI0:::::31S, \k'!TtiOti
diS80el3tesoinportent 3U Is :Ten itale3h11101:. IJS<: Of the. term "selfeleaving" is not intended to imply
prmeolytic cii[eaV;)ge reaction. Self-creaving peptides are lionnd in members of the Pieotriasaridac virus
including apinhoriruses such as foot-and-mouth disease virus isitDV)" equine rhinitis A virus (ERA V),
Thoseu asigna virus If tiV) and porcine teschovirus-i (PTV-1) (Dormelly, ML. c't al., J. Gen. V)rod, 82,
:027-101 ("200 ); Ryan, MD" or al.,   Ottn. Virol., 72, 2727-2732 12001.) and eardieviitisets such as
Thadiecirits (e.g Theilcar grine eneepbalonayelnisi and encepheietnyneardnis viruser:. the 2A peptides
derived from FMDV,RRAV,TaV are ;OrnetilectS: referred :0 herein as "f2A", 'E2A''. "P23,-1 and -12A-,
respectively. Aplitimvirris 2/k poi) peptides are typically -- 18-22 amino adds long and contain a
DKIDa2NPO (SFQ 5ID NO; 34), where x I is otten vane or iseteueme. As noted above, the 2A sequence
is believed to mediate 'ribosomal skipping' between the proline and gisicine, impairing irormai pemide
bond formation between the P and Ci without affeeting downstream translation. An esti-rip:my 2A
sem:gene-a 3:; 
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VKLIILNFDI-INTACID'vESNPOP ;SEG SD hIfit 383 from PM1:35i, where :inch:dined residues are
sionsened in mans: 2A peptides 1 lie C 1031 till, 01 cardiovirus 2A peptides is conserved, shows a high
degree of similarity with IPMDV 2A pepiiete, and has been shown to also mediate sellteletwage
rDonnelly, ML., or al., J. Gem Virot, 7$, 13-21 (1997). Earr-IM 2A peptide has been shown to mcdinte
cleavage of an artificial pot:quanta n (Ryan, MD and Drew, J., MHO J., 13, 928-933 25(I 994). The ability
to express four proteins clecieritly and sioithimmarically one 1i )i)7:::6S:treti UI Vi yiWeS detnorisftauxi
.::x..ently using sea-processing 2A peptides to express the four CD3 proteins (Sayme246: et al., Nature
Biotech 5, 589-594, 2004). Potycistronle transgenes in which the individual oBNAs are sdipairiied by 2A
peptides have been shown to promote poiy:::Sirerde gene expression in transfeeted cells including iniES
cells ()-hasepirsvir" K. t at, Stem Cells. 2007 hd:25(7):1707-12., 20(rai  48 cods. in corlain
ex:Match:ileitisIllSbi&C acid constructs oninpriac jaction that anoxic:a a ad:tido:wing peptic:e_ The
:myCDtam provides a polydslmniti nucleic: iscid nonaeruet'alterein the crab op regions ate linked to each
by a titicleic aaid that erteothis t self-cleaving jatoide so as to hOnll a single open reading frame, and
wherein the coding riegions eneode first and second reprogramining litetots capabiet eil her alone or in
combination with Oile OT more additional nap:liar:limning factors, of reprogramming a mammalian
somatic eell to pin6pciency, hi some embodiments of the invention the construct comptiscs two coding
regions separated by a self-cleaving peptide. In. SO:11,.:: elb:XibtWiltS Of the bilVOlitbM the <103-Or:xi
comprises three coding regions eath encoding a repregrtninming factor., wherein adjacent coding regions
are separated, by a self-cleaving peptide, In some embodiments of the invention the construct colrnidses
lour coding: regions each encoding a reprogramming thetot, wherein adjacent coding tegions ate
sopa:tied by a self-cleaving peplide. The invention thus provides 15constructs that encode a polyprote.i.in
that comprises 2, 3, or 4 reprogminming factors, separated by self-cleaving pemidea, hi sortie
embodiinents the construct comprises expression control element(si, e.g., a promoter, suitable to direct
expression in mammalian 0L435, uherein the 1103-0031 Of the etirMatCi that encodes the polymath: is
operably linked to the el:41TSSiilt: control element(s). The invention thus provides au: 20expression
atdoeue cotnpriaiitga inteleie acid that. encodes a polyptiateiii compthe iepi ,imming ftietots, each
reprogramming factor beim,: finked to at least one other reprogramming ihetor by a self-cleaving pepfide,
operably linked to a promoter (or other suitable expression control element). The promoter doves
transcription of a polycistronic message that encodes the reprogramming factors, each reprogramming,
factor being linked to at least one other reprogramming factor by a self-cleaving peptide. The piornitiot
can he a viral promoter te,g., a CNIV promoter) or a mammalian promoter (e.g., a POI< pramoter), The
expression cassette or construct tiall comprise other genetic: elements, e.g., to enhance expression or
stabihty of a transcript. In some embodiments or the invention any or the threpoing constructs or
expression cassettes may further include a coaing mtglbia that does not ite:COde a reprogramming
factor, wherein the coding region is separated from adjacent coding region(s) by a self -.leavii3g pepticte.
al some em bodu nenis the OdOlt10/1:il: 1/4:0OiOg rojeitm encodes a selectable marker.  49 Specthe
reprogramming factors that yr:ay be encoded bypei).tiStranie 
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construct include transcription ibie0M1LICVI, SOX2,C-Mye, and Nano. whia 01'0 further dm:ix:4 herein
and known. in the an. 'the invention encompasses all combinations of two or more of the romping
thetors,ea<d) oossit:le order, For  5 purposes of brevity, not all of these combinations are individually
listed herein. In some etxtbodiroents, the construct 11)011(1.0a 064. Klf4, and So.K2, separated by 2A
peptides. In some embodiments the construct does not encode c..Myc, In some embodiments_ the
construct contains a coding region that encodes Lin28. In some embodiments, the construct contains a
coding region that encodes CABP alpha.,       To seine embodiments the construct comprises one or
more sites that mediates or facilitges ime.gafion of the construct into the genuine of a mammalian cell. In
some embodni3entS the construct comprises one or more sites that mediates 0? facilitates targeting the
(Ibalstaret 10 a selected locus in the ire:Kane Of a arianllaa.11011 Ceti I. For example, the construct
eould comprise one or more regions homologous to a 5selected locus in the genctrue,       in some
embodiments the construct comprises sites fOr a reconthinase that is functional in mem.:Thdian cells.,
wherein the sites flank at least the portion of the construct that comprises the eodi mz replons for the
factors (i.e., one site is positioned 5 and a second site is :tx)siitioned 3' to the portion or the construe; that
encodes the 20polyprotein,, so that the sequence eneeding the factors can be excised from the getli)MQ
after relprogramming. The recombinase can be, e.g., C.re or hip, where the corresponding reconibinatAlt
sires are 1.0.K? sites and Frt. sites. In S0the embodiments the recombinase is a transposase. It will be
1.13blarnood that the Tee03III):TUISC: sites need not he directly adjacent to the region elcoding the
polyprotein but will be  25 positioned such that a region whose c'eentnal removal ii em the genome is
desired is located between the sites. in some embodiments the recombinase sites are on. the 5' and 3'
ends of an expression cassette. Excision may result in a residual copy- of the recombinase site remaining
in the gnome, which in some embodiments is the only genetic change Its:II:Mg. horn the reprogramming
process. 30In some embodiments the construct comprises a single reconthinase stte" wherein the site is
copied during insertion of the construct into the go note I0r.cli that at least the portion of the construct that
encodes polyprotein comprising the (actors (and, optionally, any other portion of the cm:slime; whose
eventual removal from the.  50 genome is desired) is flanked by teXI reetanbinaSe aneS a :ler
IF:lege:a:On 13 Ile the genenle, For ex;:unple" the rectunbinase :rite Can be in the 3' I :IR of a noroviral
hale ORO Venn" :See, e.g.,. I:sample -41:.       In some aspects., the nweraion provides vectors
comprising the polgeistronic nilcleic acid constreets. In seine el bodirntnts the vectors are retroviral
vectors, hmik ind vectors, In ether embodiments the vectors afe ana-retan/Min vectors, cr.g., svhich may
be viral (e.g., ailenrwtral) or non-viral Exemplary polycistronic nucleic acid eonstrncts, tr.:cites:don
cassettes, :tad :vectors are described in Example 3       In some aspects, the invention :provides cells and
cell :Ines (e.g., somatic eel is and cell lineS such as thMehl)Shi, kerathuseyies, and cells of other types
discussed herein: in which a polycistronic nitclek and construct or eXPre:11.4i cassette (e,g., any of the
constructs or expression cassettes described herein) is integrated into the genome. In semc
embodiments the cells are rodent cells, e.g.., a murine cells. in some embediments the cells are primate.
ecith, e.g., human cells, KIn some embodiments at least the portion of the construct that encodes the 
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polyprotein is flanked by sites Mr a recombinese. kern reprogrammed cell is derived, a recombitaise can
be introduced into the cell, e.g.., by protein tratridnction, or a gene encoding the neconthinase can be
i.:31.roducs:(1 ir-ito the cell, e,g., using a vector such as an tide:los-nal vector. The mcombinase excises
the sequences encoding the StKngehen3S :gm:van:lining factors from the genome. In some
embodiments the cells cortiain an inducible gene that encodes the recombintise, wherein the
reetinthinase is expressed imon induction and excises the cassette., :In Winc einbOdbranTh: the
inducible gene is integrated iftW the genome. In some entbodiments the incineible gene is on an
episome. In some embodiments the cells do not contain an inducible gene encoding the reeunthinase.
In some embodiments, the nucleic acid con:dn.:et or cassette is targeted to a specific :onus in the
genc,nusing homologous recombination, In some embodiments the locus is One that Is dispensable lor
normal' development of most or all cell types in the body of a mammal. In some embodiments the locus is
one into 30,e,:lhleh insertion does am affect the ability to derive pl.:it:Mote:it iIPS cells :Tom a Sinnehe
cell having an insertion in the locus. In some embedimenis the locus is one into which iiiiiertion \youth not
neeiurb pthripoiency ctt. :th uS cell. in Seine ernhocntnents the locus is the COLI Al locus 0r the ,.1/2/IN
inuredulion locus in some  is.!linbodira..;:tnls the loens c:omprises 3 eenstinitive promoter. In some
embodiments the construe: or cassette is targeted s.m that expression of titi:e pthyeistronie tnes.;.lage
el:coding the polypeptide comprising thc{c:r s driven from an orvjogctmm promoter present in the locus to
which the construe:I or cassette is targeted.       The invennort further providcs pluripotent reprogrammed
cells OPS celisi venermed from the sonnuie cells that harbor the nucleic acid construct or expression
cassette in their ge.:103I1e, The IPS coils can bc used tor any pamosc contemplated fur pinripotent
CellS. Further provided ace differentiated cell lines. (e.g., :3CUra.;' cells, hematepoictic CcSIs, rinuale
cells, cardiac cells), derived from the pluripotent i 0reprogrammed cells. Exemplary somatic eel in and i
PS cell 1..!..eaierated theicfrom are described in Example*       The prei;:erd invention establishes that the
reprogramming factors possess the requisite structural features to allow efficient processing of the- :2-A
sequence when located between repn)gratriming that:am, an important finding since it is reC.C3gB ;zed
15that cleavage is a strueture-based event (1S:0:mud, L.mpra). The present dkcimure establi.ahea that
transcription factors having the additional -17-21. amino se his from the IA peptide at their C-terminus
retain the ability to enter the nucleus and pCCR):113 their Jar:miens. The present disclosure also
establishes that -reprogramming factors can tolerath the presence of the additional -17-2I amino acids
from the 2A peptide that 
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20remain on the C.-terminus of the: upstream protein and remain functional in reprogramming.       While
reprogramming by ii)ieciing with high titer 're:rev:Fai vectors to express the required reprogramming
farrors highly reproducible, the process is rekakely inefficient and the preeke requirements in terms of not
lag and order of expression of the ithetors, as well as the absolute. and relative teveis of C:stlYeSSiMi
required, remain incompletely understood. Moreover, when 11>5 cells arc generated by infecting celk with
multiple \iiruses" each encoding a single- thetor, in man' cutNro: protocols. each c.in,i3 has been shown to
cause integrations between 2-6 locations, resulting in -14-20 insertion :)Y:.:31tS thiCh01.3.1: the geneme.
This prece:A. creates IPS cellhi that are genelically modified and SOmay con am unknown
inset-tioni-.4eneratect mutations. Furthermore, since only a small fraction of inf;:cu:d cens become
reprogrammed, the re-suits obtained using these multi-virus protoeok leave open the question as to
whether the location of the integrations and/or the relative timiurr, at which expression from the
tratist4mes occurs is an important  52 dolcimmanl oi wheti:a:T.a cjjinsnim thymmor, .ektablisho that
exsentinlly simultaneous exf3teSSiC+31 of innitiple..factors from 'a polycistrorix!ltara=npt md t rOatiVe
kvellts dqxitIcknt orhe e1IIc;c:n4 Of the, 2A cleavage ;;;NE:Mt is effective torepfogrxruning. Furthermore,
the invention es:obi:ski:a that a single copy: of the liamors.ix sichnt fOr reprogramming. .l3ncianse the
'Mar factors are expnhated from iadefined location in certain embodiments of the inventionkg,. a location
that is preselecked or one tha( is determined after integration of the vector) the polycismonk( vector
system may simplify the study .ol'.repmgramming media:Miens wIci.faQiiithUes din excision mi. the
emdor, Jr. some embodiment:":;, stmia exciilmit. resat: in removal of ai least the exogenous sequenCtt:i
encoding the reprogramming faetors":some embodiments., 53SC0 exnSCO) rCsuJtS ittipsth.ai (:::arrli7
no gellinic modification can::: Than, in some embodiments, iaresidtaii meombinano site. hi other
eathodimithis, there are no more than 2, 3, 4, or 5 residual recombinase sites. Without wishing to be
hound by Theory,. reprogramming cells containing a single integrated consianet will increase the
likelihood or case of 'recovering transgene-free iPti eel s using recambimase-baned approachria. Itis aliin
coniornplEated that polybistronic .yeediErs encoding 2, 3, or .4 facitors may be used in 'combination with
Small protein's, or other agents that enhance nt:programniing f:tarilor that substitute For one ot
inoitil'act.ors not encoded by the orilyeistronic vector,.       Example 4 dokoribes 'eanetiments in which
human induced p1 nriporeni stern cells thiP.Sead free of .thprivtaintning factors were derived using
Cre-recombinase excisable       from fibroblasts from individuals with Parkinson's disease (RD). In some
embodiments of the inymaion, tPS cei ls eariying 00 exo!Nnotta OCOCS (MeOdbn ireprograinining
factors are SiCtiVt:Si as deSedb(!ii  in EMUnpit-:. 4 or using, si mithr methods... excepi that a single
vector composing 1p:dye:bin-citric nucleic acid construct encoding it polyprolein compriking multiple (2, 3,
or 4 fueiork) tS used rather than nmitiolc vectors encoding single factors,. Of course Memethoth
described in Example 4 can also be used with multiple V(SS4OTS eneodure mdiv rEnal :hewn: in order to
etmdocas without .etiogeneus genes encoding reprogramming factors, wherein the resuiting IPS cells
haw .onlya amith number of residual reeombinase sites. \\lido fibroblc-2s from individuals with PD were
used as an .exciriplafy u.typei Picample.4, the methods areapplieabie tO derive iPS cellswith,rlitlitIlai.
genetic alteration from normal somatic ceils (e.g. , fibroblasts or arbor oi-illtypes such as kernifinocytes,
iv:ea:IMO cella, blood cells.) or from 
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somatic cellsindividual: with a disease of interest. hi some i,noltorlitnentai the gene encoding the
fratisaelivator is also flanked by irecombitiase siles, so that it NCOmoved from the genomb asweft
The iPs cells and dliTerentiated cells banned from them tins of use for research purposes (e.g., as a
model system to study the disease and/or tribal:13r therapeutic iqi,ents Mr the disease) and/or for the
development Of cell-basied :therapies, which in some embodiments are putientaspecific tiell-baSed
therapies. C. Develoitmental potential of humancedis and derivation diem peripheral blood       An
eNciting potential of dee :FS system is to derive patient specific Our:no:trill cells. Work described herein
describes protocols that will allow the study of:complex human diseases tit vitro tiSillg patient speci]PS
cells. For example, at present patient specifie ifi'S cells are derived from deep skin biopsies. In an effort to
establish a potentially more simple prolecni to isolate [PS cells in a clinical setting procedures described
here use peripheral blood as donor material fnr generating if'S cells, Di Screen for small molecules
Work deseriliediterein. provides Man throughput systems for identifying small molecules that improve
reprogramming efficiency. This aflosas for the establishment of areprogramming teethed that does not
require the gene& man:paialiwn or insertion of exogenous genetic elements such iits veittor mcaliatted
transduction of oncogeneS like Esteritneinitt Approach       in the mouse system the use of yet:P.n.s that
allowed for drug inducible expression of the transraiption -factors has been crucial to define the
moleeDtar events that cause reprogramming. ifitaia. esperiments inclicated that reprogramming involves
the set:it:et-Mal activation of ES cell markets such as alkaline phosphatasei Octil and Niaog imd that tile.
trareidueed tn.:riser:0i= faelwrs needed to he expressed :40[hr at least 12 days in order M give. rise to
IFS cells Birambrink, 2008 ite-gc771. A major grad of aim A is to generate foots that will help in
reptiagamming somatic cells and allow the genetic manipulation of inimirn ES and iPS eella. These tools
will be important fin aim B which focuses on the mechanism of human somatic cell 
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54 reprogramming, The, .::toal film CeStablishing experimental sysetit.s to evaluate. the Potential of
human [PS cells to ditierentiale into tittle:lona: nettrOnal: cells 131 Vitra   Wt:ffiasifl ViVo In chimeric :mice:
Furthermore, wo wilt design protocols to.vnerate iPS cells IiiTttri human peripheral blood,. Finally.< the
i.'?.:mtis of aim D is to screen tor elietnieal compounds as alternatives to activating reprogramininc.
pathways by. genetic means. A. Generation of tools tbr the genetic manipulation of human ES and it'S
cells       'the ability to genetically alter endogenous genes by homologous recombination has
revolimonized biology and" in combination with embiyonic stem     holda great prosnise tor molecular
medicine. Although gene latgeting is a roatine procedure in monse ES cells, It has previously been
Jiff-malt to transfer this technolooy. to human ein::gyonie stern cells (>3 1.t 2f,.)08 g6g631. Indeed, only 4
publieations have appeared reporting suceessati targeting ocan endOgCMO1:N a.:CMC! since the first
isolation of human ES cells try Thotnwn )0 years ago ;Davis, 2008       Irion, 2007 /F:6K57; ZkVai,..4,
2003 46223', lirbach, 2004 #61631. The difficulties of genetically modifying endogenous genes need 30
be oVelterGC 1Q realize the full poiiimial or human ES celt., 'f be focux of this work is to establish took,
that will allow for the efficient 20yttci:Ninipulation of littawn ES and J'S cells. To produce litiES eelk Ce
marker in I I cage specitle ire.ner we will use two di Ethrent atmroachex, ntodified hun';ail ES cells were
created canying in:sickens in key developmental regulators using convenhcnal hom,..)logons
recombination, These markets, inserted in lineage specific genes, Will be u.sed Ill SUb$Caltit)31; EtUtIS
for di lie.ivntiation of IPS cells '?5into specific neuronal l'irteageS, An experimental syxtem that allows for
the efficient f:elltrnrarnining of sommie eetli in die absence: of reitovirns nu-xliated {13C;01 transduction
was also developled. Targeting of lineage specilk genes by homologous recombination 30The derivation
of:differentiated cells from undifferentiated ES cells is 



53

facilitated by markers inserted into liiieage specilie endogenous genes that can he used. for the isolation
of a desired differentiated cell type. Our preliminary experiments demotistraied targeting ot the ocri as
:veil as the COIL A i locus With  55     Or.drrig tesistance..markers. AmairdinglY mgoist was. awe:Wrote
ES and iiPS celln that carry drug resistant:it Trcark,:y3 and/or Gil'? (or other detectable marker)
(itqllefiCeS in genes that are expressed in Cells of the neural or other lineage and can be used CM:
.seregaing or seliwtion of differentiated cell types that are affected in diseases such as Alzheimer's and
PrtricirtsotMa 61 Gene 1-rsetimioLneural mwase sti-mielsriwt ;wiles ',Is: uturskirmint reeornbination:
oinurast inotise ES cells, human ES coifs are usual iv passaged mechanicath using onty liinited
enzymatic digestion as cellular clotting setectsl'ar chromosomal aberrations that enhance single cell
growth. This as awl: as ihe slow growth may he itnportant reasons that gene turgenng has been so
inefficient in huES cetls. Recently, application of the ROCK inhibitor V-27632 to huES cells has been
shoed--; to markedly diminish dissociabonthoduced apoptotiis and to incmase cloning efficiency
Wtawiabe, 2007 465491. AU experimenni with theteform be done in the presence of this inhibitor.       For
homologous recombination. targeting vectors containing UT and two icsistrinee markets separated by 2A
sequences will be constructed from kogenic nenotnic DNA of B.002. Or 1119 fi'S cells using Tontine.
procedures. The DNA svill be 20 electropcirrited inio the cells following published procedures [Loma<
2007 ti68681, and DNA limn drug resistant colonies will be isolated and analyzed for correct lamming. We
will target genes that are activated at different tanes during neural differentiation and in different subsets
orneurons as detailed heiow. SOX I The transcription factor SOXI is the earliest ktit)k%li gone that is
exclusively expressed in neural precursors of the mouse rA ahem 2003 a58$11. GIP inserted into this
gene will serve as a ecirIVCEOellt rnatker for selecting huES orTS cell-derived neural precursor cells.  56
PITX3: '1-his:.ioineodontain t.zascription :litelor Is siii:eci:Iyaly es pressed during terminal differentiation of
tyirosine bythoxylase posthve neurons and sorting of differentiated ES. cells derived i)=Sty: PlIX3-6113
transgertic: :nice har: been shoym to enrich lOrdOpaininergic neurons [Hedlund, 200S f5$415;
Thao,...)004 #644461. t MX1: this homeodomain transcription factor appears to be a crucial determinant
of prollf,!rating dopamine:Tie precursor cells r'ndersson: 2006 #68401.        .11te marking of reievaw i.iuet
ne specific genes IY-OFP has been shown to aid in establishing robust differdnnation protocol:: that allow
to:r the n3oiation or enriched or even bon:31:SgUW:O.US populanona: of differetniated cells .1.1u1&.$
cells carrying. CAT in the 4 gettou will allow enrichment fiox precursors as well as more chflerentiated
cells that ath relevant for :he study of iPS.ealls derived from panents.with diseases such as Al4lieimer's or
Parkinson's disease.        The difficulty of establishing efficient methods of homologous rceombination has
greatly inmeded the util ox of the is tES cell nskxn. Preliminary data encouraging and demonstrato that
two endogenous loci, 00I4 and 00f,. A1, have been tare-clod with OFF and poremyein reistanee eDN As
(FIG, 10). tdrkk-exer, so far only genes that are expTessed. in ES cells (.0014,11PRI, R.OSA,26 Prlom
2007 aRoil-C 7; lwaka, 2003 hf:.5223; Labach, 2004 ,ijo1630 or that late ricti:ied to he expraaseii st3Cil as
M0XL1 Mavis. 2008 #.68601 have been. targeted in human ES cells. Also, the c.:01..1.1' I loons
isrecond)inogenie in moteie cells [Beard, 200'3 #61 991 and targeting of this looms may not he
representative of other non-ewressed genes. Pins, becai:,se our nIN:M1 iS U) la :get 3:tome:Tressed
genes by homologous tecombination, 
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this aim pose5 a chal:lenge. -Secondary- IT'S cells carrying different combinations of reprogramming
nictors We have :thaw?) that :noose IFS eells may carry 15 or mote proviral inserts 301Wernig, 2007
$66411 suggesting a strong selection for the .zariall fraction of cells that harbor multiple oopiea of each
vector to achieve high levels or a ecalain staichiomeny of factor eN.pression required for ilte initiation of
the reprogramming process. Described herern is a :5-ystem that circnnwents the need Car viral
transduction and thus  57 eliminates the cc; ssftvo selnet for dm small fraction of cells carrying the intiOu"
combination of proviruses. indeed, the generation of "secondary" fibroblaras that were chnially derlived
from "primary" iPS cells and cc mrnrd the dpproptiare number of DOX inducible pt0VirUSeti that had
achieved :tiptop:mum:Mg in the first place allowed as to Toproarinn mature B cells to a ploripotem. state
illsnpa, 2008 86842]. This approach was adapted to human cells and generated secondary fibroblasts
that carry the reprogramming factorseither as proviml VeetOtS integrated into pro-schmed Ctfatrnosomal
Positions 01losYtited by homologous reoargbirtation.: into a genotnic expression locus, This system can
be USed to delCMliaC the mechanisms of I 0ropmgramming and to semen for small moleetiles that
enhance reprogramming EEC replace any of the factors,    Seratitidwy fibre lasts cartying pre-seleoted
provit0ses: To Pre-Sete:CI thr Mk that carry the -'right" combination arid number of retroviral copies, a
two-step protocol may be tailized, FIGS. 23A-238 outline the approach, which follows the same icry.i.ic
Mitized to reprogram mouse B coils into tiPS cells. [Hanna, 2008 #6842]. Hitt, ES or iFS cells carrying the
OPP marker in the 0E14 gene as well as a teinivituir transidmeed tel :id A transact:Yam will be
differentiated into fibroblasts, These ic:prtmarylibrohlasts will be trans :laced with all four rectors using
ii)OX indueibte vnelitas and 20cultured in the presence of DOX and screened Ihr OC.T4 activation to
isolate reprogrammed "primary" iPS cells, These IPS cells will he differentiated in the absence of DOX to
generate -secondary" libroblesta (FIG. 23A). The rationale for this approach is that secondary fibroblasts:
carry the "right" combination of vector copies because they were selected' as "primary' iPS cells in the
first step. These 25secondary fibroblasts are genetically homogenous since they arise from a single iPS 
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colony. Upon addition of DOX to such cultures the intearated \tettiors will be reactivated resulting in the
am:skit:int gettemthin orsecondary IFS cells without requiring the new transduction of factors (FIO. 23B),
This can be used to generate human secondary IFS carts (or mouse, monkey, etn,),. without .going
through the 30process of generating an animal from the primary :PS cell. Alternatively. DOX Inc hmc.ute
polycisfronic vectors (FIG. 3A-I 3C) can be Imi.ed instead of the singleilactor vectors for Ihn. Le iii.' 0f
primary 131II1 cells.  58 00. Secondary filisoblasts carrying reprograntruita21:::}ctOrti in the COL I Al
!locus: In an effort to avoid afl tettindrits infection Seeonda(V fibroblasts that Carry all t(VCigaln3TCUiM
'fa,n0f3 in the COL AT locus or other noti-essuatial locus such as ROS.A26 or AAVSI locus speciTh locus
into which Adenosartsoeigted virus tAAV) 5 in crates) are produced: in mouse ES cells we have shown.
that :he Col at locus can be efficiently targeted re:suiting in teprochicible ubiquitous or inducible
expression of inserted transgenes ;Beard, 7006 #6199; finche.diinger, 2009 41575$1, Reporter cells will
be constructed that can, in addition to the Cox inducible rtIA firiosactiyator tind the 0C14 GVP reporter a
golycistronie vector inserted into the COL A locus IQencoding aft or a subset of the reprogramming
factors under the control of the tet operator 071(;. 24). in this illustration, 0C14, $0X2 and giYISIC have
been inserted into the COL IAI locus. Primary fibroblasts will he derived in vitro nod will be infiteted
9:4.11: a KLF4 Virus flanked by two lox sites. Primary IPS eell:4 will be selected as aboye with the ti-ace
factors being, induced by Dux, the KLE4 virus will be deleted by ere trimschtetion [Hanna, 2007 #67811
and secondary fibtobtaSts iackinr vKLIl4 will be der:bit:11 by in vitro differentiation. These cells can be
screened thr small molecules that replace the need thr KI,F4 i.n reprogramthing (se later: Aim 1.4) or The
streamlining transient transfeetion protocols (Aim (3:2, 4), ReprOgramming selects for the small :faction
bliPS tells that carry a high 2t)number Of pp.:iv:rat Insertions.. dhe experiments proposed in this aim seek
to establish   e>tgerlinetttal system that allows a ore efficient and reproducible reprogramming as the
process would be independent of random get:viral Insertions that select the rare IPS eel ht The '.statl is to
gencmte scttondary ri:brob.4::::ti: that carry any combination of 2 or 13 DOX inducible 'beton and thus
would allow sere:ming:1hr small molecules that replace 11.;:imi2Olig fi.hitork10 for our aim .th screen for
small melecuk;.; that can enhance or induce reprogramming (Aim DI, Also:, this system Will be important
for studying the molecular mechanisms of :reprogramming (Aim i3,4). B. ir2 ththo TepregrUrilthn of
somatic ht1.131art ;.:)ells 20DOX inducible lend:virus SyS,ICTil liaS been used to define the
reprogramrthsT kinetics of thotheWork described herein uses the tools described above to determine the
kintfiics and 3111MEnai vector expression for reprograMMiDg Or 131.1M.:1t3 sornalic cells, Furthertnore,
we will develop methods of 
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59 t.eprograitoning that %oat tinnimiati or circumvent genetic alterations and ocit. Will use ineertional
nitnagettesis to isolate addibonal genes that enhance reprogramming. Finally, we will define the
epicenctio state. at PS cells us welt aS:ot1:tc.:3.1ne,diato stages of reprogramming. 5 C. Developmental
potentiai and derivdtion from blood donor eat:.       The most important application of ptittinot specific WS
cells is their potemint use in studying comp:ley human diseases in the test tube. For this application
robust ex panne:int: approaches need to be established befOre this tin:limn:logy can be used in 1.0a
clinical yhtting. Wort: described herein etitabl I:thee pro:aid:ries that allow the reproducible in citro
differentiation of iPS and htteS cells and the evaluation of the in vivo potential of WS eons, Isolation of
WS cells from peripheral Iniman blood rumpics may also be performed. 3. B cells, 1 coils and
macrophages as tionont       It is or:mares: 10 dire0 i:fy reprogram cells: obtained fican peripheral blood
samples instead of from deep skin bittipsies, as this would facilitate generating patient :pee:if:at WS cells
in a clinical :Setling. We have recently shovvn that immature and mature mouse ft cells can efficiently be
reprogrammed to platipotent :I'S bells and that these tells carried the donor cell spec t fie ftertettic.
titarrangements 01 the immunoifiobaiin locus [Fianna, .2008 #68,121. Su:rim-kingly, the efficiency of
rcptioatamming mature moose hi coils WaS 3%, which is subetamialiy higher than that of adoit fibroblasts
or MEls, Tilts aim will seek to adapt the methods used for rttprograitt,Iningtn01.thC,cells to human
pi:trip:rotal blood samples. Donor calla. drat-it-du:aim: with the itiEBPa transcription factor was requited to
render mature mouse It cells susceptible to the action of the four reprogramming factors [-I farina, 20OR
%842;, We will istidato varions eel populatiens from human peripheral blood and test their susceptibility to
repropitcaming. 3P ti) 1) and Tan ern:al:adapt rtliti. prEM:):17:): -thr mouse Ii cccii reprogramming. we will
ktt;ie csiahlishod pitoccdotta t saitrutitata prohittration of 13 and 1 cell:: rilordior-ladoodai, 2008.and infota
thiaviaottio tranialocinif 
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60 and the lei n1.A transactivator. Alla a few days of culture in cytokinec the cells will be Inuisdeced with
the lout- 00X. inducible reprogramming lainoci ()CPI. 50X2. ivivc and Ki,p4 and ad: tared in ES eel!
inesibuM, ReprOgrflbrbitd COte-)H,C: will be isolated by morphology and tested for the expression of
pluriponinoy markers such as IRA! 50.NANOG and 001.4. To verify the donor cell origin of the iPS ecHo
we will ariail:Al llenatnie DNA tbr the prcSITICtZig or -JCR rearrangements. (n)Mingieytesi Our results
with mouse :a:nip:in:4 that an intermediate step in the reprogramming of mature B cel is inight be a
ritain'bplia.r;!e-like ecU Rianna, 200g #6842]. Monoesiles will be isolated from huffy coats of 'Inman
volunteers by Fieoll gradieni centrifugation and adherent coils will be collected. 'rile cell:: Will be grOWtF
in 11,4 and Olit-CSlli following eclablished procedures lDartmji 2007 -(a85c:tl- We v'rill then tninicitice the
cells with the lour lectors 0014, bOX2, emyc and KL.pgi as above and contirme eintivation M. ES cell
medium in the presemee otflOX. Colonies 13with :PS timroholivo will be picked and analyzed lot the
axis,iission Of plurnxitency makers as above, The in.eloornental potential' of the blood-derived. WS cells
will be assessed by standard procedures such as iCtatOilla formation and in vitro eb illerentiailon, 20rose
tiy the. StrWC-gY1..:3()Eating PaOcW specific -iPS cells groitsams the anprogrataraing of donor cells
tictic,ted from deep skin biopsies. a procedme that is more comples and painful than collecting blood, For
the routine cilincal application it c,aillti be olobvions interest to design reproducible protocols for the
routine isolation of patient specilic iPS cells from peripheral blood samples, We anticipate that the
:proposied oneriments will help est:Ili:tinning such pm:init.       Given the ease and efficiency of 1/1013$X
13 cell igprogarriming WC are oat:tail-aged that this protocol 'should 36) be effective in reprogramming.
human :peripheral blood derived cells. Because 13 orIPS: cells would carry 30 genetic rearrartgothents at
the ig or Tel: lot:us, reaggetively, it racy be advantageous for ponirtlial therapeutic apOig.";t-tikms to use
inaCtOphagiL,S or ragnocytas as donors as they would harbor no genetic changes. Although we do not
know the mechanism that causes infiliPalotta to render mature B cells suseeptib:e to :reprogramming by
00I4,  61 SOX2 cis,DiC and Ki.14. if, may involve the conversionB ccli identity to that of 31-taCrOphi:g.
fKie... 2004 ?t54471..fhese considerations sugges1 that der:dog:PS cells from hum :mil. rix,nocytcs
maybeSira3t:',,billbrtkatd. HOY.4.:::A. or, if the procech t;es: developed in the iI1ObtW tui to yield blood
deiived human Ws cells, we will screen for addonai ilanors using established approaches. 
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SCrttiM lb; SEnull TOC:1::CIAleS         Ilie iiXbttii0t; <it Iti:Ttogr;:ttraid,Pg by retros.:iral vector mediaucd
gene transfer, in particular the transduction o oncogenes, .7tpltt;:i011b3 a serious irOpOilirEle.nt to the
eventual therapeutic appkealion of this approach. For example, we andothen.:10kita, 2007 ft05421 have
seen that tumors form in chimeras ptoduced with IT'S cells doe to vtnye Myo seti.yation. P is. therethre, of
intercat to identify small melectdes that would either improve reprogramming efficiency or sYould activate
a relevant pathway and thus could fentanc the need .lbr expressing a given thetnt such as C-N4 ye or
15KI..P4. The goal of this min is to establish high-lhrouglTut cell-based assay yystaras to scaten chemical
libraries Icir such (:3mnpounds. h) I Experimental design and reporter cells frt.InOketik Abliary SCIetnIS
'To detect roprovamnthig in a high-throu0put :33:reen we. need cells carry* a marker such as GIP
inserted into the endogenous. 0C14 Cr NANOG locus. Such cells wi0 not express the market, but can be
used to screen for compounds that activate either of the endogenous genes.         For wiling up a
high-thronOmut screen thr reprogramming sce consider two imalor constraints that limit the experimental
design. Ileterogeneons cell population: ArguaNy, the most ethical limitation is that trausducnon of
fibroblasts with the four Facion, will produce a 1:,enetically 7d)heterogeneous population of cells. As
discussed above in V.A.*, it is likely that only the small fraction of infected cells that carry a specific
number of viral ',rectors generating the "right" expresson love] or the "right- combinalion of expression
levels of the four factors are the ones ;hat are being selected when  62 screening .thir reprograinthing.
Thus, infected ceils in individual &s will differ with respect to viral integration and viral copy numbers
precluding a nu:Ann:gad comparison of Welk cis nosed to tiiiThtent compounds in a screen, :gt
Frequency of marker activation, sensitivity and Una: consitstintsAnOther  nlorouit CSNISkierat:On fOr
setting up the screen concerns the. sensitivity Of the detection sysieny how many .adls need to express
the OCTil -GIP reporter gene to be detectable in a given weil? kcii.yeitter gene expression is aft important
constraint         as the fraction .of reprogramined cells needs to be high .citotigh to produce at least a
single detectable reprogramming eventwith an active UOMPOthid, .Etitate.hWireE, ititiPegi'MnAied CdIS
appear in a :population of fibroblaste Only 3 to 5 weeks after infection With the four factors, '1 hus,. the
inketed cells need to survive and.proliferate in 96- or 3.84 well thrtnitts for this time period, winch limits the
number of.eiclis that can be plated, 
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to overcome these limitations we will gertaTate libroNast populations that ai Eienetieally homogenous
because they (i) carry the identical matbex of vcctot integrations or (it) carry aanaous combinations of
reprogramming lac:MN inserted into an endogenous eapression Jocus by homologous recombination,
"Secondary" elonai fibroblasts that carry a specific: and :predeharinined combination of provirases: We
have recent:Iv shown that ''secondary" mouse il'S cells can be derived hum 'primacy" IRS cells that had
been :generated by infliction at fibroblasts with DOX inducildite lent:viruses transchicing the four
-transcription factors Ocht: Sox2, c-ruse and K114 [Hannii, 200,a #68421. Because the ''rigill"
eeMbinalier: and number of proviral copies was carried in the i'secondary'' flbroblatets, no viral infection
was needed to induce rep:ton-riming ofB eel is to secondary il3S       'We i1j follow it similar protocol to
:pre-select for cells that carry the "right' combination and number of retrovital epics. AS ShOWit in FIG
23A-2313. "secondary" 5bri)blaStS Wth be derived Crom -primary" iPIS cells by in vitro differentiation
without DOX. Instead of using vectors that transduce a single factor we Wi I aitarnati vs:Ey 13Se. a
poiyaianintits wrist-mat as deseadtad in FIG. 3 A-13C and 4A IdE for transduction of difitereni
combinations 0r aggoris. As ourt3t3ed in vLA,$,,,  8:"1: this approach of tang ''3ecotte1ey fibroblasts or B
cells resulted in efficient and DOX dependent activation of the reprogramming factors leading to IPS
tbrmation 94thout requiring any additional szins. infeetions1-14,anna< 2001: 08421. to ::,:set-;s the
fraction of IP.11,i cells that arise tmou DON addition we will plate 1500 to 1000 cells per 5well of 96,skell
plates and about 100 cells per well in 384.1-well plates and assess the fraction ol'OFT positive cells. The
results in the mouse system indienzed that secondary iPS cells arise only two to three weeks after DOX
induction, Because the cells can be cultured for only about 7 days in 95- or 384-well plateswill pre-ireal
the seen:Airy libroblasts whh DoX thr di.fterent nines prim to pthting. 10 (ill. Tiansgenic fthroblas.is that
carry DUX-initucible reprograsum ing factors in the COL1A1 loeus., We have shown that trartsgenes
im:ierted into the Coitalne highly expressed in transgethis mice and, lcunder the control oithe tee:
operator, are reproducibly activated in all tissues. upon DOX application [Beard, 2006116'199;
Hoehedlinger, 2005 57Mfl, We :kill insert polycitronic constmets expressing different combinations et ot of
ail four reprogramming factors undet the control of the tet operator into the COL Al locus of hudaS cells
carrying the OPP market in the OCT9 lonns (FIG 10). in additiotL the cells will be: Mthisted with a
lentisthats vector titilSiititiin the rtIa, trent:activator. Inc cells will be differentiated thto secondary
:ofibroblasts that can be screened for compounds that enhance 7'ep:tog:at:5mi as; or replace a gi yen
;helot. (see later, HG, 24). 1E2 Screen tor compounds that enhancatreprogranuning efficiency 
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2.15Serenie for coxnpounds that increase reprogramming efficiency we will calture secondan, WS cells
carrying the "right' combinaiima of all loth factors or fibroblasts earning all thur factors in the COL I Al
locus in the presence of LOX (1io. 24). In preliminary enneereeithiwill deieininie the fraction oIGFP
positive cells that can be detected in the screens. Given that the fraction of reprogrammed cells 30 arisu
iliern fibroblasts trai3SAUCed with the .thur factors km. it in he difficult or itnpossible to detect a sinnie
reprogrammed cell in the 1000 or 100 cells that can be plated per 96- or 384-well plate, respectively,
unless a given compound winild  64 significantly increase the &action a Nprogrammed cells. The assay
has, however, a very low backgronnd that compensates for the mherently low signal.       In pilot screens
we will test the trac mrs GFP positive cells arising in the iota factor reporter cells, which are cultured in the
presence of 00K and have or have not been Imatod with 5aenitle or infected with the DNN1T siRNA
vector, both of which will decrease global DNA methylation leveis, a fi-eatment which has been shown 1))
enhance reprogamming of mouse fibroblasts Wilde:sea, 2008 #68911, The fraction of OFF positive cells
under any of these conditions visil delentane how many eni:s need to he plated por well to detect a
compound that enhances the fraction a I 0 GI; p positiwi cas 3n a teat stringent screen, A mote stringent
screen would use cells that haye not: been. treated with 5-3:2taile or ink:etc:I with the DNNI 1'1 siRNA
vector as this would MOtlitOt hen-SehSitiZed coils for compounds that more efiletently activate 1:;:le
reporter than above, IS13,3 'Screen for eornpounds that replace any of the four fanters       To screen for
compotinds that cosild replace iiity of the retrsnerus :trafiSi:d31.."! factors we wili. transdure coils with
vectors that can be nit:dependently 1-en:dated. The concept of Me approach ix that 3 .firetors Will be
tinder the eintirol:of one indite:0)1c 20system and the Ionia: theism- under independent inducible control.
We will ttrie two ditr(1"03: sO:0:OgiCti 1,0 .prodUCV the cells used fer seri:en:mt.       ri) .R13.110Nifell
ihdfleible vectors,: We have ii.enerated vectors transdueing OCR .811)X2" KLF4 and C,WIN1.7eutrogen
receptor (ER) fusion constmets[Grandari, I9961165051 whose exititssion is antiVated by the addition of
.tarnoXifen to the medium (FIG. 1113), As iiSkilinSti. in F16,26, 01:1:44.1.6P reporter primary fibrobtastn
will pe trinisdueed.With retrovirtises expregging three tarooxifen inducible factors with the fritirth .1in:tor
expressed fnam a DON dependent vector, The infected ecliswill be grown he medium containing
hunoxilen and DOX and "primary" 1.1-1S cells will be selected by SCit:elthWI for GFP expression. As
described above, secondary fibroblasts will be derived,, exposed to tamaxilen to activate the three
tamoxileredependinn factors and wrIt be screened for small .molecule compounds that activate the OFF
reporter in the absence of DOX and C.M.Y12 expression,  85 .(iii'fransgenie fibtehlasts rryin ditThrent
eonthinations of thetors M the 
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COL: A 3 locus: We will pursue an at terna6 ve strategy that avoids retrovirM infection as outlined in Ile.
24. Priman, 0broblams will he derived from iniES eella carrying in addition to the OC:14-6-143 macker
and a virus ttatisductd tot isyl2rtTA transaetivator a 5pcdyeistrimic consoum encoding any ma:filth:al:on of
three re;:magminming famom in the 001.: 1A Locus !Beard, 2006 #b I 99; I thehedlinger, atOd if57581;;
compare Fig. 13A.130, 4k- 1410. The fibigibiasm will be transdueed with a 1...ox flanked vector carrying
the nthng 4t Ihetor (MS-% M FIG. 24) and primary IFS cells will be derived. :After Ore transduction to
delete the N.J.:DI yeetor secondary fibroblasts will be derived. DOX exposure will activate the three DON:
dependent factors inserted into the 001.1A I teens and the cells will be screened the Sinai I MOkeUtes
that activate the OFF reporter in the absence of the inissingfactor (in this case )3,.154). ft gensitDe the
screen we will use cells that have been treated with 5-aga-cIC. 1.SI1)..4 Screening 13:1I0lontIS        'rbC
Sc eems cOsrasu molecule libraries will be 2er:brined in collaboration with the laboratory of S. Ding at
Scripns (see letter by S. Ding:. For example, the Ding laboratory has developed and optimized cell-based
phenotypic high throughput screens X. 2008 46875; and identified the small molecule pluriymtin that
sustains self renewal of ES cells in chemically defined medium snout the :tbsence ofLW [Chen. 2006
#687l1. the, screen was based upon the CN pression of an Oct,1 promoter diiv en CEP market We will
screen the 0014-6,1:1) transpenic ithtiablast cao:ying the different combinations of factors as described
above for GE? aetivalion. 25'Me activity of any compounds that score positive1n the screens will he
verified under defined culture conditions.. A major issue will be to investigate the molecular pathways that
are involved in the reprogramming process.       Possible outeome and interpretation: We expect that the
screen for activation of the 0OT4 gene will identify compounda that facilitate the trarDition froth a .:mtnatio
epigenetic state to one that is characteristic: of plidripotent cells and thus tender the reprogramming
process more efficient Another iiipOrtant aoa otthese :::Xperurient :S 1_0 find small molecule compounds
that could replace the need for genetic  66 manipulailem: immbeing transduction of genes encoding
oneottenes such as cliti ye, CH:14 or The two moat significant potential ttroblems for a high-
tihriltghtlattare (b) the lime tenuired thr reprogramming to take place and Kii) whether a :Pare
reprogramming event eau N detected in the iimited number of tielis that can he plated per well of a 96 or
3S4 well plate As discussed above, we will precondition the cells to carry the "tight" number and
combination of factors and further sensitize the cells io increase the frequency cif reprogramming-induced
activation oldie- venous reporter genes. Once. compounds have been identified which Mtn:ease
torn:gramma ng efficiency they will be used as sensitizers in subsequent screens for additional
compounds that eoutd farther enhance iPS cell formation.       Significance: The present strategic:: to
induce proiarturaning rely on the transduction of powerfut oncogenes, a at Win block to any therapeutic
art/Mat:on. This goat seeks to identify small molecules that could activate relevant pathways and thus
would improve efficiency and possibly minimize the genetic alterations required for inducing
reprogramming. 
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Significance and Long Term Implications      The method of the in vitro generation of pluripotent IFS veils
promises to reveltdioniate the study of complex Munim WSC,etSOS and has significant implications tot
the eventual treatment of degenerative diseases. in vitro reprogramming of mouse somatic calla to a
pier:potent state has been shown to be reasonably efficient anti the underlying molecular mechanisms of
this process are being actively studied. However, reprogramming of human cells has proved to be more
laborious and difficult and major technical issues need to be resolved berate this technology could
bead:toed          for clinical use. Work described beretu seeks to der3W5 theerolcoolar mechanisms that
bring about the conversion of human somatic cells to a phdrinotent state, to devise at:meg:es the
assessing the developmental potential of human ipS, cells and to achieve reprogramming without the
need for genetic manipulation. Work drseriedheMW will contribute to solving SOTOO of the crucial
obstacles that presently hamper the application of Me technology to study human diseases and to its
et.entuai use tot trammiamadlon therapy of dcgerietative diseases.  67 ini:Kampla 3: Reprogramming of
murine and human somatic cells using a ;F:ingk. pOlyCiSirprdCveCtOr NislIERIAL.S.AND METHODS
5Vital preparation :Ind infliction. Construe:lion DI illt2.A. 'wart:viral vectors coinainIng Oast,. Send. 10 4.
and I:-     under comnol of iltemtuariymitic operator and a minimal CM V promoter was .ponenated after
EcciRI cloning from a IIIIS1/41 lend:v.:1mi 1mi:its:him All enwiStmaini were .?::?innicrated
11.-sipg.pillEitie 1:1:!;:triclitiln .SII1K*; after amp:A:cation by PCR. 10 place an 10individual cantor
between a re.spentive 2.ili. peptide (.1'l Xbills.Nhel; 7" Sphl, P.Xbot, it'll Ascii, Respcannisie.2A
segue/mem P2A -- .00CACCOAAITTICTCICTOTTAAAOCAA.CICA.DUACIATO'ITOAAGAAAACCe
CCiCitileCT I,SEQ ID NO: 2 l.5T2A -
.0.A0GOCAGAQQAACUCITCIAAC.ATITCGG'IG.ACGIGGACTOACIAATCCCO Citltler (SEQ T.D NO
:22); 
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F.:2A ----- c.AcircnAcTANITAl.I.ICICTCITGAAATTGOCTECICIAGAIRTYRIAGACCAAC 20.CCACGTCCC
(SliC) ID NO 23E       'Replkiation-inconapnient lc:mistral partichin e:W2A and M2rITAT were packaged in
2Il3T cells with a VSVAIT coat and used to infect MEN cpntaininp a Oft ailtiietangeteeto thn cmdcgenions
Nancig.. loans (2))(7). 1:4-scrink DM Tail tip fibroblasts :were d citi curt .Ircini. in/ ice presti nu sly.
published (12.), Human .keratinocyks.(lbillIK) .25wefr obtained from Corlett instintie ton Medical
.Research Camden, NJ. Viral supernatants from Culture's packaging each Of the two viresna were
pooled, filtered through a 0.45 muM ITItnr and kubjected.tomitmcentritugation .lii.ir cieititnintration, Virtili
pellets were resuspend.ed in ES cell medinna nDIMENT supplemented sciiblE% IITHS (II ycione),
letthrinala inhibitoryfactou IT-mernaptornitariel (SigniimAidninti), 30nenicillineianepternycin". L.-glutamine
and rinnessnintIal amino acids tail Mann Insdnogen) bilibre being applied tis cells lOn 24 hums.  68
Western Blot 100 :II orbldler contoiningSDS:trik4 dithiothreimi, 10% glycmol,  12% mint, 10 inkil7,a), I inki
pinomylinedbylstillonyl fluoride., proteasc. inldbitor mix tore r Roniki), 2S trkil MG 1.32 proteosome
lnhibitor, and boiled 6yr 5 111:31. Proteins were then quantified using Bradford reagent (Pierce) iind
taking spocimplgrionmdc re'ddingS at 590 mu. Concentrotiona were estimated ogoinia. standard curve
generated using bovine iiimun albumin. 'Iota: iiyrotoinog) ofia5 sOitioistoil to oiecIrooloreseg in a
denaturing 10% .dolyaerylandrie gel containing 10% SOB. Proteins were then transferred onto
lininobilon-P memdratics (Millipore; using 10a semi-dry tramiliar appeotne. Membranea were No:iced in
PBS, 0,01%Tween 20 containing 2% non Bit powdered milk (Bio-Rad), Proteins wcrc detected by
incubating 
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yithandbodios al a concentration of 50Noetring solution. Antibodies used     were:34 Santa Cruz.
Bliyieclinologyr, Box2 (mouse monoclonal R&D Bioiiiystems); is.Mye (06340 Upstater K1f4 (iii- ISO Santa
Cruz Diourchnology); IS(1APDH sc-25778 Santa. Cniz Biotedmology), Quantitative RT-POR.       Toial
RNA was isolated using Trisol. reagent (iriviliainen). Five micrograms of total RNA was treated with
DNase I to remove potential contamination of genornic 20DNA using o DNA Free RNA k.ytno
1-?cgioarel)). itlnx Microgram oU DNa5c: treated RNA ',vas reverse tranWXi bed US; n..4a hna
StrandSynthesis kit OnvitroSen) and gni:mato:1y resuspended in 100 mul of water, Quantitative PCR
analysis was performed in triphcore ;gang 1.50 yNhe reverse transcription reaction in an ABt. Prism 70R0
(APO] ied lillicirysternio with Platinum S YBR green cipeR sgpermix,LiDG 2Swith ROX (Itivitrogen) Equal
loading  achieved by otriplit'ying GAPDH iuRN and all reactions cirCre performed in triplicate, Primers
used ilyr amplification: were as follows: Deo F) 5l-ACATCGCLAA1CAOCITOG-3" (SEQ. 111) NO; 24)
and R. 5,, AGA,"\fic mcfcrils,AccAcAfsfiQ ID No: 25) M.iM3A1 CRIlAACCUAIRliCACC-3' (SE)NO: 26)
and. R, St- IGCAUIRiTACTOCAOGGIIX3-3: (SEC.), NO: 27) 4k21 fE2A- ditor) F,
Si-GOCTGOAGAlffriGAGAGCAA-(i' (SEC? ID NO: 28) and  69
5'-.A.4"..'00.AAATC.CAGIOOCC:C-3'15E0 ft) NO: 29) 5(-TiCA('CACCATO.GAGAAOCC-3( (SEQ. ID NO:
$0) and R, 5'-01:CT1' l-ft1K3CTE:C/c,2C.C1 ' (5)EQ. ID NO: 3.1) 
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1.:Irrci.r bars repreent..S.fd, Or the mean oitriplieateractions. 5 Southern blotting niy, of 1:amillgenomic
DNA was separated on a 0.7% agamse :ransfcrted O lP-iOfl Merubnwc (Amcishatn) and
b:Ybrid','ediA43,h '`P random Primor (Smaagenei labeled probes -thr {Hit.. 4 ;TOOK 1--Psi! :fragment of
pFUW- tet0 - 00C:14 piasmid;, Kt .14 ft di length KI.S4 c DNA). c-Nric (pcit length m ye el)NA) and SON.2
full length fragment of pfplaMI31). Fin El no fitiorkseent staining       Cons wea fixed in 4%
puarotinakichyde for 20 minute.5: at 23 "C, washed 3 times with PBS and blocked for 15 min with 5% MS
in PBS containing O. l% 'Triton-N !Wet irk:that:on with primary antibodies against Oet4 (Santa Cruz hi 34),
Sox2 (R&D Nosy sterns), Nano, (anti-ins R&D and anti-h), Tra-1 -60, (mouse monoclonal: Chethicon
lmemationa;); FINANOC.,) Egorft polyelonal R&D Sys.nm)::.:0.: mNANO0 .(Ele-thyl A300-39SA). .fr31-8.1
(mouse moimcional. Chcmicon irtternation* and 55 E,\ I (moitc,elonal mo.nse, Developmenial Sindies
ITybridonta Bank) for h in I% _PBS in PBS containing 0.Triton-X, cells c..k.cro washed 3 times with PBS
and ineuhated with tluorophom-labeled apptoptiate s-.:cortdary aralbodi,:.:s purchased from JaCkSOn
IMililillOrtt search. Spec irnens were analyzd on an Olyrnpus Fluorescence microscope nail images ware
acquired with a Zchis Axiocain camera. Mouse Chimera and 'reratoma forinalion       Diploid Hastocysts
(94-98 h after 11C0 in'inetion) were placed in a drop of Depcs-CZB media in ander minend oil. A flat tip
micro injection piperte with an internal diatrxter of 16 an was used for iPS cell injections. Each blastocyst
reocived 8-It) it>8 cells. Alter injection, Hastecysts wu(t eniumxi in potassium simplex optimization
medium (KSOMy, and placed at $7 'C and u'anSforrthi ur recipient        About I 0 hi*ted hiashx:Yst:fi were
tramferFed touterine hen: e12.5' 
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day-postenimm pseudo-ptcgnant 116D2F I fcmak. Pui)5 were racovered at. dos 19.5  performed by
cteposuna 2x10t b cells under the flanks of reeipiem SCD orritg2i-fmiiiic. .1).1.MOTS were :sajoind 3-6
weeks; hoer for histological analysis. l'Fitratoma forthatioa and nnaiy%is hi i:r were en:Laded by
cagiabgenase eatnient (1.5M:dant Inani Inedtr cells by subsequent sS..asties wth med Will and
sedi11ent:4.0 of ;PSC.: colenies, iPSC ais.grewites were eialleeted by centritbgation and resuspended in
a ratio of I V6 cells in 2500 of 'PSC culture media. iPSCs were injected subcutaneously by          needle in
the hack of SCIO mice (laconic). A tumor developed within 6 weeksthe mimal was sacrificed before minor
sire exceeded 1.5 cm in diameter, Teratornas were 'imiated after sacrificing the mice and fixed in fbrinalin.
After seeti(iiining, termer:las were diagnosed base en hemaniaxylin and eosin stamina. yinype analysis
was dont with et:cianaf:0 (Madi:son, WO. in Vitro differentiationa0-       Human ikeratinoeyte iPS cells
were allowed to ovagrow in culture whbout naSagnig for 2 weeks with daily medium change. At day- 15
after passage t neural mssets were observed and pieked mechanical] y by pooled glass pipetu (26),
RDSCIanC. were Rtintnd nn diSinaS: nte:.:iyaed W011 fipWrisi thtil of laininin (P retain) in N21327
medium supplemented with F6F2 (20insinip E.G17               R&D S,..,..-stemS), Alio 5-7 d eels were
dissociated by scraping with cell Wier and pippeting to sirigie cells in N21327 medium and replated o
110.1.am culture dishes. OMITand imimcytechetnisifry indnet ion (if di rierentianon of neural protr.enUors
wasperiorim.d by withdrowal of Riii2 andEOF i'rom culture medium lbr 5days. Ceils were hired in
maidebyde tor 20 min and stained tbr 1Unan finStna (C1-eane01-3:, 1:100) and 'lid- IWO) and
subsequently waskaxi 3 iirans :kith PBS and incubated with Ilimrophorc-labeled appropriate: secondary
anti bodies purchased from Jackson Iminunoreseureb, Specimens were analyzed on an Olympus
Fluorescence micros(iope and :images were acquired with a: Zeiss Ax-meant Caninfli, 
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71 REM.       '.,;(!oton.; were construct:2d with thal.:Tur:I einhimthons of two, ;:h::ec... ord1 four
.oprognernrning tactors from one.: promotc:r.was {c: sponeniie i)olycistconie viral vectors :that imitild
express 'multiple reprogramming genes rfern a single prOMOlor :Lang 24 peptkies, For this 000. two, or
three 24 oligepeptides coma-thing unique restriction NiteS were ligrgod into htlW ientavints (18)
backbones to allow efficient cloning of 0c44. Sox2, c-NIyc and l<114 each tteparated by a different 24
sequence. Vectors carrying four. three or two factors consecutively with different 10tfonibinations of
F24,124, E24 or P24 sequences (PIGS, 134 and 144) were lested for their athilly tu express individual
:helots by transient transthetion in kill:MUT: 293 cells, Western blot analysis demonstrated that 24
peptides support efficient expression of two, three or all four cistrons from a single polyeistronic vector Ma
4:13). ISTo test the utility of poly:its:atonic vectors for rep/tog/fun-ming we initially transduced retroviral
vectors carrying different combinations of 2 or :3 reprogramming factors into METs and showed that these
constructs were able in generate WS cells in combination with veeters carrying lite additional single
facttirk.DNArat. Importantly, a polyttistrothe vector carrying all thus factors was able to generate iFS cells,
In this 20 preliminary experiment we co-Infected 004-0:FP fibrobiasts With the .polyeistrottit:
ShotTlOtaxt-kifThabye vector and an additional Oct.4 vector (to account for the possibility that relatively
more 004 .prot;yM might hc,.: needed for reprogramming; FK). l311). HO. 138 shows that ;RS cells were
obtained that expressed AP. SSE4 I. anog :mil Oct4. Moreover adult chimeras have been generated from
ITS lines :infected with the four-factor 24 vector plus Oct4 Moloney virus, To determine the number of
provind integrations, a smithern Not was sequentially hybridized with a Sex2, KiM. tatnye and Ostl4 probe
HG.     shows that a single polycisucnic vector was integrated in 2 of 3 different tested IFS line& tId 2
prOVilUSCS wore: carded in the third line,On this. 1.1m, 41:0::::14, the c-rnye. sec;;mces were dcleled in
one of thc provirus:",3). Surprisingly, an additional to 11 Oct 4 30 ph:onuses were carried in each of the
IFS bites, sula;zesting strong selection for muhiplo integrations of the Oc.14 prirvirus, IkeallS:t we have
iloverseen nlore than 4 or 5 064 provirses Ii iPS cellsi3ducx-.(1 by the four sopo,otdy trailsciiieed frc.tors.
U rstmlikely theUght Cannot be UXChlded thUi SeleC6011 'Nal; tht high Oc.14. exprzssion, An
flEctnati,,..e:  72 interpretation is that the SCke;;031 for Mithcipi:-:jrcucs Va:i. due ia) SOLX:PC)11 ihr
inserlional imikiiitionunknown cellular gene, fl&ceidathat at lessa 3 renropfamming thcE'irs can be
expressed from a tangle polycistronte provinu to induce reprogramming, As thriller described below, we
proceeded to suet:sat-a:MD) generated mutate iPS cells tising (tidy a potycistionic vector carrying the
roux factors and have also atted the polyelaironle vector k\ t% for iiienettnitig hthrian :PS CON CalryitER
tninimal genetic alteration. 
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A tetracycline itultetibic lenthirtis %irier was cotistructed where expression of the genes 'was controlled
from the ititraciyeline operator minimal promoter ctettiP; FIG, 14(1). 1U  To test whether all ibur enesof a
single lout -factor (Och)/Sox2/Ki14le-Mye) virus could be expressed upon DON addition, MEhat were
infected with the polyeistronic vector (referred below to as 'l4F2A") as well as a constitutive Fl3W
lentivirus carrying the tetracycline controllable trans-aim srator M2rfl Ai abbreviated as .rtIA). Two
independent experiments wiere performed and drug inducible expression of the virus was tested 3 days
post-infection by qin-PCR. Using primers Ear viral specific transcripts ilfil2A-ciSlyc), robust induction was
observed (7-10 fold) in cells cultured with DCA as compared to control medium 141)), to teat the
relative:tuft:di:an compared to ES cells, Oet4 and Stax2 primers that cannot discriminate 'between viral or
endogenous transcripts were olitized and in both experiments infected DOX induced MBEs were
significantly higher 20 than in ES cells 3.5-md 474o1d over levels respectively), Western blot analysis of
cells isolated at 3 days after inflection demonstrated that little or no protein was expressed when the cells
were cultured without 1)0Y: whereas robust induction was sun in the presence of 00.X. with levels of Odd
and Sox2 protein being similar to that in ES cells (NG, :AFT,        To test whether the 4F2A vector was
able to reprogram somatic cells to a pluripotent state Mlifa containing a GYP reporter driven by the
endogenous Nimog promoter Wi&e infected with virus r4F2iscitf1 At, 85-90% of the cells stained for Oct4
at 48 hours alter transduction indicating high titre iniection (NO. i 5A) Morphological chances were
obuerved a few days after addition of DOX (data not shown) with distinct 39  coloniesappearing alter
about 8 days and M:1100111'4. cells at approximately 25 days after DOX induction MG, 15B), After
mechanical isolation and subsequent passage the cells had the typical morphology of ES cells and grow
iridi.ipoKtu;ly DUX.. Four  73 inclopoincierii 41I2A iPS cell 'tines were established that were positive Ihr
the pluripotpney Enarkers AP, SISEAI and Nat:op-MT (FIG. I SC),       To invesdgato ftbother adult
somatic nells could he reprogrammed using the 4II2lt vector, we intIrcted tailtrip iShrobirniti (ITEsi 4
week-old mice with the 4{-2A rti A vectors. Similar to NIFIrs, typical' morphological changes were
observed a few days after addition of DOX media.. Colonies appeared around days and continued to
expand until they were picked (day 16) based on morphology. After several passages four stable iPS cell
lines were established that stained positive fItr all pMripmeney markers (IN:n:0g, 0c14, SSFAl",\II) (FIG.
I5C). MIT iPS ccii hoes were injected subcutaneously into 10 SCID mice and were shown to induce
teratomas that contained di filmentialed. cells of all three germ layers CM. I 6A). Finally, injection of MEP
iPS cells (714) into blastocysis generated posh/awl chimeras 1(13) demonstraling that a single 41-'2A
polyeisttonie irus Can reprognan ItIlTh's to a pluripotent state. To determine the number of ptovirnses
carried in the 4E2A iPIS cell lines, DNA 15 Waa extracted and subjected to Southern blot :analysis using
an enzyme that does not cut in the vector iipreneta. Usine Op.0, Sox2, eitlye and Rift probes ihr
hybridinnon, we detected bands of identical molecular weight vonfirming that the factor sequences Sk,Cre
carried in one provirus. The total number of proviruses was between one and three with il)S eel; line 114
carrying a single viral insert (FIG. I ric t, One of two intelpaslons from IPS cell line #1 failed to produce a
band atter c-Nlye laybriditration, suggesting:a 3 dole:ion of the t>lytyc iiciiineacea may have occurred. A
second digest confirmed the proviral copy numbers (1.,10. 18A). To estimate reprogramming
efficiencywere infected with the 4F2rs, and rim vectors and plated at (I :x 10v' per iticm plate culture disk
About 70% of the MElTs were infected as estimated by immunostaining of Ctet4 at 45 hours afler
iateCtital (Fla 19A). Cc us were cultured in ES media containing; DOX for 20 days and subserittooly
transferred to ES cell medium until (ITT r et:ion:es were einarandon clay An average of - 4.7S.A.
CiAi)ateS were detected in three Ridepeniiieril discs Off it:I-HT, indicating a relative efficiency of 0.0001%.
-Phis 1) one to two orders or :nag:Rink lower than that of 'primary' infected fibroblasts (:3, 7).       In test
the kineties of reprogramming use the 4RA virus we performed dor.- tvithdraft.l. experiments where at
specified day) (i.e. 2, :lc 5, 12 etc) DOX containing mediI is replactrO 0ith ES media and the ingather
ofNariog-GEThr nolonies are counted ra  
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74 day 25. Ilsing separate dreg-indueible iiiiirtiSeS to deliver the four lig:tors it ilas been repotted that
-9-12 days is the Minimum Mae ragoired, for the generation of stable iPS cells (20. 21), Cells are not
passaged daring :his lime in order to flInoJD.ZCduplication of reprograrnming ctients, Two independent
emieriments were partbillted and in both cases 5single Namig-GFPT colonios were present on plates
ea:tared hr DOX media ittir 8 days, similar to the minimum time required using separate viruses (FIG.
14BE                                 -these data .demonstrate that a single polycistronie virus coutaining die Thor
factors Finked by three 2A pcptida allows the:or expression sitffinient to generate :FS cells from
em.bryollic or adult somatic cells. Importantly, our results also ;show that a single 1Upot:Kis:conk provitai
copy is sat:natant to reprogram somatic cent, to pluripmency, GENERATION OF HUMAN IFS CELLS
USING A SINGLE)POINCISTRONIC VIRUS To investigate whether human cells could be reprogrammed
with the 15pot:soh:ironic vector, neonatal human foreskin ketannottyiea (NidEK) ware traiisithiced with
both the constitutive NIA and DON-inducible 41'2A vectors. The fraction of intCcted cells was 10% as
determined by staining for oot4 at 48 hours alter transduction .(FRI. 20A). Cella were incubated La
keratinoeyte medium t DO.X and allowed to grow g.r ft, days wa they were rissaged and cultured in hltSle
media I- DON on gelatinized 20plates. 'Colonies went first detected at day 12 mid most displayed
trans:brined morphology with a fev,, colonies exhibiting a distinct appearance that resembled hEISCiike
inolviiology. Two stien colonies generated in independent infections were picked betWeCn 22, and 5 days
alter in:Menem and famid to eKpand as distinct colonies with morphology similar to biDSC (1)10. 17A),
These cells were expanded in the absence of 130X arid gave rise to a borisqetheiii population Han-tient
to liESC (Kor-iPS) altar an additional 2-5 passages. The cells stained for the nhtripotency markers AP,
Oct4, Nanog, Sox2, SSEA4, Frai -(10, 't(1,[0. 7B, PIC.) 011) and had a normal karytio,,,petFlO.  ite.), DNA
fingerprinting excluded that such KeriPS cell lines Were contamination from plevieusly established Marian
iPS cells or hES lines from our lab [data not shown). 'TM 30determine procind copy number in Ker-iPS
cell lines genomic. DNA was extracted and subiezled to Southern bloi analysis using an anzyme Mat
does' not cut ill the ks(tQlOr sequences. Probes for all four reprogramming factor show hybricligithen to
sir:Mar EaC4kaa.;1n band(s) again ifidiCaank,, the.5.1 '15Valta:: carriad Do siogia virus, Two 



70

75 difreFent d es (XbalBalt: HO ;thOW the 1F2A provieopy runthor 'is three and two 03) tespectively (FIG.
21A-B). To loSt tor pluripoinn..).,, ono Fne, Ker.:1)S. , was. inpetc.xisubcotanoottSly into SOD :nice.
These cells induced tcratomas and after his:dog:cal ex aMirlath)E1 5different:wed into cells of all three
germ lavc 010.17D). in addition:. Kor-iPS #1.1 ceUs.: when subjected ti) an in:dito neural difteyentlat:orl
protoed proded neural progenilor O1 )onniations as well a Idu I+post-miI(Aie neurons as detected LT I
nInn.inostain:ng. 0,1fli I }L..). oinscussroN: The ex.pc.rimentsabove show that. al; to font different
ropli:ograrnming factors inserted into a polycistrOnie vector sem:a:Ltd by 2A sequences can be
expresSed at levels suffickm to addev=-J. rc.-pro4ratruning. .Embryorde nod adult marine libroblaSts is
well as po:31nata1 human ketittinocy:es were in.iduce:d to form piuripotent iP$ cells when 15inft.;etc-:d
with the FUN riTA and 2A veetot traniildthithv Oct*.Ktf-4 4t3d.       We observe a reprogranimin efficiency
signifccavtly Tower than previous eXpe6illentS using singk yeetots to t::::ansdue.c each of the font factors
(FIG. l'13 and ati:k:  76 
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Table. 31 Table summarizing thinipotency tests as well as relative efficiencies fin di 5         Ream-tiled,
markers (AP, \St '3 Mouse chimer:am was Source niteib GIP, GT? flfet4 OT ristimated ci FP reporter
gene. Sox2h TT', by agouti IPS lincy,   presrinti Ftha, tertamm, formation; coat coior. 1110  expression of
PC, posinatal cc]: PC chimeras. 
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(in) embryonic lib  licti adult fib Nanoti No  0,11001% Vo Yes  Y No  Yes No   (h) Keratinocklea Ntt
0.0000%Yes I 1   Vus  
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It is poskibie that the lower reprograniming efficiency is due to the iathethomeilry of factor expression from
the polycistronic vector, which may be suboptimal for inducing I 0reptugramming. Transduction with
separate sectors allows integration Cuf different  numbers of provirtioes for each factor, therelithe
reprogramming may select for a specific set of proviral lotegrallerts tieu result it) high expression or an
optimal strichimmetry between the different facrors, however. the 2A system, has been reported to
support near unubinolar prol.";;;;., exnn:saion in vivo (17). Also. when separate vectors tiansducing each
of the four factors were thod for it:Mu:Mon of illIS cello, Nanog-GFP positive cells were detected as early
as 16 days oiler DIA induction in contrast to GIP positive cells observed 22-25 days after 412A. vector
transduction, consistent with less optimal reprogramming. Moreover, whereas iPS cells frequently carry
maniple OM or KIN prosaruses, conshitentiy fewer Sox2 presdruses were found suggesting that a high
level ol 20Sox2 expression may perhaps be unfavorable for reprogramming (24).       In other
experiments, the fin-in nartagenic system is used to create imthipie murine cell hues uontar inn 4-, 3, and
24Metor 2A constructs in the collagen gene locus ftIG22) (20). The system contains two components:
tetracycline controllable trans-activator (31 ' ' A) and tetracycline operator minimal promoter tlictliP) driving
the itene ot 25.imerest Apani addition of media cpytt.alnitsttit, doxycyctitto the tratts-tenivator drives
os.p)ossion of the train; cue 3Z the coiia en locus. If desired, ins:using a C.WP reporter construct at thc..
Nano g gene allows &toe:Jon or compleLe. Itaciivatical of the Nanog locus and act as a marker of
geriome- wide epigenetic roprogranuning.  77 .REEER.ENCES FOR EXAMPLE "3 Lowry WE, Richter 1.,"
Vaehocitkti R,at .(2008) Cieneratitin of bunuto induced pinripoteut stem:fron demcd Ethroblito 1"roo N
114t.ytd :4 105, 2881-2888: 2..N,labettili N. Srldbaran R, X \V". e at (2007) Directly reprogrammed
fibroblast:: show g1oba1 epigenetic retnotlofing and widesp mad tiaoe coat:Thoth:in G71l ,i;s7eni Cell C) 
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(Alta K.. 1,Mstika L & Yamanaka S (2007) Generation of germline-competem induced ptitripotent stem
cells Nani,7'7:: 448, 313-317. Park 11.1, Zhao K. Wtit.:iJ A.(2008) Feprogrannoing of human somatic
celE: to p1utitxtteney with &linedNature 451, 14 -146, 1 akaliash1K, TargAbe K.M, ei al:. (2007) bithtetion
of Our:poen: stern cells from adtth Minion libtobiists by do:Fried factor,: Cell 131, 861-872. 2-T &othaslii
K,1ftssulska S i.-2000) Indoetion of pi iMpotent stem cells 1170ril mouse embryonic and adult fibrobt,:st
cultures by defined fturlors Cell 12:6, 663-676. Wernict M, Meissner: A. Foreman R.,(20051) In vitro
:reprogramming of k30nilli1atts into a pliMpoient3tale Waittre 448, 318-324. S.'13.: 3. Veclyttail: MA,
Snia,;;A-Otto K. el al :2007 :Induced ph-rdpoient stern coll, lines derived from human sornatic cells
&lege)? 318, 1917-1920,       1. Mintoulaki S, Scherdong 2, eE t1. (20081 Direct reprogramming of
te,EMitiP'ly Chthretilia;Cd illatUre Ii lymphocytes to pluripotenuy Cell ]33, 35U2.6$.
78 10,Kim i13, Znehresli, Wu 0. et at (20)S) Pluripotein slew, calls induced from nentai skim coils 1/2
reprogramming with two theiors Maitari 454., 616- 1550. 
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1131adtftildEireimand K. & ilochodlinger K (2008) Reprogramming of rine:mane tinta1:11.0etem cells
Cur., Blot ;8, 810- 94. 12. Hanna J, kilernig M, Maritriniaki 16, et at (2007) Treannent of sichth coil anoint::
inimse :model with 'WS X.1Sgonorated frOirt at"Cd(VIIS ekin Sderice 318, 920-1923. 13. Wernig M, Zhao
JP, Proseak it Cl at (20)8) NCUrDEIS derived from roprogtainthed rthrobinkis Moe:tonally nitegtme nth:
the rend bran) and 15ism:trove symptoms Minas with Parkinson's disease ?me Nati:lead Set fl S51 105,
51.156-511161. Ryan MD ci1ii Drew J 0091) linoi-and-mouth disease virile 2A cligopthmide mecitaied
cie'aagC 01;-.131 attitlelal polyproteix/ limbo J 113, 928-933, 211 15.R:./ai; MD, Kngii. AM, & Thomas
131> (1991) Cleavage of (hot-and-month disease 5iirtis poiymotein is mediated by residues located within
a 19 amino :itch" sequenea j (Iva i'biot -72 Ic.t1), 27-2:7-2732. ic16.DORM:M: VA, Wu C, de Felipe P, et
at. (2008) Sitespedfl.c. release of naecent chains from ribosome:: at a eoriso cellos Slot Cid/Writ 2.
42174239. 17.SzYnicZak AL, Workman Cf: Wart21. ia at (2001) Correction of inniti-geno tiolicioney in
siyo using a sing1e 'self-cleaving' 2A peptiriothaiied retrotinil 30vector .Nhr BlOh?Chi?Oi 22, 589594.  
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79 Lois C, Hong El. Peatta S. el ail (20N) Garmline transmit:3;30n and tissuesnceific expreeedno of
tin:it:genes ddiscred by eiativiral, vector& Set/arca 295, 868-872. 19, Werrlig M, IerhItler 0, Hamra 3, et at
(2008i A drug-inducible tratiogcnie system for di red teprogrnmming of multiple son-nine ceii types Nal
atotecintol 26, 916S,24. 20, Brambrthk I, Foreman R, Weigtead Cer" at (2008) Segue:y:0d exprausion of
piuripottiney markers during .direci reprograrturilhg of mouse Smt ic CCUS Cell(.11 2, 1S Stud:kW WI,
Mahorali N. Breu1I DL et at C2008) Dclitaing motleactder cornerstones antinh ilibt0blasit to IPS eell
reprogramming in imouse Cell Sion Cell 2, 230-240, Olt ICNakattav,:1-15./(tttiongFl et at (20)8)
Genetaiion of Moue traitiecul Ploripotem Stem Calk Without \lira: Vectors ,Ncicheri $22, 949-953
2023,Stadttgiti M. N2WI.3, ci t (200K) indruairl Pliwiutgurit Stem Cciit; GeneratedViral Inatigradon
3l:g3ence 322, 9315-949: 24,Etnirdi S. illrtikal IS.ind K, et at (2008) Reprogramming of Neural Progenitor
Ceils into iPS Cells in Me Absence of Exogenous Sox2 Expression ..$3cti3 25.Meissner A. Wornip M., &
Jaccisch R (2007) Dircei ritptogninining ot genetically untroailicd fibroblasts into ptcripotnnt taern cells Nat
Rio/eddy/ 25, .1177-. IS]. 30 26,Linalr., SC, Weiriiia .M, Duncan ID, et at (2001) In 'vitro c lie- 0:tatation of
tramolamaibie neural prechrson from human embryonic stein eells Nat &week...7/h' 11, 1129-1123.  
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80 21.ilotAcemcyer 0, SCA:13)1' F. Caok(2008) A clitr,yinduciNe sy.sitem fbr 3:it nvrognimmling of human
somatie celF,-:to thtripoten,cy (Wt. Swm Cell 3, 346-353,  81 -11N(IM plc 4: Haman imitwed pluripotent
stem cells free of viral reprogramming factorN EXPER1M.ENTAL PROCEDURES cell etth tire       All
primary fibroblast cell lines described in this and wete purnixised l'rom the Col - iell C eP Repoxitory.
Fibroblasts were cultured in fibroblast medium [DMEM supplemented with tFES Mycione), rnM 1,1,1-(1
()Ali tle ( inVilFngC1101, C-1L nonessential amino acids ariviligen) and penicillin/stieptom3.cin
OrivittogenY4 4UPSC::: and the hESC: lines 13(10 and BG42. N114 Code :BOW and R(402; BrHaiCien,
Inc., Athens, CA) were maintairied on milomyein C (IMeyinaclivaied manse embryonic fibroblast (NIEF)
feeder layers in kilifie medium [HMI:AVE:12   (1S1: trown) supplemented with 15 1835
(lycione),knock0M1'm Serum Reelacement ;titian:Igen), 1 MM glutamine tinvitiogen)" I% nonessential
Knirm 15acids (irnanogen). 0.1 tnM P-inercaptoethanot (Sigma) and 4 lagliT11 H.) F2. (RAT) syst:mroj.
cult wts,,x,e.te passaged (nti:TY 5 to 7 days: either manually of enzymatically with collagenase lype IV
(ftWitfVg(fil; 1.5 rtIg/1111). Human ernbryonie stern cells t:19 IN111 Code: WA09, Wisconsin Alumni
Research l'oundation, Madison; Vii) were mainiannxl on TM MC-innntivified MEHs or
nn110.8,1C-inadivitted human fibroblasb3 (D55 American Type C111(tire Collect:on, Manassas, VA)
according to the manufacturer's protnent For LB induced differentiathm, ESCchiPSC colonies were
harvested using H5 moni coliagenase type IV (invitrogen), separated from the MPH feeder edix by
gravity, gen0y triturated and cultured tbr 10 dir,s in nun-adherent suspension culture dishes (Corning) in
DMEM supplemented with 15% PBS.       For Cre-recombintise ntednaed vector exeision., hiPSC lines
were cultured in Rho K blUSC (ROCK)inhibitor (Calbiochem; Y-27632)24 hours prior to e1entroporation.
Cell were harvested using 0.05':!4., trypsirilEDIA solution (hr.:Mogen) and I x 107 cells resuspended in
PBS 1.4.:ere trans-lee:led with either i)(Ire-PAC (30 kg; Tanigticin cu al., 1998) or co.4tansfec.ied With
pTurbo-Cre (40 .tig: Genbank Accession 
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30 Number A11334827) and pEGFP--Nl ( Otig; Chmtech) by Hectropuration as described pree3ously
(Costa et ai." 2007; Gene Pulsor )Coell System, Rio-Rad: 250 V. 5000, 04 ern cuvenes). Cells ,...ktere
subsecpently plated on MEI feeder [avers (DR4 MEEs for  82 pilromycin seitifilion) n iifitSC medium
supplemented 4 ROCK- inhibitor for the first 24 boors. Cie-rifecimbinase expressing cells were selects:tit
tisine one of the Collaystiing metikodiraddition or ritaciinycin i2 maid) 2 days after eieeiroperelion lea a
period of 46i hours. 2) PACS sorting (FACS-Ariai 31.)-Bieseiences) of a single ecU suspension for
1.1611' expressing cells 60 hours after eleetroporation followed by replating ffi a low density in R OCK-i
nm hi tor contairdng, hE50 tilCdirn11. Individual colonies were picked 10 to 14 days after eleetroporation.
Viral construct .11111-\\?-f02ritilA h.intivirfil 'vector and les:Bind veitiorS eobtainirig the human .e-DNAs
0.ir.taFifc0(74 (FiliV4il10-hocI4), (J50W-teli0-1)B0X2ili. and esiliffti (al-Wideltd-iiiN4Y-Cli under the control
Of the tetrifeyeline operator and a Minimal CMV promoter have been described previously fidoe.keineer
et at 2008). To generate die Cre-recombinese excisable DOXinducible hmliviral vector', a Not iii3fii36
daginent containing the tetracycline operitiorminimal CMV promoter and the human c-DNAs for either
KLIsli Ofi74or Suai2 were sekicioned Item ea:fib:RAY-mu) vector iuN u Blitt36 site" of the FUG W-loxP,
which contains a MP site in the 3' LTR (tiaana a al.., 2007). 20Lentivind intediari and hi.PSC derivation
ViSVG coated lentisintses were generated in 293 cells as described 'nevi:tinily (Brim:brink ci al., 2008).
Briefly, culture medium was changed 12 hours postIranafeetion and virus -containing supernatant was
collected 60-72 hours post iransfection. Viral supernatant was filtered through a 0,45prn filler.
Virus-containing supernatants were pooled for 3 and Udder infections and supplemented with Hi
WNt2rlf3, virus and an equal volume of fresh culture medium. Ix 0 human fibroblasts svere seeded 24
hour" before transduction in 17.5 flasks. Four consecutive infections in the presence of 2nglitil of
polybremi were performed over a period of 4$ hours. Culture medium was Changed )2 hours: al ride
batiafeezion. I ice days Mier 30niamidnetion, librobiants were iiiassiiged using ttypsin and iV-pikiktd al
different densities between S X 104 and 2 x 19 cells per 10 em' on gelatin coated dishes. Tia  83 
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inctuee tcptograintning, eultnre medium was replaced 4S hours liner by ial:Se medium supplemented with
DOX (SigmasnAldricn; 2 itglini). fliRSCs colonies were picked manually based on norphoicury between 3
and 5 weeks after DOX-induction and manually maintained and passaged according liESC proti)eols in
the absence of DOX. 'bo du:ermine retsrogrumming a:Mendes. xT.0 human fibroblasts were seeded onto
I ft em gelatin coated dishes. Repl'Ogran1:01n efficiencies were mamboed after 20 days based on
immunotAdochemistry [Or the pi uripoimcy markers Tra-1.4.10 and NANO(3, .34icrottrray gene
expre.stthon analysis 10RNA was isolated from hESC:ri and iPSCs, which were mechanically supiRated
from feeder cells, tisita3RNeaay Mtn Kit Nisgent, 2 tig total RNA was used to prepare biotinylitied eRNA
according to the manufacturer's protocol (Affymetrix One CyrkiiDNA SynliC3i.ti Kit.). Briefly, this method
Rivolves SuperScripa reverse transcription tisthg a T7-Oligo(dT) Promoter Primer to create first strand
5eDNA. RNase kl-inediated second unsind eDNA synthesis is lelitivvert by 17 RNA PC6'MeraSe directed
in Whir transcription, which incorporates a bMtinyiared nucleon& among during cRNA amplification,
Samples were prepared for hybridization using Cpg bionnylined eRNA. in a IX hybridization cocktail
according the Alrymetrix hybrid:mile): manual. fithieChir artays ititsnari t )13:3 2.t0 wale 20hybridized in a
Geneebin Hybridization Overt at 45C fin. 16 hours at 60 RPM. Washing was cione. name a CieneChip
Hind Los Station 430 acurniding in the marairisentror's instructions, using the Marius provided in the
Affyinetrix GenirChip Hybridization, Wash and Stain Kit. Arrays were scanned on a Genet:hip Scanner
3000 and ininges were extracted and ariabized using Ger:eel:Sp Operating Software :1 4. tfl 33 Pi U3 2.0
03:CitalTaySprocessed using the MASS algorithm and absent/present calls fox each probeset were
detennined using: the standard Affyrrii;)-trix nips:Milani, both as.; iMplerdelitC:d in iiiiteoratactht.
Probesets that were absata tit ail sample.s were removed for subsumes-a analysis. Differential expreen
36ssas determined a moderated t-test using the ibruna;NiekagC. in R. (cinTecied tbr false di.scovery rate)
or My fold change. Where a gene was represented by multiple (in:besets osast-Q. on annotation Mom A
Rytheitix),C;J;.:PIC,S33(itn laK-iatiosWJp-  84 VidUOS eracalculated as the mean and nnnthlthr. of the;,ie
probcxels, respectively. tietatehicalWa5 perlefined on log-tta;:sfOrmed tne 'expression ratios 
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nine uneentered Pearson cormfation and pai nise ayif)age linkage Co:Telatiem: were compared. u.sing
Ifishey's2 transthananon. Confidence ol the hierarchleal clustering vas compined using innhiscalo
hontstfnp fesainpling with the R package 'pyclusr, Reversti transcription Of total RNA and rnaktline PCB:
RNA.            was isolated from [Bs or hESCs and i.PSCs." which were Mechanically sepafated from
leeder ceids, using either the RNensy Mini Kit (Piagen) of Ttizol extraction and subsequent ethanoi
precipitation, Reverse trart.'1:CTiptiOn was performed on lug of total RNA using (dig di priming and
Therax)script reverse transcriptase al, 50"C (invitrogen). Real-time PCP, was performed in an A131 Prism
7000 LA abed Biosy)lemS) )),,Eith Platinum SYBR grt::en pPQR SuperNI1X1fIX1 with ROX (Invitrogen)
Using primers that were in part pieiflo)taiy described alockemeYer at al,, 2008; Yn et al., 2007) and in part
are descrilx.,d in Seidner, at al", 2009, Supplemental Experimental Procedures, 't enlinraa orknation and
analysis       IIIIPSes were collected by eollatzellx..L. treatment (1,5nigg.'ini) and separated from feeder
cefls by subsequent washes sOtlif i.nedium .i,f43(1SCEliineYthi:ii:W1 bygrayity. kii.P.S1,:f aggregates
were collected by cemdfugation and resuspended in 250.4i of phospink.1)utThred saline (PBS), H.PSCs
were injected subcutaneously  in the back of SCID mice ;Taconic). iftftnots generally dm:61(1nd. within
44+ weeks and unimais 'wore ...sficrifieed 'before minor ..si):0 exceeded .5Tc,raM* Were isolated
.aftersactilicing the :nice and fixed in fOrMI'alin., Alter sectiening, teratern.as were diagno;:edim),,,x1 on
hematexylin and C0.3th qthoinE,. Me:t. hyNtion attatsis       Genomin DM'', was collected front hESes and
hiPSCs by mechanical ;$epara:iion from feeder cells. DNA was iircoteinase K treated and ph1431:4
<IXWad:Cif and 1 pg of ON A was sub iected to COM'CniiCth Ming the Qiagen EpiTect     fide Kit.
Promoter regions of CfCT4 Were amplified ming pravitna,.sly described pritnets (Yu al., 2007):  85 OL:T4
Fon:,nru: krrrucrryli TC5GUTIACIITAAAGQI: (S.EQ if) NO 32) OC14 Rcverse:
CC.AACTATcTTcAtcrrAATAAcNrcc (S13.1.).11)Na 33) PCR products wcrc cloned using the pCR1"vect t
andsequencedN113 forward and revtXC:?'e ptimers: 
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Genii `,-ktin riNed in 4% paCalbitt:ithiehyde in PBS and intrinmosmined aecording c5lanthIrd pt-olocols
using the following prirtlary antibodies: SS EAAI i:nouse monoclonal:. Developmental l'_"Udit,:r3
Hybri(10:113 Bai*); 'Ira 1-60, Orwose. monoclonal, Chernlixifi International); hS0X2 (goat pol yclonal,
ReL:-.1.) Systems): Oct-3/1 mouEa-: monoclonal.. Santa Cruz Hiotoehraldlogyr, IINANtgi (\gnat
lx)ilyNonal R&D Sy:ttetmi; appropriate Tvlolecalar Probes Alexadye coninga:tod wound:icy antibodies
(InvittcTen Ske.R Uscd. 15Southern blotting            EcoR1 or )v'llet dige.:aed ger1:0MiC DNA was
..separated on a 0,7% agarose gel, n'anijerzed: to a nylon melnbrune (Amersharn) and hybridized with 1
random pi-noel (StratagiTe) labeled probes for 0C14 (EetaRI-Psti. ftagmenl ut pRJW-tet0-hOCT4
plasmid). Kt 14 (full length liK1,F4 a)NA), c-MYC (MI length z.)u-MYC eDNA), Sak2 (17spi-EcoRi
Fra2ment of pFUW-tet0-hS0 X2 pla,:thid) and pso bp C-terminal fragment of the it12,-;14 e-DNA),
Accesision numbers       Microarray data are a.vallable at the Netil Gene Expression. Omnibus..databas
under the &cries. accession number e$S.11471l , OVERVIEW       In ZI)Oexat3100 We ithOW that
libTObiaRS IT0,131 five pa&nts with idiopathic Parkinson` diset&K, WO) can be eltkiently tenrogrammed.
Moreover, we derived 30hntnan induced piuripotent skan cells thine:0 free at reprograrruning factors
uslug CRf-riXEOrnbi':iaR OXCX:Sable virascs..F:::citiat-free PSCs nntintain a pluripotent state and ShOW
a global gene expression [volile, mote closely relaled to hcsles than lo hiPSC5.:  86 carrying the
trant:genes:, Our resutts indicate that residual iransgene expression in yirtts.tarrylng hiPSes c.111;?tfCc;
thUr t";,lettdar k.haractc-;tia and s.31goal: that faetor'free hiPSC:s therefore represent a more stnzable
source of cells for modeling of Inanan 4isease. Rtc,stiLTS 
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Reprogramming of fibroblasts from PD Wien s by DOX-inducibie lentiviral vectors       Derma! tibrobtasts
om live patients with idiopathic PD go of biopsy between 53 and 85 years) and from two unaffected
subiects were obtained from the Coriell Inssiitutt: for Mahe& Research (sec Table:r). To indoee
3',':pRigramini:ng.     ihrObhiSIS wee? rift:!C{ed With a eons: ttuth,ely active lennvirus expressing the
reverse Lettacycline trans:activator at W-M2rl'A tot.4etiv.f.'r with / )0X-inducible lentiviruses transducing
either 4 rOC7tf, Sac. KL.t.'4) or 3 (0(174, SOX2, IDS-.0 reprogramming lhetors.skflt subsequently :refer
uliPSC thles derived l>y transduction of 4 factors as hiPSCP' and those. obtaMed by $ factorhil'SC"..
Coionies with e,.elltdelaned nESC like morphology were selected and manually picked 3 to 5 `Attk3 after
DOX-induoed transgene expression. All fibroblasts obtained Dom PD rein ion:3 and non-PD patients
gawe tit, to s;trbic hiPSCs that wete 3:1,1:aim:I:in:A in 20the absence of DOX for more than 20 passages.
At least one cell hoe from each donor fibroblast line was analyzed in derail (Table 41. All of those
hi-1'5.es urnthrmly es:Nesse:1 the 1*u:1:potency markers Tra-3-6Q, SSEN=1, OCT:, 80X2 and NANC.Kt
as detertnined by immunocylocherniAry (.HO. 27A), In addition, all lePSC tinetr, analyzed by quaranative
RT,-PCR showed reactivation of the endrrirenous 25ploripotency ielated genes OCT4,SOX2 and NANO()
with similar levels of expression as seen in LESCs (FIG, 228) As expected tot hiPSCs, the (X:rit promoter
It'Ljon of PD patient-derived hiPSts was fOund to he hypornethylated in contrast to its ype:methylated
stale in the parental fibroblasts27C). In order to test for piuripotency, hi PSCa isotaled from each =donor
fibroblast line were injected into SCID mice. All h:FCSCs formed teratorrnD comprised of :issues
developing from all embryonic germ layers tncInding eartiiage, hone, smooth: muscle Onesodorm), neural
5 10 15 213 30 87 
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I osettes, 1:3igmen1ed nourd epithelium (ectoderm) and intestinal et)1thelhan with goblet- and
Paneth-likt) cells (sndocit,,,$)211A.1. Cytmtenetie analysis of Pl.) specific hiPSC lines .1'1)Vealecl
abOn)711/1 karynt,..pe     oat oil 2 iines (see Supplemental Figaro 1 of Soldner, 2009)" Only ono ont. of*
three clones derived from the fibroblast line POD that had been trarauthieed4 factors (iPS 1)1)1.)43:-5).
showed an arthalaneed tram:location between the long-arm of chromosome IS and the long arm ot
chromosome 22 readting in a derivative chromosome IS and a single copy of 61mi:up:some 22. Two
ir'Alependent bil18Cs derived :*.otn non--.1>1.) patient fibroblast line (iPS 1W -1 and WS Nr-2) showed a
balanced 13:a3111)(11.3t1:013 betWeet1 the short and bog arms of chromosomes 4 and 7. sur,gestiog
that the 4:7 transiocation was already present in the donor fibroblasts (see Soldner, et al., 2009,
Supplemental Figure I). DNA finf:i.,orprinting 0iOO RD patient-der; ved kii1S1Cs and the Eparemal
fibroblasts were performed to confirm the orig.:nor the hi Sus and to raie out cross containinadom With
t)iki1371g PilitiprAlenT Ce11 1i.111);$1 (data not shok,M). Sonthern blot bnalysis probing for leinivim1
integrations showed distinct paztems thr each of the hiPSC lines confirming that each fine analyzed was
derived. from independently infected fibroblasts carrying a total o.C4 to 10 proviral copics (PIG. 28.8".
280),       In order to further eharacterin the usefulness of this system, we determined the
reprogi-a1):1111ii1g .eilii):1)):11:)110S .fOr one fibroblast line (PM) in detail, 1:1,eprogramming
efficiencies were eabudated oiler 20 days based on. iininunoeytoehernistry tel the pinripotency !net
kers-60 and NA N06, HiPSCs arose with an efficiency of approximately 0,005% alter transduction with 3
Faclors and approxinuitely 0,01% after transduction With 4 factors, This is comparable 10 previtrasly
reported eilleieneles using either Moloney-based retrovirai vectors or constittitively active .1entiviml
Yee:.tom (Nakagawa et al, 2008; I akahashi et al" 2007; Yu el al., 2007). Immunocytoehemistry for
NANOG and Tra-1-60 at different time points after DON addition revealed that small plutipotent colonies
could he detected in 4 faeto.r transdueed :Fibroblasts as early as 1i days after transgene induction (FTC,
32A). We also determined the teinporal requirement rot the expression of the repropuruning faetors by
varying the time of DON-induced transgerle expression in fibroblasts n-ansdneed with onher 3 or $
reprogramming .factor5. Afier 24 days we were able to isolalewlonies from 4. factor transduced
:fihroblavN exposed to  88 DOX for only 8. days (PDEs*-1,2,3) tN,lieteta.; titliSC from 3 factor tratittdtteatt
cells eould be isolated only atler exposure to DOX thr cc, least 12 days (PDB33thd12), Although the
rttprctutantning faders were on:y expressed tot a:united period: all of the piked celis gave rise to fully
reprogrammed hifSen which stained for pluripthency markers (HG, 3213), reaCtNated the endogenous
CX.Al.14NO(7 and 80.1:2 genes (1 R11. 320), and formed tentomas comprised of cells derived from the
three developmental germ: layen (PIG. 320,), Our restilts suggest that reprogamtning. by 3 Factors is less
efficient and takes Ionizer than reprogramming by 4 lietors in agreement with pnwhiths observations
(Nakagawa et. al., 2008; Weithiiri: et al., 2008). Idowitwer, nth find that derivation of hilYSCs using 2
thcz.cira is more pi-act:kat, since the inkcted fibrotilast cult:urea ate not overgrown 1w granulated, last
grossing non-hiPSC colonies as has been described prey:Nisi), for cultures infected with 4 factors
(Nakagawa et al., 2(1)8:. lackana1( et al_ 2007).       'Die results described so .1ar show that DO
X-indueible delivery of the reproip.animinEc factors can efficiently generale biPSes from skin biopcie.s
obtained from PD patients in the absence of is-Wire with shnilar kinetics and efficiencies as previously
lc:ported using other appioacites. Imporiantly,. 8 of 13 3 factor hi fhSes carried a total of otly 3 to 5
provdrai integrations (FiG, 288. 280., which is signific=tly less thantatcaNttatt: tatitateS Wernigal_ 2007).
Generation of PO patient-derived hiNes free. of viral repo)gramtning factors       in order to derive bil>C,
(bat were free VMS/it:MS, we generated VaChttS that t:Cadid be excused after integrainm using
Crethteontbini.lse. '1 he htilitart ithipitttri promoter of the FiX11.1ii-liaxP tent:virus, which conthim a loN.P
she ut the 3'1.1 R (Hanna et al., 2007), was replaced with a DOX-induethle, thintrital CM \i promoter
billowed by the hi:Mw:s" c-DN.As br 00711: 1,7.LF4 or SOK?, Upon proviral replication, the 'ix& site in the
3'LTR is duplicated into the 5'1:IR resulting th an integrated tratisi,ene tiataked by lits41 sites in both I..
Ms (Figure 4A),  it106 fibroblasts (PD13',.. wan:: transduced almultanithusly .\-it.11 these 3 yttlaStttt as
well as a constittnivel active Ion:Huts expressing the reverse tetracycline 1M1SaCti Vatat (113W-M2rt
fAth 24 hiPSC lines isPD1323'-1 to 24) were isolated 3 to 4 weeks alter DOX addition with similar kinehcs
and efficiency as described above. Southern Not 
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89 analysis for 12 cell lines showed Mai 4 POWs' linesPOW"klitti 7, POS:2'."- 21, POe".-22) eornained
only 5 to 7 integrations of the rein:fen:mining faeters (17:O. 3;3). 'these Pat? Celt lirteS were Maintahled
1t1 the ah1;erlet[f of 00 X l'ot mere than 20 past:ages and displayed al:of the:char:tote:frith:30f hiPSCs
such as espression el pitirhaiixeraty related marker proteins Trail -60, SSE.A4,SOX2 tnd NANOG (Ma
2913) and the reactivation rif the endogenous pluripoleney related genes Oer4, AS,:ADO and SOU t
included in HO 2113). Furthermore all tented 1-3Di3k" dories 02Di323i3.PD1132kkk-22) demonstrated tit
inn: thtdti hinge differentiation in litlifs (diata not shown) and formed ionatomas with conttibutions to all
three embryonic germ layers tiller subcutaneous injection into SCII) mice (no. 29C)          fiacased on two
clones, with enter kt (P-De".-2I) or 7 (PD13--17) tool integratiena 114 the reprogramming fiaelos to teat
whether the excision of the loxP siiet flanked lentivirai vectors would .ititatiterate trausgernittree tells. Two
different rate des jot Cle-nAiau:4 vector excision were used WIG, 30A): (1) Transient expression of a
15vector encoding Cmi-recombinase and the pubtanycin resistance :marker (peria-PAC).
Followingt:operation. the cells were selected with puroincin fin 48 hours to enrich for cells that transtlently
expressed Cretrecombniase and purranyeitiii (2) Cotransfeelion of Cre-rectimbinase with no EON'
expression plastnid and subsequent FAGS sorting frfr [Olt positive and Cretexpressing cells GO hours
after transfection, Using these two methods itt%ie. isolated a total of 180 clones 10 to 14 days ailer
eliectroporanion (FiCi. 30A). Initial Southern blot analysis to semen fix the excision of Kif1t4 (highest
number of integrations] using an internal ificriPel digest showed that 48 clones rvere negative for 1asr4
lentiviral integrations; (Data not shown). ;Subsequent Southern Hot arealysis tar FJ.4, 0c14 and SOX?
ptoviral integrations using itri external Xhaf restriction digest revealed that 7 clones derived &OM
POl3ii"k"-17 and 9 clones derived fitin1 PDB' -21 had no integration of any of the reprogramming Ilictors
(FI(ii. 3013, referred to as P1713'''' clones), Excision of all reprogramming thetrit s was eitill:MTICti by an
additional Southern blot analysis using a different restriction digest IMO. 34i. Furthermore, PLR of
geiniatie DNA using primers 3Us):ecific: for Cr:it-re:ton:bin are .ctonfinned that none of the powiti, clones
had stafily integrated the ereetroperated plastnithf (data not .,:fatwo.f. Southern 'Net anfkaffs ft:r the
integration of the faiiiierce ternixiyelltite tratinierethicior Al2rat4 showed one integration .fitir line PD.W1
7and two inogrations for Hue(F10. 35;), This th::"Fins  90 that the overall number of pro viral integrations
including the iransactivator in line 
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pp[31kn-21 s the sanle as the nurtibor of excised trans.:gapes froas pon''""-17 fatift"gefaing thin the
excision of all transgenes including the transactivator shinild be possible. Cybagenctic analysis
demonstrated that 14 oilt oil 4tivzed :thanes showed a normal ktaymype attet Cite-mediated tuansgene
excision irip0:1, 30C and dtua 001Sf30A,110..       All viribi-free chat CS rot:titled a sitible hP.SC like
morphitilogy upon pirdenged chore ter inure than 15 passtiges and maintained all the characteristics of
hIPSes such Os expression of the 10.15iC related minter proteins Tra 3 60, SSP.A4, OCT& SOX2 and
NANO. Os shown by intsnimoeytochetnistry (PIG. 31A)., and the expression of the endogentins
phriptitency related genes 0(74,. SOX2 aml.?\:04,-7 crIG 31 Bliat lcwela comparable to hESCs and to the
parental hiPSCs before excision of the trabsgenes. n order to demonstrate Pam the tepropthmtniog
ractotylbee PDB clones maintain pluripoteticy alter the excision of the reprograniniing factors, "_ _
intiepeudetat POIPItl' clones were ifillferentiaitxt in vitro by 1111 Milt-fat:en or injected subcutaneously into
SOD mice. All tested P1-31111' clones showed multisiirmage differentiation In Omit and developed into
term:on:as with contributions to all three embryonic 3r311/ layers (Fla 3it?). In order to compare reaiduaf
1.mi-fit:gene expression between distinct 1UPSCs     iatemaied tram:gimes and thrtion-Trec hil'Stl's< we
per lbrineit riittanlitittbete RI-PLR using, transgenessnecilia PCP., primers. As reported previously using
either letn iral or Moloney-based retruyiral vectors 03initis et al., 20118t Ithett et; al., 2008: llockerneyes et
al., 2008: Park et ai..Yu et oh, 20011 we detected residual expression of the reprogramming factorx. for
roost oil the transgenes in all (fell Pries  ith integrated viruses but ustit in uninfected Ilbroblasis, fil3SCs, or
PDIPs' linen (FRI 311.1). Our results indicate that the use of lox!? Clanked vectors for reprogramming
followed by Cre-mediated cxc slon can efficiently generate Utproyamming thebta--free hiPSCs,       ft
address whether residual transgenc expression could affect the overall gene expression pNfite of th(t
reprogrammed cells, we compared hESCg, the patental fibroblasts, and hiPSCs before and after
transgene excision by genometwide gene expression aubdytds,comiatiOn :1311cOrsis based On all
genes which show at least a 4-fold espression difference hefts:et:1i fibroblasts and lallSts confirmed that
all  91 MPSCSare GIOSeby related toregardless of ',she:11mi the fransgeries were 
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removed ea not isee Soldner, et al 2009, Supplemental Figure 7). Despitc the similarity of linESCs and
hiPSCiti statistical ;Analysis COrnpvin., PUBand PDF3.2k7i cells in no:rotation to hESCs demonstrated
that PDI3''' cells are more similar to 'tit-3;3es than the parental PDB2' ()ells (Soithistr, in 31. 2009,
Supplemental Figure 7). Notably, correlation 'analysis based an all genell showing at least a 24tbid
expression differentia bet \seen MPSCs either with or without Iransgenes confirmed, that the gene
exit:ryas:tat profile clench individual PDB''' line was more closely related to ihrifiitiN than to Tillie"' lines.
iidina not shown), In IiiPSC:o with viral integrations.. 271 penes showed statistically significant differential'
expression as compared to hilSes (p<:0.05) (FIG. 3)E). Him ilar dilThretices have been reported
pies-Musty (ifititoinisni et at, 200). In contrant only 4..8 genes were differentially expressed between
iTar1:31.1:ens.,-ffix, hiPSCs and higStils (FI), 3 11.3). This represents a reduction of more than SO% of
da.,,gulatej gc:-.11(i;.; upon removal of the seprograttnning Factors. The remaining 3:diftbrend tally
expressed genes Mi factor-free hiPSCis are most likely due 1<3either the diverse genetic background of
lidaSCs and hiPSCs or the eaprennion of the transactividor or a gensitle memory of the remsigirammeei
somatic cell of origin. A CIQUiikd list 01 the di iitercritially regulated genes is 5a30W0 iflSlippletriCiltai
Table 1 of Soldner, et al, 2009. 20 DISCUSSION       In the work described in this example we derived
iiiPSCit from skin biopsies obtained from patterns with idiopathic PD. We deveioped a robust
reprogramming protocol that allows the reproducible generation cd patteirli-speci tic liiiPSCis carrying a
OSlow number of proviral vector liategrations. The use of modified lentiyiruses carrying a loxl4 site
flanking the integrated pinvirtises rillineeri the ellicierti iemoval of all transgene sequences mid generated
reprogramming-tnetoptlee    hiPSCs were pluripotent and, usitig molecular etherl; were mom similar to
embryo-derived litill3Cs than to the conventional vector-carrying parental hiPSCs. 30Efforts to understand
the underEintg pad ophysicdogy of many neurodegeneratb.e diseases such as PO are hampered by the
lack of genuine in Won models. Using biPSC technology we established htPSC ;inps from five patients
with idiopathic PL., tnandt DOXi inducible lennytml viactors transehicing either 3 or 4 fepfOgianaming  92
thcaors.  hese CeHS ;nit 3110,At ic Inwe all of the teature::.3plotipotem ES cells including the ability to
differentiate into cell types of all etithryonic lineages. 
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our reson.:: 3ccate na3; removal or the integrated transq:c2enes by Crellox mediated recombination can
lead to vector-free hiPSC.s. A previous report ailed to excise transgencg flanked by MO sites (Takahashi
and Yamanaka, 2006). Without being bound by theory, this is probably due to the high number of
retroviral inteD-ations nom than 203 which made corn etc le,11:0V;d of all provhuses imt)ossi hie or
caused eatasamphie genomic instability. Our resuit;, based upon DOXiiiducbietransdnelion, chow that
hiPSC.c carrying as few as 3 or 4 'yiral integtations can he generated. Using BOX-inducibleveclors with a
lox') she within the 3'1.1 R, we derived PD patient-specifil: ri:)14:11graltIrnifaCti)t-fre0 hiPSCs after
ete-reCOn3hinaSe MOdialed CNC:Sion <A the lr-Z:315.::gCrICS. Removal of the promoter and,
minsgene semienees in self-inactivating (SIN) lentiviral vectors is expected to comdderably reduce the
risk oncogunie transf)rmaticm due to virus mediated 0E3Cogerte activf:nion and/or re-OXpICCCion of the
iranaduced irao3cription. factors (Atka and Berns, 996; von Mille et ;:t1 , 2004). The rexnaining risk of
gene disruption could be eliminated hy targeting the rep:roma:mining factors as a polyci.5dronic single
expression keel:or :flanked by icoP cites into a gen:Milk:. $Vcife-hafbC": iocua Factor-fres: hIPSCti rai
aphi ripe cot ESC like staie       Although silencing of fraUSgCne expression has been reporied for several
hiPSes, all hi P$Cs aeaerated to date (including the lines described in this example prior to removal di the
reprogramming thetors), ::ntstain a low but detectable residual transgene expression (Dimos ci id, 2.008;
)dbert et a:1,, 200; Hockemeyer el nit, 2008; Park e:2008a., Y1.3 et W3., 2007).1he question of whether
hiPSCs depend on the expression of the reprogramming factors to maintain a pluripotent ESC-like state
has therefore not been C-OnchtSiVely resolved. 'The observation that factor-free hiPSC.$ kwre
morphologically and 1)iol,ginal. indisfngnkliable frzYm Ole parental hiPSes and man:tinned all the
ellktraceristies of hES:C;, demonstrate$ that human sornatie evil:, can he reprogrammed to a
self:sustaining niuripOtent state which can be maintained in the 3Ucomplete absence of the exogenous
reprogramming fitctors. These results provide additional pmof that hiPSCs reestablish a pluripotenty
related autoyegniatory loop  93 that has been proposed to mly on the ac'dvation of the four endogenous
transcription factors OCT4, NAN00, SOX2 and Ter, (laethsch and Young, 2.008). Resldoal tranagene
expression from liartially silenced viral veetors perturbs the transcriptional profile of hiPSCs Because the
genomic integration site of a particular provirus provir& silencing as \veil ar its risk of tx::ing 3-eau:iv:St:XL
hiPtiesand 
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predietable properties cannot be generated by approaches relyingstochastic silencMg Residual transgerte
expression might :313ti3E33: the differentiation properties or. iPSCs, locked, significant differences
between mouse ES cells and IPSes in their ability to di Fthrentiate: into eardiomyoeyler. (K. Hocherilinger,
personal communicalion) as well as partially blocked ED induced differentiation along with incomplete
OCT:$ and NANOci downregulin :On Of distinct hiPSC clones .4; Yu et al., 20O; havu been orssci . ved,
'these Observations are consistent with the possibility that the variable basal transcription of only pad hilly
silenced vectors might influence the 15genet:300Ft of Imudional. diliereiniated cells        In nit effort to
assess wiktiier the removal of the vectors rsiould affect the properties of the hiPSes, We cotnpared overall
gene expression patients in parental grOVitn:?-(3:30:t'ing hiPSC33. F13030F4r0t3 13iPSCS: and in
embryo-derived hESes.As reported nreviously (Park et al., 20081r, Takahashi et al,, 2007: Yu et at,
2007), the proviros-catrying hil)St:s and theter-lree hiPSts ellIftletled closely with the hESCs Mien
t303:13garea to the donor fibroblasts. However, a more detailed, analysis, of the most drrergent genes
bet.o..v.en the different hiPSCs cell types revealed that embryo- derived 13h53 and factor-free hiPSCs
were more chisel), related m each other than to One provims-carrying parental Iii1)8Cs. it is possible that
the remaining small 2,5difference in gene expression between the vector-free hiPSCs and hESCs may be
due    expre,,Mti of the traitsactivator that had not been excised in our experiments. 'These results
i)resented here provide clear evidence that the basal expression of pro's:I:ruses earned in conventional
iPS cells can affect the molecular characteristics of the cells:. The systeflt described here pro./ides the
basis to further elucidate the effect oCresidw 30transgene expression, e.g., in the context of in nitro and in
vino differentiation paradigms. Furthermore, these results demonstrate that the derivation of
,k-,:.`rogNalartitir1 fai:rof-17-ree hiPSCs is or great benefit not on0 Mr potential rberaprianie  94
applications; batt also for biomedical research in Oirder to aaitip Mete- itilabte and reproducible Ti? vitro
ino&k o ise.ae. To this end, we Sitiggest that I:cos:tanning isanspentisince itili'Ses by Cie-mediated
oxcision offers signPc:aril advamages :inch as its hipb efficiency- and expotitnetatal sir:vide:V. The
system described hcea has ibo nbiential to become a ronrine technolegy for the dash/a:ion of hiP.Ses that
-Mil haw ihe gem:nth:in of standardized hiPliCs from Cifferein sta.:II-0es using differena combinatians of
reprogiiannPing therors,  95 N/A Not available 'Additional information about those ill:Kohl:is: call lines can
he obtained from the. ircitinao. 
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" Pliad-12d was isolated in extiettinerits o dCle07030Clie:3.q.33..001Th R301.0`Zei0cf0tS 01: trarkSgerK)
eXpreSSiOn. PDB3tt 12d was isolated from culture& exposed for 12 days to 41Oryi;y01  These C,T11:
were derived in :experiments to determine the temporal retittirement8 of fta3-34033.3 0X1310:,SS:C30"
PDIrci to -3 were :SOI'ded from cuittites expend for 8 days to ticityttine, Whereas Pntet4 and -5 were
'exposed to dozynydine for 0 and 11 days, tespectiveiy. d Them .hiPSC& celis have been preViously
characterized in itisekCinesier "ns3WA-r k,$' i/Lcc nd REFERENCES FOR EXAMPLE Atirier" T., RM:it,
A., Batrero" Ni1"1" Garreld. E,, Consiglio, A., Gonzalez, E... Vas:satin, R,, Bilic"l.c V,, at ril. (2008).
Efficient and ranid ;,'?3:neratio33 en induced gluripotent &km cells from human kerannocyres, Nat k3icleo
cad 26, I 276- 1284,  96 Allen,aml Berns. A. ( 996), COMplethentation tagging of coeporating oncbgenes
ink.t.soelaut Mice. Semi Cancer Biol 7, 299-306. Firambrink: T F.mtman, R. NkicisteRd,
G.G.,1.ongner,Wertng, M., Sub,and Jaenisch,Sequential expression of pluripoteney mad:ers daring direct
5rep:cogramming ofmoih-se somatic eel's Cell Stem Cell 2,151-159 , Carey, B. W., MarkoniAi, S., Hanna,
J., Saha, K.., Ciao, Q. Milalipov1/4., M., and jacniso, R 2009)... ftepiopa;31:31ing et'tnurine and human
somatie coils usin 13 SIM* p013C1StrOnIC Proc Nat] Acad Sell,' 5 A 106: 57-162. CoA::, M., 1)onKni, M.,
Sourris, K., 3ams:n(11i, P., 1.-thu:stavrou,Davis, R,, 
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Jackson, S., Lim, S.M., Vera, M,. at (2007). A method for genetic modilication oI hmrkm, embryonic
s:einusing electroporai:an. Nat.Ptoloc 2, 792.796. dcL, N.1,, and aro,eler, MM. 2906').
'Epidem.iologyolParkino":,l's I...anc.e31 Neural 5, 525-535. Dimas, .1,T , kc,dolfu,Mahan. K.K.,
Wroisenthal, I. NI .,Mtsmnoto, 11., Chung. 15 W., Craft, G F.. SiThier, LeThel, It Cdand, R at (2008).
Inducc.d pktipoient :lean cells getlerated from paiient.5 vi.th Al. S ean. ix dil,R7e3iliated :Tao molc.n
nemons. Science $21,12 I, Eben, A.D., Yu, " Rose, 1:Matti;,Ltovson, C E.., Thomson.and          Svendsen,
CN. (2009.). Induced pinripoteni gem cells cram a spMa muscular atrophy 20ient N ure ;57, 277-2M
Elkabe52, V.. Panviotakos, GSh=y, G., Seed, N.D., Tabs, V., and Studer, (2008). Human ES
cell-de.ti....ed neural rescties reveal a Innctionally diginet early neural stem cell stage. Genes Dev 22,
152-165. Gasser, T.12.007). Update on the genezics of PaikInson's disease, May Diserd 22 Supp7 17.
S343-350. Hanna,M., Markoulaid, S.. Sun, C.W., Meissner, A.., Cassctdv, It., Beard,    3.:>,:mmbrink, T.,
Wu, ToWneS, T.N.1.. (007). 'Iteat-nem01 .,:ackle ccli ntcmma mou.sc, model with iPS cells generated
from anto.logons skin. Science 318, 1920-1923,  97 flochetitiriger. K.. Yamada, Y,, Bcani, C., and
Jaartiseli, R.. (2005). lictopie expreseinn of Oreorl blocks pit:genitor-cell differentiation and causes
dyspittoin in eipithei Lai itosueo Cell 121, 4.55-477 kinckeineyer, 0. Soldnor, Fin Cook, EG., Gan, Q.:,
Nillitallpoym NI, and heonisels, R. (200g:). A ding-inches:He system for dined reprogramming of human
sonianc cells., in Ow:potency. Cell Stem Cell 3, $46-35:3.        D., Osa me, K... Machr, R., Goo, W.,
Rijiscicnbcom, A., awn, S., ithlestein. V", and kit:Inuit:D.i2008). inductionpluripistera sten eN item 
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primary Marian fibroblasts with on iy (Jrme and Sno2, Nat Biotech:no: 26,1269..1275. 10iseinisch, R., and
YOUi3g. R. c200S). Stem edis, the itioleeirlar circuitry of piuripirtericy and nuclear reprogramming. Cell
132* :.)(11-582, Kim, ELK.. Kim, S.F... Shim, :fit, Woo, OH., Gil, I.E., Kim, S K., and Kim, ill Neuroginie
iit:Riet of ...ascii:air end:nix:Rai growth Moor during germ layer formation of hanian embryonic stem cells.
PERS Lett 580, 5869-5874i. ...........Richter, L.. Yaisliecines, It., Pyle, A,D., Tchicti,StiJharan, R,, Clark,
A.1,, and Pietie, K. (200.a). Gent:ration of human induced pluripotent stem cells from dermal fibroblasts.
Proc. Nail Mad Sin U S A 105, 2881-2SS3. Nilaherati, N., AhrCidt,Ricsurionti, A., HO kat 3,, Cowan, C.,
and Hoehedlinger, K. i2008). A 'high-efficiency system Ibr the gencraition and oiudy of human induced
phiripoientcells. Cid: Stem Coil340-345. Merkieniaki, S., Hanna, J., Reard, C., Carey, ilk W..,
Cheng,Lengnur, Dthtsmaii,, IA., pu,,i1.;d. (.2000), Itensgenic mieu with defined combinations of
dmizoinduei bin reprocirtimming factors. Nat Biotech:1M. Nakagawa, M" Keys:mini, NI,. Tanabe, K.,
Takahashi, K., lc:nisi/kat T., Aoi,()kite, 25K.: ,Mochiduki, Y.,N., and Yamanaka, S. (200), Generation of
induced pitiripotent :stem cells without htlye from mouoti and human lebisciltsrts. Nat Bieteciniol 26,
101-106.  98 Okaa, K.. Nakagawa, M, Hyertjohg,Ich-lsoica, T., tutd Vaatarta.ko. S. ("2008). 
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Cenoration of mouse induced Dittrinotent stem cells without viral vectors. Science 122, 949-95'3.     Park,
1.11., ATM:, N" Hue, H., 'Maher:di, N,,AhMIdt, 1. Shimarmtro, A., tensch. 5N.1.W., Cowan, C., Hoch:all
iriger, K., :Ind(kQ, (200Ra). Disease-Stateitic Induced Plaripatent Stem ails, Ceti, Pali:, Ht. Zhao, K.,
Wet.:1,1,,a., Yabunchi. A., Hem H,, Ince, T.A., Lerou, P,11," M.W., and Daley, G.Q. (20081)1.
Reprogramming of human ttomatie cat: to phiripotency with &lined factors. Nature. 451, 141-146.
10Perrier, Al., Tabar" V., Barber:: 'F., Rubio, MI., fir se&J.. Tl'opt:1\:." norrison" and Studer, L. (2004).
Derivation of andbrain dopamine neumr.,J:z &Oil) htfillan OnbryOckie SM11. (as. PrOc Nati .Acad Sct 1.1
S A 101, 12543- i 2548. Roy, NS. ekre31, C.. Singh., 8.1C., Yang, 1_, Beal,and Octidmon, S.A. (2006).
Functional engrath:Mit Or inundncalt-d(Mwd dopanainetie neuToms eatie.hcd by Iscoculture with
te1amerase-immonaltzed In:dim-tan ostmteyter, Nat Med 12, ;259. 268. Schulz, S.(20051.11:xlme on :be
patttegencsis of Parktuson.'s dieasc. S Nrtmot 25,5 Suppi Despot:as, C. Do. it.,Sehoier, HR., and Ding, S.
(20034 Induction of pludpoletu Ttcm cellt: from mouse embryonic fibroblasts by Oct.4 and RN with
snatilanoieeille compountht. Cell &CM Col'1 3,1368-574.          \t" Do, ST., Despoms, C., Hahm" H.S."
Sehokr, H. R.. and Ding, S. (2008b). A. oanthined cher:timid andg:inetic appmach for the pcneralion of
itainced pluripoent stunt celis. Cell Sfr)18 ea 2, 525-528: Sotdnerlockernet,:er D. Beard C. Ciao Q, Bell
CiNV, Cook LG. 1:Iarties U. RUA Cooper 0, NliaMpova hi. Is:K.:son 0, ham:sell R. (2009) Parkinson's:
disoa::e patient-derived induced pleripotant mem cells free of viral reprogramming rack:Ts. Cell.
136(.5't:064-77.  
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99 likeCli)paiDira;q0C nOIMMIS frOM htunao etnbry0111C stein cells using the bone inorphogenic
proteM anagenist noggin, Siem Cells 25 Sudifeld,Na8aYa,Utikat, I., Weir, 6.. and Hoehedlingcr, K.
(200R), Indneed pluripolent 3IC111'TBS generated withoul viral interalion, Science 322, 945-9,19,
Takahashi, K., Tanabe, K., Ohnuki, Ni.. Narita, Ni.. lehisaka, I. Tomoda, K., and Yamanaka, S. (2007).
Induction of altuipotent stem cells from adult human fibroblasts by defined factors. Cell 131 , gal-872.
Takahashi. K. and Yamanaka, S. (2004. Induction of plutipotent stein cell:: from mouse embryonic and
aduil: fibroblast cultures by defined thetoi.s. Celt 126, 663.-676. TaMgnehl,Sanbo, Ni , Watanabe, S.,
NartiSe,Mishina, Ni.. and Yagi, T. (1(.08). Efficlein production of Creamed:amid :-.3'1C-dtreetiad
rQCOMbi$33IGIS ll:rough the utilizanon of the praomycin tesistance gcne, pc: a tnmsfent
gene-integration marker for ES cdls.Aeicis es' 26, 67S)-680 , 'frotinson, A. (2009). Rata, cats, and
elephants, he: still no lirde011. iiith3CCd pluripotena stern cells from new species. Cell Stcrn Cell 4.3.4.
con Kaltt.,Fdlso, B., Layli-Sehtnitl, CT, Sehrmdt. M., Kelly, P. and Baum, C. t2004). Stem cell cionality and
genctoNhernatopoietic eel Is: gene activation side effects should he avoidabk. Sem in Heirtaed 41,
303-3:8 WiTxmig, M., N16,33ner,Caaaady, :LP., and Jac:nisch, R. 0008). c-Mye is 20dispen&thle for
;:areet reprogramming of mouse fibri:thiasts. Cell Stem can Z 10-12. Wemig, M" Meissner,. A., Foreman.
R., Brambri nk, T., Ku, Ni., fleehedlinger, K,, Bornstein, B.F., and Jaerdsch, IC (2007). In vitro
reprogramming of fibroblasts into a in'11'Hike state. Nature. OW, 3-IS-324, Yu, J., Vodyanik, MA..
Smuga-Otto, K., Ant.e:a,ev,acz-Bourget"L, Franc, IL. 'flan, lonsciotir, O.A., Ruotti, V., Stewan, IC,
e(2007), Induced pimipment 
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stem cell lines derived from human somatic cells Science 2/8, 1917- 1920,  100 CLAWS What g; elm ined
is:        "A nucleic acid construct comprising at least Iwo coding- 11(;g1011Ss Whetein the coding
11},.,:k11.1S arc linked to eaen by a nucicie aoid that encodes a i.fekavtnt peptide sc.: as 10 thrm a
Ningie: OpC11. reading frame, and wherein the coding regions encode rirst and second reprogyamming
hietors eapai>k, either alone or in cotnbination with one or XrIcir:t Addifionai: reprogramming iactom, of
rept ogratmning a 0manimaiian ,mmatic cell to pi ttriporeney.        The nueleic acid on:arta:I of claim
tilrffiCET comprising a third coding regions that encodes a third reprogramming factor, wherein the three
coding regions are linked to each other by inadeie acids that encode self-cleaving petMcies go as to
isconn a singbe open reading frame.  3. The nucleic ted corgkuCt O. chim further comprising third and
fourth      genes that enoode third and Ibutthfactorf,.;" 'wherein the four coding regions are linked to each
other by nucleic acids that eneode seff-deaving peptides so 20f(1.1Th 1T; :Pjfigk.1 open :reading franie,
4. The one tele acid conatuct of claim I Wher1:1:11 the seif-cleavitw pepnde is a viral 2A peptide. 255.The
nucleic acid construct of claim I. wherein the ser-eiteaing peptide is an apinhovirns 2A peptide.        the
nueleic acid construct of claim I, wherein the reprogramming factor:: are selected from Octet Nanog,
Sox2. K114, Lina.;', and e-Ndyc, 
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30 7.iho nucleic acid construct of claim it wherein the coding regime; encode first and 'second
tervogratranhig raotors that require al least one atithtionid eprograrnining :hum' in order to remwrain a
Mammalian .t<omatic cell to pile:Mc:ewes,.  101  8. 11:e tYuckic add corwci:r..:el ut e'a.:0,.. I,' ein the.
dm.:i:dr..udi does 110. encoth 0a4.  9. The nucleic acid eonstrimit of elalin 1, wherein the constmet does
not encode  10. The nucleic acid construct of claim I. wherens the construct does not encode 10II.The
micleic add eon:MILO of clainti I wherein the construct dor.i.s not encode 12,The nucleic und construct of
claim I, wherein the construct does not encode 13.The ttaelMe until now-in-act or chtbn }, wherein the
construct deriii not encode N ;MO 14,The rindeic acid construct of cldni 1. wherein the coding regions
encode a net 20of reprOgrainfiline, n:Leteta SetteCtC3 Tregrethe Set CC:Ile:sting Of ()ct4 and Soiy.2; ()i)
the sat consist:31g of Octil and KWh (hi) the set consisting of 0et4 and Nant>w, (iv) the Set ger ,:kting oe
Deg, K114, and Shair2i. (Y) the set consisting, of Oca$, Nariog, and 
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Lin28; htri) the set erinsisting of OciA,Nanog, and 80%2; and (VU) the set consisting of any or (0 (6) and
further ineinding risMye. 23 5.An aNpreaSin.aien3sene i.:kariptiing the nucleic: acid construe: of claim I
opanthly Linked to a prmnotor, wherein the piearkOter drives tranSeripiiOn pelyelSCrell1C message that
encodes the naprogratniningciach reprogriimming Campr !ming linked teal least ono other reprogramming
hetet by 3 tie.11-Mea:vieg 30peptide. 102 An ex.pressMin vector. comprising the expression casseite of
claim 15, 'The expression vector of elaim 17, CAliOrnin the vector is retrovilral, The expression vector of
claiM18, wherein the promoter is inducibleA .itiwilinatlian cell comprising tile expiet siOn cassette of claim
1.5. i 0The mammalian cell Of claim 20, nitiereintrie cell la a somatiecell" 22.The mammalian cell of claim
20, wherein the cell irta tercninaii differantiated somatic Pell- i23,'the mammalian cell of claim 20, wherein
the eeli is an IPS cell. 24.A chimeric. mouse gene led iu Mast in part from the mammalian :PS cell of
claim 23. 2025,The chimeric manse of claim 34, wherein the nn'03,1n ?in generated by ibiOCEi.13g 
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the mammalian iPS cell into a mouse blastecyt and, allowing the, thlastocyst to develop into a :moose M
vivo. 26.A cell obtained from the mouse of claim 24, %therein the cell is derived from ISthe iPS 27,',rho
mammalian cell of claim 20, wherein the ea is u human cert. 28.The milriln);A::;31claim 20, wherein the
expression cassette is integrated 30loto tho go3ortie at a Mons where din-Option has mithinai or no effect
on the cell, 20.'Pho MalthIndinn 5.1.0:0. ()I'd:aim 20, wherein the ecil rixpressea tocti reprogramming
factors front the expression eat:acne:  103  30. 'The mammalian cull of claim 20, wherein he cell
expresses three teprognimming 0g:tors from the expresidon cassette.  31. The mammalian cell or eiaini
20, wherein the cell expresses thee reprogramming factors from the expression cassette, wherein the
three reprogiamming factors are not sufficient tO reprogram maafmalian fibroblasts with an efficiency of at
least 0.05%,  32. The mammalian cell of claim 20, wherein the cell r.fxpresses ;lithe rQp.wgiamming
IliterA31:4 frOM the expression cassetth, wherein the three reprogramming factors ate sufficient to
reprogram maininslian fibroblasts with an ciliciuncy of at least 0 1533..fhe Maillinanali CIA OCc1airn 20,
whc.:tin the: c:eli thither comprises a reporter gene integrated az a locus whose activation serves as a
marker or reprogramming to1)k:rip:nu:Icy. 34. The mariontinan cith of claim 31, wherein the ii()COS is
;S:::i.cittc'd from lthineg 20arid Oot4. 
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33. A:cempositilma comprising- multiple traftentially genetically identical celis of claim 20.. 36.A
composition lot idenlifying areprogratingiwagent, the -composition compri sine one or moi:c mammalian
cells -of claim 2.0 and .a Mtn agent. 17.life co position of Maim 34, thither comprising an agent that
induces expression of the reprogramming .factors from the expression cassette. 30 38.A method of
identifying a reprogramming agent c.ompri.:iim32;.:  104 maintaining the eon:position of elaitn 34 or a time
period under :conditions in which the reprogramming factors are expressed from the eXpte;itd.01.1
cassette and cell firth:iteration oceans, and (ii) assensing the extent to which cells become
reprogrammed, wherein the test agent 5is identified as a reprogramming agent on ontairinier cif
repitigramming if reprogramming occurs at a tdginticantly greater freqthancy than pkiald. he the case had
the Composilitm lacked the test agent. :39,The method at Mahn 3th -;.there.iit the composition is
inailitained for at Mast X dityn. 40The method of claim 36, wherein the teal agent is present for at least X
days. 
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illThe method of claim 36, wherein the test agent is identi lied as a 15reprogramminp.agthnl if etifts do not
become rept ognammed at a detectable frequency if maintained ihr We time period in the absence of the
tent agent but do become reprogrammed at.a detectable frequency ii'maintained in the presence of the
test agent Ihr at least a portion of the lime period, 2.043.The method of claim 3-5, tt.dteretn the teat ageof
is identified as an enhancer of reprogramming agent if cells become reprogrammed at a detectable
frequency if maintained for the time period in the absence or We test agent and become reprogrammed at
a significantly greater frequency if maintained in the presence or the test agent for at least: a portion of
the time period. 43.1 he method qf cfaim 36, wherein the cells express a se; of reprogramming raCiON
front the expression cassette, wherein the set consists oft (1) Get4 and    Osit4 and Kt 14; 010004 and
Natiog: (M) 0c14, Kli4, and tiOx2; On Gat, Nanog, and Liit2S: ftidi Weil, Nanog, and Sox2, and (*nip
aro:,ti) tyi) further Meant-mg ei 30  105  (2Jcontacting a difiCretitiatod somatic cciitb at inast one
reprogramming agent that contrihutes to reprogramming of said cell to a ph:on:potent stale;
(b)maintaining said cell under COntalaKiM appropriate for proliferation of said eon and lor activity of said
at east onniaiprogramming agent 17or poi:tint of time sufficient to begin reprOgramming Of naid ceth and.
RIlit ctortallv inantivating said at least One reprogramming agent. 
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45,:fltatiOd of :reprogram flthlg a attiCrtaEattailItt a pitiripotern: comprising tht:, steps of: 141providing a
difforeiniated So 3031 ccci that contains at toast one eX0gCi3MtSly irittOdUCt:d radOr that contri bales to
reprogramming- DI said net> to a plutipotent slide; maintaining said cell: under eonditions appropriate for
proliferation of said con and for activity of said at least one exogenous:1y introduced Ibetm- for a period
oftime surileiern to activate at feast one endogenous pl'aripotersity gene; ancit .11tnetionalliii inactivating
said at least one exonenously intrinuced thetor. 40.A method Deselecting a diiIrentiated somatic cell that
has been reprogrammed to a pimipotent state. comprising the steps of (a) providing a diffetentlatixi
somatic cell that contains at least one onageneusly introduced fitctor that eottfribtatts to reprogramming of
said e.ell to a pluripotent state; (b) inaintainitig :mid coil ander conditions appropriate tor ;inn 'Jima:on 01'
said eel: and tot activity t1'3'. at least one cxognnotisty introduced Factor lot a period o r time sliMnient to
activate at toast one endogenous plaripotency gnhe; (e)nutiictionaily inactivating said at least Olie
exogenousiy introduced factor; and (Throw.eclls which iiiiittp1ay one ot more markers of pluripoteney and
coils wthch do not.  106 47,An isolated plan-potent ea derived from a reprogratirmed differentiated 
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.sitmatic 48. A purified population of sintiatic tells comprising at 10ast 70% pitiripotent cells .derived from

.Nprogmmmed differentiated somatic cells. 49. An isolated ploripoleut cell produced by a method Cc: mph
s ll)Isroviding a differentiated sou:alio coil that contains at least one exogetiously introduced factor that
contributes to reprogramming or said cell to a plutipcnent state; '1i1rcialmaining said cell under condition::
appropriate for proliferation of said cell and for activity of said at least one exogenous:1y introduced Iticitor
for a period of time sufficient to acilvate at leas; one endogenous 1:0,fripottmoy gene; (c)limetionally
inactivating said at least one eNogenously introduced factor; and differerniating cells which display one or
more markers of Oar:potency from cells which do not. A par lied population of scan:tile cells comprising at
least 70% pi:nilpotent cells dented ?tom reprogrammed differentiaied somatic cells produced by a method
compiising (a)providing a differentia:cc: somatic cell that contains at least one exogenotaily introduced
factor that contributes to reprogramming of said cell to a pi:trip:nem state; tibimaintaining said cell antler
conditions appropriate for proliferation of said cell and for activity of sald at 3...eaq One exogenously
introduced factor for a peticid of time sufficient to activate at least one endogenous .pluripotertcy gene',
(e)functionally inactiveling said at least one exogenously introduced fdifor; and  
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107 0.1.)differentiating mdis which display One Or more markers of plutipolency and cellk which do not, A
method of product a. plop:potent cell from a sontabc cell, comprising the sieps of: (a) providing One or
MOM so3natic cells that each contain al: :east one exogenonsiy introduced factor that contributes to
reprogramming pi' said cell to a piuripotent state, wherein said exogenously introduced facior is
introduced using an ;T:iitheible vector which is. not subject to methyl:Mon-induced silencing: (b)
maimairing said one or more cells under eonditiOnS3 appropriate tor pro Iteration of said cells and for
activity of said at least One exogenously introduced factor thr a period of Lime sufficient to activate at
least one endogenous plaripotency genes (c) funetknxilly inactiVating said at leas: One esogenonsly
introduced thetor, (d) seiceting one or recere cells which display a marker of phi:rim:A:cute (e}generatina.
a chimeric embryo :Mhz:rig said one or more cells which markex of pluripmency; (I)obtaining one or more
somatic cells from said chirnede embryo; g)Imainmining kaki one or rneie SThearie COIN' wider
nOndin031::: appropriate :br proliceralion of said cells and ior actiony of said at kteSt one exogenous:).
introduced Factor MI- a period orIi ele St:IRO:ere te activato at least one endogenous pluripotency gene;
and (h)differentiating between cells -which display one CC more markets of 
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plaripotency and cells which do no:. An isolated plocipotent cell proiluccxi by a method comprising:
(a)providing one or more somatic cells that each contain at least one eNO.Cnokr.dy introdm;NI factor tha:
contributes to reprogramming ol :kid toll to o pluripotent state, wherein said exounously introduced factor
is introduced using an inducible vector which ls not subject to mothylation-induced tileneing  108 (b)
maintaining said one or more nelbs under conditions appropriate for prnlit'eration of said coils and.flfr
activity m1 said. at least one exogenottsly ninfAuced tbetot iinr a period (Fftime suffkient to eon Yato at
kast one endogenous pluripolency gone; (c) functionally inactivating said at }oast One exogenonsly
introduced factor, .0)selecting one or more cells which display 4maiker of pluripotency; (e) generating a
chimeric embryo utilib:ing said one OT More Gelb: which display a market of pluripoterioy; (.1)obtaining
one Or More differentiated somatic cells from said .ciiimorie embryo: inaintanting.said one or more
.differentiated somatic cats under condi:Mins appropriate tbr proliferation ofsaid eeits and fin activity of
said at. least one 6;ogenuaisly introduced fa:-..tor for a period of time sufficient to activate at least one
endogenous plripoteney gene; and .(h)differentiatingmells.odnch diispla one or more markers of
pluripolenny and: thdls .which do not. 53.A purified population Of SOIMA:k cells coill/nising; at least 70%
pluriporern 
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cells derived frOni repro rammed differentiated Seirlatie Colls produced by a method comprising: ptovid
'mg One or more somatic cells that oath contffin at I.*:,:tffic one exogenously introduced factor that
co:Aram:es to Itpl'Ogaillirting of said cell to a Muripomitt}3c (Ii Said exogenottsly introdoeod thoior is
introduced using an indueiblo vector which is not subject to methylabon-indneed silencing. (b)inai)taitinig
said one or more cells under conditions appropriate for proliferation or said cells and for activity al said at
least one exogenously introduced factor for a period of time sufficient to activate at least one endogenous
pluripmenm gene; ()fbnctionally inactivating said at least one xogenonsly introduced factor; (d) seiceting
one or more cells which display a marker of pkripatency:  109 (e)generating a chimeric embryo utilizinp,
said one or mote cells which display a marker of plahpokincyi t 0obtaining one or more cliffererniated
somatic coils from said chimeric embryo; g.)maintaining said one or more dilthrerukted somatic cells
under condons appropriate for prohierathmi. of said coils and tidt activity of said at le.iait one exogenotady
introduced dcor for a period of lime sufficient to activak at least one endogell(M; plutipotency gene; and 
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Mdifferentiating cans which dispky one or more markets of pluripotency and eel's which do not. 54.A
method of reprogrammitT a differemiated irmnune cell to a pi uripotem state" comprising the steps on
(a)providMg a ch ain't:Mixed imintine cell that contains exogenixisy introduced ()ad, Sox2, K11-4 a:xi
c-Myc, each f31.1thfr the control of an inducible vector, and further contains ex ogenously introduced
iIiairdailling said eel: under condition appropriate for proliferarion of said cell and for activity of
0c14,.SoN2, }(21.4, c-Mye and ellitiPix for a period of time sufficient aciicate endoganotta "Vain* anchor
0e14:: and hr)irinucuting exogermitsiy introduced Octll. Soir2, and c-Myc, A purified population of immane
celis comp-icing fil kast 70% pluripoient cells derived from mix-rig:tan:la:ad differentiated immune cells
produced by a nwthod comprising thC: step. of: (a) providing a differentiatcxL immune call that contains
exogenoefily introduced Oct4, So;x2, Klf-4 and c-Mye, each under the control of an inducible. vectoii, and
further contains exogenous"). introduced CIEBPo: (b) maintaining said cell under conditions appropriate
for proliferation of said cell and for activity of 0c14, Sox2, KIN. c-Myc and Cskl3Pa for  110 a period of
time iintimiect to aciii,,:ue endogenousand/or 0c11:, and fimetionally inactivating estogenetisly intioduced
Oct4. Sox 2. ktf-t and cAlye. 
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56.ets, al?lithod of identifying a reprogramming agent comprising: (a)proyiding one or more somatic. cells
that each contain at least one exogonoliely introduced factor that etintributes.to reprograinining. of said
Odl to ;:t 17)1Wilxgcnt staic,.whertini each of said exogenousty introduced fraitors is nitrochiced using an
inducible vector which is not subject to Methylation-indneed silent:Mg and. the expression of .whica is
Controlled by reel:dimity elements induced by ciistinet inducert; thi}iThidrailildraiSaid one or 11a)10 cdk
33nUCr 00141/0111::q)0:1001iate Inr proliferation of said cells and for activity of said at least one
exagetionsly ititcodueed. factor Mc a period of lime suffinient to reprograM said cell or to acti.vate at least
one endogenous plurinotenc.y if le)Functionally inactivating said at least one exogerionsly introduced
factor; (d)selecting one Or 100.10 c.ek WhiCidi display. a markerof pluripolency; te).generating it chimeric
embrycrutili:dittitt said one or more cells which display a marker of pluripotency; 01:0in-big 000 01 more
somatic cells from said atartniaiti Cardity0i ect",maintaining said 011a or More Somatic cells under
conditions appropriate for proliferation of said cells and for act) vay Of said at ;emit one exogenously
lnsrocluced factor wherein .activity of said at least One ex.oenotisly imrodnced factor is insufficient by
itself .1-ci activate cit least one endogenous phiripokricy ,genpi (it)contacting C somanc cell of (g) with
one or more 'candidate teprogrannning ageiks; itnd 



108

(1)identifying cells contacted with said one or more eandidate .ieprogramming agents which display one
or more markers of phiripmency.;wheroin. candidate reprogratnining agents which :mince  ill  tion3;
.6:1CCH Of (A) 1.0 diSfikty Or:0 ar T310fe utturkei's of .13.ili'11.30;Zili:::>; 'i.170 idonti6ed .:32:
reprogrannting agentg. 
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