SOMATIC CELL REPROGRAMMING CROSS-REFERENCE TO RELATED APPLICATIONS
100011This application claims the benefit of US Provisional Patent Application No. 60/919,687, filed
March 23, 2007; US Provisional Patent Application No. 60/974,980, filed September 25, 2007; and US
Provisional Patent Application No. 60/989,058, filed November 19, 2007, each of which is incorporated
herein by reference as if set forth in its entirety. STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT (0002]Not applicable. BACKGROUND
100031Embryonic stem (ES) cells can grow indefinitely while maintaining pluripotency and can

differentiate into cells of all threeqgavR TRy eE1(E ¥aPR Sdfauimarnd\ature 292:154-156 (1981)). Human
ES cells will be useful in treating a host of diseases, such as Parkinson's disease, spinal cord injury

and diabetes (Thomson el gloSgAR RREA HPREIAAARIBEIRGE have sought technical

solutions to avoid the current method of generating ES cells from blastocyst cells and to avoid
anticipate®Mue rejeThisTanislion csims hrkreeih epliS Riavisinse Bt ARPEsALP R & rable way to
accompligyesss satiinver w3l b { Uy erensienll rapateRiplicittodiNec B9/ DHIRN filatc cells of a

post-natal incg%g#{%é g{)ﬁ%%%g% Vé%egjlils ggﬁggfégﬁ}ro LaW%‘B/Bé’gt sgﬁég%‘;gﬁgepqg‘lear contents

into oocyt§§p RiStore or By usion with ES cells (Cowan et al,
Science 3UW,36¢h bEFB{GOSB)yotprinediheraindrmfenaiesas i gt JoaathdmEts eI ontain factors that
confer totipotency or pluripotency in somatic cells. 100051Likewise, Yu et aL showed that cells derived
by in vitro differentiation fROWTEMENTREGASIXNGESRERA DI rERGHNPIVSEGFP, but that EGFP

expression was restored upon cell- | { : S. Yu et at, Stem Cells 24:168-176
R %@1;1"8 o
0

(2006), incorporated herein by reference as Iif set forth in its entirety). Therefore, Yu et al.
demonstrd8882hat difféVeraratsablells can become pluripotent via cell-cell fusion with human ES cells.
Regardless of the differentiated cell type, upon fusion with undifferentiated human ES cells, ES cell
specific antigens and marker genes were eRpE@ESROENDdifferentiation-specific antigens were no

longer d_eig& Ple in _thgnm,syggp*pﬂqugl@@Wgﬁgﬁ%ﬁ%ﬁﬁg@ﬁgﬁggM@Wabhshed in
the hybrid cells, providing & convenient marker for re-establishment of plyripot [t%’t ggll status.
When the #fb#s é@@%ﬁ#@&t@ﬁ%ﬁ%ﬂ'5@%@%@@@@&%&&“@?&% ig&erm layers and
extra-emb(yogiy) tisrmesn WS telldpriebeiatdol, intltatitin g tbabihbskasesiduhl ks Radtiasptitential to
differentiat(? into muItiPIo%rlénea es; 49%99%'{'?9&9&#}? J[aga%gpéiﬁ@{ ggt,qurg&r‘(m)pf pluripotency is

not fully un(ﬁseeragfo%?%everéﬂlr ns.crlptlon_?actors, Inc uding Oct 3/4 (Nichols et at, Cell

95:379-39 51096 hewspught iHomietl sohaions o peajd the: sureentipetbesta SNSERIPE RS e hambers et at,
Cell 113:643uPRaddRs e enthiiriverd inrbipHitaifiiae: kiearth ploblesiefitlswinyearsplaeniens sufficient
alone to specify ES cell identjty. [0007]Chambers & Smith (EP 1 693,639 A2 giptained
pluripotent‘%?ﬁ?’&éﬂ?%ﬂ?ﬁﬁ%’f‘g@ﬂ rﬁ%ﬁ?g?pol ?feﬁé &r Oc% "é‘it?‘é’@?%%%%&,ﬁﬂ‘&% g%%p}'}f% cytokine by
introducingsiéofires i dtversotd ovelis uf aeestifietab infividueuppressing factors, but did not convert

differentiatgghgqlls into @ RIMFRRIRNLRBEGrORARKMOE) Fanseiinghakahacbidotmmanata introduced
four fac}[or%&%éso(%\t/%]&%t eral., Nature 385:810-813(1997)) or by fusion with ES cells (Cowan et al.,

Science 309:1369-1373 (2005)), indicating that unfertilized eggs and ES cells contain factors

that confer totipotency or pluripotency in somatic cells.

[0005] Likewise, Yu ef al. showed that cells derived by in vitro differentiation from an

H1 Oct4 knock-in ES cells did not express EGFP, but that EGFP expression was restored upon

cell-cell fusion with human ES cells. Yu et al., Stem Cells 24:168-176 (2006), incorporated

herein by reference as if set forth in its entirety). ‘Therefore, Yu et al. demonstrated that

differentiated cells can become pluripotent via ceil-cell fusion with human ES cells. Regardless

of the differentiated cell type, upon fusion with undifferentiated human ES cells, ES cell specific

antigens and marker genes were expressed and differentiation-specific antigens were no longer



Sox2, c-Myc and 1(114) into mouse ES cells. and mouse adult fibroblasts cultured under conditions
suitable for mouse ES cell culture to obtain induced pluripotent stem (iPS) cells that exhibited mouse
ES cell morphology and growth properties and expressed mouse ES cell marker genes (Takahashi &
Yamanaka, Cell 126:663-676 (2006)). Notably, exogenous Oct-4 introduced into the mouse fibroblasts
resulted in only marginal Oct-4 expression. Subcutaneous transplantation of iPS cells into nude mice
resulted in tumors containing a variety of tissues from all three germ layers. Following injection into
blastocysts, iPS cells contributed to mouse embryonic development. However, c-Myc, which was

necessary ot iy |RAIE AsRTHEHAeIR ANARSRARERSYEGHISR pltbhisanesasrsed These data

demonstrate j[hatdglurlpqtent cells can be directly generated fro ouse fibroblas#'cultures by adding

only a fepasfetis REuiding gmy SueRs RAsk o JPagre il SRRV VH B SR &P ¥ e set of
factors uswidots agbrieaiSiontialfemtryliidcyadita@EBsnguss deltscweistinefdficlent gstreprogram human
somatic cglls to pluripotency usin Iviral ve [ | ' it nges to the cells.
[0009]Or(1:§i %%#iﬁ%fﬁé%gg%gg ?ﬁ:%%%g? gé%ﬁé%ﬁ&g%#? E%vﬂggﬁﬁi%%ﬂ:&?ﬁfer from those
factors thaeieanatipiifimsntiate qrawtins Hesseshodel organisms (including mice) because ES cells from

mice and fagiERns requirtlistietaaisrptituel ddamimmeinfyhdifiersoyiaad: fillguadingdbd significance
of species-specific differences, even amo Is. For.e 2, ke ladnhjbitory factor
egjﬂﬁimcgpﬂgg} ctﬁ%dg Lég%e t@&w&@s et a],&WB%’IE%d?QBsgyggég

(LIF)/Stat§ proliteration, does not support hum cell proliferation
and appeé&teriterctive. iGosaditiori3 i34t M(ReE N anddirrs (Empreieien Eelbl bt:o4tem Cells
22:770'776%%%%)' RIS RushdlnifEHY S frurgeradsd RGN NoAsH Mesieleaknetat, EMBO |.
18:4261-4269(1999)). [000101Similarly, while bone morphogenetic proteins (BMPs) together with LW
support mATE edlidenti®newal at clonal densities in serum-free medium (Ying Q, et at, Cell
115:281-208¢R003)), ileymbatssie Smitd(BRMAPREDCEI| (AOR2Ymusititaimad phwigilertomiansvould otherwise

support Seéfinig%ﬁkfggﬁﬁggvg&w dhyehiastsrnibioniasssondiinoesmedimgu R, et

Nat. Biotech 02)). Indeed, inhibition of B smgnaling in human ES cells is
beneficial YRR, that sneadsonaesive §i Ferentiation-soprressing HELH M Aif ARSI Bblast growth factor
(FGF) signiemsdapeiianida srtigesswateof human ES cells, but apparently not for mice (Xu et al.,

2000 S il R R BOR A s an i sk o

set of pote ors'su st for use In methods for reprogramming primate

(including BoxAamMyrand K iy thewn Bi calls pndampeseiadrltifbreiatenultsed idsls, obtained without
relying up%@ﬁﬂ%%&%%%%&@%@é@&%@d&%mm%wlﬂﬁ?ﬂﬁugaxa&temc{wswﬂmmateg fOIrdI
existing, pluripotent, primate cells, BRIEF SUMMARY.1000131The br. ' 100.1S broadly
summariz&d R MBS RE SR ?%B’r‘(‘?ﬁg‘rvn%‘rﬁﬁod) ieran i%%ﬁ?%%rﬁ?%?%ﬁ%%ﬁgi into
pluripotentgeabis (Bukehashr & dpevifiall Cet 206266 (20903 HotabbincxepeasQetréfer to cells that are
substantially, ganetiqallyidenlice g ety Rsaraliveosiffareplialeskcomqrasei. dhuiigimend display

characteristics similar to hégher potency cells, such gs ES cells, as, describegthe{_c%isré The cells can be
r

obtained frisAISPFIEISTIR TS Aeainorude mire StohlIsd i TPRRE SonisiRe A TSN A OB ToBo141iPs
cells exhibimsrrizelagioakdi. Bolikuing isjratey istrgsasteciets] @Sddlesmnoihvishnm)asel growth

properties (i.e., doubling time; E \ iRg.t srigeuiieahtaan hours)
akin to ES %3 ? ’H"a‘%f&%%%‘??ﬁ‘s%ﬁé@?@@?ﬁ%@oﬁ%ﬁﬁ#ﬁ%kers (e%gt[?g’ct-& SSEA-3,
' Mﬁgﬁ |

SSEA-4, Trapsoe. fikesgise, Kif4 i aserogens. iFhetcdpsa f te R RAEY Stk W ed from
embryos apg&an Fapsien thya ek FRupressuiely aldisgapiesiol sefort t.potensyatetermining
factors at least until the becgrﬁe ﬁéﬂ%@%%%cﬁ%?ﬁﬁ,‘lﬁé%ﬁﬁ#ﬁ&ﬂ&@%?&%%&iﬁ;@\rﬁﬁ fpEn embryos”

means that THE "SR cué:ﬁ?ype?or producing ik SIS a non-pluripotent cell, such as a multipotent
cell or termfreydifithentinid reonsetilis rks insufSeient dodenee grsR AWH R SAALSFELH Ral individual.

(000151In (e mathersHeseriRediverain vilsashivapRicaSIdaL tinkeg tatiorelisan be introduced
into, and expressed in, di eé%@jé%% ‘Eomag]c&tc aI(I;ts rgv gtrgatfpr%g rgéﬁa%omﬁgﬁ goqugtﬁ%ﬁggi{f&culture to

cells havin Werties &gy G Ipotent cells, such*as®human ES cells (i.e., express at least
Oct-4, SSEfed) (RGE faclord RA-BOBmesFRYsITaLc bellsforsoe! preasisap fagid@eBiTphct colonies
having a hi%gcgysg S MPARSMIAHE-ARE R aRBhaAucie ol midRab candiferentiate into cells
characteristic ot all three germ layers, and that contain the genetic complement of the somatic cells of
a post-natal individual. Apart from genetic material introduced to encode the potency-determining
factors, the reprogrammed (i.e., converted) cells are substantially genetically identical to the somatic
cells from which they were derived. 1000161As used-herein, a "potency-determining factor" refers to a
factor, such as a gene



or other nucleic acid, or a functional fragment thereof, as well as an encoded factor or functional
fragment thereof, used to increase the potency of a somatic cell, so that it becomes pluripotent. The
potency-determining factors optionally can be present only transiently in the reprogrammed cells or
can be maintained in a transcriptionally active or inactive state in the genome of the reprogrammed
cells: Likewise, the potency-determining factors can be present in more than one copy in the
reprogrammed cells, where the potency-determining factor can be integrated in the cell's genome, can
be extra-chromosomal or both. The potency-determining factors can include, but are not limited to,

Stella (SiR.bidato: Ridkak @&éléaiﬁ&&é%b@e%k@e&%&%#@ém&%,aﬁ% 3, UTF I, Rex,

ZNF206, Sox15, Mybl2, Lin28 (SE | NO:4), Nanog (SEQ ID NO:5), DPPA2, ESGL, Qtx2 and
subsets tFEFEBR 95 FREBPH RA AT R eR: REFS: SR AR MR P& FS Oct-4 and
Sox2, cardealiféciaon, Eicipnsypii himiaiES el pgiinited aellspieat tnetiveandoeditiproved by
including addonalRalenex dsietsining iBdol Meh Eaula28-banB iRl a8l £ 1in a first

aspect, the invention relates to a replenishable, enriched populationot p ng()otent célls obtained from a

post-natafhn 8tete GallsSZpET0P 199 1 wdddetsede Bueliah BMBROhARARSH 2086234 individual. Cells
in the enrigbecell posinAtion RKNEaRehiRpsdRIaicCabReBMIfin fehseRivIaEipgedut not limited
to, Oct-4, SSE S E1 4, Tra;%-?Or Taré’:l-l- %1 ar %Qmb_ilr_:rationc%hiherlﬁ)%f1 depgy er hallmarks of
pluripotenrfl%'éﬁfs, SOeh s BT EaNe e 8Ft?cs)ln,°fhe pfi']“r"f‘po't’grﬁl cells ayge press alkaline phosphatase
(ALP). Futiseiei®, (ohlutsoteavse sdhidhupanci/ eslbdiffsrretistion insaadiiensiato¥iiiddentical to that
of a pre-existings differantiaisdheatimaen lRednaividHabdiiawiseinhBrobiipaiamtisals may have a
genome that encodes at least one of the potenc -determininﬂ fa%%iz, which m%)éj%' transcriptionally
active or iﬂ‘ﬁéﬁ%@ﬂ&ﬁéﬂf@&?ﬁnﬁﬁﬁw&ﬂib T)lfz?ﬁézﬂg@ cy- I REY may be in a form
of a reprogigaaning g ecdER cell Wiiateficiab{)nRs|entid dlen ddeingst R 6180 €90880ermining factor is
operably [ oah ogaou N . ns a

s %gﬁ%y'iﬁ!ﬁ{ge%,w%gaéﬁ 16 (I IRl ARRaRI RTIaN G

promoter S opera toa ucleotide for which'the promoter does not normally initiate
transcriptishhuremdESas st emradyaet farminn/aiienh 20 hs e 88U d € dhtERions for
identifyingqrteneytsistarmonisyg factors required to reprogram somatic cells into pluripotent cells.
1000191y, otherwise defined, all technical and seientific t in. t ame
meaning s@@?%monly%ﬁ%fé%@%%?%?@ g?eo%rsd%r?gtry??ﬁgf n %ﬁe&gﬁp?{g)ﬁﬁ |c§1£?ﬁ|?s‘%%¥r;\}§éiil§%§belongs.
Although doitesslin mestnds Sonreprogtrminisziprine finpudiashumsnigbrerdyrasemaieriln are

described gela AihssEEtbRISsaRE IRtetala e WilabRra gy alpAtdadhese dasesihashiaeein, which
are well known in the art, can also he used. [00020,%% ther, otgé'g:ctf, advantagr%s agg fel:f\tures of the
Péj ate cells

present inSEHRSRTHT BERRBLRAUANS A AT SN TRBIASORA TS & S EaRE T confunction with the
accompanying drawings. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS 1000211FIG. 1 illustrates a sigg ggverslifara rom a human 0cl4 promoter into which a
knock-in construct was introduced. In cells containing the knock-in construct, nEanced green
fluorescentd9Mdin (ECHe PERTRHBSFA{RM BN SWamenseles IRiEtss é‘?é"ﬁ')lt?ﬁgé Ted when the Oct4
promoter isepRigrenthigshifedstand, temmitpireratelisanhptiriastot sasnandpnowr specifisalistic cells into
Pl Otent, 1B L0 2 fiocd Rere il SRS WP L ARG AR Gl ideliRAOWS
schematicS'ot myg?md precursor derivation ang purification from human ES cells. FIG. 2B shows
phenotypidatheiymsipesiaiiéimartiadumatpaihetosginpd dslaxemdamicinithe

higher potency cells, such as ES cells, as described herein. The cells can be obtained from

various differentiated (i.e., non-pluripotent and multipotent) somatic cells.

{00014) iPS cells exhibit morphological (i.e., round shape, large nucleoli and scant
cytoplasm) and growth properties (i.e., doubling time; ES celis have a doubling time of about
seventeen to eighteen hours) akin to ES cells. In addition, iPS cells express pluripotent cell-
specific markers (e.g., Oct-4, SSEA-3, SSEA-4, Tra-1-60, Tra-1-81, but not SSEA-1). iPS cells,

however, are not imrmediately derived from embryos and can transiently or stably express one or



isotype control; black line: antibody staining. Abbreviations: hESC, human embryonic stem cell; MPO,
myeloperoxidase; pHEMA, poly(2-hydroxyethyl methacrylate). 1000231FIG. 3 illustrates the Oct-4
region containing the knock-in construct of FIG. 1. 1000241FIGS. 4A-C illustrate lentiviral transduction
of somatic cells. FIG. 4A shows a schematic diagram of lentiviral construct. FIG. 48 shows
Percoll(r)-purified cells were transduced with EGFP-expressing lentiviral vectors at various MOI. EGFP
expression was analyzed by flow cytometry three days after transduction without drug selection. FIG.
4C shows lentiviral transduction of Percolls-purified cells after several additional days of culture on
Matrigel(h-E G fBs OFBEREHO poteasyttnBihpactiay s sy detitibinbeamedietipietod9251FIG. 5

illustrates transgeng overexpression.in cells differentiated for seyvenaaayscandpatigel(r). No significant
change FFHSFERYIOR’ vvng"seg%%e)r(\/gee ﬂ%ﬂct%fg%?/g e‘{(;pressing Nanog or EGFP (control). Morphology of

Oct-4-exgrelseingiP8ltslistiangon-phuipeiaeianl, surh ATATRHRAIERLCell 78 EARIBEY neomycin selection, but
none of thase.celsisianachiisalay Randsisel Fenrppotogyalisiddtg. that a drug-selectable
population of Oct-4-expressing ES, cell; es not persist through t lad negessary for
myeloid §Mkehtiatiof? %@C‘Pég‘l@l@@ (}ﬁrﬁ}ﬂs?ra?%strz“ﬁ?@ﬁﬁcarﬁ ?ﬁﬁ%@ﬁgl{éDz&A cells through
introductigfoahéeliies ardateneysasts diffaieridted somaritGelivdiemeom b e 9malis el clones display

octa prontie Flu I RRpenmetiseainnsahinenditiogenous
0c14 profoter. j&fé&gﬁ %ﬁgqﬁs%%%we?&%ﬁém 5HGRRe

metry analysis of hum S, cell-specifi | surface antigen
expressicalin(estappessest lﬁéﬁé&tﬁrgﬁﬁ' : %ﬁﬁ?‘p"’é M%ﬁ%?ﬁﬁé%hﬁ%&&?s alniﬁ’g.
10002715{@%‘,&@\—3@ upHateoIenEe gsemgn hiplefficlency, asoplrste rsiscahy rroRIRGormation, after
Introduction of v rir%Js setﬁiﬁgr%gttﬁpC%'Q‘Eéﬁé'lﬂ%é?sﬁ@&?aﬁ \Ged SR DS haddRAHiRehimet Of fourteen

potency-(’,i‘@fé?ﬂﬂ SR TE WSS introduced into cells in combinatlins, whgrein ea(t:Q combination

excludedtbageoéith ecionitment Rfchsrsormievilivafinpostaatd)ingdiveml SREHEY 8 fining factors to

reprog ra&g@@&@&g@@&%&%ﬁm;&%abﬁﬂmﬁﬁﬂﬁlﬂfeﬁr@lmmﬁme excluded

potency-determining factor was essential to the yeprogrammi @Skl
potency-d@@ﬁﬁ?ﬁiﬁlﬁﬁﬁﬁmﬂmﬁﬁ%‘f ‘%’BQ 8"0%{21 ggﬁ%‘i‘éﬁ%ﬁfﬁ%@‘aﬁ) wzfs inable to form a

significanggsweder of ES-like colonies. As such, it was concluded that Oct-4 was important for somatic
cel rePTOgRRINg. FI (LSRN £pekAlhRGHRHE REBINRBIa i donysodied frgane 1G. 7)
rtu '

evaluated'for futther testing was_narrowed from fourteen to four (M4, hei ~Ae SO Ghat IN28 and
Nanog). Torexeetaurlsistarity ot fARHiRmbTRRRSRS MR tégtvéfa{l(t))a? é‘eﬁé %%{;(%(53 |h§ one of the four from
the combigagiaen: WBeEe, ass@whiraiiontsd fhreepotencpatiseriie fyifi deseme BUmaBtt-4) was
unable to reprogram the tested cells to f igniicant unbeRalistab i Berikp gatameas, the
inventors S%FIBR?‘H%’H' eé lé“%%n%f(laoés g(]a ﬁé%%rﬁ%rtaﬁ%or_son?atic (;ell % ro%%rgg}igg. In FIG. 7B, the
light gray bells dnclivembiateinad id EREFGIPHABATY 2HYYR AL RATBHI S I &a S AYing typical human ES
cell morphlogy-Aarkiian bplikinsicaiephienaytresmifiiar fetoslomds priterhinimmr difeftiation. FIG.
7C shows a set of potency-determining, factors (narro\ .;ﬁmﬁgoig}l%\g%&d%iuéther testing
was narrofRey dhs fSEfPEB%"é.%?"?%)chﬂeﬁ%"ébxgﬁggﬂ, Sox2, Lin28 a§d Nanog were tested by

serially excklitigeptme, chtite fxtrefebrompeomaap oo Rhe PRI dereRInNe B R & Fe programming
in zuman %qylﬁ-élﬁg iﬁlal{lgglﬁﬁe@%ﬁg;@wﬂprigmﬁeI@)Emmmmm?h SchA(BRRA gét;I (pS)f(Ieft)
and reprogrammed cells (right). FIG, 8B shqw Y HRR specific
markers in¥edaFeaBdu %I(@F&?gt]t%%j %%yggj%%%%mq Iﬁf(ﬁl?(t%p). Grﬁﬁe: isotype
control; blagky ey PRAibERGILAD2Gnd GUDRE TRIES. Trsanimbadimsntsetlet' i FPRASYTARIming of
relative expression of Oct-4 and SO I Sheneiiérsie pehipimpalysisiafm@ct-4 and Sox2 in
293FT cell ?‘i%“r%‘e‘“i‘?gp%‘fﬁ"ﬁﬁp%’-§§ﬁﬁ§§|’-‘g’§xz LSRR ASE AP FRa R ES2 Sox2
(0S-ERES 23piegreanessials e o430 PR BB (B Y PN g ‘§ O P S G IRESI-puro (0);
lane 5, pSipdabfdrehaxa-1iYE Nunp e bojllane 6, no plasrnid (control). FIG. 9B shows reprogramming

in mesenchymal cells derived from %mﬁlﬁ-i{@}ggﬁ@g,%ﬁeggﬂam@iegiunkeﬁbpdmwtietermining
factors; gerllﬁ Bbhbinatignnas%rséﬁgcga%é as in FIG. 9A, with th?’é’i ditiorkorffﬁﬁmlﬂﬁduai but
).

EF2-NanoglBStnpealts (iained Foma st patgh peiipdue SReae D DESCRIPTION OF
PREFERRED: &M EMES(O0RBANTRE tuieiche byrmbidest adratigrorariess dbleastffifg factors

present in primate ES cells play an important role in maintaining pluripotency and that differentiated
somatic cells could be reprogrammed to a state of pluripotency through expression of
potency-determining 4.




factors. 100031]Cell types pass through various levels of potency during differentiation, such as
totipotency, pluripotency and multipotency. Of particular interest herein are pluripotent cells. As used
herein, "pluripotent cells" refer to a population of cells that can differentiate into all three germ layers
(e.g., endoderm, mesoderm and ectoderm). Pluripotent cells express a variety of pluripotent
cell-specific markers, have a cell morphology characteristic of undifferentiated cells (i.e., compact
colony, high nucleus to cytoplasm ratio and prominent nucleolus) and form teratomas when introduced
into an inununocompromised animal, such as a SCID mouse. The teratomas typically contain cells or

tissues cmt%ggp%mfﬁd}m%gﬁr@,mm.}ﬁmbmﬁna@ijBSEAlaff@elﬁéﬁs%sé‘these
characteristics by using technigues commonly,used in.the art,_Seene. gl egal., supra.
Pluripotefh %’e?fg@faaggﬁsa%%% %’cﬁsﬁaﬁ?cﬂwga |g!rrﬁer;g%§flgci:u %‘?g%r%nd??fgflé%ﬁ%ﬁﬁowards a variety of
lineage-rakiticiccheaihpippeta ioisnhpexneibiknling pbasphasrsptRY. RAhBRFEBmatic cells are
more diffeﬁ%‘tL%ég}&&gL%HmM@gﬁ&aem%@w e nalipreimivsliiarciineeiRingipotent cells
thereforé’have a higher potency than multipotent cells, As used i]ierein I?P;%%%ﬂ?glﬁﬁ pluripotent
primate siifferentirsed seilifegm b ndiKidtebikrase @?W&“Bﬂ?ﬁ%%nf rr)r%}dlﬂcts somatic cell

reprograEings aesheds: Sihh metwpdesoitable fotarsevincerasehtanssirbeapbAR ¥pications
currently envisioned for hum?ﬁégr's REGoRAR0 RIS NE PRV oo raadihe (elafemiefnovel

methods Y&t reprograﬁ?rrﬂ%n iffetentiated somatic cells intg hig\her-][:)oten cell§hs¥a%@ as pluripotent
cells, by adepinisrminsetceusscib BB AGP HRE MR salins P HRS EM AT TS Fo Bchieve a higher
level of pgiengyindia s RIReAREKRE RelsEaRndaEheninatierells g memmyed BsENsthe present

invention allows the generation.of pjuripotent cells..such as i Raqmatissalls without
requiring BAYBOIHHBH W@STPE%W&%& rté’ce%{f re Clb%P ?‘rﬁlt?oo Elg? r%ﬁﬁggggﬁeﬁ%g-determining fl'gctors to the

somatic ciligatdsamsadpli@rein, "reprogramming” refers to a genetic process whereby differentiated

somatic cellsaee converiad e dsedifisEeiains BiEnaipieaianduciustioas on greater
pluripotency potential than the ce

: s from which they were derived. Thaf] HiaRspgrammed cells
express a@@ﬁ@ﬁﬁ@%%%%ﬁ?ﬁﬁﬁo’?@?ﬂrg%sr ’8%.’8‘%1%?&%‘#5:%&5&‘/@, SgéEA-4, TRA-1-60 or
TRA 1-81:8referably, the reprogrammed cells express all these markers. o
1000331 Figncy-detetgining {adiarodha i ieasABPReBaliRc T nallaciatainot mited to

as 0X2,

factors su ct-4, oxD3, UTF1, Stella, Rex!, ZNF206, Sox 12..Li Nanog,
DPPA?2, ESB¢ rsung aeemmmationssrsaebhy opaet %‘Qéﬂ?fb’lé@) “s'gfﬁﬁdé\’g%@w%g??v%%%%?he fourteen

factors WQ%ﬁJﬂE&Cim&&&mﬁmrﬁzéﬁedesi&damﬁslstfdsthepiﬂmedt%wlﬂéﬁlﬁ B8Pt Addition of other
potency-determining factors ct-4 and ROVEYEE{0caases dngvaffisiengwsyith which
reprogranfﬁféatt?é’l %%nfggﬁg%gg_, g%y%%ggé SK1f4, however, are ngﬁlgssential as
potency-ddtscritiedrigrinteiiciPatea o e h BeHbFASPRRIS tactor may be a transcription factor.

[00034]Suﬁﬁ43% omatigir&l bRl avan e At feaberts aftheygisdrigineentipreglidenenirg frequencies are

observed when the starting somatic cejls have a doubling, fis hwentysiaus hapksinpomatic cells
useful in tHERAFEHHBR %%‘W%B‘F% FRNom X ggtgirﬁ%%%éﬁnggaﬁgga%cn%w%n,yjkugenile r(lnéfpadult

primate, including a human. Examples of somatic cells § i ethods described
herein include, but B%%meﬁ%ﬂﬁ%WE&W&%@&@&?@?%rog!as?‘%e_us, hematopoietic
cells, hepajgeegi]s, intestmal IRiGamesarciymateas | fomydivnkpRud mometatdnimihiphden cells.
Another type of somatic cell is . CD29+ GDA44 GRILARH e dhAte:f RAdnandGRRA gesenchymal cell

: tr .
that attach&R¥ AP SOBERATS R iternatively, the somatic cells can be cells that can themselves

proliferate fncreittatenticin(BEFDiARG RppRECHT @@E?ﬂ%?ﬁ?ﬁﬁ%ggiﬁ?ﬁx@éﬁsfd museé‘néggone stem

cells, brainégg?,,gg{bqe@m&y@r_ StREBGRlls oM bkipaitiot dvelwatoptidkt faasert<anuROBF ¥Ry eloid precursor
or mesenchymal cells, are ecificag%l/ contemplated as suited for use in the methods of the invention.

Il
[00035]L ik&Rmatic s e RBRRRIEtSnls

S are receptive, or can be made receptive, using methods
generally knazeln the SBESItH Bttt emapik ES rRbfiEriatatn Fitg2 A including genetic
material_ eng&giggiggéifm@ W%??%W?mhﬁdﬁiﬁﬁ&mwméjﬁgéége” ty_p:ebaltnd
expression system. Exemplary conditions used to,prepare zells ipgesuitable
transductioFREFERERESIE ﬂ%ﬁ/‘ﬁ ﬁ’lgﬂ?&g@ﬁh&% %eég aesfznr?ée%g %ﬁ%ﬁ%@gﬁgﬁg bélow¥ g%e method for
making cells receptive to potency-determining factors is described below in connection with the
electroporation methods. 100036]A potency-determining factor may be introduced as a reprogramming
sequence in which a polynucleotide sequence encpgii_ng the potency-determining factor is operably
linked to a heterologous promoter, which may become inactive after somatic cells are reprogrammed.
The heterologous promoter is any promoter sequence that can drive expression of a polynucleotide
sequence encoding the potency-determining factor in the somatic cell, such as, e.g., an Oct4
promoter. [00037]The relative ratio of potency-determining factors may be adjusted to increase
reprogramming efficiency. For example, linking Oct-4 and Sox2 in a I:I ratio on a single vector
increased reprogramming efficiency in cells by a factor of four (FIG. 9A-B) when compared to



reprogramming efficiency wherein the potency-determining factors were provided to cells in separate
constructs and vectors, where the uptake ratio of the respective potency-determining factors into
single cells was uncontrolled. Although the ratio of potency-determining factors may differ depending
upon the set of potency-determining factors used, one of ordinary skill in possession of this disclosure
can readily determine an optimal ratio of potency-determining factors. 1000381Pluripotent cells can be
cultured in any medium used to support growth of phuipotent cells. Typical culture medium includes,
but is not limited to, a defined medium, such as TeSRn" (StemCell Technologies, Inc.; Vancouver,
Canad) R BT e Lesao aaliny blrendibieniine(thsamEnfioaied (Sigma; St
Louis, MO),”as well as conditioned medium, such as mouse embr i)ni fibroblast (MEF)-conditioned
medium. 584 4R WF@H?’&“‘G%BH%BHM?%&%@%’@ “F{'E i §H§‘defined formulation comprised
solely of mgeimmicallpicsfinkeacmsstis @atd rédide fioreinngdhsrknoyimioosmesiiefd Kaldly constituents
having kg, hemicgl CompeSHin A HAIREMEIBBRLMKILIC S £RARSIWA derived from

known sdurces. As used herein, "conditioned medium" refers tg,a grgwth?ug:dium that is further

supplemapheatiHiagsarhns irastral rerstast sFLGIHRAH THETRE TRH TSP W ey, cells can be
maintainqe,aaE G ECriLEaraadibend R0 s inviensiMOlisEGEPsarisissinalysis of gene
expression (SAGE) library to obtain transcriptome profiles. | . Specifically,
a SAGE I?BF(}%FQ\}?%& ?eﬂ%%ﬂ%ﬁ]"yﬁe %t‘(!,sn%é%ﬁ?e e?d'réll?%%ﬂg%%?gfﬁmﬁ%géﬁggﬁ%ﬁl?l'u%%sg‘tgeunécy and
self-renevntivirel Sursds:tEAG P dibelil ravaficdeells RRersev esbridiGPabARS PSR e art and are

publicly ayaiiabls OF 63D 12, SARSHGR/inARIAIHIAS) YA TBRAHIERrNGGRBrAgenCOUT Bioscience

Corp. (Beverly, MA). [00040jIn another aspect, the invention Q]roxj es an e f{ilcrhg\g F‘Pﬁ‘? lation of

pluripoten‘f’%}{@ subst ﬁiéll@%ﬁ%ﬁ%ﬁf&ﬁ%@?ﬁg Ot & post-nata |ﬁ§m ual’ gécells can be

obtained by Keprpe® NN miseamatitaced iniseigtedofowasiobssost imesl rriicierrassingtianes

embodimenise e oall BORYIAHANIS APUIIELANRUE s GRS MIAGAISASHE Ay 1%, 80% and
yg 00

advantageous eater'than 95% of the cells in the population, and an .ang\ all ngle r partial
integers tiieawstsstlyoenivehrepspian AelpTHEY REIRODAE é%?ﬁfb?al,]seﬂ?‘i’lﬁﬁdéé'ﬁ'ﬁ?'orﬁﬁgﬁlogycgharacteristic of
pluripoteniealicRpd BuRREE Rluripaignidediabreoifidniarké OgtsteipessiegESOdls dWeBBEA-3, SSEA-4,
Tra-1-60, Tra:l -81 or.combjinations thereof, and f r n introduced into an
immunoccﬁ?fﬁ’t%l‘ﬁ{g‘éﬁ'ég .r"ﬁ‘zlﬁ“i666%?2??8%%%&@5&%%%%@2&ethods and compositions for
identifyingieff2alsing poEhdAdR illnsitatn FratraaingRi QK ISR RTSIRMRR cells into pluripotent
cells. As ngted REEIBr HiREeR peRRRRsH IR alaoiscPis cuibwhbganslishedviplesnent of, and are
substantially genetically identical to ic cells.obtaingd from - inetivi Generally,
methods 8 @h%ﬁﬁ%?éc@‘m%?ﬁnén s %IP nelude the gtcé%p%ss&c#a %t?g%gﬁgfgjle%etic material
encoding endogeraysl Gezdipyoniqeratil@. KBews Hererstomeigyarbrisinfyuntrdtcebmes bt piive to
uptake of e genetic material under;candiions eliaeliverky xpressyhechaeisrsiecciated on the
introduced genetic material at levels sufficient to reprogram the cells to a less differentiated,
higher-pot@ié§eSYH@nifigd observing a population of pluripotent cells after introduction of the genetic
material. TieqMmripoteRIGSBAcarilbstharetermsdihy efbenarpisciad sRIPHERAY cell-specific

markers orhotl, Adyaniagesiis, (S pluinaieo: sabi s ideatled Sy epmesiondmihe reated
cells of a marker ptovided in the cells so as to be expressed only u (gp&cr%a%)%ranr}mwa% gr{‘sthe cellsto a
5‘%‘3‘(‘5 a

n
pluripotentideatified srbeffeuitaeraamencie IR RN A abie 8 Teprogramming
somatic cels,inta BlLKinpiehkeeH S A Bedflestifie thunrds feweyibayl dvativsing a8yl 8.
1000421Genetic material, encoding a potency- ini C | Heagbly transfection or
transducticﬁf’ﬁ’"ﬂ‘é‘/’[ﬂ%"é%'f’ﬂlgﬁéCB EEIE Oy & \?Q{:%%e?,{&s{l%f?égg tgfr'f‘%r(]i\gg(g}?g%i?fatgg‘g%ctljn-inte%lyrating vector. Of
particular idteeasinberisttardhetrolidet nottory - drtemroving RRtetAres Farntie i Mentiviral vectors, are
transduced By RackAdinOFNGVERHNS: KoorFinaR PiQEisinaatheivtermabi fmiaskrd RN, the DNA
segment(s) encoding the otwgg-detegwig?%acg%% can beJlocated extraseiiamasamally (e.g., on
an episoméﬁﬁ?&éﬁﬂf)%lr“s y)i ?ééjf‘aatea fhi0 Celltfar ccﬁ“r‘omosome(s)._ (O00Q431A viral-based gene
transfer anét expressickdbetSiisiavge iraterenhie sppaiacdhpresrambBet B BolISFaai%ery of
genetic mafgrial 10 MaSh RN CleAieca 8B Ging padibasd for fiathsfactinglisatprimary, blood,
stem cells) in‘vitro Or in vivo. Viral-based constructs integrated into genomic DNA result in high
expression levels. In addition to a DNA segment that encodes a potency-determining factor of interest,
the vectors include a transcription promoter and a polyadenylation signal operatively linked, upstream
and downstream, respectively, to the DNA segmeﬁé The vector can include a single DNA segment
encoding a




single potency-determining factor or a plurality of potency-determining factor-encoding DNA segments.
A plurality of vectors can be introduced into a single somatic cell. The vector can optionally encode a
selectable marker to identify cells that have taken up and express the vector. As an example, when the
vector confers antibiotic resistance on the cells, antibiotic can be added to the culture medium to
identify successful introduction of the vector into the cells. Integrating vectors can be employed, as in
the examples, to demonstrate proof of concept. Retroviral (e.g., lentiviral) vectors are integrating
vectors; however, non-integrating vectors can also be used. Such vectors can be lost from cells by
dilution ffer (CARUIAMMLE (PRHESNIE SeStial!SoR2 iRt NendgR Mhigeiadr psteisyBarr virus
(EBV) vector. Re,n C, et aL, Acta. Biochim. Biophys.. Sin ﬂg:g&%@ﬁ%@&%ﬁaﬁe{‘ C, etal, Stem
Cells 24-44amining fACeR &8 PO PYATRH e B Lo S &8 Ty reference as Il set forth in its
entirety. HARE dchitniraiaitidesprifecy eremitag fastas (s ddDahd) angivnablet? using art-
recognized technigues o HEATE NS L SAIRMIRLHEE U RRRS ARE Lobnsdldee sMHARIR expression

elementsr?ﬁ?ﬁﬁerapeutlc genes. Standard techniques for the construction E(l)(fr fﬁp{ﬁsg‘ion vectors
I

suitable fermabides thatthy emiid BERR RRETAN S RPN £6'LIFBT6EBIATARy a'aft and can be
found in sishapulicationss wehtas) Samtrediehrairahmdl oitarilarfaiorihénptypieidymaanual,” (3rd
ed. Cold gpring Harpar Press, Cold Spring Harbor. N.Y. 2001), incor q: in by reference as if
set forth |Fl§t‘§° Hiﬂ’@gﬁ%o%ﬁ%ﬁ&ggﬁ%%%&l en WI%%S?S%I%F?@(;%&;I%%%?SE&&%?IIS can be facilitated
by providiitferentimidet EIGRGishovws trrstodprehsdisrainipeccore SrmaisEem it dBin (GFP),

Enhanced Green FIURISseeatify QRIRARREDIah aifRrans (L dss Unenasuse). ober-prSoxater active only
after the somatic cell has converted to a ﬂ?luripotent stat<\=7 ﬁele%gglﬁlgnc%%g&%&g is used to identify

the reprodraAtRINAERE WS S yihrsi sy ARSI B g QiS5 1E Ee R IECton techniques, such as
fluorescenpussorting 166 v BaBushiser etz g s rogra vt skinfigreblastie Plgdfed without a
selectable mar

downstreélr‘r?“égfliieﬁéhlgégg‘ ;%Qmm%ug@ﬁ%ﬁr@@ﬁwmﬂfb%ﬁ%m @fgip somatic cells

promoter that regulates Oct-4 expression. The endogenous Oaﬁaé}tgﬁ)nmoter is active
in undifferBigtidRshqys fonterenery apalypisht raand3 Sl SpEHTRREH 8F S REFREIMY ES cells did
not persistisopsitiiasy i ecpriseannndasia(fir Gyeliie: difteypneerio, Wrsiviiner, because some
Oct-4 expression can persist into early stages of differentiation, it is appropriate to enrich the
populatiorPSPHSBBILAL cells by selecting colonies having characteristic ES cell mo hology and by
maintaining@dzokells uRIGE: %@d@vmamqﬁf?e@wmrm%H&fqlﬁié"ﬁ{%’ffﬁﬁ??}?&e‘%%“ét all cells in
the reprogramyned sel eulishavaibs slssirande\iotpeishsyxGivesticrbfiisenicies of cell sorting
technology, the variations in levels ression.a hALhiolagis: 3 .cells in the
enriched rﬁﬁi{h‘fa‘fﬁ?ﬁ‘?ﬁ%ﬁ Bgc’ﬁ‘l%z(é%%%iﬁ\?vng\?éPgé?gé%p%%c?f%gaI?Ii?\%%a%ﬁqégga%?olggagnﬁh ed cell
populationigierdyesiftoBF QAR Acfiexis (G5t iee HlasIERRRNe-IBES ABprh Lo R thal marker
can be congiiced K e Lo pSEAEs! fEmaAbsig )y ICAIBIIRyabprgerngngcd

a

techniques, such as removal via Cre-mediated, site-specific gene excision. £ nple, it may
become dé%m%éﬁé?gstﬁ@ﬁ?ﬁrﬁé’tn&%‘#ﬁ%%’%?ﬁﬁ??po et 3&17’5%%5{(5%5%%@(?&&%@ to avoid
interferenceelymiiingacies; genecprisdnaidns the texpamirem BiGRsesihdbeddeisamhedithth the cells.
Targeted df tions ¢ accomplis Widh 1 1ear the marker gene that permits
its ready e %lkgﬁl?aﬁﬁa IS’—guagﬂfggﬁﬁ%%ﬁi%%%fgﬁ %%“gg%fThe Lox sites can be built into the
cells. If it is desired to remove the marker from the pluripotent cells, the Cre agent can be added to the
cells. Other similar systems also can be used. Because Cre/Lox excision can introduce undesirable
chromosomal rearrangdBEARLBRDESCRIBTION SF PREFERFERENRAPREN R ision, the inventors

recognize g gpirabiliolalsesng s ARG dRlpBinG: g emiodhetSomisccls using

non-integrating, episomal vectors and obtaining cells. from which.the.epi ofs adgslost (e.g., at
a rate of ab%'i:?%@d’}ﬂéfraﬁ%@%ﬁ?@%ﬁﬁ@m%%ﬁngﬁgw%g téedlﬁr%%%%%g%ﬁ used to maintain

the vectors@uling tanogpiogsd tomingesiEpfROGATy Thoukll SYATRSIRh PRI IFTBUINGE as further
non-Iimitingféilgtuosgrations of methods for identifying potency-determining genes or factors for converting
somatic cell&iRto pluripotent cells. In some examples, hyman ng)ct4 Iﬁrigecrléﬁitri]agc% el yvere
differentiatdﬂ@ﬁ&romal%I‘Wﬂ?ﬁ@%@éﬁ]‘%‘éﬁl@vﬁfgd’%?nﬁ € lz’;{%nfseprogrammal;\?e somatic cells.
These cellsiaggosBpdalipsentisdsotainshitarmya Positatar imtiishier oy B el BPLBHAENE cell
reprogramming method. 1000481 The methods were repeated with other differentiated cell types. One
cell type was human fetal lung fibroblast cells, IMR-90. See, Nichols W, et at, Science 196:60-63
(1977), incorporated herein by reference as if set forth in its entirety. IMR-90 cells are being
extensively characterized by the ENCODE Consortium, are readily available from American Type
Culture Collection (ATCC; Manassas, VA, Catalog No. CCL-186), and have published DNA
fingerprints that allow independent confirmation of the origin of reprogrammed clones. In addition,
these cells proliferate robustly in Eagle's Minimal Essential Medium-10% FBS for more than twenty
passages before undergoing senescence, but grow slowly in human ES cell culture conditions, a

difference that provides a proliferative advantage to reprogrammed clones and aids in their selection
hyvy mornholoaical criteria alone Other diffeareantiated ceall tvvnece 11ced in the methode were hiiman




1000511In the following examples, differentiated cells receiited vectors that encoded various
potency-determining factors. Some of the cells contained in their genome a marker gene that encodes
EGFP positioned downstream from the regulated Oct4 promoter, which is active only in pluripotent
cells. The production of this useful tool is described in Yu et at, supra, which demonstrated that
differentiated cells can become pluripotent via cell-cell fusion with human ES cells. [000521Example 1:
Lentiviral vector packaning and production. [000531Transgene-expressing lentivirus vector was
produced in 293Fr cell lines (Invitrogen). 293T is a fast-growing, highly transfectable clonal variant

derived figI JaRSIQ A0 -AUDRORALHIRBYERImP I Bl e AR H/oen for high-lovel

expression of the pack E)In proteins that contribute to_higher viral titers. For routine maintenance and

expansiofreREsEdareie o ERfrsieeriMeedem A ReiRdEN N RS s RIS el LRI 251RfSMine and 0.1
MM MEMoNQG-bstsai el HesiROnieidss, intbe ik aminpiooiphQBangienbtgaielidificfeatipatkaging, 293FT

cells were cpllected by trypsinization. F i val.of ' I 19N, e cells were
aliquoted ‘ftr:?% ﬁ5°ﬁ’£gﬁ§tyf§2"§?’1%‘§?’ c‘é‘l‘%%#g%%é@%%l%?% %‘;g rB (ié)ﬂlng‘éﬁctugé%%%@rﬂmﬁe}gﬁjm without
geneticin traooss iy intndveedivitodh spmmarvBRioRisttianiBahasdap mIRTRSREE-cAffied out with
Superfecti@aitansigpiiany eatisntRispaalisthedieialidofawngcathaliguatingdlastiviral vector: MD.G
: pCMVdeltaR8.9 ; Quperfect(r) = 5 uq,:5 [ig,: 10 ng :40,ml in 400.9l.of Iscove's Madified Dulbecco's
Medium ( f&i}?ﬁﬁ&ﬁhéﬂbﬁf e%gpnar étrﬁ’p?set}r‘éstmeu%nrg% %‘l‘ﬁﬁ%gy.mﬁﬁoenlﬁeufﬁjeﬁy; the culture
medium cthntainifieg.the. (Bwsfectiominixure Riaspepihcdls witvdpells oldarpmbifnairaimpplemented with
L M sodipiiatid i daniod RUME SEABATAG SRRl AR pallesiadraugiaC to 72

hours after transduction (-48 ml per construct). 93FT cell dehris was removed, from the

e?2 )
supernatafit IpEHPRRGEIRSN MPBBO ARSI FE S HHTGTES AeA FelaHy Lo RIBIRPATE" the lentivirus,
the supertai/tias fitasashiing difictisni celiipsemceliathdERjerhambiageGamiydton, 115 ml

low-protein hindin d ultracentrifuged i terili ; 355622,
polycarboﬁné?g%ﬁgg%b%rug%@@“aﬁ%sfga%%gpnqg%%% %C%%H%%%@a%g%%ﬁ:\% along with
any remairifeiceess)delsrit thenua petersipradvenal sem pertirrostrR s BRdE Ry 6Hbwing
supernatagiranvatoRBSid rearsh kioteagheaangiptchivasacdad éaviesuep endisharpBfet by rocking
the centrifgg tubes at 4C for 8 to 14 hours, or at room temperature for 2 hours. The remaining cell
debris was7émoved by centrifugation at 5000 rpm (2700 g) for 5 minutes, and the resuspended
lentivirus 938iquotedTlzomaestot anyenti@oaoaiherdesesop eaMeldMeteds Ny earEEMBRRGeen 107 to le viral

particles (ypt:BIR"6AREE BIRUAS HPRSRANRY IO saICR PliHSoBR BitsFyAdmialiadpiagp; SEQ ID

NO:6, with the sequence for Stella from 3604 to 40832f h?}rﬁbonngi S",teellgli 5(1%‘15 .:';\}O:}e%'s pnrowded in

the Sequeﬁc‘é@&ﬁﬁ@?‘?ﬁ%"gﬁwg‘é‘&%@éﬂ)ﬁ%ﬁﬁg’é’a SF A BEr polehey Taetarmiming Tactors (e.g.,

SEQ ID N@& répbprempeptehatithcsdguemesdor StoldviBEEIBIN O prassstioptatied alRishe

sequence &L@a@éﬁg%%m&s&?mﬁgziw%@@ JAROE5H Conedficiantwinlsaciggipmsancy-determining
elo

factors into m id cells, inventors madified the lentiviral expression system 'égéé 4A). Inventors

reduced theldisenof 458 BHERTIPREPIGT T BRHGIRE e PRIFPGY FEISTBNARE JA4D) * 38 Boring 5' and

3' LTRs thigughssariad telgtioneprptysimitglastemodifjeatiin grocinsnmizedbthdi fiegatintedeffect on the

packaing effciency, The tier aplaingd sauioshuganaesoriean 108 i ARR/guA! supematant,
m1 aft ult

and 107 t0°108 l\?p er concentration (throug racentrifugation). Restriction sites were

introduced AvmptieneiRKseifb then dsRRUS EPMaXRIh thFE VTR HESEnE b o RS FRIFRBRBME ransgenes.
1000561 ExgiRRigrRsfie Rueosadninoraicwiel odriyaent sal-spllsfafitirkentBSE Aray&tistion and

expression, of potency-determining factors, 1000571To identify gen programming
differentiatg%‘;élg%%ﬁ: oela”rgsﬁta%%(ng’r[%&i&)?éﬁ%rﬁ,g’r%gfﬁ%n%gﬂeéﬁ?ﬁqg? %}%L%gﬁg@ls required.
Inventors filé033ited th&dtentydatetraining faginnsabfitren ssprsraniranNictids Pelednidphaitskion of a

human Hi Qo4 INECkiRESGEISIELS s3k21PORSBLITFIL Hlemardks exifedvyieriRepoRCh Institute;
Madison, WI) were maintained on irradiated mouse,emttﬁqgrc%l}c {ib %bel‘%%%s MEFs INDMEVYF12 culture
medium CO%M?%WOP bﬁlﬁﬁgéogrﬁ%o%iﬁ%ﬂbggaf@% e |Um“(‘r5?o pyruP/a é, ﬁlgh ucose
formulationss awitdgienfoGass Satior€ W) ssmiftimtan tepr gtk s 4cied crlbu thivpefrin BEt-fos
non-essen(gl, 5o AsiibAGHRM Ao aAlARIRT Qo) b spiaaibasa| Sigmajand 4
ng/ml basic fibroblast growth factor (bEGF) (all from Invitrogen unless otherwise noted), as previously
described (see Arnit etal., Dev Biol. 227:271-278 (2000); and Thomson et aL, Science 282:1145-1147
(1998), each of which is incorporated herein by reference as if set forth in its entirety). Feeder-free
culture on Matrigel (BD Biosciences; Bedford, MAY fith chemically defined TeSRTm medium
(SteinCell Technologies, Inc.) was carried out as described in Ludwig et aL Ludwig T, et al, Nat.
Methods. 3:637-646 (2006); and Ludwig T, et at, Nat. Biotechnol. 24:185-187 (2006), each of which is
incorporated herein by reference as if set forth in its entirety. 1000591The HI 0c14 knock-in ES cell
line was generated from the H1.1 human ES cells according to a method described by Zwaka &
Thomson. U.S. Patent Publication No.




200610128018 and Zwalca T & Thomson J, Nat. Biotectmol. 21:319-321 (2003), each of which is
incorporated herein by reference as if set forth in its entirety. Briefly, a gene targeting vector was
constructed by inserting a cassette, an IRES-EGFP, an IRES-NEO and a simian virus polyadenylation
sequence (approximately 3.2 Icilobases (kb)) into the 3' untranslated region of the fifth exon of the
human Oct-4 (octamer-binding transcription factor 4) gene, also known as POU domain, class 5,
transcription factor | (P01.15F1). This cassette was flanked in the 5' direction by a 6.3 kb homologous
arm and by a 1.6 kb (6.5 kb in the alternative targeting vector) homologous arm in the 3' region (FIG.

1). Th ir iti : 2 T
)- The ¢ ﬁﬁa&’t‘@iﬁ#ﬁﬁ% ; 4@@%@&8@@&%@9&& GG (E it DR, HREdRNg ann

contained a seque 2. The short arm contained a sequence from 31392-32970. In

an alterns¥rsatishcmienerdetrminingfastosinPrriezabhy S RRLEPEX ISP BIHBTSYE RS Aegion
(31392-3gRriptidk-RRRPA 7 plus 2387-7337 in gene accession number AC004195). Isogenic
homolog A wag, abtained hy long-dis IGP @gglg, gég:ﬁ] omic
fragmenti@l%he caggé%agevsg?gqg éﬁg%%ﬁﬁnrﬁ?%ﬁ‘ggﬂyﬂér% site (V Cé%g of a clgﬁﬁ% vector,
pBluescrifieaydres 1@ ohBasit weuebsisating soaaticsoivtmve i devglingtims aRam Aty -f90601For

electroporgian seailsivede famesiac Wantielagenas enlb¢dnib oM obimiteddesm foetdl minutes at 37C,

washed with medium and re-suspended irll §.5 m cuItureEmediPm 1'5'31‘0 xelJrO eIIs)D.eTo prepare the
cells for e‘f@(’fﬁ%‘ﬁ‘o?é‘fﬁﬁ%éﬂg“\]ﬁlgggngﬁd@a ¥S1BEF IR sphatR-BUHERES safine (PBY; Invitrogen)
containings0 with lineasibeds degstietbees ton e, kotdrs ved fimites 1o poos oo eyle 320 V, 200 if
pulse al rgaeTAARIIRHIANAIR RARAGEANS BUISEHAC L0 hetaneinaialiiale were
incubated tor ten minutes at mom temperature and were plated at hl_%%ﬁensﬁ/gg%ég%ger. G418

n

selection FStsnTRyFid RS S5 dadtRlser calsH SRhsr P KA R BIBBF RGNS A week, 0418
concentragipnesasuinslen7Atel GDeE weskshpnal vdh hatalonibs Wa@amweummmlly by PCR
using primers SpCig oL g\ %Qﬁ%g%éﬁﬁﬁcﬂﬁ@ﬁ% 6 R Rk 35 SERFIMSIAWIBER AFObE _
homologous region, respectlvefy. -positive clones were re-screenetiﬁ%;(/5 Southern blot analysis

using Bareelisdineludies bips sam eepyopaseiefonts sia ealsehrmin R Fel 2 SUBRYTRER S 0c 14 knock-in

ES cell lingrexprrsnarhath bR I RNsLgmeiloRhpeplisdran shesant ymabieligmran endogenous Oct4
promoter/regulatory region using dual internal.rihosome-entry. sites_(IRES) (FIG. 3). Expression of
EGFP andité& ﬁ‘?lhﬁ 8%5%%%&%5#&5“0”5 m?jrln%o PR ieA

ce cated an active, ena'ogenou_s Oct4
promoter/i@§03&lory reibewist090BbIE 0 Atia dello ate RRCEIT v 1PS 668 &e MEAEERTEEVTSEh co-culture

‘é\{itz mo( %Sgélﬁo%@&%rﬂ?mﬁmp%&%?ﬁﬁﬁm%& m?maaa@pb@ﬁ@@lm?h&ﬁmoplastic
ishes (BD Biosciences) consisting of: medjum (Invifrogen) sypplemented wit 0
non-heatinBEHHE §TEHBABELFIEGIRG LS °(I§‘B@3tﬂf%'agﬁr% ¥ %#éﬁ%%?ecsa?fg a%gp%%géo ml/dish).
The OP9 codithescil ey aplitemesyich dpstsrat Bxeaniplany todiHorsssed toinurnans ESREIF sMAEntiation,

after OP9 %%I(?gﬁ?ﬂﬁﬂ%tﬁ_ﬁl@@ﬁ%%z% thedfenthdanchatohthe mdivas@sehansed, and the cells
were cultured for an additional four days. 1000631For reprogrammlggz HI Oct4.knock-in ES cells were

differentiatedmrissReitke Arsaneted Epagne s e Ede eHHsS VBT Briefly, human HI
0c14 knocKeiitfbadasdiow i Sotmekfion withatrdiiet-dpotatof R@thwdsolayer (1.5 x 106 /10-cm dish) in 20 ml

of DMEN Wi SUPrlcmenied s 685 (LYGlonFuabiraiaien gkl sbharenpitiogycero

(MTG; Sig Louis, e P9 Cell co-culture was’incubated for nirég days with

changes oiiigh ebelmustife sotrenspcaceting dhg PatgasytAelsmainiee HRloss CRRGPYWEEE e sed into
individual Rlis-iygeali ERRASE Wi tiealy 8rlohd gtV aleMbivhmaedilsnrelrepiisgaemdbr B& minutes at

37C, followed by trypsin treatment (0.05% Trypsin/O M EDTA, Inyitroge: lepites at 37C.
Cells wore FIEEHBEL AR R 1 0B 3 U o B R T R e
supplemersepheith <h08dimE: KOO gMisENBining facor inthmsouaticcdl- b atife B8 % Laboratories
Inc.; Richmand LA). Cells were further cultured in flasks coated with poly (2-hydroxyethyl
methacrylate) (bHEMA;_Sig Ea}}{ﬁfor 10 days with changes alf of thae | days. During
adhesion- Aling pHE‘R/FE fUPEC & Ié&ﬁ’acly \'/(\%tu %ﬁ%r\%/’\}tllsoés be ﬁ%ﬁ%ﬁ%ﬁyﬁ%ﬁgﬂng
aggregatesembimtheinetickinierbet granples linkingdRidcnis Sexd s adnkidHo LARENEE VaH Tegates
were remo EatinR RHOtEA hisbRingEe{BPrRicstE IR S) whitecsmalisdggregates and
dead cells \ﬁ%‘éﬁgﬁe by centrifug%tigggrft%oug 25% Percoll(r) (Sigma;. The differentiated cells
recovered from the cell pellet expressed CD33, MPO, CDI Ib and CDI Ic molecules, which are
characteristic for bone marrow myeloid cells (FIG. 28). Inventors routinely produce 6-10 x 106
differentiated cells from 1 x 106 HI ES cells (humangHI Oct4 knock-in ES cells). See also, Yu J, et at,
Science 318:1917-1920 (2007), including the supplemental materials available at the Science website
on the World Wide Web, incorporated herein by reference as if set forth in its entirety.

(00064 1Lentivirus encoding a potency-determining factor (MO1: 3 to 10) was added to the cell culture
after addition of polybrene carrier at a final concentration of 6 mg/m1 (Sigma). The
lentivirus-containing medium was replaced with fresh medium the next day, and cells were cultured

further in appropriate medium. Drug selection, if needed, started the third day after transduction. As
chown in EIGC B the trancdiictinn efficieney wace verv low (12 A04 at MO of 10 Moreovvar the




10006510n the other hand, cells having high transduction efficiency were prepared as follows. The
Perco-purified HI Oat/ knock-in ES cells were allowed to differentiate further to mesenchymal-like cells
for an additional seven days in the presence of GM-CSF on Matrigels, as described above. Many cells
attached to the plate during this culture period. The attached cells (referred to herein below as
Oct4ICICD45+A cells, or simply as CD45+A cells) showed significantly higher transduction efficiency
(FIG. 4C) and were used for this reprogramming experiment. While the cells were not CD454 at the
time of the experiments, the cells were obtained from CD45+ cells. As noted elsewhere herein, cell

surface %%C%%ﬁ%%sfﬁ&m%e@iﬁ WepsERS G REaRbARtoR3Rk e frbvided RIS E+, CD105+,

CD73+ and 0661Inventors tested the hypothesis that differentiated cells could be
reprograSTRIEEEPRSEUAS 45F SRAMBEREL thy BRIKSJEHOPPORITDSHNE AIMRGYAETINM OctaiCICDA5+A
cells (FIGadirsdngd sihifénelt prasnigingrotied|ta 1 Begsh ke tlimofpaedc@dttdraiaithdattest characterized

t -determining fact ' ' : ' - To]a ¥ IIs.
potency-deleHRng Rator sy E0 IS ARmie e Rlls ol bl ovRL GraaREpRdN e cels

1000671 TRE Oty s wer issociated to Individual cells with trypsin and replated

onto Matsiegsessign ebthis dissiariesrn saadily AsteaminereortirnahTaeR ahPel i BRAEEM e ssing lentiviral
transductigiigpéas carried out the next day. Nanog-expressing Oct4ICICD45+A cells showed similar
morphology to that of EGFP transfected cells (FIG. 5). Nanog over-expressi ever, significantly
enhancec!%é%&IKICD YEROER cﬁ?‘(‘;’h %‘Fg |(5:HJ,§§[|(?%iFaitri'“tl %@fﬁggﬁ&ﬁ%@n&@gﬂeﬂs. Following
neomycirpheipatioieis. dFypichl eubivresersdivn dnciedasppuritoret iadatio n ddiehm A Y i%Y- or EGFP-
transfected palierayByivec TRARAGH: RS oMl dinate) ket sRmgssaledable population of

Oct-4-expressing ES cells does not pgrsist through the culture petiod. n sary for differentiation.
Oct-4 expreduipiRgissdneyand SEmiHne 8N ﬁﬁt@f%gﬁggg(g‘lé&‘o By S(liﬁ%ﬁrﬁsanf/f‘%%sthese cells

survived resditioeitt seidioiinsudi aneobsheseryeiis fvonbeefVEDbitaitionedonedogy: thsiwsdof human ES
cells. They QEt Ol CRASH AR SEX R S SRR RIRORANPRirhahened-maseh lpgjea changes

similar to those observed in cells expressm% Oct-4 alone. Thus, it appears that the two key

potency-deeshemitalivideford rpstisinaAteinedmedim ey RoSASE SO SN rerentiated cells

to pluripotensy IROREA&GENE waisoaniahsz et dssing eptlisarting faeiods] idfovestingraster exposing the.
somatic ciglls to tggrgzil?cntors. Adhere%'s cells were indi ipéjaél(@!z

trynsi t % Trypsin/0.5
mM EDT eﬁ]‘(/ei?rogen ,O%nds ?l")‘(ré;asin f%separa 3ang?3e‘r1=ya f %Eg(“ ¥Qf’é}'§ %%W rﬁgd%r{

e for 20 minutes at room temperature. The

cells wereilités defthercuppiemaned withselblefacres fim pils SR MEHPPBS containing 2% FBS
and 0.1% gndivmvagides Calls-GramnikSus RePsigN e siadiesl in the FACS buffer supplemented
with linM EDTA and 1% normal mousg seru igma). Intracellular myelaperoxi O) staining
was perfolf8ising ﬁ&e&“ﬁéﬂtﬂﬁﬁs@eaagﬁfﬁ‘én ?é%fgésgo 6 aRes? I@fhng ?ﬁ%ﬁ%%&g out 100 ill of
cell suspensisnipontaiifies of 0B calndrasinESdéHse Sphcidisaling. Rk phrrarydnecddeondary

antibody i%ﬁqi%é’(&?-%@?aﬁ&ﬂl&%W&@lﬁ@?@&ﬁa@ﬂl@&ﬁ%&ﬁ%ﬂm@%ﬁmﬁQST&)utes. Control
samples were stained with isotﬁpematched control antibodies. Afte wa%éi{égaifthe f:%klcso\évere

resuspendtGR Boetiseerp el et Arman Pl N DE AL EN B

iour ﬁow cytorneter
(BINS; Sagadasap&iicuibiitgneelfddstorgenissitich antkenaiys Bissfenes £eRDIBYYsHlYotal of 20,000
events chquired. All of the antibodies used in the flow cytometry analysis are listed in Table I.
The final data'and graphs were analyzed and prepared using FlowJo software, (Tree Star, Inc.;

Ashland, G#8p4010006JiTanstaer amaeh St faRIRITIABTAR T ichENRIpEateP RERTEISAL / Product

cells substantially genetically identical to cells of a post-natal individual. The cells can be
obtained by reprogramming somatic cells isolated from the post-natal individual. In some
embodiments, the cell population is a purified population, representing at least 60%, 70%, 80%
and advantageously greater than 95% of the cells in the population, and any and all whole or
partial integers thercbetween. The reprogrammed cells are euploid, exhibit cell morphology

characteristic of pluripotent cells and express pluripotent cell-specific markers, such as, e.g., Oct-
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ISQTYPE VENDOR SSEA-3 None MA84303 ratigM Chemicon SSEA-3 None 14-8833-80 ratlgM
eBioscience SSEA-4 None MAB4304 migG3 Chemicon SSEA-4 APC FAB1435A migG3

4, SSEA-3, SSEA-4, Tra-1-60, Tra-1-81 or combinations thereof, and form teratomas when
introduced into an immunocompromised animal.

[060041] Yet another aspect provides methods and compositions for identifying and using
potency-determining factors sufficient to reprogram somatic cells into pluripotent cells. As
noted herein, the reprogrammed pluripotent cells contain the genetic complement of, and are
substantially genetically identical to somatic cells obtained from a post-natal individual.
Generally, methods for identifying potency-determining factors include the steps of introducing
genetic material encoding one or a plurality of putative potency-determining factors into somatic
cells receptive to uptake of the genetic material under conditions effective t0 express the factors
encoded on the introduced genetic material at levels sufficient to reprogram the cells to a less
differentiated, higher-potency state; and observing a population of pluripotent cells after
introduction of the genetic material. The pluripotent cells can be characterized by cell
morphology, pluripotent cell-specific markers or both. Advantageously, the pluripotent cells can
be identified by expression in the treated cells of a marker provided in the cells so as to be
expressed only upon reprogramming of the cells to a pluripotent state. Through this approach,
potency-determining factors capable of reprogramming somatic ceils into pluripotent cells can be
identified, as is described in the exampies below.

[00042) Genetic material encoding a potency-determining factor can be introduced by
transfection or transduction into the somatic cells using a vector, such as an integrating- or non-
integrating vector. Of particular interest herein are retroviral vectors. Retroviral vectors,
particularly lentiviral vectors, are transduced by packaging the vectors into virions prior to
contact with a cell. After introduction, the DNA segment(s) encoding the potency-determining
factor(s) can be located extra-chromosomally (e.g., on an episomal plasmid) or stably integrated
into cellular chromosome(s). ‘

[00043) A viral-based gene transfer and expression vector is a genetic construct that
enables efficient and robust delivery of genetic material to most cell types, including non-
dividing and hard-to-transfect cells (primary, blood, stem cells) in vitro or in vivo. Viral-based
constructs integrated into genomic DNA result in high expression levels. In addition to a DNA
segment that encodes a potency-determining factor of interest, the vectors include a transcription
promoter and a polyadenylation signal operatively linked, upstream and downstream,

respectively, to the DNA segment. The vector can include a single DNA segment encoding a
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single potency-determining factor or a plurality of potency-determining factor-encoding DNA
segments. A plurality of vectors can be introduced into a single somatic cell. The vector can
optionally encode a selectable marker to identify cells that have taken up and express the vector.
As an example, when the vector confers antibiotic resistance on the cells, antibiotic can be added
to the culture medium to identify successful introduction of the vector into the cells. Integrating
vectors can be employed, as in the examples, to demonstrate proof of concept. Retroviral (e.g.,
lentiviral) vectors are integrating vectors; however, non-integrating vectors can also be used.
Such vectors can be lost from cells by dilution after reprogramming, as desired. A suitable non-
integrating vector is an Epstein-Barr virus (EBV) vector. Ren C, et al., Acta. Biochim. Biophys.
Sin. 37:68-73 (2005); and Ren C, ef al., Stem Cells 24:1338-1347 (2006), each of which is
incorporated herein by reference as if set forth in its entirety.

[00044] The vectors described herein can be constructed and engineered using art-
recognized techniques to increase their safety for use in therapy and to include suitable
expression clements and therapeutic genes. Standard techniques for the construction of
expression vectors suitable for use in the present invention are well-known to one of ordinary
skill in the art and .can be found in such publications such as Sambrook J, et al., "Molecular
cloning: 2 laboratory manual," (3rd cd. Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
2001), incorporated herein by reference as if set forth in its entirety.

[00045] The ability to identify and enrich for pluripotent cells can be facilitated by
providing a non-lethal marker in the somatic cells, such as Green Fluorescent Protein (GFP),
Enhanced Green Fluorescent Protein (EGFP) or luciferase, under the control of a promoter active
only after the somatic cell has converted toa pluripotent state. A selectable marker gene is used
to identify the reprogrammed cells expressing the marker through visible cell selection
techniques, such as fluorescent cell sorting techniques. Altematively, the reprogrammed cells
can be produced without a selectable marker. In the examples below, a marker was provided in
the genome of the somatic cells downstream of the promoter that regulates Oct-4 expression.
The endogenous Oct4 promoter is active in undifferentiated, pluripotent ES cells. A drug-
sclectable population of Oct-4-expressing ES cells did not persist through the culture period
necessary for myeloid differentiation. However, because some Oct-4 expression can persist into
early stages of differentiation, it is appropriate to enrich the population for pluripotent cells by

selecting colonies having characteristic ES cell morphology and by maintaining the cells under
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CD140a PE 5560(_)2 mlgG2a BD Pharmingen CD56 PE 340724 migG2b BD1S CD73 PE 550257
mlIgG | BD Pharmingen CD105 PE MHCD10504 migG | Caltag CD31

ES cell maintenance culture conditions. It is not intended that all cells in the reprogrammed cell
culture have the desired level of potency. Given the inefficiencies of cell sorting technology, the
variations in levels of gene expression and other biological effects, some cells in the ennched
population may not be pluripotent. However, at a practical level, the reprogrammed cell
population derived from somatic cells is enriched for pluripotent cells.

|60046]) The non-lethal marker can be constructed to enable its subsequent removal using
any of a variety of art-recognized techniques, such as removal via Cre-mediated, site-specific
gene excision. For example, it may become desirable to delete the marker gene after the
pluripotent cell population is obtained, to avoid interference by the marker gene product in the
experiment or process to be performed with the cells. Targeted deletions can be accomplished
by providing structure(s) near the marker gene that permits its ready excision. That is, a Cre/Lox
genetic element can be used. The Lox sites can be built into the cells. Ifit is desired to remove
the marker from the pluripotent cells, the Cre agent can be added to the cells. Other similar
systems also can be used. Because Cre/Lox excision can introduce undesirable chromosomal
rearrangements and can leave residual genetic material after excision, the inventors reco gnize the
desirability of introducing the potency-determining factors into the somatic cells using non-
integrating, episomal vectors and obtaining cells from which the episomal vectors are fost (e.g.,
at a rate of about 5% per generation) by subsequently withdrawing the drug selection used to
maintain the vectors during the reprogramming step.

[60047] The following examples are provided as further non-limiting illustrations of
methods for identifying potency-determining genes or factors for converting somatic cells into
pluripotent cells. In some examples, human H1 Oct4 knock-in ES cells were differentiated in
stromal cell co-culture to yield cells suited for use as reprogrammable somatic cells. These cells
are a model for cells isolated from a post-natal individual for use in a somatic cell
reprogramming method.

[00048] The methods were repeated with other differentiated cell types. One cell type was
human fetal Tung fibroblast cells, IMR-90. See, Nichols W, et al., Science 196:60-63 (1977,
incorporated herein by reference as if set forth in its entirety. IMR-90 cells are being extensively
characterized by the ENCODE Consortium, are readily available from American Type Culture
Collection {ATCC; Manassas, VA, Catalog No. CCL-1 86), and have published DNA

fingerprints that allow independent confirmation of the origin of reprogrammed clones. In
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FITC 557508 migGIl BD Pharmingen CD34 FITC 555821 migG | BD Pharmingen BD Pharmingen (San
Diego, CA) BD Immunocytometry Systems (BDIS) (San Jose, CA) Caltag Laboratories (Burlingame,
CA) Chemicon International (Temecula, CA) AbD Serotec (Raleigh, NC) NA - not applicable.
100070]To further evaluate the potency-determining factors involved in reprogramming these cells,
inventors explored the transduction of pools of ES cells enriched with various combinations of
potency-determining factors. An exemplary pool of potency-determining factors for reprogramming
myeloid precursors included the fourteen potency-determining factors described in Table 2 below.

g)gg%ag@@tﬁem ErolgelRHReY AengR RRENRDXMBERL MR PENBREZ ID

more than twenty passages before undergoing senescence, but grow slowly in human ES cell
culture conditions, a difference that provides a proliferative advantage to reprogrammed clones
and aids in their selection by morphological criteria alone. Other differentiated cell types vsed in
the methods were human post-natal foreskin fibroblast cells (ATCC; Catalog No. CRL-2097)
and human adult skin cells (ATCC; Catalog No. CRL-2106).

100049] The cells were made receptive for transduction with a viral expression system as
described below. The somatic cells were transduced with polynucleotides encoding potency-
determining factors thought to be associated with pluripotency, such that the somatic cells were
reprogrammed to pluripotent cells. It is not yet determined whether all fourteen potency-
determining factors provided in transduction vectors were taken up and expressed in the somatic
cells. Having identified a set of fourteen potency-determining factors, and a subset of at least
two of the fourteen factors, sufficient to reprogram somatic cells, the inventors provide one of
ordinary skill in art the with the ability to identify one or more specific subsets of the potency-
determining factors that are also capable of somatic reprogramming, thereby facilitating
identification of other subsets of such potency-determining factors. Accordingly, the methods
described below facilitate the identification of the potency-determining factors involved in
reprogramming somatic cells into pluripotent cells.

[00050] It is specifically envisioned that the set of potency-determining factors sufficient
to reprogram somatic cells can vary with the cell type of the somatic cells. Itis noted that
exposure 1o a set of fourteen potency-determining factors resulted in conversion to a pluripotent
status in cultures of the indicated somatic cells. As shown below, one can identify a set of
potency-determining factors sufficient to reprogram other cell types by repeating the methods
described below using different combinations of potency-determining factors, which may
include some or all of the fourteen factors as well as other potency-determining factors.
Consequently, one can produce pluripotent cell lines/populations that are substantiaily

genetically identical to a pre-existing, differentiated, somatic cell.

EXAMPLES
100051] In the following examples, differentiated cells received vectors that encoded
various potency-determining factors. Some of the cells contained in their genome a marker gene

that encodes EGFP positioned downstream from the regulated Oct4 promoter, which is active
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POUSF1 (Human Oct-4) Hs.249184 5460 NM_002701 Sox2 Hs.518438 6657 NM_003106 Nanog

Hs.329296 79923 NM_024865 FoxD3 Hs.546573 27022 NM_012183 UTFI Hs.458406 8433 NM
003577 Stella B

only in pluripotent cells. The production of this useful tool is described in Yu ef al., supra,
which demonstrated that differentiated cells can become pluripotent via ceil-cell fusion with

human ES cells.

[00052] Example 1; Lentiviral vector packaging and production.
[00053] Transgene-expressing lentivirus vector was produced in 293FT cell lines

(Invitrogen). 293T is a fast-growing, highly transfectable clonal variant derived from
transformed 293 embryonal kidney cells, which contains the large T antigen for high-level
expression of the packaging proteins that contribute to higher viral titers. For routine
maintenance and expansion, these cells were cultured in 293FT medium (DMEM/10%FBS, 2
mM L-glutamine and 0.1 mM MEM Non-Essential Amino Acids) in the présencc of 500 pg/mi
geneticin. For packaging, 293FT cells were collected by trypsinization. Following removai of
trypsin by centrifugation, these cells were aliquoted into T75 flasks (15 x 10° cells/flask, and 6
flasks per construct) in 293FT medium without geneticin.

[00054) Co-transfection of lentiviral vector and two helper plasmids was carried out with
Superfect® transfection reagent (Qiagen) immediately following cell aliquoting (lentiviral vector:
MD.G : pCMVdeltaR8.9 : Superfect’”"—' 5pg:5pg: 10 pg: 40 ulin 400 pl of Iscove's Modified
Dulbecco’s Medium (IMDM) (1X)/flask incubated at room temperature for 10 minutes). The
next day, the culture medium containing the transfection mixture was replaced with fresh 293FT
medium supplemented with 1 mM sodium pyruvate (8 ml/flask). Lentivirus-containing
supematant was collected around 48 to 72 hours after transduction (~48 ml per construct). The
293FT cell debris was removed from the supemnatant by céntrifugation at 3000 rpm (1750 g) for
15 minutes at 4°C. To concentrate the lentivirus, the supernatant was filtered through 0.4 uM
cellulose acetate (CA) membrane (Cornington, 115 ml low-protein binding), and ultracentrifuged
in 70 ml sterilized bottles (Beckman, Cat# 355622, polycarbonate for 45Ti rotor only) at 33,000
rpm (50,000g) for 2.5 hours at 4°C. Lentivirus along with any remaining cell debris formed a
visible pellet at the bottom of the centrifuge tube. Following supernatant removal, PBS (~300 pl
for each construct) was added to resuspend the peliet by rocking the centrifuge tubes at 4°C for 8
to 14 hours, or at room temperature for 2 hours. The remaining cell debris was removed by
centrifugation at 5000 rpm (2700 g) for 5 minutes, and the resuspended lentivirus was aliquoted
and stored at -80°C. The titer obtained generally ranged between 107 to 10° viral particles
{vp)/m] after concentration. The sequence fora lentivirus (pSIN4-EF2-Stella-puro; SEQ ID
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Hs.131358 359787 NM_199286 Rex! Hs.335787 132625 NM_174900 ZNF206 Hs.334515 84891 NM
032805 Sox15 Hs.95582 6665 NM_006942 Myb12 Hs.179718 4605 NM 002466 Lin28 Hs.86154

NO:6, with the sequence for Stella from 3604 to 4083) harboring Stella (SEQ ID NO:1) is
provided in the Sequence Listing. The same sequence was used for all other potency-
determining factors (e.g., SEQ ID NOS: 2-5), except that the sequence for Stella (SEQ ID NO:1})
was replaced with the sequence of another potency-determining factor.

[00055] To efficiently introduce potency-determining factors into myeloid cells, inventors
modified the lentiviral expression system (FIG. 4A). Inventors reduced the size of the original
lentiviral construct (>11kb) by removing sequences neighboring 5' and 3' LTRs through serial
deletion analysis. These modifications minimized the negative effect on the packaging
efficiency. The titer obtained routinely ranged between 10° to 10° vp/mi of supernatant, and 10’
to 10% vp/ml after concentration (through' ultracentrifugation). Restriction sites were introduced
into the backbone for convenient exchanges of the coding regions for specific transgenes.
[00056] Example 2: Reprogramming of mveloid precursor cells after lentiviral
transduction and expression of potency-determining factors,

{60057] To identify genes capable of reprogramming differentiated cells back to a state of
pluripotency, efficient transduction of the cells is required. Inventors first tested the lentiviral
transduction efficiency immediately after Percoll® purification of a human H1 Oct4 knock-in ES
cells (FIG. 2).

{00058] H1.1 human ES cells (WiCell Research Institute; Madison, W1) were maintained
on irradiated mouse embryonic fibroblasts (MEFs) in DMEM/F12 culture mcdium_consisting of
80% Dulbecco's modified Eagle's medium (no pyruvate, high glucose formulation; inQitrogen;
Carlsbad, CA) supplemented with 20% KnockOut serum replacer, 1% non-essential amino acids
(Gibco), 1 mM L-glutamine, 0.1 mM B-mercaptoethanol (Sigma) and 4 ng/ml basic fibroblast
growth factor (bFGF) (all from Invitrogen unless otherwise noted), as previously described (see
Amit et al., Dev Biol. 227:271-278 (2000), and Thomson ef al., Science 282:1145-1147 (1998),
each of which is incorporated herein by reference as if set forth in its entirety). Feeder-free
culture on Matrigel® (BD Biosciences; Bedford, MA) with chemically defined TeSR™ medium
(StemCell Technologies, Inc.} was carried out as described in Ludwig et al. LudwigT, et al,
Nat. Methods. 3:637-646 (2006); and Ludwig T, et al., Nat. Biotechnol. 24:185-187 (2006), each
of which is incorporated herein by reference as if set forth in its entirety.

[00059] The H1 Oct4 knock-in ES cell line was generated from the H1.1 human ES cells
according to a method described by Zwaka & Thomson. U.S. Patent Publication No.
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79727 NM_024674 DPPA2 Hs.351113 151871 NM_138815 ESGI Hs.125331 340168 NM_001025290
Otx2 11s.288655 5015 NM_172337 [00072]The expression of at least some of these fourteen factors
in the Oct4K1CD45+A cells resulted in colonies with typical morphology of pluripotent cells, such as
human ES cells (F1G.6A - left-hand photos). After neomycin selection from -los starting
Oct4KICD45+A cells, over ten colonies having the distinct ES cell morphology initially appeared. More
than half of these colonies were subsequently lost to differentiation, suggesting either that
over-expression of one or more introduced genes had a negative effect on the cells or that the cells

continued g RRAF URPEIG 1B HASPD Re BRIELERNS Plaocian Nevpdhelsssnfand ving colonies
expressed the endogenous Oct4 promoter-driven EGFP (FIG. 7A - right-hand.ﬁgri]otoszt,) indicating that

the endodrsmesardherpirbstimracaanibeg faghon ivsatetqPielly, 16562 M6 S bodiment, EGFP
eXPressioga9 eshKisnwbER sl vecilaint, RIIRESCEMHED | dattR S afitnais! actiméasiniother words,
undifferentiated cells are identified by. a : ' Whe ells differentiate. Thus,
the expre%%fll aﬁ{j BYEN o‘é houS %"c”t’%ﬁ‘%g ?rtlbr@% %%g@%:ﬁsq\?\%zﬁgélectabli@%ﬁe%%%olonies also

expressethOifiess pAE mBEQAcT feqtagrhiadng rrosariphanfatir ) SmSp UM B rs (FIG. 6B).
Similar repgis jaE NN ReFRIRGARIGOIRMEE OUSFIR TR clsatte mirglaklamisally tiefined TeSRTm

came poch AR & & EPRRARHLATBATE A AR Pt L ch iGNt 00

colonies fasmbliepss eyt thedkegbnuEIthdnTbeschdentifivas isesipe 2hpprioaeR F39%eptsgramming
Oct-4 gene (SEQ ID NO:2). The long arm contained a sequence from 25054-31392. The short
arm contained a sequence from 31392-32970. In an alternative targeting vector, the short arm
was substituted by a longer homologous region (31392-32970 in AC006047 plus 2387-7337 in
gene accession number ACQ04195). Isogenic homologous DNA was obtained by long-distance,
genomic PCR and subcloned. All genomic fragments and the cassette ‘were cloned into the
multiple cloning site (MCS) of a cloning vector, pBiucscriptc’ SK II (GenBank Accession
Number X52328; Stratagene; La Jolla, CA).
[00060] For electroporation, cells were harvested with collagenase IV {1 mg/ml,
Invitrogen) for 7 minutes at 37°C, washed with medium and re-suspended in 0.5 mi culture
medium (1.5-3.0 x 107 cells). To prepare the cells for electroporation, cells were added to 0.3 mi
phosphate-buffered saline (PBS; Invitrogen) containing 40 mg linearized targeting vector DNA.
Cells were theh exposed to a single 320 V, 200 pF pulse at room temperature using a BioRad
Gene Pulser® I (0.4 cm gap cuvette). Cells were incubated for ten minutes at room temperature
and were plated at high-density on MatrigelQ. G418 selection (50 mg/ml; Invitrogen) was started
48 hours after electroporation. After one week, G418 concentration was doubled. After three
weeks, surviving colonies were analyzed individually by PCR using primers specific for the
NEO cassette and for the POUSF/ gene just downstream of 3’ homologous region, respectively.
PCR-positive clones were re-screened by Southern blot analysis using BamHI digested DNA and
a probe outside the targeting construct.
[00061) “The H1 Oct4 knock-in ES cell line expressed both EGFP and neomycin
phosphotransferase (neo) from an endogenous Oct4 promoter/regulatory region using dual
internal ribosome-entry sites (IRES) (F1G. 3). Expression of EGFP and neo in the H1 Octd
knock-in ES cells indicated an active, endogenous Oct4 promoter/regulatory region.

-17 -



primate somatic cells to become higher potency cells by administering fourteen potency- determining
factors into the somatic cells. 1000751When these cells were exposed to other combinations of
potency-determining factors (Le., Sox2, c-Myc, Oct 3/4 and K1f4) using the lentiviral delivery system
described herein, reprogramming and conversion of the cells were not observed. 1000761Inventors
used the techniques described herein to screen for subsets of the fourteen tested factors that are
sufficient to reprogram the tested cells. Inventors' set of fourteen sufficient factorswas subsequently
narrowed to a set of six, and then four genes sufficient to reprogram these cells (FIGS. 7A-B,;

desc”be?oﬁﬂéﬁhef belgy)od e dour eresrhawe iainistinisniinsemhieatienisuistbstable

pluripotent cell’'were Oct-4, Nanogq;I Sox2 and Lin28, ai@lhowrw FIG. 7B. 10@%773;55ample 3:
Reprqgrah?ﬁﬂmg'@m%%‘éﬁcﬂ‘?%{g- k%‘@éﬂ@‘mﬂeﬂ?ﬁrﬁf L&Y o]lﬂ)r‘i%f A 85?_ IRing factors after
lentiviral Bansdhedipeonsi@ng 6& 1 DElntitdiann (Grétiogiacamiohgotd vosh 2% moidigfactors capable
of reprogramming, differentjated cells pﬁl&ﬂ -ideptifedopginags were
repeated '\'}vf%vgté)?ﬁ’ flr?ggeo&?}l 5?3%%% cizgt)'-;zl), a%ﬁgg,; é%%%ﬁ?ﬁ%.%zmors uggd the

techniquéthel ©BSrinkuresove slisererf drysatasaiadf Hétdimivin e EScleir ability to reprogram
cells. 100821 Agifiarent:espolyfIR veashubeshituihis examfterth duyfhelf dethenstiate tae utility of the

methods. The celzll%/spe w®s a mesf”%ﬂ%‘%}i@éﬁ'ﬁ@n 0celt; Eglisrectly differentiated from human HI Oct4
knock-in B8R 15 e SSUIST SHEVES A ThE 1here_|n, Yelorar refers to a characteristic of a
populatiofte0esills derfeectirogremminariHdrOatfdasmrin BS el vemerdifferantiseddnie atttrbedierived from a

cell aggreggie). T a5+ ibas ¢enasRepHRien shessils, dsriay, auwmiform paterowtiadssurface
markers and morphological characteristics, as wiell as %eing $ e:,tangasiillz/iﬁ %iic Bhi/fﬁgtical.
[OOOBOjBri@H?Wﬁpﬁﬁ’aﬂ(ﬂWG&WW@@?@@ mere'asFets f1Po] Wt B B S direrertate in

co-culturenwitfurneipsRAGREDeIR 10% ERS $Hebhalcdolimr8etssy ol O kWmenethioBlwserl 05:617-626

(2005), in rated herein b r ' i dis &iire Was el AQ0R 9te 8-95 human Hi
0cl14 kno -?E%%%g?fsgévqé?g%c’i{gé% ?&%%%ﬁciél%yr?glg%g cli%sE(%/l supplemented \é\{ith 10%5?3CS and 100

UM MTG (Sirehangesotbelirdthemodiamyon dvedi adBe MISHBFRRIR G TS W5 e cultures were
harvested g theddays-dmdieatpstinatg ol gaRSINQreaayn? (fmgralituDMEBM sodammal commitment was

detected hy a peak expression of iption.factors fo r I land T
(BRACHYUH ?"'z&‘?ﬁgéga? "r%léessc%gr?fhl%%ﬁ&weﬂlﬁ@ﬁ% R w%ggﬁﬁgg&]ew(ﬁgdison, W)
microarrayBD DAingtokage) 3061 Spouesaldn & Crrils AeFr™aa eriwithasiienged as observed. This
stage wasgeeniiRaMed it Sk S BRI RdRERSIoH M pIRAesitRT0MaBE) epitislinMTGesdenchymal

cell prolfol BIGH FAEM S PRI R SO VS ST O A o OB 1 fereniation of

specific meskndboeitskd trraethpaly (bdydrexyshylimpthacryigre) (pHEMA,; Sigma) for 10 days
with changes of half of the medium every 3 days. During adhesion-preventing pHEMA culture,
cells that would otherwise be adherent forrned floating aggregates, while the cells of interest
grew as individual cells in suspension. Large cell aggregates were removed by filtration through
100 uM cell strainers (BD Biosciences), while small aggregates and dead cells were removed by
centrifugation through 25% Percoli® (Sigma). The differentiated cells recovered from the cell
peliet expressed CD33, MPO, CD11b and CDI11c molecules, which are characteristic for bone
marrow myeloid celis (FIG. 2B). Inventors routinely produce 6-10 x 10° differentiated cells
from 1 x 10 H1 ES cells (human H1 Oct4 knock-in ES cells). See also, Yul, et al., Science
318:1917-1920 (2007), including the supplemental materials available at the Science website on
" the World Wide Web, incorporated herein by reference as if set forth in its entirety.
[00064] Lentivirus encoding a potency-determining factor (MOL: 3 to 10) was added to
the cell culture after addition of polybrene carrier at a final concentration of 6 pug/ml {Sigma).
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co-culture, when markers of developing endoderm (AFP and SERPINAI), mesenchymal (SOX9,
RUNX2 and PPARGZ2) and hematoendothelial (CDH5 and GA TA)) cells were detected. However,
muscle-inductive factors (MYODI, MYF5 and MYF6) were not expressed throughout seven days of
co-culture. Moreover, neuroectoderrn (so)0 and NEFL) or trophectodcrm (COB and PLAC) markers
were not detected, indicating that OP9 cells provided an efficient inductive environment for directed
hESC differentiation toward the mesendodermal pathway. 1000831Also on day 2, a single-cell
suspension of the human ES cell-derived cells was harvested by successive enzymatic treatment with
collagertpgeldMi(Fibcaniirgerianah d48 elicia RvEMF iBedieditmfon 1ayminiteis ated7C and 0.05%

Trypsin-0.5 rnM EDTA (Gibco- Invitrqgen) for 10.minutes at I %ﬁd\/&g%ﬁgﬁtimes with
PBS-59 B TRy THBRIGPAt 18 %‘ﬁ‘d éﬁ%ﬁﬁl%(é 1?11@%% abware: Bedford, MA) and labeled

}P%’tramers

with antiransiiseBDASsBEHibPIGHTBdis RasdigioncicieRFAMRSPEplo frABA%kie MORSEIonal

antibodigg{ MU 0w IRESABH T ESRP Jhihaely MeReoaeprouas. Biniletruifs magnet-activated cell

sorting (MACs) by passing it thrqugh a LD magnetic column attached 1di-M gparation unit
(Viltonyi SRR BURTRLTRGUERDE AT O S IR AR Gt P S
cell-derivieghsfedisors (dig adtishionan. HI Oct4 knock-in ES cell-derived cells was verified using pan

anti-humagp TRA-I-85 tihpdies: ol RSS9 er 341 Purified
human ﬁ&?ﬁnooéﬁ%@%ﬁﬁ%ﬁ%ﬁﬁ%ﬁ% %?‘aigegc{liﬁog/g Sit O% %ﬁhﬁ%celml on semisolid,

serum-fréellavediFhs RervboseiBedd Acid &9 crllsMTIE S Sreemented with 5-100

ng/m1 bagieflrehiash gneEnddsten faitdnaRersn E8an Reghyskite dEMIFESFaanViatrighialiulose

(StemCell Techpologies, In¢.) with or without 10- £ s RLGF-BB

improved®y %40%3%?&%%%%‘;3 &8 f%ébegtlfl c\}/v%gpﬁ%tpess tia Qféﬁt%ggﬁﬁgo?rﬁgﬁg%f After 14-21 days

of culturesdtisgefarodh pelsr eircbsioi s rBarEEs Acitib P BEhBR CPARBritY shTEe (EBs).

'V'ese”Chyi?ﬁheﬁﬁfliﬁ%m%%mﬁéf@a&ley(ﬁd?.mmmﬂ,&&eakaayswe@regwmd' g reveal actively
onies. 100

growing co 851Individual mes yrnal colonies were transfegre Wgls of a collagen- or
fibronectiFXEEARE!: 9%’-‘%08|?‘ﬁ|&?le\sb’f8‘-‘?iﬂ%‘o‘%€ff#6?é§ﬁﬁm% @éﬁ]’ﬁ%’é“é?é%ﬁ%lé@e medium

supplemestimthatifrom: ODB Figietis b EGFotelfese 8htrd hywsiof exlltsndacsanrrkert weirs HhsAEEual wells

were harngele sinlensgerisnd eprRdennrottesnaer Gbmnectin-coated dishes in
StemLine\gesrgr%%%?tr%g medium with 5-160 ng/mf bFGE. 1000%%% ran%&gﬁ}e-ex ressin% kgntiviral

transductitafls thenlBEsRiats sied g SYRPERISA JH TTRASHIRT ST RO NS FPhSThasls that
differentiajgehe\eransiensy bkexalsingpatdey-dproginmg fedas a S IFRIGHARERAY Y expressing
a limited sgt of potency-determining fac 144 NBNP e IR FeaRHab0eRed PRep¥pression of at
least thesiﬁ’fg{lﬁ (&) enncﬁlgg}les}n ,ﬁ?%%agé%(%%{ﬁ%%ﬁ (:,oloniesB having cells v&/%&p ty%g:al morphology
of pluripodsiemitinesiaeleradtenten Eorans e rfestl etk Yl FRIFSTRIMABFHSh FIG. 7B, the
greatest n { of colpnier-hautmaseliscelitwhpifiah disxpiateioy olplidiglote xtvaehi ypais obtained
using the full complement of Ocls4. Nagog, S0 d L haneneQhetd, Nanog,
Sox2 or Li?'ff&ﬁﬁ]ﬁg Bgté’waﬁ?é%]u%bé%r STES-fike ?:%I‘(v)nl sﬁ\fvegé?l ggﬁlﬁﬁcm\lﬁ%@ ,attenuatgead (e.g., Nanog or
Lin28) or aispeestife gnti@ict ransdisiioy was carried out the next day. Nanog-expressing

Oct4dKICD45+A cells showed similar morphology to that of EGFP transfected cells (FIG. 5).
Nanog over-expression, however, significantly enhanced Oc4KICD45+A cell proliferation,
similar to that observed in human ES cells. Following neomycin selection for an active
endogenous Oct4 promoter/regulatory region, no Nanog- or EGFP- transfected cells survived.
Importantly, these results indicate that a drug-selectable population of Oct-4-expressing ES cells
does not persist through the culture period necessary for differentiation. Oct-4 expression
resulted in dramatic morphological changes (F1G. 5), and many of these cells survived neomycin
selection. None of these cells, however, exhibited morphology typical of human ES cells. The

Oct4KICDA5+A cells co-expressing Nanog and Oct-4 showed morphological changes similar to
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1000871In this embodiment, EGFP expression occurred when the native Oct4 promoter/regulatory
region was active. In other words, undifferentiated cells were identified by a green color that was
absent from differentiated cells. Thus, the expression of endogenous Oct-4 in the cells was selectable.
Reprogrammed colonies also expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81 pluripotent
cell-specific markers (data not shown). 1000881Inventors randomly picked six colonies from two
separate transfections with the same pool of fourteen ES cell-enriched potency-determining factors,
and propagated five stable colonies for at least eight weeks. Thus, inventors identified a novel
approachyiQk MRRLIRTERIRERHERRE SoraalsnhecThis heppeas thigiier ipoteycyotaity-by administering
four potency-determining factors intq the somatic cells, 100 SeG6 xposed to
other co%?ﬁ&%?%r%?tﬁ tgfé\?- e e@r?:ﬁ'rﬁn%"?gc\fg% %ﬁiﬁgx)%ﬁ%g}l\f%%%%ﬁsm arllécézlcl \gﬁdrfé)etﬁsing the
lentiviral pletigetensy.stem described herein, reprogramming and conversion of the cells were not

ObseWe%olaQQf?%1Eé@ﬁem€réu§r&rﬁeemgameaingom@mmaawawm aRbsewithingiiited set of two

potency-determining factors aft ntiviral fransduction, 1000911To.identify a ) more limited set
of potenc%?—‘ﬂ%‘f&ﬁﬂ?ﬁmdjﬁtﬁﬁ??cm%ﬁfgp‘rﬁrg’éfﬁ!ﬁlﬁ% gﬁ%gréﬁﬁglél ce S?B{;(ggs?(? pluripotency, the
above-idamifiegnsatio EDNE nvipetdchind fiedie¥rpmyformaitehyd BHERDHEFAI NN a
combination of o ofihe RlIgWIngoHs ARIGRFY ARIRIRNING faiais i n NaOSBufiex2 and Lin2s.

Inventors usgaatﬁe techniques described above to screen these potenc -determltnm%ﬁ%ctors for their
ability to (@Pferaininiag 2% 0% ot &-1 4h QbR a2id5e LS TR IPMIREREG0 i8R SWAS then carried out
as descrigedrabevsuavaninemiaseditie Bl Bsimths differdmiatedmes (higmahal-like cells could
be reprogram to a state of plurj cy.-by ex j Jop-peteneysdetermining factors.
The expréggﬁﬁ%]ﬁ ﬁéggf’ﬁ% ‘%54%%2%@@.%2%%&%&%5%@5 having%gﬁswiw typical
morpholo¢ebégplabpoteris @iglisgaheaCAl e D0 elief selfuspansipr FRRIUMERA XN IR Rombination,
haltlj 31 ber\%{gﬁh@é@fﬂ%ﬁh&?&ﬂ%f%ﬁ@ﬂ%ﬁr@ﬁfgﬁﬁlﬂ@M@ﬂﬂﬁ?ﬁfﬂ@bﬁmﬂ“ﬂ@' aghidficiemsy apphied) " an ES |
cell-derived mesenchymal cells to a state of pluripoten ut wer ' ther;igrtde initia
appearan¥EELASHD GRAA FSY E%T%eﬁgf’?ofﬁ#é @&%‘%ﬁéi?ﬁh&o r%ﬁ?@é?%%ﬁe%%? égﬁ?] %{)100 1Example 5:
Reprogramasihei ebatsifiatintizte dAdel svashirgshtivtll wemseenodediBabelof B four

potency-deteraining faeiors JAARAAH Tedesiier domanstia (Bomtiseobsaclimitadgset of
potency-determining factors I&;Feé)ro ramming differentiated cellts%sgﬁh to _Luri egtegﬁxreme
above-idefaliSuasiBlirsarsiienrd gaalisis Sofvars DB A g R S! Ig‘é%ﬁ/l “§0; ATCC), which are
human fetahlenenéiprablasisaels isme isociimeyyBEnayss, axtdisted nTatiod-gTk (b s an

1000951 Transgene-expressing. lentivi %ﬂHFﬂ ' S i@eorabove. That is,
IMR-90 ceﬁ?‘z%g@v il %ﬁ?@&ﬁ%@s%ﬁ%ed with%%ﬁ%ﬁgﬁ)gr}%#tggi?ﬁggxz, Nqénog and Lin28.
Inventors tested the hypothesis that differentiated fibroblast cells could be reprogrammed to a state of
pluripotency by expressing a limited set of potency-determining factors (e.g., Oct-4, Sox2, Nanog and
Lin28). Following transducfion, cells were transferred to three 10-cm dishes seeded with irradiated
mouse embryonic fibroblasts (MEFs). By day 12 posttransduction, small colonies with human ES cell
morphology became visible. On day 20 posttransduction, a total of 198 colonies were visible on 3
plates. Forty-one of the colonies were picked, thirty-five of which were successfully expanded for an
additional three weeks. Six of these colonies were then selected for continued expansion and
analysis, and the other twenty-nine were frozen. ‘
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1000961 The introduction of at least Oct-4, Sox2, Nanog and Lin28 resulted in colonies with typical
morphology of pluripotent cells like human ES cells that had a normal karyotype. Cells from each
colony likewise expressed telomerase activity and expressed human ES cell-specific surface antigens
(i.e., SSEA-3, SSEA-4, Tra-1 -60 and Tral -81). For each of the colonies, the expression of
endogenous OCT4 and NANOG was at levels similar to that of pluripotent cells, although the
exogenous expression of these genes did vary. Moreover, EB and teratoma formation demonstrated
that the reprogrammed cells had a developmental potential to give rise to differentiated derivatives of
all three piipgyy germelpyers AHRR0R RN Adngrsrtbaiyanalysis confirmed that these colonies were
derived from IMR- 90 cells and that they were ot derived from human ES cells lines (e.g., HI, 117, H9,
H13 and H14ANIQGEI81Similar.xBEE data oﬁﬁg with diff88ETRE] meseHENPRAR cells, the
greatest-aesh vRg-eeis-ritrtypreatmorphotogy-ofprormpote ettsTstrch as human
ES cells W8BABtained using thé¥fittecomplemdaddBoit-4, Nanagg®ox2 or LifhemideRvever, when
Oct-4, N#diA-80x2 or Lin28 wilenaibsent, tA8-B8i3188r of ES-M lonies WASOSFE¢fcantly ‘attenuated
(e.g., Naﬁgcr}ein%) or absentEdsy., Oct-4 ¥AS83H. [00099% olonie s%%’?f&tﬂ’for expansion and
detailed rization prolife &d for at | e weeks etaine |ccs cenﬁ‘gracteristics of
normal pl t cells, even t h no sel '%14 rlthe activa;ti of a plurippighgyrspecific gene was

applied d | Téprogramming. 1001RgpragRagpped cells Ygere identifiggdpasge®n morphology
alone (i.eavifig a compact cojgiy with highamiesss to cytoplasm ratio apgpregiaast nucleolus).
Reprograggagd.cells also expregged Oct-4, S$§gh82 SSEA4, hirpd260 andsDrarbrihinpduripotent
cell-specitigpyarrkers. 10001011egample 6: Regougramming aflgGdrentiated deldSafter lentiviral
transductigp#and expression of tiree potencv-d&d@fthining factorigGJ00010BDRorinesrdemonstrate
the utility afiheslimited set of potd®Ecy-deteriMHGY fokdérs in regg‘ammin diff@Hegtiated cells back to
pluripoten€Pihe above-identifieBIRé&ethods wedS teffeated with MR-90%@IF§‘,“H@_§’(&%ed above. In
this set of @Rpriments, fewer pdiditcy-determifii8Zhctors werB#5Hd than FPERATRIIES,
[0001031ITransgerne-expressing lentiviral transduction was carried out as described above. IMR-90
cells were SprEdaaarkenitbaa DivgihiDAajion of three of the following: Oct-4, Sox2, Naneg and Lin28.
Inventors teSidthiheduypotkes Syshas(IEFBIS h (Ramdbfib ©Gblast cells could be reprogrammed to a state of
pluripotertcabiyechaharatomes (Burbngamen ) limited set of potency-determining factors. The expression
of at least thhemirsarbrernagond (Tsmssidnie&vith typical morphology of pluripotent cells like human ES
cells. Repr (RTORS Mving cells with typical morphology of pluripotent cells were obtained
using the f Iﬁtbﬁ?bf‘é’mgﬁ &f Oct-4, Sox2 and Nanog with or without Lin28. Therefore, the presence or

absence Ofddﬁﬁ)i did e} 2ffRet KRR AR RREcHRNeNHREnY HRAS MOV 4eiaRaErainS 0X2 Was
absent, the number of reprogrammed colonjes was git%nifi |}f ﬁtten%{.@%\tg% %ggggurlt. 10001041To
S aHAEr B G PR LA oo

examine féh% _ FSVIRUET the reprogrammed cells, PCR
with transgeimetpeeilie HinsypRksittag Tabis.3A0 recyplaygpotiffepkntdaisamisiagentiviral
Ve‘:to.f'spe?é‘é%,%%'}?%%Wﬁgﬂ%ﬁ&*g&@&%&qm%émmB&Qnego@a&amgrmm. The
reactions employed the pfx DNA polyrnerase (Invitrogen, amplification buffer was used at 2X, and
enhancer ﬁﬁﬂf@%&%“e@’&mﬁ(), and the following conditions: initial denaturation for 1 minute at
95C; 35 cycles of 94C for 30 seconds, 55C for 30 seconds, 68C for 2 minutes; and followed by 68C for
7 minutes. PCR analysis for the transgenes showed that either all four transgenes or three transgenes
(i.e., Oct-4, Sox2 and Nanog) integrated into the pluripotent cells following exposure to
transgene-expressing lentivirus vectors.
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10001051Table 3: Primer sets for assessing provirus integration. GenesSize(bp)Sequences (5' to 3')
OCT4 656 OCT4-F1 CAGTGCCCGAAACCCACAC (SEQID NO:7) SP3

AGAGGAACTGCITCCITCACGACA (SEQ ID NO:8) NANOG 732

[00071] Table 2: Human ES cell-enriched genes.

GENE SYMBOL UNIGENE ID ENTREZ ID ACCESSION
POUS5F1 (Human Oct-4) Hs.249184 5460 NM_002701
Sox2 Hs.518438 6657 NM_003106
Nanog Hs.329296 79923 NM_024865
FoxD3 Hs.546573 27022 NM_012183
UTF1 Hs.458406 8433 NM_003577
Stella Hs.131358 359787 NM_199286
Rex1 Hs.335787 132625 NM_174900
ZNF206 Hs.334515 84891 NM_032805
Sox13 Hs.95582 6665 NM_006942
Mybl2 ‘ Hs.179718 4605 NM_002466
Lin28 Hs.86154 79727 NM_024674
DPPA2 Hs.351113 151871 NM_138815
ESGl Hs.125331 340168 NM_001025290
Ox2 Hs.288655 5015 NM_172337
[00072] The expression of at least some of these fourteen factors in the Oct4KICD45+A

cells resulted in colonies with typical morphology of piuripbteﬁt cells, such as human ES cells
(F1G.6A - left-hand photos). After neomycin selection from ~10° starting Oct4KICD45+A cells,
over ten colonies having the distinct ES cell morphology initially appeared. More than half of
these colonies were subsequently lost to differentiation, suggesting either that over-expression of
one or more introduced genes had a negative effect on the cells or that the cells continued to
depend upon the foreign transgenes and gene silencing. Nevertheless, surviving colonies
expressed the endogenous Oct4 promoter-driven EGFP (FIG. 7A - right-hand photos), indicating
that the endogenous Oct4 promoter/regulatory region was reactivated.

100073} In this embodiment, EGFP expression occurs when the native Oct4
promoter/regulatory region is active. In other words, undifferentiated cells are identified bya
green color that disappears when the cells differentiate. Thus, the expression of endogenous Oct-
4 in the primate ES cells was selectable. These colonies also expressed Oct-4, SSEA3, SSEA4,
Tra-1-60 and Tra-1-81 pluripotent cell-specific markers (F1G. 6B). Similar results were obtained
in reprogrammed colonies obtained using chemically defined TeSR™ medium.

{00074} Inventors randomly picked six colonies from two separate transfections with the
sarne pool of fourteen ES cell-enriched potency-determining factors, and propagated five stable

colonies for at least eight weeks. Thus, inventors identified a nove! approach for reprogramming
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NANOG-F2 CAGAAGGCCTCAGCACCTAC (SEQ ID NO:9) SP3

AGAGGAACTGCTTCCTTCACGACA (SEQ ID NO:8) SOX2 467 SOX2-
TACCTCTTCCTCCCACTCCA ) "

primate somatic cells to become higher potency cells by administering fourteen potency-
determining factors into the somatic cells.

[00075] When these cells were exposed to other combinations of potency-determining
factors (i.e., Sox2, c-Myc, Oct 3/4 and KIf4) using the lentiviral delivery system described
herein, reprogramming and conversion of the cells were not observed.

{00076] Inventors used the techniques described herein to screen for subsets of the
fourteen tested factors that are sufficient to reprogram the tested cells. Inventors’set of fourteen
sufficient factors was subsequently narrowed to a set of six, and then four genes sufficient to
reprogram these cells (FIGS. 7A-B; described further below). The four genes shown to be
sufficient in combination to yield stable pluripotent cell were Oct-4, Nanog, Sox2 and Lin28, as
shown in FIG. 7B.

{00077 MMQMMWM

potency-determining factors after lentiviral transduction,

[00078] To identify a more limited set of potency-determining factors capable of
reprogramming differentiated cells back to pluripotency, the above-identified methods were
repeated with a combination of PouSF1 (Oct-4), Nanog, Sox2 and Lin28. Inventors used the
technigues described above to screen these potency-determining factors for their ability to
reprogram cells. -

100679] A different cell type was used in this example to further demonstrate the utility of
the methods. The cell type was a mesenchymal-like clonal cell directly differentiated from
hurnan H1 Oct4 knock-in ES cells, as described above. As used herein, "clonal” refers to a
characteristic of a population of cells derived from a common ancestor (i.e., derived from a
single cell, not derived from a cell aggregate). That is, in a "clonal population,” the cells display
a uniform pattern of cell surface markers and morphological characteristics, as well as being
substantially genetically identical.

{00080} Briefly, human H1 Oct4 knock-in ES cells (p76 to p110) were induced to
differentiate in co-culture with mouse OP9 bone marrow stromal cells. See, Vodyanyk M, et al.,
Blood 105:617-626 (2005), incorporated herein by reference as if set forth in its entirety. Small
aggregates of human H1 Ocz4 knock-in ES cells were added to OP9 celis in alpha MEM
supplemented with 10% FCS and 100 M MTG (Sigma). On the next day (day 1) of culture, the

medium was changed, and the cultures were harvested on the days indicated below.
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(SEQ ID NO:10) SP3 AGAGGAACTGCITCCTICACGACA (SEQ ID NO:8) LIN28 518 LIN28-F1
AAGCGCAGATCAAAAGGAGA (SEQ ID NO:!I) SP3 AGAGGAACTGCITCUI1ICACGACA

{00081] On day 2 of co-culture, mesodermal commitment was detected by a peak
expression of transcription factors for mesendoderm (GSC, MIXL1 and T (BRACHYURY)) and
early mesoderm (EVX!, LHX1 and TBX6) with NimbleGen® (Madison, WI) microarrays.
During days 3-5, specification of endoderm and mesodermal lineages was observed. This stage
was accompanied with sustained expression of genes involved in epithelial-mesenchymal
transition (EMT: SNAIL and SLUG) and cell expansion (HOXB2-3). it also coincided with a

. maximal cell proliferation rate in human H1 Oct4 knock-in ES cells/OP9 co-culture.
00082} Differentiation of specific mesendodermal lineages was observed on days 5-7 of
co-culture, when markers of developing endoderm (AFP and SERPINAI), mesenchymat (SOX?,
RUNX2 and PPARG2) and hematoendothelial (CDH5 and GATAI) cells were detected.
However, muscle-inductive factors (MYOD!, MYFS5 and MYF6) were not expressed throughout
seven days of co-culture. Moreover, neuroectoderm (SOX7 and NEFL) or trophectoderm (CGB
and PLAC) markers were not detected, indicating that OP9 cells provided an efficient inductive
environment for directed hESC differentiation toward the mesendodermal pathway.
{00083] Also on day 2, a single-cell suspension of the human ES cell-derived cells was
harvested by successive enzymatic treatment with collagenase IV (Gib¢o~Invitrogen) at 1 mg/mi
in DMEM/F12 medium for 15 minutes at 37°C and 0.05% Trypsin-0.5 mM EDTA (Gibco-
Invitrogen) for 10 minutes at 37°C. Cells were washed 3 times with PBS-5% FBS, filtered
through 70 pM and 30 pM cell strainers (BD Labware; Bedford, MA) and labeled with anti-
mouse CD29-PE (AbD Serotec; Raleigh, NC) and anti-PE pafamagnetic monoclonal antibodies
(Miltenyi Biotech; Auburn, CA). The cell suspension was purified with magnet-activated cell
sorting (MACs) by passing it through a LD magnetic column attached to a Midi-MACS
separation unit (Miltenyi Biotech) to obtain a negative fraction of OP9-depleted, human H1 Oct4
knock-in ES cell-derived cells. Purity of human H1 Oct4 knock-in ES cell-derived cells was
verified using pan anti-human TRA-1-85 monoclonal antibodies (R&D Systems; Minneapolis,
MN). '
[00084] Purified human H1 Oct4 knock-in ES cell-derived cells were plated at density of
2 x 10° cells/m} on semisolid, serum-free medium composed of StemLine™ serum-free medium
(Sigma) supplemented with 5-100 ng/ml basic fibroblast growth factor (bFGF; PeproTech;
Rocky Hill, NJ) and 1% methylcellulose (StemCell Technologies, Inc.) with or without 10-20
ng/ml PDGF-BB (PeproTech). PDGF-BB improved growth of mesenchymal cells, but was not
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(SEQ ID NO:8) OCT4endo 113 OCT4-F2 AGTTTGTGCCAGGG
11111G (SE :
OCT4-R2 ACTTCACCLTCCCTCCAACC  (SEQ ID NO:13) (SEQIDNO12)

essential for colony formation. After 14-21 days of cuiture, large, compact mesenchymal
colonies formed, resembling embryoid bodies (EBs). Mesenchymal colonies were detected on
day 7; however, 14-21 days were required to reveal actively growing colonies.

100085} Individual mesenchymal colonies were transferred to wells of a collagen- or
fibronectin-coated, 96-well plate pre-fitled with 0.2 ml/well StemLine® serum-free medium
supplemented with 5-100 ng/ml bFGF. After 3-4 days of culture, adherent cells from individual
wells were harvested by trypsin treatment and expanded on collagen- or fibronectin-coated
dishes in StemLine® serum-free medium with 5-100 ng/ml bFGF.

[00086] Transgene-expressing lentiviral transduction was then carried out as described
abave. Inventors tested the hypothesis that differentiated mesenchymal-like cells could be
reprogrammed to a state of pluripotency by expressing a limited set of potency-determining
factors (e.g., Oct-4, Nanog, Sox2 and Lin28). The expression of at least these four potency-
determining factors resulted in colonies having cells with typical morphology of pluripotent
cells, such as human ES cells (FIG. 7B; dark gray bars). As shown in FIG. 7B, the greatest
number of colonies having cells with typical morphology of pluripotent cells was obtained using
the full complement of Oct-4, Nanog, Sox?2 and Lin28. However, when one of Oct-4, Nanog,
Sox2 or Lin28 was absent, the number of ES-like colonies was significantly attenuated (e.g.,
Nanog or Lin28) or absent (e.g., Oct-4 or Sox2).

[00087] In this embodiment, EGFP expression occurred when the native Oct4
promoter/regulatory region was active. In other words, undifferentiated cells were identified by
a green color that was.absent from differentiated cells. Thus, the expression of endogenous Oct-
4 in the cells wa# selectable. Reprogrammed colonies also expressed Oct-4, SSEA3, SSEA4,
Tra-1-60 and Tra-1-81 pluripotent cell-specific markers (data not shown).

[00088] Inventors randomly picked six colonies from two separate transfections with the
same pool of fourteen ES cell-enriched potency-determining factors, and propagated five stable
colonies for at least eight weeks. Thus, inventors identified a novel approach for reprogramming
primate somatic cells to become higher potency cells by administering four potency-determining
factors into the somatic cells.

[00089] When these cells were exposed to other combinations of potency-determining
factors (i.e., Sox2, c-Myc, Oct 3/4 and K1f4) using the lentiviral delivery system described

herein, reprogramming and conversion of the cells were not observed.
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10001061Reprogrammed cells were identified based on morphology alone (i.e., having a compact
colony with high nucleus to cytoplasm ratio and prominent nucleolus). Reprogrammed cells also
expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81 pluripotent cell-specific markers.
10001071Example 7: Reprogramming of differentiated cells after lentiviral transduction and
expression of three potency-determining factors. 1000108]To further demonstrate the utility of the
limited set of potency-determining factors in reprogramming differentiated cells to pluripotency, the
above-identified methods were repeated W|th ATCC Catalog No CRL 2097 (ATCC which.are human
post-natgigegeiskin fiBxahisisticaleprdOr d 3 mesgnehyy eorHWHABIFBLIERREBEton was carried

out as describe %98%% RakRatRL lgﬁgp{@%g@&g@oﬁ X 106lwell) were transduced with a combination
of Oct-4; Aventors Tested the hypothesis that |fferent|a d pPOSt- natal,

n
fibroblasi8848icould 'ﬁ‘@ﬁt@gﬁ%ﬁYﬁ?&B%& Uruted 9 PHRIFE YIRS By B RS g P |m|ted set of
pOtenCchgﬂigﬁiﬁtﬂiﬁgdﬁﬂGi%ﬁa@arbamamdommmm@)rewHboﬁeﬂcmﬁgdmﬂmﬁﬁ&Mh cells were

ransferred 0 (g T0:cm dishes secech il IACIAIRN MRl A% aetieansdgton. small

colonies WRER'f etre"ha S morp ology%ecame visible. On day 20 post-transduction, a total of 57

colonies Mmgmtémh@ﬁlﬁesﬁ\ﬂéhﬁymo‘f%%%%m& Mﬁ?ﬁk@ﬁj WeFRMIECE N of which

were suGgassiidsRandesianae prdiipaakitianymels foptienibisaceipngsnvetie. then selected
for continued expansion and analysis, and the ther twent)ﬁvthrtge vggﬁe&rgéeag 084401 The

expre55|d?108?7(bct4 §8§2§geﬁ"aﬁ °§ﬁ8gt “taesu ed Iin colonies having cells with typical morphology
of pIurlpcrtmuecéﬂsemsheas&thﬂtam@S%ﬂ@ difigrentisedmrerensiompablikessHgPaARed colonies

likewise ?$% ggtgg@s@fggg}gyeag%ewgeagag e%mia%ﬁe&bmemamms (i.e., SSEA-3,
SSEA-4, T -60 and Tral -81). For each endo%gréglﬁ i ggm AN mes @{essed at levels
0 X

similar to@‘i&t‘bb@&%ﬂﬁﬁ’ﬂﬁ h B?ﬁ‘rfﬁ‘aféﬁf‘%gﬂ ogéenous expr sion of these genes
varied. Mmggy@fcaﬁaom\dmgmmmmmmmwhmmmmm%h\?ﬁ@cﬁ‘é&% had a

developmental ntial t r t | =Y Raa]s Rahmgerm layers.
However, wg co‘%rrrg% ?to Qngégbéﬁﬁtc qgéﬁge?d&f%sr?tgﬁ%% ESIE&{II;’SI cgell‘léssrg%ved frgom CRL-2097

cells showﬁ’dmalmmnﬂﬁé@h%ég ‘aﬁi?ﬁ?mﬁh@t%%ﬁﬁ%t%m%ﬂ?ﬂ{ WWEKs. Two of the iPS

cell colonigg.shawathas ldiifasensipiancyitespaghensthedisvordoichiespisinedimultiple foci of
columnar epitheli gggll%%aremmlscent of primitive ectoderm. 10001111DNA fingerprint analysis

confirmed tREEHAE Smes were derlved from the orlglnal ceII I|ne and conﬂrme that they were not
derived fri#foasiman EBxamnils B £08 f pydifi 15 afeizt e

obtained gffgLd HEHEh g;@ e " ymalcells the greatest numbr of colonies
having cells with typical morphology of hu Iurl t I
compleméﬂ?@l“bct 4, gb&’ﬁhﬁaﬁﬂ'&/‘aﬁ‘ﬁtﬂ %%“ fﬂte?&%el‘fr:mfy, oﬁg?ﬁf?%?lggﬁLm % éggnflrmlng that
Lin28 wasmmmmlgmffepmgmmm@dommmén@wm&&wﬁ@&ﬁfém@@%@té‘tﬂéd for
eXpanSIOHr%QQ‘MGM@&Qﬁ{éZﬁ&%Q B@(M‘bﬁ? IATCC), which are human fetal lung

fibroblast cells (see also, Bimey E, ef al., Nature 447:799-816 (2007)).

[00095] Transgene-expressing lentiviral transduction was carried out as described above.

That is, IMR-90 cells (0.9 x 10%/well), were transduced with a combination of Oct-4, Sox2,
Nanog and Lin28. Inventors tested the hypothesis that differentiated fibroblast cells could be
reprogrammed to a state of piuripotency by expressing a limited set of potency-determining
factors {e.g., Oct-4, Sox2, Nanog and Lin28). Following transduction, cells were transferred to
three 10-cm dishes seeded with irradiated mouse embryonic fibroblasts (MEFs). Byday 12 post-
transduction, small colonies with human ES cell morphology became visible. On day 20 post-
transduction, a total of 198 colonies were visible on 3 plates. Forty-one of the colonies were

picked, thirty-five of which were successfully expanded for an additional three weeks. Six of
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at least twelve weeks and retained typical characteristics of normal human pluripotent cells, even
though no selection for the activation of a pluripotency-specific gene was applied during
reprogramming. [000114]Reprogrammed cells were identified based on morphology alone (i.e.,
having a compact colony with high nucleus to cytoplasm ratio and prominent nucleolus).
Reprogrammed cells also expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81 pluripotent
cell-specific markers. 10001151When these cells were exposed to other combinations of factors (L e.,
Sox2, Myc, Oct 3/4 and K1f4) using the lentiviral delivery system described herein, reprogramming

and convypIsiep&fith &/ 681Rew siR fobesitiara (PR & kadanples8; Mé mogtentminty-of differentiated
cells after_lentivir;% transduction and expression of four potency-determining factors. 10001171To

further d8OREFAE e utility of the limited set of potency-determining factors in reprogramming
differentigneadiells to Phaiipokbrutyn biatboySdterfifidd ¥aeoscns Wete rspliedEtcpIRMI$ TCC Catalog No

CRL-2106. ; ' Lnai I}, sk, 8IS ORI L Hansy e ressing lentiviral
transduc&%%ﬁgﬂg}géﬂoﬂg%%é%ﬁbed ab%?/éeé.hThat is, skin cells %.0 %05/%%7531@ transduced

with a coRfnEEBrFahoRleny SkssisKEEt e (Fomeesa ACRAR ANt SR IFL B S5 that adult skin
cells coulphericanrageamipes (e S3a1e-HIISBAR, Brdydfyand Frebsig Bokivithdidhe of
potency-determining factors a | FQIS g mansdysiion. cells were
transferrecae]tf)(!)1 ’ﬁ%frg}e%’&lgﬁﬁm |Sﬂ?gg%§§§§g t\"/?/ith irrgjgéggdrrﬁ%ig%@onic fibroblaaﬁ EFs). After 10
days in hohrpeEs eslls, elihenehie SRAREPRAH PSS oR AT ARG ECATR B Mo ARREYE Ifradiated
MEFs Wag hgfh 1orsiaabe teahdhant habBiicteyrd §pantdieiisdudtideydopalbatlpatestilith pluripotent
cell morphology be e visible. 1000119)The expression of Oci-4, Sox2, Nanog and Lin28 resulted in
colonies I%‘(ﬂﬁ‘éeéglgé%%fﬂ“[%%c% V%%r‘bﬁ&%adg O%Bﬂ%ﬂeﬁﬂggﬁ%{g’ee, FIG. 8A), such as human ES
cells (i.e.,jog0siMg a cobipadingotprint withysistenfioied thabthsae priamiss ¥ees 4 ﬁ‘%&ﬁﬁﬁ&@ﬁucleolus). As
shown in Ed(éq L ARIPIEATBIaE Rl S als RuerRr e8 %R ORlbS I AT kRES ipiaad of pluripotent

cells; 5K46 ce fésg&:ontrol), however, did not. However, the reprogrammed colonies from adult skin cells
appearedtdtBr than the cells in Example 7 and had a lower reprogramming efficiency than the cells in
Example 7006830120 Shxian plehd diucobasind with kb ffessntintedretfioieneyebselinkhsgpssiesicy-determining

factors ona rﬁ{)rglgg% 8&5‘[&5}%@‘{%& n]ﬁ?c%g}%%j%%mgja SPpRgipsRMIna £ Hiie Rutiag BROVe-identified

methods were repeated using the construct shown in . 4A; however, it@ﬁqrw%)\géﬁw% l§ox2 were
inserted irrelevranBiEed %igﬁ,%ﬁwﬂfﬁ%ﬂﬁrﬁﬁ%a%%ﬁ yéIn resistance gene. The
constructsopesenitez, SeRresIaasithet b3 e nelsconiEDIEAKnuick s rigndisdiES cells (p6).
[000122)Transgene-exniessing [smbieLiansdystion wessgjed out as described above.

[00099} The colonies selected for expansion and detailed charac_:tcriz.ation proliferated for

at least twelve weeks and retained typical characteristics of normal pluripotent cells, even though

no selection for the activation of a pluripotency-specific gene was applied during

reprogramming.

[006100] Reprogrammed cells were identified based on morphology alone (i.e., having a

compact colony with high nucleus to cytoplasm ratio and prominent nucleolus). Reprogrammed

cells also expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1 -81 pluripotent cell-specific

markers.
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That is, 293FT cells or mesenchymal cells (- 2 x 105 cells/well of 6-well plate, seeded overnight) were
transduced with various transgene combinations. Cells were transferred to 10 cm MEF dish (I well of
6-well plate to Ix10 cm MEF dish) following the overnight incubation with lentivirus. Geneticin selection
(50 pg/m1) for an active, endogenous, OCT4 promoter was carried out between day 11 to 15 post
transduction. iPS colonies were counted on day 16. /0001231FIG. 9A demonstrates that Oct-4 and
Sox2 expression occurred in 293E7' cells following transfection (see, e.g., lanes 1-3). In FIGS. 9A-B,
pSin4-EF2-Oct4-IRES1-S0x2 |s abbreviated as OS- IRESI pS|n4 EF2- Oct4 IRES2- Sox2 IS

abbrevi fRPS- IR&%% ; i

pSin4-EF2-Oct4- )
S. 1000 =59 et SEPRH g S iciency mcreased in mesenchymal cells derived
from ocmdmgk in h‘urﬂﬁhet'lddﬁﬁrs&ﬁm (wymmd@emms@izmﬁmwsﬁamame

construct (IRES |is a,ve i RN b RIRNTRERAGHEE SRS a
high- efﬁuehegy ﬂmﬁlaﬁgggo@r‘%gé%t%%%@ﬁ@ E (}Xfthe hi ; eff ien O{%IRES) showed an

approxW&PéﬁG@MéldhﬁBY@a%W‘?e?ﬁ%P&ﬁﬁh?ﬂ& éﬁlgﬁﬁ& F?S’r?'&ngHpar ST LB 0+S+N+L or
OS- 'RESdEt@l'?ﬁdﬁig’ﬁEﬂﬁlﬁﬂ@ﬁé 1R Bar it xaiplr&fore, providing the potency-determining factors in one

construct that provide, roximately equ BRI QYE EEProgramming
efficiencyl® ﬂ%& Rg Xpr &Sﬁ%ﬁYex%qf?a RLERHANJRY el Rl B GRE

l25]It | gers certain adaptations of the inventign de;crﬁ? in this
dlsclosurMe9a eeistecrotrosdinedopitine embingtioniod Suesigidhe foHAwRg . bt aRse MSRmented

without departing fram e sRitli fdRgpiuanion: arkasaepdintiarapienddd waims. [000126)Al
publlcatlons patents mentigned in the above specification areehler[;gwd Q&%W 9 by reference.

Various nieIfEamae B P Ornes NelHiBEEHeiod and system of the invention will be
apparent fetthanengiitectin The expreviibmof atdpar tirgeferionnresdispinsatrnish Vi HRiFvention. It is

understood h eve H@W\%ﬁ&@ﬁuﬁmpﬂgWtﬁﬂfrﬁg&ﬂwmlmﬁﬁ@ﬁhgebmsmmve
arelllustrattnvép tended to confine the |nventlg£ The |%r¥tlon mbr cq,%almqgled forms of

the exam@@@ﬁﬁ@%@@fﬁféﬂ@%@&?ﬁ’@ﬂﬁmmﬁg‘ BRRE PR FSHERIRG aims. CLAIMS WE
CLAIM: | Ang'RHAGg \ofﬂx%pmg{@mmgg (Therefisrs; tim atisastor thsemsthbbiethditinm e steps of:

exposing a pIuralltﬁﬁgp &r‘}g el ef ernmlnlqg&ggrﬁggo%@ ggm%%ggﬁgi%@mgm conditions
th t

sufficient {HSBTEEARY the cells: w arein the potenc ermlnlng factors do not comprise c-Myc and
K1f4; andmfhmmqﬂh@@h@@é@%@%lf@%ﬁﬁ%ﬁ PRAYATEY cells having a higher potency level than

the primatRGHHALIC Cell§ cxamind £k I Bretbred of GiaarBax 2y haneinatiel i atevsomiatibecells are
obrained f;glg?ograprgr% nat | '9@'&" Le lt'ransgene-speciﬁc primer pairs (see, Table 3; onc gene-specific

primer and one lentiviral vector-specific primer) was carried out using genomic DNA from IMR-

90 clones as template. The reactions employed the pfx DNA polymerase (Invitrogen,

amplification buffer was used at 2X, and eghancer solution was used at 3X), and the following

B

X

[

conditions: initial denaturation for 1 minute at 95°C; 35 cycles of 94°C for 30 seconds, 55°C for
30 seconds, 68°C for 2 minutes; and followed by 68°C for 7 minutes. PCR analysis for the
transgenes showed that either all four transgenes or three transgenes (i.e., Oct-4, Sox2 and

Nanog) integrated into the pluripotent cells following exposure to transgene-expressing lentivirus

vectors,
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3. The method of Claim 2, wherein the reprogrammed cells are substantially genetically identical to the
post-natal individual. 4. The method of Claim 1, wherein the primate somatic cells are obtained by
in vitro differentiation of a stem cell. 5. The method of Claim I, wherein the exposing step includes
the step of introducing a vector encoding one or more potency-determining factors into the primate
somatic cells. 6. The method of Claim 5, wherein the vector is a viral-based vector. 7. The
method of Claim 6, wherein the viral-based vector is a retroviral vector. 8. The method of Claim 7,
wherein the retroviral vector is a lentiviral vector. 9. The method of Claim 1, wherein the
potencyidateomining’ﬁaﬂmslaimdnsmbcwwmm%@&@% a reprogramming sequence in
which a nuaglc acid KobHce encoding the potency- detq&qumﬁ‘@&tmras operably linked to a
heterologous promoter 10 T y-determining
factors is sgjegipd fromghe group ogmsisting oDAGTGECRBAANAGSEARALIN28.  11. The method of
Claim I, wherein the potency-determining factofSEQeDO®A) Sox2, and at least one of Nanog and

Lin28.  12. The method of Claim EMherelnmﬁ&éﬁ@f@Qgrﬁ ARG A S Are Oct-4 and Sox2.
13. The method of Claim 1, wherein the reprodi@&Rhie és% 14. The method of
Claim |, whé48ifiGhe rep?ééramméﬁ‘é@@ ﬁg expré @Q lﬁacf @ (rjafrom the group consisting
of Oct-4, SSEA3, SSEA4, Tra-1 -60 and Ira-1- égaﬁ QorpReipay Lharagkeristic of pIurlpotent
cells; and (iii) form teratomas when intfoduced tg a@)l gnocompromised animal. 15

enriched popélatlon of prlér)ate plur%r};icells X nadreonethod comprlsmg the stop
of: in Elcmg a plurality of potency- detqgw'mgbf@ctgys into primate somatic cells under
conditions sufficient to express the pajgfcy-detamAGoa SCTOSTIECERT ApBagrAmming the somatic
cells to produce euploid primate pluripotent cellgsghpreldtle potency-determining factors do not
comprise c-lye@r K1f4.513 16. The.mméaiied papGaidnAsi AETAAL G Claim 15, wherein the

primate pluripotent cells (i) express a cell surfadSEQER$RdBcted from the‘a%ro& consisting of Oct-4,
SSEA3, SSEA4, Tra-1-60 and Tra-1-8P3(ii) exhiRARSH 55‘?3“% %‘ilnipotent cells; and

(iii) form teratomas when introduced into an imnk8#@d anjmal
OCT4endo 113 OCT4-F2 AGTTTG GCCASg G

(SEQ ID NO:12)
OCT4-R2  ACTTCACCTTCCCTCCAACC
(SEQ ID NO:13)

[000106] Reprogrammed cells were identified based on morphology alone (i.e, having a
compact colony with high nucleus to cytoplasm ratio and prominent nucleolus). Reprogrammed
cells also expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81 pluripotent cell-specific

markers. ‘
000107 Example 7; Reprogramming of differentiated cells after lentiviral transduction

and expression of three potency—dctermining factors,
1000108] To further demonstrate the utility of the limited set of potency-determining factors

in reprogramming differentiated cells to pluripotency, the above-identified methods were
repeated with ATCC Catalog No. CRL-2057 (ATCC), which are human post-natal foreskin

fibroblast cells. |
[00010%] Transgene-expressing lentiviral transduction was carried out as described above.

Post-natal fibroblast cells (0.6 x 10%/well) were transduced with a combination of Oct-4, S0x2,
Nanog and Lin28. Inventors tested the hypothesis that differentiated, post-natal, fibrobiast cells

could be reprogrammed to a state of pluripotency by expressing & limited set of potency-

.20.



17. The enriched population of cells as claimed in Claim 15, wherein the potency- determining factors
are Oct-4, Sox2 and at least one of Nanog and Lin28. 18. The enriched population of cells as
claimed in Claim 15, wherein the potency- determining factors are Oct-4 and Sox2. 19. The
enriched population of cells as claimed in Claim 15, wherein the primate pluripotent cells account for at
least 60% of the population. 20. The enriched population of cells as claimed in Claim 15, wherein
the primate pluripotent cells account for at least 80% of the population. 21. The enriched
population of cells as claimed in Claim 15, wherein the primate pluripotent cells account for at least

95% of tggqepfgpﬁugmers and dbircedl bestildepeesipyi Foljoaupiatdnedutiaicrtiealtsehaving a genome of a
pre- existing differentiated cell of an individual primate. . Fhecell ¢t LhiGlaim 22, wherein
the prim SEETEZEA (il 10":514‘.8 %%ﬁ%ﬂf&f%&&%ﬁm ?'iv%e-&;a mlgti?é)%ﬁ%s”ﬁ‘% er

urther comprise in the

genome smplLualbtiesfwittrpbimpe i cthmokpboldey hegamelvigietnJay RpasinTaB4EESRs 2wherein the
potency-geiesrining, Aok Qs 6 MP RGeS YWenanat UknRbniBe hned ik aisseaaing suitability of

at least one putative potency-determining factor to convert primate somatic Cﬁgﬁ to_pluripotent cells,
the methSHeBGH sy e esselly °xpa“'§°‘£ 8%*’3‘[‘;??. fé’%eo‘?'n %s(in(% 590 eséegﬂ%rggst one putative
potency-geie meinicigctad for cthtimritatasonatid vellgstscing soshtivieveotythegesvstefi@dtor and

comprisir}g,@%%gker %Q&ﬁf}?ﬁ&&%&l@%@ﬁ@}&?&ﬁ%ﬁ%%ﬁﬁ&ﬁ’ﬁni&ﬁrﬂﬂd'ﬂﬂﬂi@”ﬂeﬂ@”; and
evaluatln[g whether the marker gene is expressed in the cells after ex osure{f) the at least one factor,
e

expressiontidoreat rﬂ@m&ﬁg shumeotentesls: SHRD ASCIPEB ESITSLS RS ANRTA XEERE cells to
pluripote Rk} Sammed Golbiiesmrshad afprdain @bmeter eitithe asbelptededpimpmeit@h-Oct4 promoter.
specific markers (i.e., SSEA-3, SSEA-4, Tra-1-60 and Tral-81). For each, endogenous OCT4 '
and NANOG was expressed at levels similar to that observed in human pluripotent cells,
although the exogenous expression of these genes varied. Moreover, EB and teratoma formation
demonstrated that the reprogrammed cells had a developmental potential to give rise to
differentiated derivatives of all three primary germ layers. However, in contrast to the iPS cells
obtained from IMR-90 cells, iPS cells derived from CRL-2097 cells showed a varnation in the
lineages apparent in teratomas examined at five weeks. Two of the iPS cell colonies showed
neural differentiation; whereas the other two colonies showed multiple foci of columnar
epithelial cells, reminiscent of primitive ectoderm.
[0600111] DNA fingerprint analysis confirmed that these colonies were derived from the
original cell line and confirmed that they were not derived from human ES cells lines (e.g., H1,
H7, H9, H13 and H14).
[000112] Similar to the data obtained after transduction of differentiated mesenchymal
cells, the greatest number of colonies having cells with typical morphology of human pluripotent
cells were obtained using the full complement of Oct-4, Sox2, Nanog and Lin28. Interestingly,
one cell line lacked Lin28, confirming that Lin28 was not essential for reprogramming somatic
cells.
[000113j The colonies selected for expansion and detailed characterization proliferated for
at least twelve weeks and retained typical characteristics of normal human pluripotent cells, even
though no selection for the activation of a pluripotency-specific gene was applied during

reprogramming.
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27. The method of Claim 25, wherein the at least one putative potency-determining factor is Oct-4,
Sox2 and at least one of Nanog and Lin28. Sequences.txt SEQUENCE LISTING <110>
Thomson, James Yu, Junying <120> SOMATIC CELL REPROGRAMMING <130> 960296.00652
<150> US 60/919,687 <151> 2007-03-23 <150> US 60/974,980 <151> 2007-09-25 <150> US
60/989,058 <151> 2007-11-19 <160> 13 <170> PatentIn version 3.3 <210> 1 <211> 480 <212> DNA
<213> Stella <400> 1 atggacccat cacagtttaa gaaaattccc gggacgattc cttagtaact tgactatcaa ctccgtcgag
agtctgtagg agcaggagag gagtaagaac tacatgttac tcggcggagt ggagttaaga aggaatcaag tgggatcctt

ctgagaatgme114] Reprogrammed cells were identified based on morphology alone (i.e., having a
compact colony with high nucleus to cytoplasm ratio and prominent nucleolus). Reprogrammed
cells also expressed Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81 pluripotent cell-specific
markers.

[000115] When these cells were exposed to other combinations of factors (i.e., Sox2, ¢-
Myc, Oct 3/4 and KIf4) using the lentiviral delivery system described herein, reprogramming and
conversion of the cells were not observed.

1000116) Example 8: Reprogramming of differcntiated cells after lentiviral transduction
and expression of four potency-determining factors.

{000117} To further demonstrate the utility of the limited set of potency-determining factors
in reprogramming differentiated ceils to pluripotency, the above-identified methods were
repeated with ATCC Catalog No. CRL-2106 (SK46; ATCC), which are human adult skin cells.
[000118) Transgene-expressing lentiviral transduction was carried out as described above.
That is, skin cells (2.0 x 10°/well) were transduced with a combination of Oct-4, Sox2, Nanog
and Lin28. Inventors tested the hypothesis that adult skin cells could be reprogrammed to a state
of pluripotency by expressing a limited set of potency-determining factors and obtained
promising results. Following transduction, cells were transferred to three 10-cm dishes seeded
with irradiated mouse embryonic fibroblasts (MEFs). After 10 days in human ES cell culture
medium human ES cel! culture medium conditioned with irradiated MEFs was used to support
cell growth. By day 18 post-transduction, small colonies with pluripotent cell morphology
became visible. |

[600119) The expression of Oct-4, Sox2, Nanog and Lin28 resulted in colonies having cells
with typical morphology of pluripotent cells (see, FIG. 8A), such as human ES cells (i.e., having
a compact colony with high nucleus to cytoplasm ratio and prominent nucleolus). As shown in
FIG. 8B, the reprogrammed cells also expressed cell surface markers typical of pluripotent cells;
SK46 cells (control), however, did not. However, the reprogrammed colonies from adult skin

cells appeared later than the cells in Example 7 and had a lower reprogramming efficiency than
the cells in Example 7.
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tccaacctac aggggcctct cgctagtagc agcagcagtc attgctgtct tcgtacgcat accattcaaa tagaataggg atcccagggt
caaatctcct gaatctgttt ctcagggaaa gtgcagagag gaaagaagac tgtccctgca aatcaagaca ctccacaaat
ccgagacgtt cccctctatc tcgaagatga aaaagatggc caacaaacaa gtttctgegt ccaagccact gctcaccgaa
gataaagaac ggaagcttta gtggctttac aagattgaga ggagcctaag gtctaatgga tcagccataa <210>2 <211>
1083 <212> DNA <213> Oct-4 <400> 2 atggcgggac acctggcttc gggccagggg ggccggagcc cctectggag
ggccaggaat cccccatgcc ccccgecgta ggagtggggc tagtgeccca gtcggggtgg agagcaactc ggatttcgcec
gggctgggtt cgggccgggg tgagttetgt aggcggcttg cgatggggcc ttctcgcccc ctccaggtgg gatcctcgga

cctggctae[goggtﬂﬂgccag .
cctgcacc%; Page 1
ctors on a single construct.

[000121} To increase the reprogramming efficiency, the above-identified methods were
repeated using the construct shown in FIG. 4A; however, either Oct-4 or Sox2 were inseried in
the transgene section, and Sox2 optionally replaced the puromycin resistance gene. The
constructs were then expressed either in 293FT cells or in OCTY knock-in human H1 ES cells
{p6).

[000122} Transgene-expressing lentiviral transduction was carried out as described above.
That is, 293FT cells or mesenchymal cells (~ 2 x 10° cells/well of 6-well plate, seeded overnight)
were transduced with various transgene combinations. Cells were transferred to 10 em MEF
dish (1 well of 6-well plate to 1x10 cm MEF dish) following the overnight incubation with
lentivirus. Geneticin selection (50 pg/ml) for an active, endogenous, OCT4 promoter was
carried out between day 11 to 15 post transduction. iPS colonies were counted on day 16.
1000123] FIG. 9A demonstrates that Oct-4 and Sox2 expression oceurred in 293FT cells
following transfection (see, e.g., lanes 1-3). In FIGS. 9A-B, pSin4-EF2-Oct4-IRES1-So0x2 is
abbreviated as OS-IRES1; pSin4-EF2-Oct4-IRES2-Sox2 is abbreviated as OS-IRESZ; pSind-
EF2-Octd-F2A-Sox? is abbreviated as 0S-F2A; pSin4-EF2-Oct4-IRES1-puro is abbreviated as
O; and pSin4-EF2-Sox2-IRES!-puro is abbreviated as S. '

[000124] FIG. 9B shows that reprogramming efficiency increased in mesenchymal cells
derived from OCT4 knock-in human H1 ES cells (p6) when Oct-4 and Sox2 were provided on
the same construct (IRES! is a very low-efficiency intemal ribosome entry site; whereas IRES2
is a high-efficiency internal ribosome entry site). OS-IRES2+N+L (the high-efficiency IRES})
showed an approximate four fold increase in reprogramming efficiency when compared to O+S,
O+S+N+L or OS-IRES! (the low-efficiency IRES) +N+L. Therefore, providing the potency-
determining factors in one construct that provides for approximately equal expression levels of
each can improve reprogramiming efficiency.

[000125] Tt is understood that certain adaptations of the invention described in this
disclosure are a matter of routine optimization for those skilled in the art, and can be

implemented without departing from the spirit of the invention, or the scope of the appended

claims.
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tggaggtgat60 cttccaaggc120 gtgggggatt180 gcceccaggtt240 cgaagcagga300 cacccctggt360
gtgagaggca agccacatcg cggcgecaga getgggtcte ggtaccccag gagggggaag tga acctggagaa cccagcagct
agggcaagcg ctttctcagg gctatgggag cctttccccc gaagctggag gcaatttgec ggggctcacc tgaggctctg
ggtggaggaa gcaggcccga tttgttcctg tgggctcgag atcaagcage gggaccagtg ccctcactte tgtctcegte
caaaacccgg aagctcctga ctgggggttc cagcttagct gctgacaaca aagagaaagc cagtgcccga aaggatgtgg
gactatgcac tcctttcctc actgcactgt accactctgg .txt tatttgggaa tcaagaacat atgaaaatct gaaccagtat
aacccacact tccgagtgtg aacgagagga tggccccagg actcctcggt getctcccat ggtattcage gtgtaagcetg

tcaggagyigGPRJ22CCRA SEAMANNIHIHUR el ahe GBeca it Gee iioRc-aRadRRaac
incorporated by reference. Various modifications and variations of the described method and
system of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. 1t is understood, however, that examples and embodiments of
the present invention set forth above are illustrative and not intended to confine the invention.
The invention embraces all modified forms of the examples and embodiments as come within the

scope of the following claims.
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<210> 3 <211> 954 <212> DNA <213> Sox2 <400> 3 atgtacaaca ggcggcggca gtcaa
caggagaacc cttttgtcgg cacatgaagg aagaaggata agcggggtcg gcgcaga%g%gcggcaggacc ggggfgagcg
cccacctaca ggttcggtgg tccagggcegce geccgaggtge tgatggagac actccaccgc ccatgaatge ccaagatgca
agacggagaa agcacccgga agtacacgct gggtgggcgce acggctggag cgggcctcaa ccctgcagta gcatgtccta
tcaagtccga cctgccagge cggaacccgc ggagctgaag ggcggceggcc cttcatggtg caactcggag geggcecgtte
ttataaatac gcccggceggg cggectggge caacggceagce tgcgecacggce caactccatg ctcgcagceag ggccagcetce
cggggacctc cgcececcage ctgectggece gecgggegtga tacagcatga gcagcgcaga accagcetcge ggeacccectg

agcccccctg cgggacatga agacttcaca CLAIMS
WE CLAIM:
1. A method of reprogramming primate somatic cells, the method comprising the
steps of:

exposing a plurality of potency-determining factors to the primate somatic cells
under conditions sufficient to reprogram the cells, wherein the potency-determining factors do
not comprise c-Myc and K1f4; and

culturing the exposed cells to obtain reprogrammed cells having a higher potency

level than the primate somatic celis.

2. The method of Claim 1, wherein the primate somatic cells are obtained from 2

post-natal individual.

3. The method of Claim 2, wherein the reprogrammed cells are substantially

genetically identical to the post-natal individual.

4, The method of Claim 1, wherein the primate somatic cells are obtained by in vitro

differentiation of a stem cell.

5. The method of Claim 1, wherein the exposing step includes the step of
introducing a vector encoding one or more potency-determining factors into the primate somatic

cells.

. The method of Claim 5, wherein the vector is a viral-based vector.
7. The method of Claim 6, wherein the viral-based vector is a retroviral vector.
8, The method of Claim 7, wherein the retroviral vector is a lentiviral vector.
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Page ccggcggcaa accagcgcat tgcaggacca tgcagcccat a

gacctacat gcatggctct tggttacctc tcagcatgta
tgtcccagca 2 ttcggggggc60 cccggaccgel20 caagatggecl80 cgagtggaaa240 gcgagcgctg308 )
gacgctcatg360 tagcatggcg420 ggacagttac480 gctgggctac540 gcaccgcetac600 gaacggcetcg660
tggctccatg720 ttcctceccac780 tctcececcgge840 ctaccagagec900 Sequences .ixt

9. The method of Claim 1, wherein the potency-determining factors are introduced
1o the somatic cells as a reprogramming sequence in which a nucleic acid sequence encoding the

potency-determining factor is operably linked to a heterologous promoter.

10.  The method of Claim 1, wherein the plurality of potency-determining factors is
selected from the group consisting of Oct-4, Sox2, Nanog and Lin28.

11.  The method of Claim 1, wherein the potency-determining factors are Oct-4, Sox2,
and at least one of Nanog and Lin28.

12.  The method of Claim 1, wherein the potency-determining factors are Oct-4 and
Sox2.

13.  The method of Claim 1, wherein the reprogrammed cells are pluripotent.

14.  The method of Claim 1, wherein the reprogrammed cells (i) express a cell marker
selected from the group consisting of Oct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81; (i1) exhibit
morphology characteristic of pluripotent cells; and (iii) form teratomas when introduced into an

immunocompromised animal.

15.  An enriched population of primate pluripotent cells produced according to a
method comprising the step of:
introducing a plurality of potency-determining factors into primate somatic cells
under conditions sufficient to express the potency-determining factors, thereby reprogramming
the somatic cells to produce euploid primate pluripotent cells, wherein the potency-determining

factors do not comprise c-Myc or Kif4.

16.  The enriched population of cells as claimed in Claim 15, wherein the primate
pluripotent cells (i) express a ccll surface marker selected from the group consisting of Oct-4,
SSEA3, SSEA4, Tra-1-60 and Tra-1-81; (ii) exhibit morphology characteristic of pluripotent

cells; and {iii) form teratomas when introduced into an immunocompromised animal.
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ggccceggtge ccggceacggc cattaacggc acactgcccc tctcacacat gtga954 <210> 4 <211> 630 <212> DNA
<213> L1n28 <400> 4 atgggctccg cccgaggagg gcgggcatct cgecgecgggg atggaagggt gccaagggte
gagaggcggc aactgtggag tgccacttct ggccctagtg cctaccctge tgtccaacca cgccggagga gtaagtggtt
tcgcgctcga tccggagctt tggaatccat caaaaggaaa gtctagatca gccagagcat cacagggaaa tcccggaggce
gcagtttgca cgcggcccgg caacgtgcgce ccccccagtg gaaggagggt ccgtgtcacc gagcatgcag tcatgccaag
cagccatatg gccaacctac acagaattga ggtggctgcg gcggcggacg atggggttcg gatgtctttg gaggcagtgg
ggacctggtg aagcgcagat gaatgcaagc gtagcctcat tttcgagagg ccaaggcggc agcctcagct gcettcctgte
tgcaccagag agttcacctt gagtattctg caaaaggaga tgccacccca gtccgctgaa aagaagaaga agaagaggcg

gCtgcacggt CatgacchC taa CtgcaC taagaagtca tatt agt cagagtgctac
aatccacagc 32 10> 'ghe eﬂI%Ched populatg)n ofcellsas ¢ a?me% n agl% ]5, W%(e:l%?ga%aﬁao%g%cﬁ:ccagcag

determining factors are Oct-4, Sox2 and at least one of Nanog and Lin28.

18.  The enriched population of cells as claimed in Claim 15, wherein the potency-

determining factors are Oct-4 and Sox2.

19.  The enriched population of celis as claimed in Claim 15, wherein the primate

pluripotent cells account for at least 60% of the population.

20.  The enriched population of cells as claimed in Claim 15, wherein the primate

pluripotent cells account for at least 80% of the population.

21.  The enriched population of cells as claimed in Claim 13, wherein the primate

pluripotent cells account for at least 95% of the population.

22 A cell culture comprising euploid pluripotent cells having a genome of a pre-

existing differentiated cell of an individual primate.
23, The celi culture of Claim 22, wherein the primate is a human.
24, The cell culture of Claim 22, wherein the cells further comprise in the genome 2

plurality of introduced polynucieotides encoding potency-determining factors, wherein the

potency-determining factors do not comprise ¢-Myc and K1f4.
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<211> 918 <212> DNA <213> Nanog <400> 5 atgagtgtgg atccagcttg gaatcttcac ctatgcctgt tcttctgetg
agatgcctca cttattcagg acagccctga gagaatagtg tcgcaaaaaa gtgttetctt ccacccagct agectccage
agatgcaaga acctggttcc agaaccagag aatagcaatg gtgtgacgca taccaccagg gatgcctggt tggaacaatt
caacctggag tggaacactc agacctggtg tataactgtg gagaggaatc tccccaaagc gatttgtggg cacggagact
ttcttccacc ggaagacaag gtgtgtactc actctccaac aatgaaatct gaaggcectca gaacccgact caaccagacc
cacccaatcc tctgcagtee ttgecttget cctgaagaaa gtctctecte agtcccaaag gtcccagtca aatgatagat atcctgaacc
aagaggtggc gcacctacct gggaaccttc cagaacatce tggaacaatc tgcatgcagt Page ttgaagcatc actatccatc
ttccetecte gcaascaaccmghahfngasitegaigaihtycdgttesharsgutatize patsreyststerginingaatgtggag
agtectggag aggcetgdaa tecadccana 3 coadidisaert trcarinaalicRinin A ik fepsgaccagaact
gaaatacit Acaggtuaay clageegaag cractctice caaccagace caaccactce cagiecctic ftetectgee <210> 6
<211> 8060 <212> msmgm*eﬁmé%qﬁﬁf%ﬂﬁgﬁ‘é%@ﬂé’“ putative potenCy-determiming

factor, the primate somatic cells being receptive to uptake of the factor and comprising a marker
gene under control of a regulated promoter active in a pluripotent cell; and
evaluating whether the marker gene is expressed in the cells after exposure to the

at least one factor, expression indicating suitability of the at least one factor to convert the

primate somatic cells to pluripotent cells.
26.  The method of Claim 25, wherein the regulated promoter is an Oct4 promoter.

27 The method of Claim 25, wherein the at least one putative potency-determining

factor is Oct-4, Sox2 and at least one of Nanog and Lin28.
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<220> <221> misc_feature <222> (3604)-(4083) <223> sequence for St <400> 6 cggaccgcca
ctgccaatta ttattttcat tttaaagaaa agggctaatt cactcccaaa aggctacttc cctgattagc ctttggatgg tgctacaagc
aggagagaac accagcttgt agaagtgtta gagtggaggt gcatccggag tacttcaaga ggactttcca gggaggcgtg
catataagca getgcttttt gggagctcete tggctaactagggiicragt agtgtgtgcc cettttagtc agtgtggaaa agggaaacca
gaggagctct aggcgagggg cggcoacyFRyagargyg tgcgagageg aattcggtta aggccagggg cagggagceta
gaacég%t;:g caaatactg ggacagctac atataataca gtagcaaccc ggaagcttta gacaagatag ggccgctgat
cttcagacct glia Gelgfomdtt tigtatttgt gaagacaaga agaactacac tagtaccagt tacaccctgt ttgacagccg
actgctgata gcctgggc cctgta cccac cgtctgttgt atctctagca ctcgacgcag tgagtacgcec tcagtattaa
gaad % aa%?%%%%a%gé‘%ag‘(%gé:écg&%&%gﬁgtgt aggaagagca ggaggaggag catttactct taaatatgta tatccttgat
accaggoecadirgbcageiigagcectgcat cctagceattt tcgagcettge gactggggag ggtctctctg tgcttaagcec gtgactctgg

9lggcHGHCy GRGEISEt @paaattity gcgggggaga atataaatta tggcctgtta tcagacagga geatcaaagyg
aaacadaagtA@igaidda Page aaacctgtga ticctCtgaa ctacaaactt agtagttgga ctgtggatct accacacaca

ggggtgagat %c%zgﬂg%ggtagaag aggccaataa gggatggatg acccggagag catcacgtgg cccgagagct
tacaagggac e @o1g§ tggcgagecc tcagatectg gttagaccag atctgagect tcaataaagc ttgecttgag taactagaga
tceetcagac aac % tot?g?laagcgaa gctgaagcgce gecacggcaag actagcggag gctagaagga attagatcgce
gatgé@iaamg g%l?%g atgggcaag gaaacatcag aaggCtgtag tcagaagaac ttagatcatt atagagataa
aagacaccaa aagaccaccg cacagCaagc caattggaga agtgaattat 4 ataaatataa gagtggtgca gagcagcagg
tattgfBy atdthttgca aaagatacct gcaccactgce atcacacgac ccttaattga ataaatgggc tattcataat tagtgaatag
cgaggygaccrgateodiicgecaatittahad aatagcaaca tcgggtttat taaagtttta tgggaattgg agttgggggg gggaaagtga
taagiggagt tgagtgecgt cttgaattac gtgggtggga aggeetggee tegetgcttt ttttetggea tiggggeege geetgegage
tgotgeaitdg ag@mgtaaaa gagagaaaaa aagcactatg tatagtgcag actcacagtc aaaggatcaa tgtgccttgg

ctgg g &q&rﬁcgcaa aagtttgtgg gatagtagga agttaggcag cgacaggccc attagtgaac agaaaggggg
gacaticiaa ?agag%gaca aacagagagg ctccggtgec aggggtcggce tgtegtgtac agtcgecgtg gtgtggttec

a9 3gHcaad9 199grq<iad copiaagiel agaln0 el 900saardRt Gragagacey ggicucaced

gaaaattccc gggacgattc aggggcctct caaatctcct ccgagacgtt gataaagaac 120
cttagtaact tgactatcaa cgctagtagc gaatctgttt cccctetate ggaagcttta 180
ctccgtcgag agtctgtagg agcagcagtc ctcagggaaa tcgaagatga gtggctttac 240
agcaggagag gagtaagaac attgctgtct gtgcagagag aaaagatggc aagattgaga 300
tacatgttac tcggcggagt tcgtacgeat gaaagaagac caacaaacaa ggagcctaag 360
ggagttaaga aggaatcaag accattcaaa tgtccctgea gtttctgegt gtctaatgga 420
tgggatcctt ctgagaatgc tagaataggg aatcaagaca ccaagecact tcagccataa 480
<210> 2

<211> 1083

<212> DNA

<213> oOct-4

<400> 2

atggcgggac acctggettc ggatttcgec ttctegecco crccaggtyg tggaggtgat 60
gggccagggg ggecggagoo gggetgggtt gatcctcgga cctggetaag cttccaaggce 120
cctcctggag ggccaggaat cgggecgggg gttgggcecag gctctgaggt gtgggggatt 180
cceccecatgee ccccgeegta tgagttctgt ggggggatgg cgtactgtgg gccccaggtt 240
ggagtggggc tagtgcccca aggeggettg gagacctote agectgaggyg cgaagcagga 300
gtcggggtgg agagcaactc cgatggggee tccccggage cctgeacegt cacccetggt 360
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attgaaccat agagcagtgg ggcgcagcgt cagcagaaca tggggcatca cagctcctgg aatgctagtt tgggacagag
aaccagcaag aattggttta ggcttggtag ggatattcac gaaggaatag ggatctcgac ggattggggg ctaaagaatt
gcagagatcc aatctttgca cgtcagtggg aattgaaccg tggctccgec aacgttettt cgegggectg ctgecagtacg ccttgegcett
ggcegeegeg ctagecattt gtaaatgegy ggggeccgiy agaatcggac cegtgtatcy Sequence taggagtage
gaatagaaganaaigmegst eitogigagrageqgrissacy gadtiagy ygagtagdacatiaadtaacad2daaagaatga

o eranR AN ARl FAU GELL PARROBANG ARG ER R R AP CaRa o0 O

ggatatacac aggccgatgt ggggcetcacc ctgggggtte tatttgggaa ggtattcage 540
caaacgacca tctgccgett tgaggetctg cagcttaget tcaagaacat gtgtaagotg 600
cggcecttge tgcagaagtyg ggtyggaggaa gcetgacaaca atgaaaatct tcaggagata 660
tgcaaagcag aaaccctcgt gcaggeccga aagagaaagc gaaccagtat cgagaaccga 720
gtgagaggca acctyggagaa tttgttcctg cagigoccga aacccacact gcoagcagatc 780
agccacatcg cccagcagcet tgggotcgag aaggatgtgg tccgagtgtg gttctgtaac 840
cggcgecaga agggcaagog atcaagcage gactatgcac aacgagagga trttgaggcet 900
gctgggtcte ctttctcagyg gggaccagtg tcctttecte tggccccagg gecccatttt 960
ggtaccccag gctatgggag ccctcacttc actgcactgt actccteggt coctttoect 1020
gagggggaag cctttcccce tgtctccgtc accactctgg gotctceccat gecattcaaac 1080
tga 1083
<210> 3

<211> 954

<212> DNA

<213> Sox2

<400> 3

atgtacaaca tgatggagac ggagctgaag c€cgccgggee cgcagcaaac ttcggggyge 60
ggcggoggca actccaccge ggrggoggoe ggoggcaaco agaaaaacag cccggaccge 120
gtcaagcggc ccatgaatgc cttcatggtg tggtcccgey ggcageggeg caagatggec 180
caggagaacC ccaagatgca caactcggag atcagcaage gcctgggegc cgagtggaaa 240
cttttgtcgg agacggagaa geggecgttc atcgacgagg ctaagcgget gogagegeryg 300
cacatgaagg agcacccgga ttataaatac €ggeoccgge ggaaaaccaa gacgetcatg 360
aagaaggata agtacacgct gcccggeggg ctgotggoce coggoggcaa tageatggeg 420
agcggogicg gogtgggoge Cggoectgyge gogggegtga accagegeat ggacagttac 480
gcgcacatga acggctggag caacggcagc tacagcatga tgcaggacca gcrgggetac 540
CCYCAgCacc cgggectcaa tgcgeacgge geagegcaga tgcagcoccat gcaccgetac 600
gacgtgagcg ccctgcagta caactccaty accagetcge agacctacat gaacggetcg 660
cccacctaca gcatgtocta ctcgecagcag ggcacccctg gcatggerct tggetcecatg 720
ggttcggtgg tcaagtccga ggocagotee agoccccctg tggttacctc ttcctcoccac 780
tccagggege cotgocagge cggggacctc cgggacatga tcagcatgta tctcoceggce 840
gccgagytyc cggaacccge cgeecccagc agacttcaca tgtcccagca ctaccagage 900
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cagagcgcac gtgcctagag tttttcccga ttcgcaacgg gcectctttac tgattcttga aaggagcccc tgcgaatctg aaaatttttg
gccaagatct cgtcccagcg gggggtagtc ccccgecctg Page s.txt acccaccaag tttgttcctt gacggtacag ggctattgag
ggcaagaatc ttgctctgga atctctggaa ttacacaagc acaagaatta ttggctgtgg agtttttgct tcagacccac tggagagaga
caaatggcag ggggaaagaa attacaaaaa ataaggg&&;&@gg(tg atcgcccaca aaggtggcgce gggtggggga
gtttgpsaea gopitaiagre degggagait dingrpicgt giggoacctt algacatget gogcactggt cacatgttcg tcaagcetggce
ggcggcaagg 5 gcaaagagaa 1380 gggttcttgg 1440 gccagacaat 1500 gcgcaacagce 1560 ctggcetgtgg 1620
aaacteadtt 1680 cagatttgga 1740 ttaatacact 1800 ttggaattag 1860 tatataaaat 1920 gtactttcta 1980
ctccs%%;:c $840 gacagagaca 2100 tattcatcca 2160 tagtagacat 2220 ttcaaaattt 2280 caaagatgga 2340

<

ttgagggeag ém gtccccgaga 2460 ggggtaaact 2520 gaaccgtata 2580 agaacacagg 2640 ccttgcgtgc

2700 cgggttggaa 2760 gcttgagttg 2820 cgcgcctgtc 2880 gcgacgcttt 2940 atttcggttt3000

gcgﬁi% Qﬂgﬁﬁagtcééa%qttgca ggtggctgeg ccaaggeggc agaagaggeg 60
ccegaggagyg cgccggagga cgcggeccgg gcggeggacg agcctcagct gctgcacggt 120
gegggeatct gtaagtggtt caacgtgcge atggggttcg gecttoctgic catgaccgcc 180
cgcgeecgggy tegegetcga ccccccagtg gatgtotttg tgcaccagag taagetgeac 240
atggaagggt tccggagctt gaaggagggt gaggcagtgg agttcacctt taagaagtca 300
gccaagggtc tggaatccat ccgtgtcace ggacctyggtg gagtattctg tatrtgggagt 360
gagaggegge caaaaggaaa gagcatgcag aagcgeagat caaaaggaga caggtgctac 420
aactgtggag gtctagatca tcatgccaag gaatgcaage tgccacccca goccaagaag 480
tgecacttet gecagageat cagccatatg gtagoctcat gtccgctgaa ggoccagcag 540
ggccctagtyg cacagggaaa gccaacctac tttcgagagg aagaagaaga aatccacage 600
cctaccctge toccggagge acagaattga 630
<210> 5
<211i> 918
<212> DNA
<213> Nanog
<400> 5
atgagtgtgg atccagrcitg tooccaaage ttgecttyget ttgaagcatc cgactgraaa 60
gaatcttcac ctatgcctgt gatttgtygg cctgaagaaa actatccatc ctitgcaaatg 120
tcttetygctyg agatgectea cacggagact gtetctecte ticcctecte catggatctg 180
cttattcagy acagccctga ttottocacc agtcccaaag gcaaacaacc cacttctgea 240
gagaatagtg tcgcaaaaaa ggaagacaag gtcccagtca agaaacagaa gaccagaact 300
gtgttctctt ccacccaget gtgtgractc aatgatagat ttcagagaca gaaatacctc 360
agcctccage agatgcaaga actctccaac atcctgaace tcagctacaa acaggtgaag 420
acctggttcc agaaccagag aatgaaatct aagaggtgge agaaaaacaa ctggccgaag 480
aatagcaatg gtgtgacgca gaaggectca gecacctacct accccagect ctactcettcc 340
taccaccagg gatgcctggt gaacccgact gggaaccttc caatgtggag caaccagacc 600
tggaacaatt caacctggag caaccagaccC cagaacatcc agtcctggag caaccactcc 660
tggaacactc agacctggtg cacccaatcc tggaacaatc aggcctggaa cagtcocttc 720
tataactgtg gagaggaatc tctgcagtcec tgcatggggt ;ccagccaaa ttotectyec 780

ge



ctggeecggt3180 aatggaggac cctitcegte acctcgatta atgecgatgga tgatgtaatt ctcagacagt geccatggace
gaagaaaatt aaccttagta ttactccgtc tacagcagga agatacatgt aagggagtta ggatgggatc taataggttt gaaggatccg
gttactggcc accatattgc agcattccta aaggaagcag aggcagegga gatacacctg agagtcaaat ccccattgta
aggttaaaaa cgatgataag cggtgcgect tegecgagia Geaagetgea cggacgacgg tgttegeega geggegeteg
ctcagccgte gttctcgage gtttccecac ctecttggaa ggticaaagt catcacagtt cccgggacga acttgactat gagagtetgt
gagqeyeRsy taetCYgE5EcAthagaatt el tgegpia sscateghotaRicaraacgaagecgct® 49 cttityg ggggtctttc
HCCIGIO0H REAACARAGR £ARRIBEAIG BICICIRRIEIaGRIGIgM Aasatetagq fllgaegcaa gggcacccye
cccecgecacg agaactcttc cgecgeggty gatcggeccy ggagageggg gettcatgtg ttttggagta actgagtggg tttgeccttt
s R

tittttctic ta ggce caacgctagt aggagcagcea aacattgetg agttegtacg aagatcattc tgctagaata
ggcctcgaga gggcggecaa ggaataaggce caatgtgagg ccctctcgec agcttcttga tggcgacagg acaaccccag
aagc % ct gcct ccececccgaac cccacaagga gacgacgtee cgecacaccg ctcacgegeg geggtctgga

cgcatgyzeg mgggtgagtc actccacgga cgtcgtcttt tggagactga ttgagtttgg catttcaggt tacatcecag tctcaaatct
agcgeatdly et NgosteRyiBeayw cBt§dbngaa aaatgtcect gggaatcaag aageggecgce ttecgecect
cggtgtgegt gcccggaaac aaaggaatge agacaaacaa tgectetgeg tgccacgttg aacaagggge cggtgeacat

cac g,9acgaccttc ccegggeegt tegaccegga tegggetega cecacgecgga agttgagegg Page acccacacaa

aggmﬁgg(g%zgggg@@ggggtccaggc aggttggggg gagggotttt agttaggeca gettggeact atcttggttc attctcaage
gtcgtgigga Seagenetc pgtcttetiba aatgetcacce cctccgagac gttgataaag tttccectct atcggaagct aaatcgaaga

tgagiggelt 9ggaaaagat ggcaagattg gaccaacaaa caaggagcct gcagtttctg cgtgtctaat acaccaagcc
acttcagizea goctacgrghasactagtta giaaaticoccrcacecctaaadigiptgint gtgattigeactggcéotgt cttcttgacyg
2a9g¢1q4.8a310tealg | 2%9tfé@é&%‘%‘E%W%é’a‘%ca%g%ggé?@aég%%aéaaa a%@g at agiigiggaa tgaaggatgc
ccagaaggta gctttacatg tgtttagtcg tggttticct ttgaaadaaca catgaccgag t%\ca?ag ca acgcaccctc gccgecgegt
ccgceagetEFacbicacarc ggedatrauRdudtey yage grargety degeereacggctiiyccgegeage 6

3240, g0 8800 4l B3R 3adR2aLR3GE03dg # /GHY FEHYAOAR IR AR20 495 4140 4200 4260
4320 4380 4440 4500 4560 4620 4680 4740 4800 4860 4920 4980 5040 5100 Sequence s.txt

aacaytHtH A CHEER g EFERTGYE cERHTA P A3 OGTRT IR BYRTHEE8D gttt ctegeccgac
CaCCaggruna gy Giotggor Cay CoerEiocgipCigapoys?20 gagiggagus gocogagegc gceggggtgc cecgcecttect

9929RGLIGEATUCE5G058RA% 0 toacagecy cctageattt

catcacgtgg cccgagagcet 420
gcatccggag tacttcaaga actgctgata tcgagcttgc tacaagggac tttccgctgg 480
ggactttcca gggaggcgty gectgggeygy gactggggag tggogagccc tcagatcctg 540
catataagca gctgecttttt gocctgtactyg ggtctctctg gttagaccag atctgagect 600
gggagctctc tggctaacta gggaacccac tgcttaagce tcaataaagce ttgecttgag 660
tgcttcaagt agtgtgtgocc cgtctgttgt gtgactctgg taactagaga tecctcagac 720
ccttttagtc agtgtggaaa atctctagca gtggegeccg aacagggact tgaaagcgaa 780
agggaaacca gaggagetct ctcgacgcag gactcggett gotgaagege geacggcaag 840
aggcgagggg cggegactyg tgagtacgcc aaaaattttg actagcggag goetagaagga 900
gagagatggg tgcgagagcg tcagtattaa gcgggggaga attagatcgc gatgggaaaa 960
aattcggtta aggccagygygy gaaagaaaaa atataaatta aaacatatag tatgggcaag 1020
cagggagcta gaacgattcg cagttaatcc tggcctgtta gaaacatcag aaggctgtag 1080
acaaatactg ggacagctac aaccatccct tcagacagga tcagaagaac ttagatcatt 1140
atataataca gtagcaaccc tctattgtgt gcatcaaagg atagagataa aagacaccaa 1200
ggaagcttta gacaagatag aggaagagca aaacaaaagt aagaccaccg cacagcaage 1260
ggccgctgat cttcagacct ggaggaggad atatgaggga ﬁaattggaga agtgaattat 1320

age



acctcccctt ctacgagcgg ctcggcttca ccgtcaccgce cgacgtcgag tgcccgaaggs5340 accgcgegac ctggtgcatg
acccgcaagc ccggtgectg ataataggceg geccgetcgag5400 acctagaaaa acatggagca atcacaagta gcaatacagc
agctaccaat gctgattgtg5460 cctggctaga agcacaagag gaggaggagg tgggttttcc agtcacacct caggtacctt5520
taagaccaat gacttacaag gcagctgtag atcttagcca ctttttaaaa gaaaaggggg5580 gactggaagg gctaattcac
tcccaacgaa gacaagatct getttttget tgtactgggtsbal cletetgga agaccagate tgagectggg agcetctetgg

ctaa bR} e CACRIIGRE0 Rabgttcatatiaagotiguccigatigeatgaacragdapgigccigdetgtigtgtg5760
actclggirg raangatiy iaad asad agdisaslAaaaaa1¢ {51aaca9 i Rt diggticaig fratcttatt atticagtatt

tataacttgc aaagaaatga atatcagaga5880 gigagaggcc ttgacattat aatagattta gcaggaattg aactaggagt
ggagtHta BB GRS AAbH IYAG SR  cRARBAGHCt GFa8afiRERatBEAgHBE @ AgCchBRI6000 tigtitgcec
ctccocogigreaygciigeagegtggachy igaaastatt apigiegitibiuganiganaigaggaaataratcgcatt

tct t 120 gt t caggacagc_aa agg att a caatagca
cag o D s G e g o0
gccgedafjiacatagetgorteriy s tRgEeacaatyuyiggaant anyctegry aaB300tedacctak@ptttatttttc taaatacatt
CaaaiRiialocgciegtd @463 1aagc e 260 Cola3RARhICLIGAAR,IAll922234 SaAadagigt gagtaticaa
catttcc{g 6420 tcgcccttat tcectttttt gcggceatttt gcccttcctgt ttttgctcac ccagaaacgc 6480 tggtgaaagt
aaaagatgct gaaga #556t38983a8t5g BtAc aicGaatigaeBA0atctRabR R  Eggtadtfatc cttgagagtt
ttcgccctysaageacyitit cupatg alga 66006 gcaciijaatagtistgatmiaigoegeggatatiatccagbatigacgcc
999°220A06 RO1ARTEANIC S easpleracalicleada dlaaclidglipagiaglea cealgggao 6720
aaaagcatct tacggatggc atgacagtaa'gagaattatg cagtgctgcc ataa a‘iga %ﬁagtga aacac tgcggccaac

ttacttEitd CHAéFastig Hagar IRAG Wiget £i¢EgBRa0 aglthtciastrgtrrtatcalglh ctcgecttga

tcgtigagegaceagagrteaR90y gidrracsal *RACRAPEHAC SALRIIIALa FCACIAIALC 10tagRatg gcaacaacgt
6960 Pg%e 7 Se%uences Ixt ctctagcttc ccggcaacaa ttaatagact 7020 ttctgcgctc ggcccttecg

getggAGHTTES otgdGHeRT AR 8at 4ea 1 9RABTP 99 4P B9RRAH Ha9588R)t c&dfRaacta 7200

taggtgrotc acigattaaguatiggtaant ¢ 26ghagaitgatiy aanactiaaytiantitor Y3 edctcatysc caaaatccct
taacqigagt {389 a Eﬁﬂﬁﬁ&ﬂﬁ oo t C 5744 caaaaaaacc accgctacc gtggttt 7500
ttccgaaggt aactgggttc agcagagcgcg%?g %3%%%?? éacc?%ggaggfat agag%%%g é: 28%%% gttacc agtggctgct
gccadifgeqere8rgatbatatit SER AR e agEdat THa0RARAGCRGoRrgatbiacgdé8facaccgaac 7800
gcgceagget 1€6€00RUQY REAAGEARYE tLR60GIYHHAN Y £ARIAYG Jah SHLERH09924940 ggtttcgeca
cctctgactt gagggtcgat 7980 tatggaaaaa c%ccagcaac gcggcctttt 8040 8060

aaagtt adcagagagg aatctttgca getaatggac cttctaggte ttgaaaggag 2400

tgggaattgg ctccggtgoec cgtcagtggg cagagcgcac atcgeccaca gtccccgaga 2460
agttygggggy aggggtcegge aattgaaccg gtgcctagag aaggtggcgc ggggtaaact 2520
gggaaagtga tgtcgtgtac tggetocgece tttttcccga gggtggggga gaaccgtata 2580
taagtgcagt agrcgcegtyg aacgttotit ttcgcaacgg gtttgocgce agaacacagg 2640
taagtgccgt gtgtggttcc cgcgggectg gectctttac gggttatggo ccttgegtge 2700
Cttgaattac ttccacctgg ctgcagtacg tgattcttga tcccgagctt cgggttggaa 2760
gtgggtggga gagttcgagg ccttgcgctt aaggagccce ttecgoctcgt gottgagttg 2820
aggcctggec tgggegotgg ggccgocycy tgegaatctg gtggoacctt cgegcectgte 2880
Tcgetgertt cgataagtct ctagccattt aaaatttttg atgacctyct gogacgettt 2940
ttrtctggca agatagtctt gtaaatgcgg gocaagatct gcacactggt atttcggttt 3000
ttggggccgc gggcggegac ggggeccgtg cgtcccageg cacatgitcg gcgaggceggyg 3060
gcctgegage geggccaccy agaatcggac gggggtagte tcaagotgge cggcctgete 3120
tggtgcctgg cctegegecyg ccgtgtateg ccecgeccty ggcggcaagy ctggoccggt 3180
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<210> 7 <211> 19 <212> DNA <213> Atrtificial <220> <223> synthetic oligonucleotide <400> 7
cagtgcccga aacccacacl9 <210> 8 <211> 24 <212> DNA <213> Artificial <220> <223> synthetic
oligonucleotide <400> 8 agaggaactg cttccttcac gaca24 Sequences.txt <210> 9 <211> 20

Sequences.txt

cggcaccagt tgcgtgagcyg gaaagatgge cgettcccgg ccctgetgea gggagetcaa 3240
aatggaggac gcggcgotcg ggagagcggy cgggtgagtc acccacacaa aggaaaaggg 3300
ccttteccgic ctcagecgtc gocttcatgtg actccacgga gtaccgggeg ccgtccagge 3360
acctcgatta gttctcgage ttttggagta cgtcgtcttt aggttggggg gaggggttrt 3420
atgcgatgga gtttccccac actgagtggg tggagactga agttaggceca gettggeact 3480
tgatgtaatt ctccttggaa tttgcccttt ttgagtttgg atcttggtic attctcaage 3540
ctcagacagt ggttcaaagt ttttttcttc catttcaggt gtcgigagga attcgcgatc 3600
gccatggace catcacagtt taatccaace tacatcccag ggtctecaca aatgctcacc 3660
gaagaaaatt cccgggacga ttcaggggcc tctcaaatct cctccgagac gttgataaag 3720
aaccttagta acttgactat caacgctagt agcgaatctg tttcccctct atcggaagcet 3780
ttactccgtc gagagtctgt aggagcagca gtcctcaggg aaatcgaaga tgagtggett 3840
tacagcagga gaggagtaag aacattgctg tctgtgcaga gagaaaagat ggcaagattg 3900
agatacatygt tactcggcygg agttcgtacy catgaaagaa gaccaacaaa caaggagect 3960
aagggagtta agaaggaatc aagaccattc aaatgtccct gcagtttctg cgtgtctraat 4020
ggatgggatc cttctgagaa tgcragaata gggaatcaag acaccaagcec acttcageca 4080
taataggttt aaacatcgat ggcctcgaga aageggecge ccccacgegt aaactagttc 4140
gaaggatccg catgcatcta gggcggecaa ttccgoccct ctccctccce cccccctaac 4200
gttactggcc gaagccgctt ggaataaggc cggtgtgegt ttgtctatat gtgattttcc 4260
accatattgc cgtcttttgg caatgtgagg geccggaaac ctggecetgt cttettgacg 4320
agcattccta ggggtettte ccctctecgee aaaggaatgce aaggtctgtt gaatgtcgtg 4380
aaggaagcag ttcctctgga agcrtcttga agacaaacaa cgtctgtagc gaccctttge 4440
aggcagcgga accccecace tggegacagg tgoctctgog gccaaaagcc acgtgtataa 4500
gatacacctg caaaggogge acaaccccag tgecacgttg tgagttggat agttgtggaa 4560
agagtcaaat ggctctcctc aagcgtattc aacaaggggc tgaaggatgc ccagaaggta 4620
ccccattgta tgggatctga tctggggoct cggtgcacat gotttacatg tgtttagtcg 4680
aggttaaaaa aacgtctagg ccccccgaac cacggggacg tggttttect ttgaaaaaca 4740
cgatgataag cttgccacaa c¢cacaagga gacgaccttc catgaccgag tacaagecca 4800
cggtgcgect cgecaccecge gacgacgtce cccgggecgt acgecaccctc gecgeccgegt 4860
tcgeoegacta cocccgecacg cgecacaccy tcgacccgga ccgecacatc gagegggtea 4920
ccgagctgea agaactcttc ctcacgegeg tcgggctcga catcggcaag gtgtgggtcg 4980
cggacgacgg cgcecgeggtg geggtotgga ccacgecgga gagegtcgaa gogggggcgag 5040
tgttcgccga gatcggoccg cgcatggecg agttgagegg ttcccggotg goegegcage 5100
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<212> DNA <213> Artificial <220> <223> synthetic oligonucleotide <400> 9 cagaaggcct cagcacctac20
<210> 10 <211> 20 <212> DNA <213> Artificial <220> <223> synthetic oligonucleotide <400> 10
tacctcttcc tcccactcca20 <210> 11 <211> 20 <212> DNA <213> Atrtificial <220> <223> synthetic
oligonucleotide <400> 11 aagcgcagat caaa%%gf;nazo <210> 12 <211> 20 <212> DNA <213> Attificial
<220> <223> synthetic oligonucleotide <40 agt?tgttgcc agggtttttg20

aacagatgga aggccicctg gogecgeace ggeccaagga goccgegtgg trectggeca 5160
ccgtoggegt ctegeccgac caccagggea agggtotggy cagogeoogtc gtgotocccg 5220
gagtggaggc ggccgagege gocggggrge ccgecttect ggagacctco gcogecccgca 5280
accteocctt ctacgagegg ctcggettca ccgtcaccge cgacgtegag tgcccgaagg 5340
accgcogegac ctggtgcatg acccgcaage Coggrgectg ataataggeg gecgetcgag 5400
acctagaaaa acatggagca atcacaagta gcaatacageC agctaccaat getgattyty 5460
cctggctaga agcacaagag gaggaggagg tgggtittcc agtcacacct caggtacctt 5520
taagaccaat gacttacaag gcagctygtag atcttageca ctttttaaaa gaaaaggggg 5580
gactggaagg gctaattcac tcccaacgaa gacaagatct gotttttget tgtactgggt 5640
ctetetggtt agaccagatc tgagectggg agctctetygg ctaactaggg aacccactgc 5700
ttaagcctcea ataaagcttg cottgagtgce ttcaagtagt gtgtgeccgt ctgrtgtgtyg 5760
actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatc tctagcagta 5820
gtagttcaty tcatcttatt attcagtatt tataacttgc aaagaaatga atatcagaga 5880
gtgagaggcc ttgacattat aatagattta gcaggaattg aactaggagt ggagcacaca 5940
ggcaaagttc tagagctege tgatcagect cgactgtgeco ttctagttge cagecatctg 6000
Ttgtttgccee cteoecegtg cottecttga cectggaagy tgocactece actgteottt 6060
Cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg 6120
gtggggtygdg gcaggacagc aagggggagg attgggaaga caatagcagyg catgetgggg 6180
atgcggtggg ctctatggct tctgaggogd aaagaaccag ctgggggcge geccctcegay 6240
gccgccatgy tcatagcetgt ttgacgtcag gtggcacttt toggggaaat gtgcgcggaa 6300
ccectatttg tttattttte taaatacatf caaatatgta tccgctcatg agacaataac 6360
cctgataaat gcettcaataa tattgaaaaa ggaagagtat gagtattcaa catttcegtg 6420
tcgcccttat tococtItitt goggeatttt gecttooctygt ttttgetcac ccagaaacge 6480
tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg 6540
atctcaacag cggtaagatc cttgagagtt ttcgecccga agaacgtitt ccaatgatga 6600
gcacttttaa agttctgceta tgtggcgegg tattatcccg tattgacgco ggycaagage 6660
aactcggtcg ccgecatacac tattetcaga atgacttggtr tgagtactca ccagicacag 6720
aaaagcatct tacggatggc atgacagtaa gagaattatg cagtgctgec ataaccatga 6780
gtgataacac tgcggccaac ttacttctga caacgatcyg aggaccgaag gagctaaccg 6840
ctttittgca caacatgggg gatcatgtaa ctcgecttga tcgttgggaa ccggagectga 6900
atgaagccat accaaacgac gagcgtgaca ccacgatgcc tgtagcaatg gcaacaacgt 6960
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tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgyg
tggatgaacy
tgtcagacca
aaaggatcta
tttcgtteca
ttrttcigeg
gtttgccgga
agataccaaa
tagcaccgec
ataagtcgtg
cgggetgaac
tgagatacct
acaggtatcc
gaaacgcctyg
ttttgtgatg
tacggttect
<210>
<211>
<212>
«213>

<220>
<223>

<400> 7

7
19
DNA

attaactggc
ggataaagtt
taaatcrgga
taagcecrec
aaatagacag
agtttactca
ggtgaagatc
ctgagegtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcgygc
gtatctttat
ctcgrcagag
ggccttitge

Artificial

cagtgeccga aacccacac

<210> 8

<211> 24

<212> DNA

<213 artificial
<220>

<223>

<400> 8

gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
Tatatactit
ctttrtgata
gaccccgtag
tgetrtgeaaa
ccaactettt
ctagtgtagce
gctetgetaa
ttggactcaa
tgcacacagc
cattgagaaa
agggtcggaa
agrcctgteg

gggcggagec

synthetic oligonucleotide

synthetic oligonucieotide

agaggaactg crtccttcac gaca

Sequences.txt

ctctagettc
ttctgegete
gtgggtcrcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttace
gacgatagtt
ccagcttgga
gcgccacget
caggagagceg
ggtttcgeca

tatggaaaaa

Page

ceggcaacaa
ggccctccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttce
ccaccacttc
agtggctgcet
accggataag
gcgaacgacce
tcccgaaggy
cacgagggag
cctctgactt

cgecagcaac

8

ttaatagact
gctggctgge
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggrggret
agcagagcgc
aagaactctg
gcecagtyggeg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggeetttt

<210> 13 <211> 20 <212> DNA <213> Atrtificial <220> <223> synthetic oligonucleotide <400> 13
acttcacctt ccctccaacc20

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8060

19

24



<2310>
<211>
<212>
<213>

<220>
<223>

<400>

9

20

DNA
artificial

synthetic oligonucleotide
9

cagaaggcct cagcacctac

<210>
<21ii>
<212>
<213>

<220>
<223>

<400>

10

20

DNA
Artificial

synthetic oligonucleotide
10

tacctcttee tcccacteca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

20

DNA _
Artificial

synthetic oligonucleotide
11

aagcgcagat caaaaggaga

<210>
<211>
<212>
<213>

<220
<223>

<400>

12

20

DNA
Artificial

synthetic oligonucleotide
12

agtttgtgcc agggtttttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

20

DNA
Artificial

synthetic oligonucleotide
13

acttcacctt ccctccaacc

Sequences. txt
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