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 100021Not applicable. BACKGROUND
100031Embryonic stem (ES) cells can grow indefinitely while maintaining pluripotency and can
differentiate into cells of all three orfATYCEL{IFRREFBOGKAMMENGNature 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 iglos3dianaeBiisE HPRELAAEBIBPIICITIGIShave sought technical

solutions to avoid the current method of generatin ells. from Qrastogcyst d to avoid
anticipatd®0fitbue rejé&ﬁ%@ﬂ?%i@ﬁfgafafg\t/\ﬁﬁﬁ"ﬁ%@rﬁtﬁ%ﬂ%@opﬁaeﬂ%ﬁ@ Egr‘i;}(‘glﬁdgg'irable way to
accomplighyéhesgrsalutinngcond0oa; iU PrersiteapRatimb tepplisatiordiie /S8 #PAdMiic cells of a
post-nata] indivjdu % )41 iC- ) sss AR INgvidasteisclear contents
into ooc;%@tﬁi\‘}?ﬁﬁ% ’ép ﬁ%ﬁ%&%ﬁ%qg&?ﬁi ?)%Qgé%m%g??rﬁvith ES cells (Cowan et at,
Science :wgﬁmmctg@é}ﬁﬁmﬁﬁﬁﬁ@‘ﬂﬂﬁﬁfé?ﬁﬁ?é&%ﬁ Qg U contain factors that
confer totipotency or pluripotency in somatic cells, 100051Likewise, Yu et aL showed that cells derived
by in vitro differentiation §DATBMENDKEGIHFGRIG EEDERAL-LY FRIPMREREL EGFP, but that EGFP
expression was restored upon cell.gglifusien Wkl DaBeomvEsetls. Yu et at, Stem Cells
24:168-176(2006), incorporated herein by reference as if set forth in its entirety). Therefore, Yu et al.
demonstrifBeRthat diffiesAmRliERPEells 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 SSHESSRIEND differentiation-specific antigens were no

longer def&ﬁ@ble in trﬁg@&qmggq@|§llwmgmmemmmmwstab|ished in
the hybrid'cells, providing a convenien 1marker forgre-g Vtggg "i&r&tﬁ%wlﬁl&?é%ﬁﬁ'ﬁnf@” status.
When the #iaa SEEeroRe sl 06 A1 BSPESTR B denes charactenistic of all three germ layers and

extra-embypyggiy). iBsHes PEtalupiltheriatdd inekeinpmhosofidisessqubirg RadiEsdbiential to
differentiatg into multiple line @éﬁ%gg the trenisaeitgp Bl adeteamingiin of pluripotency is
not fully uﬁ%%"?é‘fb%?é'}afgf}éré %r%er%g]ré%%%n factors, including Oct 3/4 N'choés %1 ES(% il

95:379-39$ (I8 haesoughl idmistlsoletichs o BiRld ?L‘?:‘i"é%’-’ﬂﬁe ?#)fcéln gnog %C%ambers et at,
Cell 113:643;,63a¢eARBM A sminolved intiipkndining o problsorefalipyiesVensplatiiens sufficient

alone to specify ES cell identity. [0007]Chambers & S EER $ QBRI AdertOfdHptiaintained
pluripotent‘ﬁtﬂj?ﬁ?&%%ll Wi 85%1’:1;1[?%%!& %cfé?poﬁeeder cell extract and Wiétéhgout a gp130 cytokine by

introducinMMhmtm@mwﬂé@@at@Hméﬁ%ﬁﬁ%ﬁaﬁkuppressing factors, but did not convert
diffe rentiatﬁﬂ,@ﬂlls iNto GoRIAKIQIR taslBdQeprogrammed by transferring their nuclear contents into

oocytes (Wilmut et al., Nature 385:8 10-813(1997)) or by fusion with ES cells (Cowan e! 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 et 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 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 expressed and differentiation-specific antigens were no longer



100081More recently, Takahashi & Yamanaka introduced four factors (i.e., Oct314, Sox2, c-Myc and
K1f4) 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 thre layers. Following injection into blastocysts,

iPS cellsdE@ﬁﬁ%%%H?@ﬁ%B&r@rﬁTﬁ?o @%m&%%%%? AR EW |clsq\‘/v°§smn¥§?:essary for

pluripotembifid celioproid ding aroogerient nikdi Ser, ie-tithbdishmentcdréuripoTnt sierelatH dalwonstrate that

pluripotegheesFan A AIashARAGA A maeedichiastenlispdvadissenly a fow defined
aretro S

factors using viral transduction."However, as described infra, the set of factors used to produce

iPS cellslasrmanteragmRnRio s eeNervIRsTrelated; i eatiRg et tambYRTIA SRS BAf Atic cells to
pluripoteperdsing derkiMmitatemesanalpie drtdpésnducing additional changes to the cells. 1000910ne

could hy size that, factars that can reprogram ' s, di factors that
can reprggégbri soma%t(l:{tr(lzoé‘\% ﬁ’g %3&58885‘ orge?ﬁ%rﬁg‘ %ﬁ@%ﬁ iﬁg}?ﬁ?g%%ggisc%y%ﬂﬁ%g fgr%’ m mice and
humans sermaldraiistiintiondastofsianshiding QehistNighalsrerahiae @SR PANHGIRR: Seificance of
species-gRefiilis HiHe6are DAYER AIBIAG (VAR AN Tk ehaes el gérmia:sabibitory factor

(LIF)/stat3 pathway, a key to mouse ES ¢ roliferation, dqes not support huma | proliferation

and appd I TG R B CR op  HUER E ReBer T o AEhE

22:770- 742008 keHidapityey R, et at, Stem Cells 22:522-530 (2004); and Matsuda T, a at, EMBO J.

L6:4261-7f39) (1999) b QOIS Sl b b RIS R AT D SR R RIS BRI gether with LW
ous

support 'ES cell selt-renewal at clonal densities in serum-free medium (Yin % et at, Cell
115:281- 2415 2bay 2 feedrdavecor praeR B 4RUES S MARRITLH BRERSH 0}58%?L31ﬁbn%°f$1‘3 Would otherwise
support seifke@nahBde brastbialis defereditinlasipressingfiacairabtoiiddittanederhedium (Xu R, et at,
Nat. Biotec%ml.nZ%gZ 1-.1t264 u%og)é‘lnd eed, inhibition of BMP signaling in human ES cells is
beneficialdt R a?,e at. Méthods :tl -190(2005)). 1000111Still further, fibroblast growth factor
(FGF) sigtanBl is impderameaentini Takabashil & Mamamakerintredmeedforsipiare fiRy 536 mice (Xu et aL,
(2005), suiia; anel ik Bl RhoSRRO s:A3a3d maie (RN0BhroliaaIalAcedmiyly, the art still seeks

a set of potency-determinjng factors,sujted,at least for use in,metho et rARVRIRY primate
(including%mﬂséﬁﬁarﬁ%rfgﬁm%‘éfﬁ) o?ﬁl; s i potan %éﬁ?ﬁr;%@grﬂoce{s. Su%ﬁells, obtained without

fie TS & yiel
relying upshibiteb mowic Esstlbmonpboldetyend growthpropeties ap rsatrssd MavseiG L erltaratited for

existing, w@m;gﬂw%&ggj%éﬁRi@g@lé%%ﬁlﬂ@m&\ga{@.WtMVention is broadly

summarized as relating to methods for reprogramming differentiated, somatic,ri Is into
pluripoteﬁﬂgéﬁg?egﬁﬁt??%eré’gb%&m%%?%f&sfﬁ%gdgﬁ’g.{%s’aﬁ%‘é’a% rh5§§ rﬁjz,kplrlggﬂ‘(]:ré'lIg21 %ﬁ%&%&g‘%ells that are
substantiayageasiicalbf idsrilaiio thele résprstia difforemsiatothismp atferiey SFBHFHTER display
characterigfics similar [s] imb GRAS 8, 108%eAs dnassiheribaiqigs The cells can be
obtained r(s)r%rtl1I \%ﬁg&slég?%r?%lﬁgﬁ%?gﬁéﬁguri ote%t and mugpotent som icncells. LQOOMHPS
cells exhismhmmpisdrogierment. HOWRES A AiRD NS RESHSIHY (Y beﬁfe{%a%[%‘f Aa g Owth
propertiesyi@gedOUbliRGHNRIfE S sebaddase aThesdding démersfratb thut pbrinetertrelissighbeen hours)
akin to ES cells. In additign, iPS cells, express pluripotent cell- ifi kers{6rOusiek 4, SSEA-3,
SSEA-4, ﬂgﬁ‘i‘?%é?“ﬁ%ﬁ% W uﬁgtﬁgé@ -If%é%&glgﬁggv%@gﬁggdrﬁimm diatgligéc:igrived from
embryos artoviral tramsdisstitly. dievsyaxgredibehiss. tifore ebBRed IR bfﬁé‘?‘%f/e &termining
factors at leastiuatibiRandiaea e.niwpoiantidenuRadphasein, iniinumatiately gerived from embryos”

means that the starting, ce]l type for producing jP lIs is_a pen-phui ch as a multipotent
cell or terrH‘H%ﬂ?‘We‘f@ﬁ%ﬁ’éﬁ?%‘ll‘f%%% %@%ﬁﬁ% Ig‘e calg %%?gé}é%%? Lg%oﬁg-%gtgal individual.

[00015]In hessjethods@iesenilibhyhethsinizethns fastam dpcEnprastemhimeg faRwiselh $8%htroduced
into, and eﬁ@ﬁ?ﬁ%@?fﬁ%@&%@é&ﬂéﬁ?%éﬂmﬂﬁlaﬂ|§elwh6ﬁemel Gigasomatiedelisgodurt in culture to
|

cells having properties characteristic of pluripotent gells, sucféﬁ}s human %ia:ells (i.e., express at least

E
Oct-4, SSE%?S@ES&B&?PRR!%%PWﬁ?@T%%?%& CEEA A AR appear as compact colonies
having a high nucleus to cytoplasm ratio and prominent nucleolus), that can differentiate into cells
characteristic of all three germ layers, and that contain the genetic complement of the somatic cells of
a post-natal individual. Apart from genetic material2ntroduced 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. [00016]As 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-Brttirrsated: Blusmtinerthe Seidicerce efensmsmipeaiiio Affesennses) are aman&re not limited to,
Stella (SkfmBaNOFb} eRiigfe théQeaikdinfa RBibRoNPidbr SOFS/SREQ4RWNE Blef @1RohsbES 1, Rex,

ZNF206, SoxI b12,.Lin28 (SEO.ID NO:4), nog (SEQ ID NO:5), DPPA2, ESG,], Otx2 and
obeets el AR wosh ol i Ruman £ Coff R e oo PR LR SRt 4
Sox2, cathisunpiitiamearBictehe (Dehetoralnietgrk cBlasy Caltm23cV 21138 112004, diymahréeRneproved by
including additeneliRYesey-shetetoH)RAd MERLIR HC A3 ERABo N AR OT DRIH (IO 7]In a first aspect,
the mver;ﬁ lar lates tQ a replenjshablc, enriched population of pluripotent cells obtained from a
post-nat @mﬁ@dual, §§B‘l%%n§’lﬂ °3?iﬁ?@%ﬁﬁ9?&§£ﬁ°ﬁﬁ?%&%ﬁ§l FrET W LSRR dividual. Cells
in the ennietvse E%hqﬂcsplfmh@waéxpcks@ateteamsmecmH_ﬁgqa_msbani(rcingankammddding, but not limited
10, Oct-4,1955305 od, Iy L. Hi b scom ingHiaRadtiFrpaS ARt AAYG iy hallmarks of

pluripotent cells, suc S cells. In addition, the pluripotent cells may express alkaline phosphatase
(ALP). FURYHEMTEPeaE plfmprsuek suhenmiinace %bg@lﬁﬁ%e@atf&@hi/ﬁaw@éﬂ@ﬂeﬁ||y identical to that
of a pre-existing (MiifRrenilgtsie: ceibfscinolnzoinzbvidoed. (kdoayismddie, ptttRais 6t Bl may have a
enome that encodes at least one of th -determinipg factors, whi be transcriptionall
gctive or Fﬁ%‘éﬁ‘\? gfﬁdﬂ@p%%ﬁ?a&'%lﬁa?%gg@r% If/t, 1E’eﬂégtg%é%q%se@r§n\§ﬁ%%c B'rs may be FiJn a for)r/n
of a reprd§fhing s&tjlldurtecinfimveiashgpoith frsteo (KeF2 sigvdling inimpottantip srifaanwig factor is
operably ka0 Reler ol apisRIRMOIRS: Hitd 0PSB ISR AR RO ML Sisans a

promoter%‘. t gb%ql r I?@ggﬁd to a polynucleotide for which the promoter does not normally initiate
transcripti .S( hd aspect, the invention relates to methods and compositions for

identifyindQ80idhcy-detewvridimgiyidbtons st sicksiatect oppograaydoenatiingdtstont ouptes gy deastt cells.
000191Unless.GMAENIRS R iaGdealhihe] ka%aﬁlﬁ%iﬁﬁmmmﬁﬂkmy&%éame

meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although Kuiside!Hrefiatisaina THeherlisoRipined pihonLeslying snpp SrR@prdsssiNadibh are
describedsbisdd\for aladn spplioatimasicendaiiaimpslardohosxeainy PrmipndhontndesEskeldsherein, which
are well known in the art, can also be used. f0002010ther objects, advantages and features of the
present invention will become apparent from the following specification taken in conjunction with the
accompanying drawings. BRIEF DESBHEPFHDNARY HE SEVERAL VIEWS OF THE
DRAWIN @8 {51021 1 Fite prelbss ikniasien SiBroinaikeamzke B3 RRtRas Hehddpremoter into which a
knock-in cronr%truct wasé%rogn ced. Isg Iggtglcs corrﬁg?iréir}g }ne k{wock-in coBgtnglgtmgpehsagg%d reen
fluorescen?ppr&'g%r?@é and neomycin’phosp Btransrerase ?ﬁﬁté? afe expresspe when the Oct4
promoter istadti§eelishdseusss lersin HE sl toetepsdiralls thiviere fabatastielil gepntsgharidesiertic cells into

pluripoterioagl LRARZ VA SRLANHBIAR B hES SR HIRARIAUOHTIR A shows
urific

schematics of myeloid precursor derivation and p ation from human ES cells. FIG. 2B shows
S Pomotyp VA RAEBY o BERAID CAE LR RGP Bo LR (7 EEPRPE PO RS S T

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 cells have a doubling time of about
seventeen 1o eighteen hours) akin to ES cells. In addition, iPS cells express plun'poteni 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 immediately 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. [00024]FIGS. 4A-C illustrate lentiviral transduction
of somatic cells. FIG. 4A shows a schematic diagram of lentiviral construct. FIG. 48 shows
Percolle-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 Percoll(r)-puyified cells after. several additional days of culture on
Matrigel(FPOERSRRIES 9f PRSI PRISRKE] 8‘[%6{‘8%’/%a&’f?8’?‘|8’m1\}ﬁ%ﬁe‘f%ﬂg’8ﬁ FRP00951FIG. 5
illustratesu@iisgene” oncnrengtierdyalenivedaiiend iéfelreyuiateddo st thestakiyg ol Matrfgel(r). No significant
change in FB&’&B%Q'@%Y e ANSRDIGHGRLEIP VGIRRLASIAgANY G EGRRPontroD. Morphology of
cellsc r

Oct-4-ex&essm anges dramatically, and many of these cells survived neomycin selection, but
none of tiséSerasirtedicelvaerbysisompin el eiainal SURARASAAHhIREY I that a drug-selectable
populatiofpeh {3Ft-4-eXpras shetdiSaeelisbdo RecEinf Netsisiib misghthietentinisgiatiod candessary for
myeloid differentigtion. 1000261FIGS. 6A-8 illustrate repr 1911 R4KIGRARS A cells through
introductib"r?ﬁ%@rf@tghaﬁoféﬂ?y%%Fé’rﬁgﬁrﬁat &%ﬁ%mﬁgcggiig&%gwg (t) e §sta i%%d sclones display
undiffererviate maarescelshninphoipeyic s easic L Ewippient cetle sugheas e ESogenous

Ocl4 prorpgiey; & Gepp@shaus e cyiemelrg snklysirat heowris-call speatiicsed-surface antigen
expression in established clones. Gray line: is%yge control; bgack line: a tibod}/ st?ining.

1000271 FRE EPRRAT &8 SRIMRAStSYRPIG SRV AR AYERR VASBIRAYBY BSIBRY formation, after

SISHE P BAR
introductiencbfohaiahat setdiffeotakciptd etischang asions allBre gesh daysrehanidatitndatiet of fourteen

potency-determini ' i IGPBRalanapMeaikinega&f combination
excludedd‘gfkleé %#&%%ﬁ%é&ﬁy}égggi%%%%ﬁggg%&%iIity of the %o%encgﬂﬁ_termining factors to

reprograrimierak aEaduet tararode dhr PateRsY STV RO TN TFR the excluded
potency-dejgreniine fiaalokwaansaie ptindticalhaidapialtathesmmaticarixfromiehiatsbep ere
potency-d%gﬁr’ ining factors termed M1 that lacked Oct-4 (depicted as Ml - Oct-4) was unable to form
a significant number of ES-like colonies. As such, it was concluded that-Oct-4 was important for
somatic cEIPR3programfmirsgd IGiny 8" peiswey-ddemining ferley adtar MiAfG PR a8 ed from FIG.

7A) evalugieghionilithelde SincraonR R IRFRIQ usteeD 40 40c0des facingRabdioBaix2, Lin28

and Nanog). These four potency-determining factars were tested hy serially ex ing.gne of the four
from the c%?ﬁﬁﬂ‘éﬁb‘ﬁ‘?‘(fv/ﬁ?f@%%ﬁﬁ%?ﬁ]&?igﬁg&c thred 5o éﬁc‘iﬁég e%ih%%c%(ﬁso%{ﬁ(q&%., M4-Oct-4) was
unable to Tap sy daertsisiog focthss tepfomally shydiicresnomperrsiendbie BSHREEHYATES, the

inventors eanaydatihaliteeniledacaninimRoLan iisemalaesh mpgeasassning. In FIG. 73, the
light gray bars indicate the total number o reprogl%;\nmed colonies formed havin t%%iézal human ES

cell morpHERRERANE Grls HakewingidRe AR HATISEP BINE B BRIBE RIS Giferentiation. FIG.
7C showscagsah @ideigngyntatacliejndéacio piracredvedifiong Fidorza) beditegragdir fther testing
was narrowgd from four 1o fw l@mﬁ&&aﬁm §&§?h@f&én§£aé’erhm%8g' andoNBRMmYKAIE tested by

r fro

serially excluding two ot the fou m the combination. 1000281FIGS. 8A-B illust rogrammin
in hurr)]/an bmmegthlmmsi&llﬁ (GEQADNOWS F) e AtHadER &P Hﬂf?ﬁnséfag@gﬁn@u ?pS) (Ieft)g
and reprogremynas selistHghtix k] SNBREBaw5S{IMyHty I3RS BQALY NOeh  Namag (EBXBN-specific
markers in human adult skin cell otto dseprogram Il iRe.Jsotype
control; bl§&%ag gf#bga@ﬁ ﬁ%?n%é%égﬁ%ﬁgﬁ% l@%ﬁ%ﬁé’tﬁ%ﬁ% g?%%%%ﬁ?&%%’ﬁnm%% of
relative exjztessizngfaOusf.gn@Schandriex2ors o FHpmcAAMRRAMIEOCt-4 and Sox2 in
293FT cells, JaneimB SRt FEReQE 4t BESbratuluidincl g bidians:Ppnsioy deicanitd-IRES2-Sox2
(0S-TRES2); lane 3, ijn4-EF2-Oct§J—F A-SO0x2 (0S-F2A); lane 4, pSin4-EF2-Oct4-IRES1-puro (0);
lane 5, pSipfAoE ELEBLRRERAPBIFFILY: lane 6, no plasmid (control). FIG. 93 shows reprogramming
in mesendogma) cells derivied dspent,O€ Tovenisekestitasimarceienisbitl ¢ spirirkeePBBIRE/- determining
factors; 9‘%@%&%8@9@&&%&%@ HEnSADE-A5iNi RS04, wpikiiy aditiaviakpsivduBreaNanog-IRES |
n

puro (V) EndbSind P2 2B IRE SFpiro (), DETALED PErCRIRHN QR FREEFREED

-4.



1000301The inventors hypothesized that potency-determining 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 factors.
1000311Cell 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 ectodenm). ' |RKRIQEE A3V aHeWsoTRlL g tRaticell-specific
markers,cﬂgwqoisggﬁ% r?)r %rl’ola?/%(ﬁga#h%gé@géﬂc%ﬁ%?f%ﬁehtiated cells (Le gﬁc@ﬁgﬁ colony, high
ntro

nucleus 8 oytopibwtionsitrearnf #1éhivratherbaltmie of mirineF b alisniy #h v

uced into an
inununoggmg‘; rm'@?%mmm%ﬁgﬁ,&@mmumo@m@maMeaﬂwmhmin cells or tissues
characteristic of all three germ layers. Orﬁsof orgiiinarer)‘/3 usclélH in ter}!% caait(g%taﬁeﬁ%_g;‘%ﬁgé;haracteristics
by usingﬂbﬂmﬁﬁﬁlgdm%mﬁﬁ/“ﬁ@ﬂ“fﬁs-u g%t}?l §§e, e.g.,’ﬂqomson et aL, supra. Pluripotent cells are
capable afthathiateditentiion e ot ddiald.dawisi e inpemicrly e uhwRageBMA %) e-restricted cell
populations that exhi iggyg?%gghp;sa@@mgﬁwumze@;ﬁa@miseeﬁiﬁoaa;ﬁimm differentiated relative
to pIuripoefécn cells, but are not terminally differentiated. Pluripotent Fells ttr}learegggg Davs aghigher
potency thegtivealipRPFREEETIZINES ﬁgeﬁ‘?f&lgin‘?er%‘ﬂ%ﬁﬁﬁ*ﬁﬁ% fsote

H“ﬁ'l%rlpotent rimate stem cells" (and

similar rqegﬁa;@ﬁﬁgf@rsgq‘mﬁdjmwhmmpqﬂwddmmmmtbenmmﬁmﬂ‘fggﬁé'ﬂfdﬂs. Such cells
are suitable for use in research and ther tig ARRHGRHANSRAES R RBrHRARUFeiRWMan ES cells.
000321Tﬂ%e[§g§§m(%\}%ﬁ§%tﬁr %‘P&é’&ﬁ}’ re a[%gg tc% npvelq%]{i?{%ods fo%xpro%%mmtingncrtllif{ferentiated
somatic qetimintothagiseppenbrisyked isa sabmusiepide Fsahicdde PR LSh AR EIERHY At lenst two
potency-%{mmrfm_rs into somatic cells to achieve a higher level of potency in the

reprogrammed cells than in the somatic cells. Advantageouslyihe presentinvepdion allows the
generatioWQﬂlﬁhripotéﬁPE@?é’fiﬁﬁwtaé’ﬁgv%%l@, %‘ln%sg%%%%% cells Withﬁout requiring an addition of cell

surface regautyiagoinitpdercimning focn et o TRITGTATE SSFRAHE FRISHIR ABRIRY! As used herein,

"reprogra‘r:nﬂwing" refers to a genetic process whereby differentiated somatic cells are converted into

de-differenetlﬁted, pluripotent cells, and thus have a greater pluripotenc i e cells from
which thelf0fMH derivé@?%@%&d@ﬁ?ﬂgﬂm’é’ égﬂf‘%i%}%@%{gﬂgggﬁ%%ftl%%pf%lﬁowing
pluripotendagelnfReRifasDankeiy SRR IS Ereof arlinary 9olbinties g Whishohir BTG HAR
reprogrammed cells expres t S AQ0R3L L RmcY Wetennpdingdpaiars that can
reprograE%S‘?ﬁ%tié%% f@[l'nsg%ﬁléi %@%‘g%ﬁgt@&limited to, faéit%%ﬁ uch as Q@teﬁ't t§% FoxD3, UTF1,
Stella, Reinve@iFagalestRetdelonyhether MoBoHs A0 Jasp iﬁ?’ég(gi?%}x or combinations thereof. In
the exampleS iBeaalewith nderrcasdnaskine deuseemsidrsusds sufficient to reprogram the tested

cells; this set included Oct-4 and Sax2. Additi (\RUQ%WB cyrdatermninsfasars to Oct-4 and
Sox2, hov@%%?}increagg&r ﬂ%e%t?figlé'ﬁ%tﬁ it %Jv]ﬁ%:h reprog[tasn{&ﬁmed cells were qbtajned. ¢c-Myc and

KIf4, howeyesratdmuot tbe §dlotichzeppeiftastgndakenin AARFRIERS &1 F A PR IR IEREY Betermining
factor may be a transcription factor. 1000341Suitable somatic cells can be any somatic cell, although
higher reprogramnpRgHFIRSORIETIGN OB SRIESE VERALNEEHAE Eﬂﬁmgffg%ve a doubling time
about twegé}ﬁﬂﬂ hourﬁé?@?’g&g&l?&ggﬁ%mmﬁ IRYRN IR pedHEyOme cdllchabtained from a

fetal, new , Juvenile or'adult primate, including a human, Examples of somati at can be
used with Knediistisonktrens s iratepflisedin I R 18 COTRIPIR T ﬂ%l“étbcf’o%ﬁ’ee“m%#%ﬁ cells, epithelial
cells, fibroﬁ@g&eﬂ&ﬁ&m@mﬂﬁiﬁ%ﬁmﬁw&mmmwﬁmﬁﬁwlPs‘,e ms%‘ﬁ%yh?ﬁltl?%lls, myeloid
precursor cells and spleen cells,Another alig el inRHGhE daDdfirbgfald 166+ CD105+
cD73+andEH BT MREEEE na Sseﬁlc'%ﬁgt%ﬁg%%{seégt{g a SUb%tg{g Alternatively, the somatic cells can
be cells thatroaticttabinipéhpiuripetsitfsetie and differentiate into other types of cells, including blood stem
cells, musglg/ppRe sterpreglisabsainsiem raihandEivealistiffresigiduliGontithatopoietic cells,
suitably myeloid precursor or mesenchymal.cells.,are. ifi 1 gesaed for use in the
methods o?%@%mﬂemgfﬁ?ﬁ%ggl} BifaLTe ¢ i?%?ﬁ%ﬂ?g r@ffégfe, [ can be made
receptive usingspeifadsgealysilyf ditiwemtiatededisebiined &gt freeal lfﬁ?&f%‘%‘?‘po’f%%ég}?determining
factors including genetic material encoding the factors. Uptake-enhancing methods can vary
depending on the cell type and expression system. Exemplary conditions used to prepare receptive
somatic cells having suitable transduction efficiency are known in the art and are described in the
examples below. One method for making cells recéptive 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 polynucleofide sequence encoding 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 0c14
promoter. 1000371The relative ratio of potency-determining factors may be adjusted to increase
reprogramming efficiency. For example, linking Oct-4 and Sox2 in a 1:1 ratio on a single vector
increased reprogramming efficiency in cells by ctor of foyr. . 9A-B) wh ared to
reprograapegaatiel; Mrgﬁﬁﬂ@ﬁﬁéﬂ&/-‘gﬁ?&%ﬁﬁ?ﬁé'%Egégwg?g f)}‘r‘\gwg@g %%pells in separate
construcigianpbueripispivbetast) pHPkekepry(3-bydre yetbpemsthampigitlcy -determining factors into
single oqliyis uncangalsl pliRengibine e abRAIRRBHaiReRining-ariarsr may rifer depending
S y-de

upon th potenc ermining factors used, one of or ina%/. ski“ w(;gggg%?lig@s%f this disclosure
can readi®@dlerminE165 i illvairased enstieal SpsereHom AR RRB 5 'y uripotent cells can be
cultured g&%xﬁp@gym@%tmﬁyw%@:{pwm.Gﬁﬂhﬂiﬂi@@ﬁgﬂsﬁ@@ie&miﬂr@re medium includes,

but is not limited to, a defined medium, such lch&,% i||syd6c.; Vancouver,
Canada) "L ST ErTERET e éﬁ‘%fé’é‘fé%gf’ -t:é?g gr%%éé%tgn@fnegg se,rumg-)ﬁ& dium (Sigma; St.
Louis, M@mam|mwmamwmwmmpguw$§?ﬁba§@%@wﬁ?m%Bi&st“@fiﬂ%onditioned
medium. é\,ﬁi%%ﬁ%&ﬁﬁ%ﬂ ofpfinearnegitncdaienetaahinaitviahtyydefinddiformulation comprised
solely of l)loche Ically-defined constituents. A definegﬁr&r}t—i-‘calri1 m xngégg f'%glude solely constituents

having kiSatmgehe BRER BERTRSHCRIBAS 2R ARG fRaiies may ﬁ%}[ er m_cfu e constituents derived from
known sqguoes} As UFad. heikinraleonsiitigme dveresimessiawie st Hfrsnirh STRRFRP further
supplemented wit luble f. rs.qr Hidadains hindned ise R e raiivaling bldacan be
maintainég o Wﬁéﬁ%él tﬁ%@g?&%ﬁfﬁ(@gl he 'nge tors u§ed atS(':Jlial agqéé%Fo?f gene
expression FSEB &b Morpniasy 9h RSk ArTRiTE o e SCRBLRUAN TN ES tells. Specifically,
a SAGE ljraryeanesHsad idageiiiyaaienchuatesminhesefadtoshaned waieabbemoisaghcy and

self-renewal in ES cells. SAGE libraries ar ||-Knowan 1o £68, _Qje%qé'gﬁﬁg skillds thrsatbiand are
publicly 2SRRI e té“%&%iﬁ?&fﬁf(%%#ﬁ tégt}ﬁby_com anies, such as Agencourt Bioscience

Corp. (Bepetigt ) ghoB0a0ire proadaiceesprryforaysoi HiSTERBHEBs an enriched population of

pluripotentygghig substaqiigliyoanatisaity igsbiieatmmgel DofacEstataklisdivighl. The cells can be

obtained Dy reprogramming somatic cglls isolated from - iIndiviguads csesne
embodimahts" H?E"Eéifﬁ&ﬁﬁ?&%ﬁcﬁﬁdﬁfﬁﬁgﬂnﬁgﬁﬁ?ﬁio%@é%%ingﬁtgi?\ggg% least 60% élO%, 80% and

advantagensgily gieieethaeidbiaoBB eclotiorrhelngyepraases BREPARA A diEer partial
integers erpbeleen, J NS dRRoRMEdarlagiapuRked Rk oLalimaEhotigpecifiracteristic of
e

pluripotenf’rc‘:(-ﬂ and express pluripotent cell-specific markers, such as, 1Q§kadineSEA-3, SSEA-4,
Tra-1-60, TP SUSECHnEBE STPAERIRE fﬁ@?@g%,sﬁf%c?g?ﬁ?‘tgrraa lirqug's i\?v':h)épr? fngt%g&ceg into an

immunocogpsevigeriagimal. 1000411Yet another aspect provides methods and compositions for

identifying Q@%ﬂseing p é&gpyﬁ@ﬁ{gg@ggéﬂg%%ﬁ%é&ww egmAtamatioeells into pluripotent

cells. Asn rein, the reprogrammed pluripatent cells contajn the genet lsmgRat of, and are
substantiaflyrpetietieftey inwesuesene Srrietksais i€ RAEARE FIRPD gag{gﬁsatgﬁig%ﬁ%al. Generally,

methods fogigeRdif viReraniansy deamininmiaatisins wdsitiodesddnd il ARG BEIRc material
encoding one or a plurality.of putatiye petency- [Rining farorsyinistmatie selisyredaptive to
uptake of t}’(@ﬁ@ﬂéi’@ﬁ?ﬁéﬁ'ﬁ ﬁ'?‘l&‘éér{%doeﬁc?ft'foﬁgtgég]‘gctive {o expre%sé_the factfgs encoded on the
introduced geaesicermeniadedmrets spmerem s Fesird sinTaAR TRk AR08 Hifftiehtated,
higher-pote. [A18 wibdl P RRedyincia ReRybineAhiallg patenivesisaftet inthsduction of the genetic
material. The pluripotent cells can be characterizec cell lag¥eB M iRpieRtr&llcsgacific
markers or BRE AR NS ERISTENPHE Eﬁh?%’g?ee?ﬁyc%?é@éﬁlﬁl e?{ggr%ified by expression in the treated
cells of a m@ssararasididGottpvos|maets forme cigprieant auay R &S 5 SYPAIF MY O the cells to a

pluripotent state -Jﬁlﬁ%&ﬁﬁ?ﬂ%&@m%ﬁﬁiﬁﬂ&ymmﬂn@ﬁw@maﬁ@dﬁ P reifiming

somatic cells into pluripotent cells can be identified is,des 'Q?eg B ResrnRigs/helow.
(000421 GepfRRtAeEFISTEMSR S b%?\%f/g(ﬁ%’r?nﬁ'if‘a fg‘é%ur can be introduced by
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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).
[000431A viral-based gene transfer and expression vector is a genetic construct that enables efficient
and robust delivery of genetic material fo.mast c Ig\%ae ipgluding non-dividing and hard-to-transfect
cells (pritAZRY 0558 é?l??'ﬁ'u tré’%?gré \%\740(; al-foi%gs% %oﬂg&%%tgﬁﬁiee%g}gggd #%t genomic DNA
result in fighriingefision lesreltestud hylsiitiollytexcbing wegfithatfonnfremdbel eambatiRcy-determining
factor of iperest e NARIPEY ek R Aoy aBSAHRNMRIBROLG AMalochahadandiayen signal operatively

linked, upstream and downstream, respectively, to the DNA se rq nt. The vectar can include a single
DNA segdpereran deripiied ceis (domea sigyi tead mimbsg bAoA B PRI S BSENE) Gotermining
factor-encading:OhlA e gneBisgeRepilinaianl foectonatioarlbepntgpatondntiniFAGIABlaheomatic cell. The

vector can gptionally encorsa REleCIARE IRAGHAHER U SRLoURLBRIGEkRURGAREXDresS the

vector. A%gg ample, when the vector con tibiotic resistance on the cells, antibiotic can be

added toR® eelluttonghobieati serk Erebaisndirstethsronmhrs ol lararcolomes R he cells. Integrating
vectors CarhEEMBIOYES. 86 IdWe £%APTRRMJIP HemEIREIEIRIBFO platbeet dept. R&!AB)iIral (e.9.,

lentiviral) vectors are integrating vectors; however, non-integrating yec NSUse Rgysed. Such
vectors cafalpEed Rt ednd! ‘Eﬁ?ﬁﬂm‘ﬁ?ﬁe\g?gb{c}’értgrtﬁvrﬁi g";’é@%ﬁ%ﬁ%ﬁ?ﬁ%iuﬁblé non-integrating

vector is BiZBpatENnfey weieuss(EDY saradior deting wetofthoons TR hteoEhiBRYR. . Sin. 37:68-73

(2005); apa3gn C: clibs YRR fickndlchiafd i AiRRaranL ki bIRBcoTTIBEd herein by
reference as It set forth In its entirety. 1000441The vector desgribed hereierac Fﬁg‘"? 5ﬁ{instructed and
r

l .
engineerstpwsibrghhivkiagarad Iean il skip @2 0TS ARIDEIIINE py and to include
suitable eppraEsiRBWRAIHeBiGcRTH hasBPR vitgemdRS SilsgderitanthiguiadioramadelskRuction of
expression vectors suitaple for use in th [ tign.a lskReyyvigRngeof ordinary skill in
the art an?flgawggg%ﬁon ﬁéﬁﬁoﬁaﬁ%ﬁﬁ%ﬁ%’% : rg(éed géﬂr#br(%%&% et at, "Molecular cloning: a
laboratorgmiibastyaskdiBrgl ed. Cold Spring Harbor Press, Cold Spring Harbor, N.Y. 2001), incorporated
herein by@%iﬁﬁnce agitsey BNkt e enE e LAQodb hemiblitf teddentipressibrnfiokttbr pluripotent
cells can be facilitated by providing a non-lethal magker in t ti Igh,@3 Green
Fluorescef PR3teil ](%I'Qfg)“,“{ﬁﬁ'ﬁ acséed“ Er]%té‘ﬁ ﬂ%?glség%rﬁlaF%%%%ﬂg?%ggégy%ﬁﬁciferas under the
control of ESiprb BRYACHEIRESIFPpx(EISHRESS Inlane %ﬁﬁhﬁs@&n@éﬁé&%%%i&ﬁe‘ﬁt%‘ e. A

SeleCtablﬁm 10809 I50LaR AR R bsIREA R IRGARpIRadER ISEXIRESS ipgrth©)nankey, through

visible cell selection technigues, such as fluorescent cell sorting.{achai . Epg‘tj;{] , the
reprogran®HBtr EEHSeXdr %)lrﬁ’éf{ft@a;%ﬂﬁ oapsag%ggﬁ%uﬁigr%efﬁ“l%ﬁt g’ %%(ﬁlnﬁes bel?(l)%v, a marker
was provigegdseibeyganenedefited Samaciteleckidnmstaals elihusprolinked PHEPgulates Oct-4
expression, The endogenoy iSRYINR IR HNRiiesantate helatinaieTpEiBeells. A
drug-selec%%%lﬁggffg%f'f %%nggéﬁ&%{%g%ggeégg ES cells did not persist through the culture period

necessanEfS-Nepeo il BfftarainAl ond PRINFHES HReIREX SR Stt-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 ES cell

maintenance culture copgitionErinE Sk IFIeONeOH PREZERRIEDIEXBODEIMIENaSIMed cell culture have

the desired level of potency. Given the ineffigiencies of cell sorting t " jations in levels
of gene eXff3ion an&%ﬁﬂé‘?‘ﬂﬁ%ﬁ%ﬁggﬁhgﬁzeegs 4 polenc ﬁet%"ﬁggén??%pé}?ﬁgg%lg?g%ﬁﬂm?{ not be

some cells |
omatic cells

, e )
pluripotent$-eivepiay, af impraatical dévelkitiniap rigrastmedesd I%bﬁﬁﬁﬁﬁ??&éﬁf?@&tﬁc?ﬁ
is enriched fglrdmgHﬁ%g{%&%@&@&%@}iﬁﬁﬁﬁ@ﬁd@%@p&kﬁemMpmﬂﬁiyuﬁtedxﬁoiwablg its
subsequer??remov using any of a variety of art-recognized techniques, such as removal via
Cre-mediafe®site-specific gene excision. For example, it may become desirable to delete the marker
gene after [tjmﬂpripoteo&icgli;mmﬂahiﬁmgh\mhmjnbd;lwévgﬁwnYtévfé}%ﬁt?@Wtﬁfé%gfk%Psgene product
in the experiment or process t g‘q‘% ' : ; elekid eletinaspernatkellaccomplished
by providirf&t?i?&gfﬂfgégf‘ tgg?%]ggﬁwar Qeir ge%)é{vtlﬁg pelr&g?tgsﬁ;tgagady excision. That is, a Cre/Lox
genetic element can be used. The Lox sites can be built into the cells. If it is desired to remove the
marker from the pluripotent cells, the Cre agent cafi 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 recognize 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 lost (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. [00047]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
cnme avambhlee hitman HI D14 knoclk-in ER ecalle ware diffeareantiated in ectromal call co-ciiltiire to vield



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 hum ell cul conditions,a difference that
provides APRSHkEFiGe %{H%?’ff’ﬁb‘é%gr‘éeﬁotﬁ r%?rgu ueig.'?: o%%sggn%aéfag ‘lih%t%g?%g%lgéﬂ L rlma by
morpholofieakeriicduigenl e, dadhderviiffacstéareand elitodome)u Shuipetant callsteratesseyertiyman

post-natal fieskif figblast sel aRCH: CataittoN Ry cRASALARE drimamAdliskin cells (ATCC:
Catalog No. CRL-2106). 1000491 The cells were made receptive for trans%qﬁn ith a viral
expressicE I/ eronPtrt selonudhishIBYFIeERE SHIRIRRILIBHO AR BrommE USSR %yﬁrﬂ%leotides
encodingpeieReywiRieimiTRgdantos inangbidahensissbainted svith 35lu8pbEemcyssUBIethat the
somatic cells wels repiparamImedie phidnaantasliydt braniaet geiptayiedareiner all fourteen
potency-defﬂermlnlﬁg actors provi &d in transduction vectors were taken up and expressed in the

somatic ceinaseskilindbeaticen assess SrRSFIBBASISAS Y- HEng eRv R comTonlyPedihset of at least
two of theyfowesn fRElOTRoSHETA! RFRprP TG Rl aralipatheibaniastifratidénone of ordinary

skill in art the with the ability to identify one or mor ecific subsets aof the - ining factors
that are af€8 ?:‘ﬁﬁ’é%i’@do%’ 8%\‘5{?6’% &‘garr%rﬁ %ﬁ?ﬁ?tﬁeﬁg%aﬁggﬁgffﬁﬁ S ﬁﬂﬂ‘ggtgl%%%?%ﬁﬁegﬁgu bsets of
such potenaltigteterprogiertjdaciuipsicobsolimgiy ceheancanaouidi Birseiinsedrelatvw teariimaniete

identificatigR.of e PeIPRG RS ARG RS FRIPIKELIR RERIEHNDN LSRG SRliRINtO
pluripotent cells. [0005011t is specifically envisioned that the set o;ﬁgotenr%é-{d,e@?|n|ri1lgrfactors
c cells

sufficient BHHERRSHFSFHSs dHR 8RS BETRNe AFRAE ARG R ERA h RIS S S0 Rt SIS noted that
exposure fgacaeispidt tarapaipaney: getdueninigfatitrd resniganmogmretsidn forehshibpotent status
in cultures Ol ERASAIRT SANIANE G cABGHE Wik REIR: U] IHARUNA ©Fhhan ES
potency-d%rfermlnlng factors suflicient to reprogram other cell types by repeating the methods
described®sBsow using different combinations of potency-determining factors, which may include some

or all of thgdpatjeen fapiepreamvintcaadathvndlgienos deiev imiabotadtonzpdgrseningntly, one can
produce pluripotent cell lines/populations that are substantial ' [ u;%% - hye-existing,
diffe rentia?é%;gg%%tggéoégwcégﬁpmgﬁ@ ?fo%%?ﬁl X &é#?o%vi%‘g%@%?%&% W

examples, differentiated cells reedited
vectors that lesst bee dotendpdstprotining feRtoes inip R atictenids S@ﬁ%«?‘éﬁ yhisheC Y AERRSESHBheir genome
a marker genedhatencoden &k pesiiered downsiramcbamyirepesdatar @dek plomoter, which is
active on{%@in pluripotent cells. The roductioq,g:‘t is gsgfg(l)t%%lci(s:eﬂr%%cl:'ﬁb%dzénu}/%g%?t, supra, which
demonstr RS TERLARE AHPRAIGTE SALSSHEhEAE EPlunpotent via cell-cell fusioh with human ES cells.
[00052]E xaidigiten bf tathdivinat vecmorp dokiagidgenrsiinr pogotivricterodiasirien &g Bifeamdiessing
lentivirus V?ﬁ&%‘é’ﬁ&@'i&%&%jﬂ%?ﬁﬂ{g@'H@%&&H&g&H&Q@&&Z&%&aﬁaﬂf@mm, highly

e

transfectaf) clonal variant derived from transformed 293 embryonal l%dng cells v¥hich contains the
large T an’tfﬁéﬂﬁ‘?d’ﬂlﬁdﬁI@‘i’é’F@?(‘f)’r‘ggﬂﬁﬂlﬁm‘%ﬁ%@ﬂmatﬁ%ﬁ%{ﬁ?ﬂ% %%n%‘r’f%ﬁ%etaocﬁigher viral titers.
For routingigpstasapermiatiexhases fitre séhivhlibeyerecditivel ThRdSRITe septZiam(BAY EM/10%FBS,
2 mM L-olutamine andl 0.4, it MU e S Sen AR ACIHEHarkeR PEszenesebf Wm1

geneticin.‘EoF Bxcr g’gﬁn&?ségg?: cells werecollected by tryBsinization. Following removal of trypsin by

centrifugali@-thederdetia r&te Bariishbe harmreeimeds cedse et el IRRRAEFs flasks per
construct) jgogPRF T Madiheydthemnigeneitains 0 eavien gansiationcellidntivitalbreetenetnd two

helper plagsmids was carried,out it_% ugg&ec r@g.zf lOR. I ' [ iptely following
cell aliquoi?ﬁﬂtfﬂe'ﬁti&?gfr\slé%%ﬁs IgVB §:'Dp Wg%fa %cgkgg%z%gge%é%ﬁge%gﬁ? ’nlﬂgﬁ?ga ‘40 ul in 400 ul
of Iscove'SLin8iiedop IREach ESGbIRNR enagmiinetiony fhesroldnisha stemplied MR A AR for 10
minutes). Tha,Be¥kilautienculidie wasslisme;aanéaipng e trarsfeDials; nixtsendadakpaded with
fresh 293FT medium supplemented with 1. mM sadi ruvat I Ky, virhsscQptaining
supernataﬁf‘@\%g‘%oﬁé!&’g "a‘ir'g?}ﬁﬂ R A %%Eé%d%ﬁﬁé%ﬁggéq% Iﬁp()}gvr('é E%ﬁks;ﬁuec%g.eThe 293FT
cell debris was removed from the supematant by centrifugation at 3000 rpm (1750 g) for 15 minutes at
4C. To concentrate the lentivirus, the supernatant was filtered through 0.4 uM cellulose acetate (CA)
membrane (Cornington, 115 ml low-protein bindind); and ultracentrifuged in 70 ml sterilized bottles
(Beckman, Cat# 355622, polycarbonate for 45Ti rotor only) at 33,000 rpm (50,0009) for 2.5 hours at
4C. Lentivirus along with any remaining cell debris formed a visible pellet at the bottom of the
centrifuge tube. Following supernatant removal, PBS (-300 ul for each construct) was added to
resuspend the pellet by rocking the centrifuge tubes at 4C 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 aliguoted and stored at -80C. The titer obtained generally ranged

between 107 to 108 viral particles (vp)fml after concentration. The sequence for a lentivirus
(NTINIA-EE2-<talla-niirn: SEO ID 1406 with the cenirience for <]talla from 2RGA0A 10 A022Y harharinn




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 105 to 106 vp/ml of supernatant, and 105 to 105 yr:drill after concentration
(through ultracentrifugation). Restriction sites were introduced into the backbone for convenient
exchanges of the coding regions for specific transgenes. 000561Example 2: Reprogramming of
myeloid precursor cells after lentiviral transduction and expression of Eotency-determining factors.

100057 1o sffwinisy gdthashichyspressrrElfowi s SR RP@iRtte AMIE heresen SaRetf
pluripotepgynificigbicia saststiametdtterc ehrferdsiguiie olenyrietesriiisingefata iy tentiviral
transduction efficiency immediately after Percoll. purification of a human HI Oc14 knock-in ES cells
(FIG. 2).‘1"6’(58%@&%%‘uman ES cells (WiCell Research Institute; Madison, WI) were maintained on
irradiated0034$e emiSuitable Siveatidastls (webe Spyrsamaicaell] ithomelr bi BRerfERTP B3RS g of 80%

Dulbeccois madified Eaglasdadivime: ey wiee BabaheossunmpuatapsivitinggourCarisbad, CA)

supplemented with 20% KnockQut serum replacer, 1%, non-essential am aci(ﬁ QGibco), | mM
L-glutam??%‘,"%.§9ﬁﬂh‘°1%e-l}ﬁB?E%’b%é‘fﬁéfhvﬁwg%ﬁﬁgﬁg‘%ogr%ﬁﬁ s?@'ﬁﬂ?o%%@tag fowth factor (bFGF)
(all from keviteagehvwenires atbik pisetedebibinsaireniou Syaedesibburetic etiaithet eah bBev Biol.
227:271 58 (AR ORI QSR A Al HEIFECAPETAA T AT b BDnaRCH slyhich is

e

incorporalf herein by reference as If set forth in its entirety). Feeder-free culture opn Matrigels (BD
Biosciencapithgliadifshs, ﬂhm}’\ﬁﬁW@ﬁe?ﬁ@ﬁﬂ?%ﬁf@ﬁ%ﬁ?ﬁ“ﬁe‘&fﬁ?ﬂ"@éf@”?d@ﬁﬁgmglogies, Inc.)
was carriggiguhasoieseiest tallsahyigietnidisdwigiheraypd dfistmbiettmtis 237639-648142006); and

Ludwig T, et t, Bio nol..24:185-187 (200 ch ich s r i) by reference
as if set f&%‘ﬁr%‘i’é%elrﬁ%re y%(?ﬁﬂéé%&%’ﬁ? gpﬁﬁ%ﬁ&lﬁ %‘éé%ﬂ%ﬁ%ﬁ%%ﬁfgﬁ%@ﬁ%{‘h the H1.1
human E$eetisaiccsidican bs sehsatisbern disamsbvasipyoriforate dhBrrasiatans M dhlication No.
2006/0128G8; adchimp/8kadTsEnd LM $ARcle/bbe RinfealBlaRldtLAR k(@ 00R)stemaklisf which is
incorporated herein by reference as if set forth inits entirety. Brieflxé}gﬂ%gpc%ﬁgrggting vector was
constructdPHIPRIEE TP QRIS R énﬁ’f? ?gﬁ“fﬁfggﬁ]ﬁ%a a simian virus polyadenylation
sequencesfapificalinaieiniatet-#obamd Sokizsy imthetnet®dsraf hrestanertipdgion of the fifth exon of the

human Oghghdgrtamer o e daarR: oL\ afifeals e rumhasRakhdasinn, class 5
transcription factor 1 (FOUSF1). This cassette Was flanked. in the 5' dlr%ctlonhk% 6..3 kb homologous

_ a
arm and byeaheds gemmlly kBT iRt riTatibe LISrATm (P RERES PR BRI DG TS B BiReS region (FIG.
1). The cassRitawamdticaiiesdlpasiipiR388rof tpaRanbageng SRGIsDNBRePripag aim
contaned & 5eqUece 10 25084 319%, Tt S, AN AT SR TALRI2 32970, I

C
an alternafive Farge?ﬁﬁg vectar, the shiort arm was substituted by a longer h logous region
(31392-328H9 havine soBblrirpnsdus iy siienty g@ﬁ@%&@%ﬁ%ﬁqﬁsgﬁ 198 1sogenic
homologog&;ﬁp{@s visuobaingeina R enaisia et gandnmio PEEhardtsnbolordetal genomic
fragments and the cassette were. cloned jnto the multi laning site (MCS) of a cloning vector,
paluescript®8 f%;“gﬁ’écaorﬂ{l y c’ggévs%r%hﬁ%r%ci}a%?ox%ﬁzgég%%@é%%tagene; La Jolla, CA). 1000601 For
electroporifiifiistells whmsteasyastennivins dutiaornbeirrqdussd AR FRIRERRHIMOISUTIUR s at 37C,
washed wigl} regiaRd s ueReRdas ibdhB 1Y guiueddieninig Ebit. G upblgeiikrdToprepare the
cells for electroporation, cells were added to 0.3 thgh%‘seghgﬁqe-bcuég(ﬁrseagesrglipo%@%ga Inyitrogen)
containing PTHGENE RFFReTa HYB e B L RESP BSNIR A EPE ERE e Xposed t6 a single 320 V, 200 g
pulse at ropsrisiogpey pturewsisgry BioRue Sawaduhsban dycasegupraivaebpiciEnidiere incubated
for ten minyéﬁfc ra.%eai}?gmﬁraw&.a@mﬁﬁ% aieriRilighransiy, sichMaligele 648 selection (50
mg/ml; Invitrogen) was started 48 hours after electroporation. After one week, 0418 concentration was
doubled. ARFEF®IEEe weeks, surviving colonies were analyzed individually by PCR using primers
specific forjtlpe3MEC cagne tazine fnivtbEpREICH Bétereniie Saciom maty da s s BIR MBI US region,
respectivel 2 EGCF&Bnofsiti\é 8'%?.5 WG ARME R X SiRew BlatianaliisisnusingiBasabt digested
DNA and a ﬂ’roﬁre outsitle { e targeting co‘nst’ruct. 0006111;{1e }—ﬁé%cgmlgo k-in ES ¢ Itilyine
expressed boteeGrroaRIREEE BRI PR ULHYN Bn e BT fas)( A H‘{ﬁ&é‘é‘ﬂ%ﬁgé}; 4
promoter/regulatory region using dual internal ribosome-entry sites (IRES) (FIG. 3). Expression of
EGFP and neo in the HI Oc14 knock-in ES cells indicated an active, endogenous 0c14
promoter/regulatory region. 1000621HI 0c14 knock-in ES cells were maintained through co-culture
with mouse OP9 bone marrow stromal cells (FIG. 2A) maintained on gelatin-coated 10 cm plastic
dishes (BD Biosciences) consisting of: DMEM medium (Invitrogen) supplemented with 20%
non-heatinactivated defined fetal bovine serum (FBS; HyClone Laboratories; Logan, UT) (10 ml/dish).
The OP9 cultures were split every 4 days at a ratio of 1:7. For use in human ES cell differentiation,
after OP9 cells reached confluence on the fourth day, half of the medium was changed, and the cells
were cultured for an additional four days. 1000631For reprogramming, HI Oct4 knock-in ES cells were
differentiated into attached



cells (i.e., CD29+CD44+CD166+CD105+CD73+CD314 Briefly, human HI Oc14 knock-in ES cells (p76
to 110) were added to the OP9 monolayer (1.5 x 106 /10-cm dish) in 20 ml of DMEM medium
supplemented with 10% FBS (HyClone Laboratories) and 100 uM monothioglycerol (MTG; Sigma; St.
Louis, MO). The human ES/OP9 cell co-culture was incubated for nine days with changes of half of the
medium on days 4, 6 and 8. After incubation, the co-culture was dispersed into individual cells by
collagenase IV treatment (1 mg/ml in DMEM medium, Invitrogen) for 20 minutes at 37C, followed by

trypsin treatment (0.05% Trypsin/0.5 mM EDTA, Invitrogen) for 15 minutes at 37C. Cells were washed
twice witteriegammingeilesnchWhersin e PoensK ARCRT NGRS J15F RIOBAROSHE with 10% FBS,

100 uM NiEam@nRanttkl ahmhezidrs; Siett tidliniek etieaftinbmsptaties doenciisienomthgCA). Cells were
further cyltured in flasks coated with paly (2-hydroxyethyl. methacrylate) (oHE M - Sigma) for 10 days
with chaﬁﬁ@df’ﬁ&ff‘%?t%i%rﬁe i%“r%"%%%% @%‘%‘.’%tﬁ%ﬂ%@dﬁtgg‘gﬁggent}ng p%cEél\_l/?A culture, cells
that wouldaytifienispedingiimomthefistrotepRoeideieanipiag Sewrsnsrd: one ebrdiBra R grew as
individual cellsiin, Sy ERERSiRtut SRl FaaERARES TR PRy SEpBIfratiraritag gh 100 uM cell
strainersi(BD Biosciences), while small aggregates and dead cells were removed by centrifugation
through 2838 Bereolls (Sigma). The differentiated cells recovered from the cell pellet expressed CD33,
MPO, CDdoi38ind CPhufiynierslesiisles) vetvdhumdachmr ssidinistiestdrtp srmpantareovihiel eloid cells (FIG.
2B). Inve rxkﬁﬂ{soéawé@ﬁ.y ‘Pé&gh'l%ﬁhje%% diffetentiatacheelismfiano udffdhbdiscalts (human HI
Oct4 knotk-in ES ce IS). See also, Yu J, et at, Science_318: 91%@9\%00 ,f'ncluding the
suppleméﬁf@ﬁﬁ%ﬁféﬁ‘ﬁ@%ﬂ%@gﬁ’ﬂ% I roYrosomsanataing o WigR ko, incorporated herein
by referenegrasidfrelfRfhra SemDinttye(DOfed hedintiviRignmn Stdingin Mékrey«elbtermining factor
(M01: 3 0, 1aknes added o e ool e A Al ARG AaYHEK e Aoabgpnoenuaton

of 6 jig/mff0 Ne Tentivirs-conaini lum was replaced with fresh medium the next day,

and cells beesie, eUliehnetifuediomitrefprsropr hisshemigalAsBneg Samelatien rormpertrltild the third day
after trangeius iR AR REAMN B dkenad, AR ArRA sdalip maligionsywiasoidpcinsi¢dBsi% at MO! of

10). Moreover, the expression of EGEP w st rely ahove background..Simil rﬁﬁ%ﬁlgs have been
Bi;\ regnwymcla’ 15 e SRl g’é‘l‘\‘l‘k)ﬁssed plasmid |

obtained WRIFEIIONE HEDIRY SFERRHaREBA T ts huCIaar antigen (
transfectidesvdaterngtshosonjcs00005t et tunsitioasd mediany Fofat Mg AHSEGEE efficiency

were pregared asfollows. ToaBemalismiEfirbs kot dinaakiaEsweltaane allowed to differentiate
further to mesenchymal-like cells for an addi%tfi{%]al seyen da%/g in the presence of GM-CSF on

Matrigele Adsmeitaineallaseyae Mantee SR a0 the Dt uring this culture period. The
attached qeteteferrettoihasanshatoi ssidetdkis Digsnd axplisssondBAGEdPBIAG AR |Is) showed
significantly higher transductien effici . _ &l ,q,cgmmmae Rgrassaeng 7
experimerﬁﬁiﬁ?ﬁ%%eep ?ﬁfésﬁeﬁé% ﬁ%)%%&é%é@é%tsﬁbg %ﬁéﬁggﬁe g)f( eriments, thp ellﬁwere obtained
from CD4M§H99ﬁ§°ﬁtﬁ%ﬁ"@l§é‘&ﬁ%‘i‘@'ﬁg}%iﬁg5@fFMEE"’H‘?&P&@ COTTE Sltfgeghec cells were

characterizga¢; 8 $itz5ne04re W Bikiruvald 6o fGRIkAGskIRY fie amend B8 ¥ujicd968Yikawors tested the
hypothesis that diffegentiated cell uld be repr med 19, 2 Kol R dRP @RIy expressing
potency-d@?&ﬁﬁﬁ‘fﬁwc F@é?o%@r%c%ﬁ%@ﬂ%%fgg ’ce‘ﬂ{s@(glgzlsg. 3), and obtained pﬁgrﬁginégresults. Because
Nanog andM@tt-4 are the best characterized potency-determining factors, inventors examined the
effect of thpijRypr-exPigsianinshRcallsRRGTITRE eidaisRdipopulalim oEpadfipstedissociated to
individual cells with trypsin and replated onto Matrigel(r) at -105.ce r géates in TeSRTmM
medium. Tﬂﬁﬁ%ﬁ%?&@ﬁﬁﬁgﬁ%ﬁ é‘r’@%ﬂl@c % wgégactérf?gawét%%%%ﬁ %Ij\%%& Nanog-expressing
Oct4KICD4bthibedd@lsrgropmedrsingiamatiphislisgipted fiem brempatpatrhindiidedt J8IRFTEIG. 5). Nanog

over-expre, '%ﬁfMWQKQ%ﬁiQM%WW%@MhCEMtE@ laprexiteaioT0%) 80kr to that
observed in human ES cells. FoIIowing neo%%g selection fqr an active enqufe\gg&g 14

promoter/raifl#4tMRESHIM BRHRIAABELE P ISR AR SIS RREY 2R SURIVEd. Importantly, these results

indicate thakmaite el darbleyrepulBitmrmps gmmeérpreamsitgpiél ceorlibived AOMISISE! through the
culture peg?&n‘?'!‘g%e‘%%%%%m{%&dﬁ{%aika&mx%&sﬁpﬁﬁ%%%wlr@%umqﬂ&m,reaaﬂama@omwglcal
changes (FIG.'5), and many‘of these cells survived neomycin selection. None of these cells, however,
exhibited morphology typical of human ES cells. The Oct4KICD45+A cells co-expressing Nanog and
Oct-4 showed morphological changes similar to those observed in cells expressing Oct-4 alone. Thus,
it appears that the two key potency-determining factors, Nanog and Oct-4, alone were not sufficient to
convert differentiated cells to pluripotency. 100068fCells were analyzed using cell-sorting methods
before and after exposing the somatic cells to the factors. Adherent cells were individualized by trypsin
treatment (0.05% Trypsin/0.5 mM EDTA, Invitrogen), and fixed in 2% paraformaldehyde for 20 minutes
at room temperature. The cells were filtered through a 40-gm mesh, and resuspended in FACS buffer
(PBS containing 2% FBS and 0.1% sodium azide). Cells grown in suspension were stained in the
FACS buffer supplemented with IniM EDTA and 1% normal mouse serum (Sigma). Intracellular
myeloperoxidase (MPO) staining was performed using Fix & Penn(r) reagents (Caltag Laboratories;

Burlingame, CA). About 100 gl of cell suspension containing 5 x 105 cells was used in each labeling.
Rnth nrimaryvy and cecondary antibody, inciithation (where annlied)



were carried out at room temperature for 30 minutes. Control samples were stained with
isotypematched control antibodies. After washing, the cells were resuspended in 300-500 tit of the
FACS .b.uffer, and analyzed on a FACSCalibur flow cytometer (BDIS; San Jose, CA) using CellQuestm
acquisition and analysis software (BDIS). A total of 20,000 events were acquired. All of the antibodies
used in the f_Iow cytometry analysis are listed in Table 1. The final data and graphs were analyzed and
prepared using Flowlo software (Tree Star, Inc.; Ashland, OR). (000691Table 1: Antibodies for flow
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introduced into an immunocompromised animal.
[00041] 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 to 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 & 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 sornatic cells into pluripotent cells can be
identified, as is described in the examples 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 2 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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None MAB4304 mIgGB_ Chemicon SSEA-4 APC FAB1435A migG3 R&D systems Tra-1-60 None
MAB4360 migM Chemicon Tra- | -81 None MAB4381 migM Chemicon CD29

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 ¢ell. 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 demonsirate 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), cach 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 elements and therapeutic genes. Standard techniques for the construction of
expression vectors suitable for use in the present invention are weil-known to one of ordinary
skill in the art and can be found in such publications such as Sambrook J, et al., "Molecular
cloning: a laboratory manual,” (3rd ed. Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
2001), incorporated herein by reference as if set forth in its entirety.

100045} 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 controi of a promoter active
only after the somatic cell has converted to a 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. Alternatively, 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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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 enriched
population may not be pluripotent. However, ata practical level, the reprogrammed cell
population derived from somatic cells is enriched for pluripotent celis.

{00046] 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 afier the
pluripotent cell population is obtained, to avoid interference by the marker gene product in the
experiment or process to be performed with the celis. Targeted deletions can be accomplished
by providing structure(s) near the marker gene that permits its ready excision. That is, 2 Cre/Lox
genetic element can be used. The 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
rearrangements and can leave residual genetic material after excision, the inventors recognize 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 lost (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.

[00047] 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 Oci4 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 lung 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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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 by morphological criteria alone. Other differentiated cell types used 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).

[00049] 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. 1t 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.

000501 1t 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. It is noted that
exposure to 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 ceil lines/populations that are substantially

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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BD Pharmingen (San Diego, CA) BD Inununocytometry Systems (BDIS) (San Jose, CA) Caltag
Laboratories (Burlingame, CA) Chemicon International (Temecula, CA) AbD Serotec (Raleigh, NC) NA
- not applicable. 1000701To further evaluate the potency-determining factors involved in
rep_rogramming 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. 1000711Table 2: Human ES cell-enriched genes. GENE

SY MBObAMNIKTRIMpoLEHE 8¢ TR FEel Prod@GindE N1 52QUS 6 Tis Bhsenked OYd pi4d . 240184 5460

N M—OO2@%&%@%&%&3&&%&%@@?&“&-&9? tPbecome pluripotent via cell-celi 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 hi gh-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‘ presence of 500 pg/mi
geneticin. For packaging, 293FT cells were collected by trypsinization. Following removal 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.

[60054] Co-transfection of lentiviral vector and two helper plasmids was carried out with
Supe::rfect® transfection reagent (Qiagen) immediately following cell aliquoting (lentiviral vector:
MD.G : pCMVdeltaR8.9 : Superfect®= 5ug:5ug: 10 pg : 40 pl in 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
supernatant was collected around 48 to 72 hours after transduction (~48 m! per construct). The
203FT cell debris was removed from the supernatant by céntriﬁ.lgation at 3000 rpm (1750 g} for
15 minutes at 4°C. To concentrate the lentivirus, the supernatant was filtered through 0.4 pM
cellulose acetate (CA) membrane (Comington, 115 ml low-protein binding), and ultracentrifuged
in 70 mi sterilized botties (Beckman, Cat# 355622, polycarbonate for.45’1‘i 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 ul
for each construct) was added 10 resuspend the pellet 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 S000 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 for a lentivirus (pSIN4-EF2-Stella-puro; SEQ ID
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Nanog Hs.329296 79923 NM_024865 FoxD3 Hs.546573 27022 NM_012183 UTFI Hs.458406 8433
NM 003577 Stella Hs.131358 359787 NM_199286 Rex| Hs.335787 132625 NM_174900

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 {>1 1kb) 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/m! of supernatant, and 107
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 myeloid precursor cells after lentiviral
wransduction and expression of potency-determining factors.

[00037) 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 HI Oct4 knock-in ES
cells (FIG. 2).

{00058] H1.1 human ES celis (WiCell Research Institute; Madison, WI) 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; Invitrogen;
Carisbad, CA) supplemented with 20% KnockOut serum replacer, 1% non-essential amino acids
(Gibeo), 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 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, MA) with chemically defined TeSR™ medium
(StemCell Technologies, Inc.) was carried out as described in Ludwig ef al. Ludwig T, 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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ZNF206 HS.33_4515 84891 NM_032805 Sox15 Hs.95582 6665 NM_006942 Myb12 Hs.179718 4605
NM_002466 Lin28 Hs.86154 79727 NM_024674 DP1'A2 Hs.351113 151871 NM_138815

2006/0128018 and Zwaka T & Thomson J, Nat. Biotechnol. 21:319-321 (2003), each of which is
incorporated herein by reference as if st forth in its entirety. Briefly, a gene targeting vector
was constructed by inserting a cassette, an IRES-EGFF, an IRES-NEOQ and a simian virus
polyadenylation sequence (approximately 3.2 kilobases (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 1 (POUSF1). This cassette was flanked in the §'
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). The cassette was inserted at position 31392 of the
Oct-4 gene {SEQ [D NQ: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 ACO006047 plus 2387-7337 in
gene accession number AC004195). Isogenic homologous DNA was obtained by long-distance,
genornic PCR and subcloned. All genomic fragments and the cassette were cloned into the
multiple cloning site (MCS) of a cloning vector, pBluesm*ipt® SK IT {GenBank Accession
Number X52328; Stratagene; La Jolia, CA).

100060] For electroporation, cells were harvested with collagenase IV (1 mg/mi,
Invitrogen) for 7 minutes at 37°C, washed with medium and re-suspended in 0.5 ml culture
medium (1.5-3.0 x 107 cells). To prepare the cells for electroporation, cells were added to 0.3 ml
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® II (0.4 cm gap cuvette). Cells were incubated for ten minutes at rcom temperature
and were plated at high-density on Matrigel®. 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) (FIG. 3). Expression of EGFP and neo in the H1 Ocid

Kknock-in ES cells indicated an active, endogenous Oct4 promoter/regulatory region.
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ESG1 Hs.125331 340168 NM 001025290 Otx2 Hs.288655 5015 NM 172337 [00072]The expression
of at least some of these fourteen factors in the Oct4ICICD45+A cells resulted in colonies with typical
morphology of pluripotent cells, such as human ES cells (FIG.6A - left-hand photos). After neomycin
selection from -105 starting Oct4K1CD45+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

silencing0006ziertheldtsOsurnrickyin 5 srlls wsismansinglEAugy el e 2UhRSHE Y Hriven EGFP
(FIG. 7%58{9%6%%‘&9&%9&)5 %@w&mﬂ% R geIgnnauR GUlcR pranicdishgL(BIDTY region was
. 0

reactivate 731In this embodiment, EGFEP expression occurs wh native 0cl4
promoteﬁi@@iﬁ%%ﬁ%ﬁ?&?ﬁiBfégwmgp&%mgg%m%ﬂﬁ%ﬂfgf%‘& nSZngn@ehn%hed by a green
color thahsisapapadtnehaibevielsoifidFBISi B Conubaibrrorgsebesn. S AHLEHABYS Oct-4 in the

primate ES ealls was selectable, Thesq coloninsislsa eXressedrQeivin 8SEA3, SSEA4, Tra-1-60 and
Tra-1-81 pFurlpo erﬁ“cemspe ic markers (FIG. 6B). Simjlar regult v);/ter obtained inageprogrammed
colonies GiffesnéationintreABArelnyeadil sonfusesin tﬁ?e%alﬁm T()g@ A RSSO X omly picked six

colonies fgndyVahdAIAIE W shaeHa Bt adhidosahieupdafsof fourteen ES cell-enriched

potency-determining factors, and pro ed five st j Slleash siehinyaris. Thus,

inventord {4&Hfied algﬁ&@rgsﬁ%ﬁ?#g??é%?o%ﬁggﬁﬁg @!ﬁﬁg Ils@clffmatic cells toé%ecgéege higher
[

potency ecellis(by, SIRSHERHIEEIGGEER WaRGRIAERR vty chyrahit! (e 45 ls.
1000751Yyheahesh SRl e Rl S-S XPaRashitmitiyep (MBIRAISNEDahpdik by 2etbafNEMactors (i.e.,

S O Ry S SRR dpprogran
(MTG; Sigma; St. Louis, MO). The human ES/OPY cell co-culture was incubated for nine days
with changes of half of the medium on days 4, 6 and 8. After incubation, the co-culture was
dispersed into individual cells by collagenase IV treatment (1 mg/ml in DMEM medium,
Invitrogen) for 20 minutes at 37°C, followed by trypsin treatment (0.05% Trypsin/0.5 mM
EDTA, Invitrogen) for 15 minutes at 37°C. Cells were washed twice with medium and re-
suspended at 2 x.10%ml in DMEM medium supplemented with 10% FBS, 100 uM MTG and
100 ng/ml GM-CSF (Leukine; Berlex Laboratories Inc.; Richmond, CA).' Celis were further
cultured in flasks coated with poly (2-hydroxyethy! methacrylate) (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 formed 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% Percoll® (Sigma). The differentiated cells recovered from the cell
pellet expressed CD33, MPOQ, CD11b and CD11c molecules, which are characteristic for bone
marrow myeloid cells (FIG. 2B). Inventors routinely produce 6-10 x 10° differentiated cells
from 1 x 10° H1 ES cells (human H1 Oc¢r4 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.

100064} Lentivirus encoding a potency-determining factor {MOIL; 3 to 10) was added to
the cell culture after addition of polybrene carrier at & final concentration of 6 pg/ml (Sigma).
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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 factorawas
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. 713. [00077]Example 3:
Reprogramming of mesenchyrnal-like cells with a limited set of four potency-determining factors after
lentiviral transduction. 1000781To identify a more limited set of gotenc -determining factors capable

of reprogratendngdiiersningmedivtisvenciplased wikbdresonedianibe Dextdan A FHHE WSS were

repeated yith ; INRHREHALE Héafum (PrizSe aBRAf SdedaasHeinRS titddayatetised the
techniques described above to screen these potency-determinin fa%or?ﬁ]: '&L)eg litygto reprogram

cells. 10o@vcRogifAFShP VRIS R f e HEHRD SRR R UTTREr de onst"ratg*t?e utility of the
methods of heidiedvistp@eeapressivnsdTRGBMval eeely abacbdickigrouns diffeierratbsMgm human HI Oct4
knock i £2 Sl deasiifehabouc, AR aea e Ui, olaas algis (ena)amelenaina! a population
of cells d&RETHTGM' a common ancestor (.e., derived from a single cell, not derived from a cell
aggregat@)xsmrisidﬁfaﬂ%lﬁ%%opuIation? the cells display a uniform pattern of cell surface markers
and mo:jmmical Closy artetistinand sancHamphigigtendiatomtificencytiveitprdeaadas. [00080]Briefly,
human HJl 0c14 knock-in. S cells.( to,p110) .wete, i ' ilenheRFtsre with mouse
0P9 bon@%&'ﬁo@%ﬁgﬁ?ﬁﬁ%ﬂé&geﬁ%f(%;%g%{gilﬁ/ﬁggfgﬁlﬁ%go%@%%%ﬁg?%%2OOS%i ingorporated
herein byorsfasadnenabliksetiiofon in diditionrbigves S RIYERIERBEOPHINLR FIDMA BRotk-in ES cells
were added 3,09 oU8 @R INMEL SRR BB duifh ARGIIGE pedod TROaddhkdTG (Sigma). On
the next day é\ﬁ?y 1) of culture, the mediuws&ha&ged, an t@?éﬂ!{k‘lﬁ%ﬁ?j@hﬁ%@ﬁed on the days
indicatec-e/ & G@B&rmh%%‘wék% e STt ycommlt.ment was detected by a peak
expressigipnfitiatstiighto trdaaiatiofoefvesen e AT @S &enbeed BREF REEHYORY)) and early

mesoderm (E3C: Wt ARAJR AR mDle GeamdYedisonciikmiaeantyasburing days 35,
spemﬁcaﬁo‘h OF&hdoderm and mesodermal linea es was observed. This stage gﬁeaggﬁgnpanled with
RsrsiRoseih SHr TR e A8 iy

end
sustainediiyrd SHERISE GBS inks RRAEH Fisehere RSTiRe S A ST ARATH T: SNAIL and SLUG)
and cell gyRaEiAREHRXBTBRAt @Basiplmidsy CBDS NRXTEanddMFrbliferation rate in human Hl

0c14 knock-in ES cells/OP9 co-cultyre. 1 i ot p v
W;s obnsoelc,!{?él’g dn ;:yfngqr}t% Cg%s?%] ﬁ\&fkéypv%%ggg&&'gm%ﬁ@ Qlisesaiissngsansaaranal lineages

en markers of developing en r P.gnd SERPINA
), mesensbgtmaf ﬁ%ﬁ@pﬂwmﬂwim&mﬁmﬁmHil?é%ﬁﬂgg(%%maé%ﬁé% Al) cells were
detected. 4l QuEMaL MY SR iielivis fasiasseMHoPind Y3 ardikbesGhereritot eisneysed

throughout seven days of ¢co-culture. Moregver, .neurpect 99&@: 0L eaduy Edpd.) or trophectoderm
(CGB and'# R HHETs WERETHPIIEE etg,e Fn(ﬁgcta ﬁ%eiﬁat OPéécells provided, an efficient inductive

environmepuoien directEheEBBICHaseAtksllo W et fastdinestetidatisidtel SR P880831A1s0 on
day 2, a sjng lx-%??ﬁuds&ﬁ@m%l@fa{hﬁd‘ wenah B calivele puaeh aelfeSRas hatuestStdbsesuecessive
a

enzymatic treatment with collagenase IV %%_iéac -Invitrogen) at m‘gé” 1B DMEM/FI2 medium for 15
minutes aPPrEsHEADHYLE) RIS /7 T’.‘#Bf&ﬁgggn%rogagn r;%gplo r#énutes at 37C. Cells were

washed 3 ¢igpaoDis PR&IR%hEES, sidrethatpimiogy rOthaviof BEED wosfsted 6ellm &S BD Labware;
Bedford, Ni/A) and labeled %E%%QJQPWQQ%B?'éﬁﬁaﬁ@@mwm‘?‘@ﬂhw@‘mam"PE
|

TES, i LR . -
paramagnetic onocionar antibodies iitenyi Biotech; Auburn, CA 'ti-g Q?oce” susgension was purified

with magrewietiodhatiobasrasrimer MAES saik: FRIGWYE IRPBIGH SES5uILGhatic column attached to a
Midi-MAC§,aspasaiionpiotdikereguRiote etido, obhiincg neRbe- travtforiediogisgiiiftted, human Hi
0014 knocjen 5 cellderved el PLLY o4 YRR O5tb BRSO oS calhdepeSaslls was

Importantly,
does not persist through the culture period necessary for differentiation. Oct-4 expression
resulted in dramatic morphologica! changes (FIG. 5), and many of these cells survived neomycin

selection. None of these cells, however, exhibited morphology typical of human ES cells. The
ges similar to

Oct4KICDAS+A cells co-expressing Nanog and Oct-4 showed morphological chan
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verified using pan anti-human TRA-I1-85 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 104 cells/ml
on semisolid, serum-free medium composed of StemLineTM serum-free medium (Sigma)
supplemented with 5-100 ng/ml basic fibroblast growth factor (bEGF; 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 essential for colony formation. After
14-21 days of culture, large, compact mesenchymal colonies formed, resembling embryoid bodies
(EBs). Meseabkyiea s odiinspressie: Qetet sbmhoriThing i appearsvest tha 1o kewROEBFE required to reveal
actively growing _calopies, 10 Jjyi QRIS BfRiRnaéaral to wells of a
colIagengef)er"ﬁb‘?gﬁg%%?%§§§?§§%%]fyvag?{p%gg gﬁﬁ%ﬁhﬁﬁ? ml/well Stemlinee serum-free medium
supplenmwtedtesitir 5-100 ng/ml bFGF. After 3-4 days of culture, adherent cells from individual wells
were hajygessfl by tesiveRalEgBicRthexpbsstdgmetoiadefroumidnirraepasigied dishes in
StemLines serum-free, medium with 5-100,.n ] %&8@ XEesing lentiviral
transdu&?&?%a%hﬁ@ndga%ﬁteo b&c{gg ﬁéscgrll%gejgu a@gﬁsﬁ#?/entors egéeg(ﬁ%\%% othesis that
diffe renttmmimegmwaﬂ,maeim}s@amesédr'@&%@%ﬁ*ﬁ?ﬁ@ﬁ‘%"&%&@Bf‘Brﬁﬁﬁoﬂt‘éﬁ%’y by expressing
a Iimitedtgﬁ%glfa{q,?é?W-&ﬂﬁ@mﬁr@%qmgeago@ﬁtr&smaﬂdgcﬁmﬁmdthA%)bﬂffre expression of at
least these Tour potency-determining factors resulted in colonies | S WV igal morphology
of pluripdt&hit ?%T?,@&#%ﬂﬁ%ﬂ'%ésg K (ﬁ’é%? o @sa ogray Bg%%g%gﬁ%%v@rﬁgmyﬁg 78, the
greatest pIPRES b ffelemipihaiaig | st EBAcah el DSBS was obtained
using the full canplem &kte ﬁ%géwmggﬁ RANereitied ipyweves pdel eagend Oct-4, Nanog,

ent, t

Sox2 or LiINg&'was aps , the number of ES-like colgnies was significantly at .g., Nanog or
Lin28) or{GekesLbomptoors:-Buslingans) Croo e Ill%fé) 8&5@%‘\’8‘%‘%&?&%& ?ggggenggqc%curred when

the native,QeiddararsaieiseyaBoh misiany wabsactiden antibrlyirsristiom thirere prrlied cells were
identified by a green color that was e ol .r%t‘i@,tg;q,g@[’l,llg Warsstilirewptassiai-of
endogen&é"'@%@ﬁﬁ%@rgg sttSVm S e gecggg%@éﬁgrammed colgnies, (?dsingpr(% sed Oct-4, SSEA3,
SSEA4, Tnath@enicTntitlodiesp b Agoresins e Relnr s IRBIRTHE ATol shown). 100088 1Inventors
randomly piekeq, i GAIPRIESEa h WneHTaltie fiansieatiers (BHIS) fasdese BédREEOUrteen ES

cell-enriched potency-determining factors, and a /& Sialte colanisrfosduirast eight weeks.
Thus, inv&ﬂkﬁg‘iﬁ%mﬂm@l rsésascqwﬁ‘%afe?g%?o r'agriqmotl%g primate somatic cellﬁg;[gfkégcome higher

potency calisobyhadmitriditsrinesfouheBesncyometst ey pelvednd i dorhagitme 0891When
these cells were, exp J@&W?@ﬁ&%ﬁﬁﬁ&@m QsfRRe/CTietes arTing festiars (DR). Sox2, c-Myc, Oct
3/4 and Kﬁaﬁ‘ﬁ asing thelentiviral delivery system described herein, reprogramming and conversion of
the cells were not observed. 1000901Example 4: Reprogramming of mesenchvmal-like cells with a
limited set of two
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potency-determining factors after lentiviral transduction. (000911To identify an even more limited set
of potency-determining factors capable of reprogramming differentiated cells back to pluripotency, the
above-identified methods were repeated in the mesenchymal-like cells of Example 3 with a
combination of two of the following four potency-determining factors: Oct-4, Nanog, Sox2 and Lin28.
Inventors used the techniques described above to screen these potency-determining factors for their
ability to reprogram cells. (000921 Transgene-expressing lentiviral transduction was then carried out as
described above. Inventors tested the hypothesis that differentiated mesenchymal-like cells could be
reprogrammgq to a siaie of plhkksdRN e By xprmsaipg fewer than four potency-determining factors.
The expression of at least Oct-4 and Sox2 (F@ ) resulted in colonies having cells with typical
morphology aNmiGEMtent cellbARh as hunm ggells NAROT ¥RE Lin28 gﬁ{%}%d in combination,
had a berefieiak-effeetin-cltomerecovery by improving Teprogramming eciency m numan ES
cell-derivB#Emdsenchymal celldlese state ofbABE8%ency, butaEd essentiabHEMTEY for the initial
appearaféEdf¥eprogrammed ¥&H€ nor for th"ésé} Asion of r rammed" é(ﬁss @5093)Example 5:
Reprograi of a differenti cells aft I transdu and e W four

potency- & ining factors. 941To fu% onstrate"rl tility of t gmgg,pl set of
potency- %}@ﬁnlng factors in mrogrammlm entiated cgl @Jpack to plgtipgtescy, the
above-id methods were eated WithoAbsogpeatalog Ng;-CL-186 AbiRs&dte&TCC), which are
human fejg) ljigg fibroblast cellskﬁf@e also, Bipeyi 5.6t at, NatigGid 7:799-B&b Q667H).

1000951 pnggene-expressing temtiviral transsigotmn was camietGZut as dd3dtibeditove. That is,
IMR-90 celiss€0.9 x 106/well), were transducedadigs# a combinemigh2bf Oct-4, SBRISNanog and Lin28.
Inventors@ested the hypothesis Rt differentid®33roblast cang€duld be‘?’é’d’r f#ffed to a state of
pluripoter@® 19§ expressing a limitEd set of M@Q%%@‘termmlr@ gttors (e. 8t Sox2, Nanog and
Lin28). F&MdMAing transduction, BB were trand{étPdd to three T dish %adg'&f]ﬁﬁ“h irradiated
mouse erftbnic fibroblasts (I\Fﬁg) By day i?ﬁr@sttransduc B $mall colonies [STWith uman ES cell
morphology became visible. On day 20 posttransduction, a total of 198 colonies were visible on 3
plates. Fomspanerafiim (SoDiegonw@rd picked, thirty-five of which were successfully expanded for an
additional mmmm@mﬁxm GRS deeehén selected for continued expansion and

analysis, afieltisd-shpretoripe Fé“"ﬁozen 100096]The introduction of at least Oct-4, Sox2,
Nanog an@bﬁﬂ?@f‘e‘éﬁ‘ﬁ&? 'é %/plcal morphology of pluripotent cells like human ES cells
that had a S from each colony likewise expressed telomerase activity and

Wi
expressed]ﬁ m’éﬂ%? eC|f|c surface antigens (i. e. , SSEA-3, SSEA-4, Tra-1-60 and Tral -81).
For each %65?0?0|0n'% ﬁh&&@m&n@@aﬂg@e@m@g}mmdmm@rwmmS similar to

that of pluripotent cells, although the ex Qus e S o} Moreover, LB
and terato%%??@?”?a%ﬁ“&?éﬁﬁ??gffgt%ﬁ f‘p R °r§g rggrﬁ?h%%gégﬁéﬁggﬁé%eIaggr?léental potential to

give rise t&dﬁﬁﬁr&r«tﬂmﬂ”@dﬂwadmm fisotons. mwg%w&@%mﬁm%gerprmt analysis

confirmed }Qqﬁ ,\% arSGH ek ireun IMBaRietuand Hiaiiliegewenmingtfatsived from
human ES cells lines (e g., HI, H7, H9, H13 and H14). 100098]Similar to the data obtained with
dlfferentlat‘é?f%'é’é’éﬁérﬁ‘?%%f’ﬁ’é’ﬁ% the greatest number of colonies having cells with typical morphology
of pluripotent cells, such as human ES cells was obtained using the full complement of Oct-4, Nanog,
Sox2 or Lin28. However, when Oct-4, Nanog, Sox2 or Lin28 were absent, the number of ES-like
colonies was significantly 'attenuated (e.g., Nanog or Lin28) or absent (e.g., Oct-4 or Sox2).
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1000991The colonies selected for expansion and detailed characterization 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.
10001001Reprogrammed 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-I -81 pluripotent cell-specific markers.
10001011Example 6: Reprogramming of differentiated cells after lentiviral transduction and expression
of three paisRry-detgumimnasasiarss d00edhid gefissther demonstrate the utility of the limited set of
potency-determining factors in repr ing. differen s back tQ-plei ncy, the
above-identi%ﬁ%%ere repgﬁgﬁﬁﬁ%e IMR- giggﬁ‘csﬁgdescriégﬁ gﬁgyﬁﬁw this set of
experim Sﬁ\gﬁ& OLENEUy deterqiiniRgdactors weggggised than in Epanopied

100010&6?@% ene-expressing lgfatsqiggsgransducigsy was carried ausaecdeseribed above. IMR-90
cells Welj@a;{@g}sduced with a comhigatiopeef three afgdra following: ONivil 034863, Nanog and Lin28.
Inventorggepted the hypothesis thasdidsentiated fiitetflast cells colfdvh@ldBrogrammed to a state of
pluripotet®¥ by expressing the evdisAidrsdimited s@¢B¥ potency-detdtMiudRP fActors. The expression
of at leasitehiree factors resulted inioldais8 with typlé87$orphology MMBIIABERENt cells like human ES

cells. ReBes§rammed colonies ha\ﬁﬁﬁ%wﬁgwith typi'é&pmorphology nt cells were obtained
using theZRii286mplement of Oct-4H&8335 khd Nano\%%?ﬁh or without refore, the presence or

absence 3128 did not affect re q ing. Ho er, when any gf Pglfhlanog or Sox2 was
absent, t mber of reprogram X ies was gﬁljficantly atte gf7absent. 10001041To
examine g presence of Oct-4, % 1 1¥anog angk4p?8 provirus ipw@jggqrpgrammed cells, PCR

with tran -specific primer pairg{Seg;hable 3; ongwene-specific prME8EsReme lentiviral
vector-spggg'c primer) was carried gibgisg gcnompBNA from IMRSBAIDIE37as template. The
reactions-employed the-prix-DNA-pelymerase-frvitroger—amptificatio osed at 2X, and
enhancer solufion wag. used at 3X) the following cenditionginitia] gerpiviatenienl minute at
95C: 35 é§8f’§éﬁof 945?&%6‘%5‘8&?%%@36sf%%‘%%ygﬂgégnq& 68C for 2 minutes: an fouﬁowed by 68C for
7 minuteseRGRued ipsisiéorcs it Avrigal mearhivinge ofPINTIRAE cll SO I LRSS tiree transgenes
(Le, OCt(ﬂlGS@A(ZléﬁgxlaméE]H&):&W@%@E%@oiﬁ&@iﬂb@l&&ﬂélglﬁmmeﬂ|&éﬁi1@/@f@1@b¢mﬁﬁﬁ tells,
transgene-expressing lentivirus vectors. 10001051 Table 3: Prim SESSNG grovirus
integratioR Ve KRELSIVET BB §§tfe$‘l&%’§c'(g‘§t8%%mrp%o b el 4FheEFes. Ridhe

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 (FI1G. 7A - right-hand photos), indicating
that the endogenous Oct4 promoter/regulatory region was reactivated.

{00073] in this embodiment, EGFP expression occurs when the nativg QOct4
promoter/regulatory region is active. In other words, undifferentiated cells are identified by a
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, SSEAA4,
Tra-1-60 and Tra-1-81 pluripotent cell-specific markers (FIG. 6B). Similar results were obtained
in reprogrammed colonies obtained using chemically defined TeSR™ medium.

{60074] 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 novel approach for reprogramming
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OCT4 656 OCT4-F1 CAGTGCCCGAAACCCACAC (SEQID NO:7) SP3

AGAGGAACTGCTTCCITCACGACA (SEQ ID NO:8) NANO A
AGAA : G -
CAGAAGGCCTCAGCACCTAC ) 732 NANOG-F2

primate somatic celis 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 K1f4) 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 FI1G. 7B.

[00077] Example 3: Reprogramming of mesenchymal-like cells with a limited set of four

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
techniques described above to.screen these potency-determining factors for their ability to
reprogram cells.

{00079] 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
human 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 ageregate). Thatis,ina "slonal 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 Oct4 knock-in ES cells were added to OP9 cclis in alpha MEM
supplemented with 10% FCS and 100 uM MTG (Sigma). On the next day (day 1) of cuiture, the

medium was changed, and the cultures were harvested on the days indicated below.
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(SEQ ID 140:9) SP3 AGAGGAACTOCTTCCTTCACGACA (SEQ ID NO0:8) son 467 50X2-F1
TACCTCTTCCTCCCACTCCA (SEQ ID NO:10)

{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 (EVXI, LHX! and TBX6) with NimbleGen® (Madison, W1) 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.
160082) Differentiation of specific mesendodermal lineages was observed on days 5-7 of
co-culture, when markers of developing endoderm (AFP and SERPINAI), mesenchymal (SOXY,
RUNX2 and PPARG?) and hematoendothelial (CDHS and GATAI) cells were detected.
However, muscle-inductive factors (MYODI, MYFS and MYF6) were not expressed throughout
seven days of co-culture. Moreover, neuroectoderm (SOXI and NEFL) or trophectoderm (CGB
and PLAC) markers were not detected, indicating that OP9 celis 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 (Gibéo-fnvitrogen) at 1 mg/ml
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 M and 30 pM cell strainers (BD Labware; Bedford, MA) and labeled with anti-
mouse CD29-PE (AbD Serotec; Raleigh, NC) and anti-PE paramagnetic monoclonal antibodies
(Miltenyi Biotech; Auburn, CA). The cell suspension was purified with magnet-activated cell
sorting (MACs) by passing it through a LD magnetic coiumn 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 mediom
(Sigma) supplcmented 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/m} PDGF-BB (PeproTech). PDGF-BB improved growth of mesenchymal cells, but was not
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SP3 AGAGGAACTGCTTCCTTCACGACA

(SEQ 1D NO:8) LIN28 518 LIN28-
AAGCGCAGATCAAAAGGAGA N ) 8 LIN28-F1

(SEQ ID N0O:11) SP3 AGAGGAACTGCTTCCTTCACGACA

essential for colony formation. After 14-21 days of culture, 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.

[00085] Individual mesenchymal colonies were transferred to wells of a collagen- or
fibronectin-coated, 96-well plate pre-filled with 0.2 mi/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
above. 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 celis with typical morphology of pluripotent cells was obtained using
the full complement of Oct-4, Nanog, Sox2 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 celis waé; 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, ¢-Myc, Oct 3/4 and KI1f4) using the lentiviral delivery system described

herein, reprogramming and conversion of the cells were not observed.
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(SEQ ID NO:8) OCT4endo 113 OCT4-F2 AGITTGTGCCAGGGI 11 1IG (S
EQ ID NO:12 -
ACTTCACCTTCCCTCCAACC (SEQ ID N0:13) (SEQ ) OCTARZ

[00090] Example 4: Reprogramming of mesenchymal-like cells with a limited set of two
potency-determining factors after lentiviral transduction,

[00091] To identify an even more limited set of potency-determining factors capable of
reprogramming differentiated cells back to pluripotency, the above-identified methods were
repeated in the mesenchymal-like cells of Example 3 with a combination of two of the following
four potency-determining factors: Oct-4, Nanog, Sox2 and Lin28. Inventors used the techniques
described above to screen these potency-determining factors for their ability to reprogram cells.
[00092] Transgene-expressing lentiviral transduction was then carried out as described
above. Inventors tested the hypothesis that differentiated mesenchymal-like cells could be
reprogrammed to a state of pluripotency by expressing fewer than four potency-determining
factors. The expression of at least Oct-4 and Sox2 (FIG. 7C) resulted in colonies having cells
with typical morphology of pluripotent cells, such as human ES cells. Nanog and Lin28, singly
and in combination, had a beneficial effect in clone recovery by improving reprogramming
efficiency in human ES cell-derived mesenchymal cells to a state of pluripotency, but were
essential neither for the initial appearance of reprogrammed celis nor for the expansion of
reprogrammed cells.

{00093) Example 5: Reprogramming ofa differentiated cells after lentiviral transduction
and expression of four potency-determining factors.

{00094} To further demonstrate the utility of the limited set of potency-determining factors
in reprogramming differentiated cells back to pluripotency, the above-identified methods were
repeated with ATCC Catalog No. CCL-186 (IMR-90; ATCC), which are human fetal lung
fibroblast cells (see also, Birney E, et al., Nature 447:799-816 {2007}).

[00095) Transgcpe-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 pluripotency 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). By day 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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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.
(0001071Example 7: Reprogramming of differentiated cells after lentiviral transduction and expression
of three potency-determininz factors. 10001081To 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-2097 (ATCC), which are human post-natal
foreskintfitsodiastestise 180GLBEET faregonecd sypensingnd enolyaisyaddbtetshweYearried out as
describenqn Wgﬁgﬁﬁy-natal fibroblast cells (0.6 x 106/well) were transduced with a combination of

Oct-4, Sox2, Nanog and Lin28. Inventors tested the hyqothesis g‘)ﬁgiﬁeqeqtiate% rpost-natal, fibroblast

cells colft#86leprogrhminredueion SEAL BB ote WHE T HHited Qe of potency-

determiring fastarsmentobipicRupraeisicdly ke kamao ES ity tharteductiomatkiiystae transferred to
three 10- ishes seeded with irradiated @‘;4,;](%} g‘g%tig)@&gg%ﬁgg,maﬂ_colonies with
pluripotegﬁp?wgf %3?6?‘18?%? é&%‘é’}%‘?’fﬁéﬁﬁ%&gg’%ﬁ%g ost-transduction, a to%a of 57 colonies were
visible osptistfipRurface Tostaeny-tineSSEMS IBAWEs Tirsleo0ierd dralvd Ry Fos 5% 8F Which were
successdulyiexpagpeiasnorasiienat hoTe waekenbounafdieedscitdliae terefthen selected for
continued expansion and anaglysis, and the other. twenty- - e d0R 194 The expression of
Oct-4, SBMprgwocﬁ%n%%?ﬁéé)éﬁgsé&ﬂ%‘?ﬁs cet’)‘fgﬁ?(selgrh‘z{a}\%{rll%u(’: %lsggv(\%/ﬁgh%cal morphology of pluripotent
cells, suckrasniuforanties desimstpigdtin heasnasyenmpd riphad ednrieareashreenidifse expressed

telomerage aActivifyiaRdFrREasRadRlERe IR sRes iemaskers (Le., SSEA-3, SSEA-4, Tra-1-60
and Tral =81). For each, endogenous OCT4 and NANog?was fx resse%at evels similar to that
ere i

I
observed (A8 Tinan pRNHdiRsrRaNLanshyTis FORTTRCE B SIFSE SN 45i5,1 Bt these genes varied.
Moreovepokgians satnmaées matdenvee fnonbinatadE et thins teagrdmmadifelid herfa developmental
potential ive 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 sho¥ved a variation

in the lindBeRISIppardimilena e daseoblaineirath S fveniatel eSS e &fdhies showed
neural diffgrantiatienonihaisasstbaiothier trpaolonibsiatrethripattplecberahasimmarspithelial cells,
reminiscent of primitive ectoderm, [0001111DNA. fingerot IS caplirmeddnat #irse colonies
were deri?fé]d Yfﬁsrﬁrgﬁg’%dﬁ%ﬁlﬁgﬁé% |ncgrg%gnéegr?f#régggt’r%%ﬁg%v%f.goﬂtaderive. from human ES cells

lines (e.gQdH, MiTndgoSexE Drlie2B 1ery. 2bgrmd thonumb it Af FrHkeralan s AT SHERIEI Y Ensduction of
differentigjed mesenshinAcs sntizs arantastdynaeen of selapies having cells with typical morphology

iteresunihIOBe cell TS IOREn IR AR (DR och kar deh e et ST L o
somatic cgllieast twelve weeks and retained typical characteristics of normal pluripotent cells, even thou

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

reprogramming. |

[000100] 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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10001131The 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.
10001141Reprogrammed 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 (i.e.,So0x2, c- Myc, Oct 3/4
and Klmpmnn the e ﬂ_u' ..iit’:u:lz‘,;!'.i i“ff‘.ﬂ.lﬁl‘fﬂk‘ 93 E«ﬁ HH il 3.t b - ik B ; A “"E:‘L-:- Gl
cells Wje%r% @Qé 8%?&[‘6?@11‘46 hLOkExanmle SicRaprogramming of differentiated cells after lentiviral

nd ex

transd ression of four potency-determining, factor 1 o fHEtReffemonstrate the
utility ofl@983%ited spEﬁ B‘F‘BEftéFfE?!ﬁE?éerr‘HFn'{ 8‘¥é’é@?2‘.n tr%%psr%?g&r:f g‘r%%r%l i erentiéatedocells to
pluripotgneypréaamboeditertifistdaeinbaik waluripgens dhy RboxercentEhshieRihRls BFE 2106 (51(46;
ATCC), which are huma ash ik sKiR.celised BIRL LB AR graRpepRassifgvie ptsdiey-ransduction was
ed above. That is, skin cells (2.0 x 105/well) were transduced with a combination

. T
carried 00t as descrtll[é)

of Oct-4deaRuningfRegraMae isd IAREhESAT RS ted the hypothesis that adult skin cells could be
reprogragyRRA|to a staiaehelenipaienglciyvisdarassing e vaitoutriet ot go desrberbtbfMiining factors
and obtained promising results. Eollowing tr i e Wiapsierad sexthneamdg®-cm dishes
seeded M'ﬁﬁﬁ%&&%ﬁ%ﬁ“@gﬁﬁﬁfﬁ%ﬁﬁ%@ %ﬁ@ﬁer 10 %ays [ guman ES cell culture
mediumdnﬁrhiaﬂ&i&maltmmst&mhe@mﬂl?@ﬁ%ﬁgafw&ﬁtﬂm&s\ﬁéﬁ§wg% lsed to support cell
growth. ﬁ%gg%&&&p@tatwgpﬁmga@mﬁmgg@m@ﬁmﬂa plati paterinciaddmo giipoterpy-became visible.

10001191The expression of Oct-4, Sox2, Nanog and Lin28 resulted | | ing cells with
typical n’fEFi‘EJWBPBb%fB‘FtBTﬂri'Bbet(?ﬁ?r&@ﬂg"(éé%{%l%%&%%ﬁ%?s génﬁg%aégégglﬁl@eﬁ hayving a compact

colony witkrhighgycializimtetopladike katuaia e Rroresanmet roonesding SR HNeR, the
reprogrammed ¢ weacsmakenagpicRliabripitprient Celld, 56626 cells
(control),%5%@5‘5%%%%%?&%\%%§re rogrammed colo ieschg{;r}_ﬁg_glaﬁlgmtgﬁgaappeared later
than the E@Ié‘ﬁﬂ%ﬁﬁﬁhﬁrewﬁ%ﬂ\‘ﬂllﬂagam@‘gf BEFEITHY BRidiency than the cells in Example 7.

[000120] RyAspRlRrink I GHeRBIE, HOgIROIDY, dffivigncs X2 livis AbspBi SR JUEREE Rlining factors on a
single cop%rrggcr%m [T(‘)g(pclo%&r]i'gg‘{,gscg?glsiﬁcmaﬁ%mmgge&tﬁciency, the above-identified methods
e j000104] To examine for the presence of Oct-4, Sox2, Nanog and Lin28 provirus in the

reprogrammed cells, PCR with transgene-specific primer pairs (see, Table 3; one 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 enhancer solution was used at 3X), and the following

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 cither 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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repeated using the construct shown in FIG. 4A; however, either Oct-4 or Sox2 were inserted in the
transgene section, and Sox2 optionally replaced the puromycin resistance gene. The constructs were
then expressed either in 293F7 cells or in OCT4 knock-in human H1 ES cells (p6).
[000122]Transgene-expressing lentiviral transduction was carried out as described above. That is,
293FT cells or mesenchyrnal cells (- 2 x 10$ cells/well of 6-well plate, seeded overnight) were
transduced with various transgene combinations. Cells were transferred to 10 cm MEF dish (1 well of
6-well plate to 1x10 cm MEF dish) following the overnight incubation with lentivirus. Geneticin selection
(50 gg/nioimshn acTakds EnBogenes oD ST PROENS 1RI§EAIAR out between day 11 to 15 post
transductio&eljilé’ss colgr;g%lyyere counted on day 16. [000%2gWet(cesq4t gexponstrates that Oct-4 and
Sox2 expression.accurredin 293kl cellsfollowing-Hansteetontseeregrtarmes 13 In FIGS. 9A-B,
pSin4-EF2-Qretd-1RESkSHX?2 is algrevitited aC ASHRES G pSAANCALSL14-IRES2-Sox2 is
abbreviated as 0S-IRES2; pSin4- EF2-Oct4-FESEQ RN Abbreviated as 0S-F2A;

pSin4-EF2-Oct4-IRES1-puro is abbré¥ated asAGABEASTIEEEPCEIEAE S Whiro is abbreviated as
S. 10001241FIG. 93 shows that repro rammir{é'%‘ﬁ‘i’@?éﬂ PBhcre J&JLE-{R%SG“CWV“N cells derived
from OCTARNEEk-in hudan HI EQP@&G(S%) W % _ éb%%ewere provided on the same
construct (IRESI is a very Iow-eﬁicie@% intern %i&%ﬁgwég@gﬁEsz is a

' MO8y (¢

high-efficiency internal ribosome entry site). 0S¢ e high-efficiency IRES) showed an
approximate§1 fold in%e,ase in repyeeEMMI cyeerraenppared to 0+S, 0+S+N+L or
0S-IRES1 (the Tow-efficiency IRIS) +N+L. Thergfpeenprayidgyg the potency-determining factors in one
construct that provides for approximaggly equalgxRESAR0TOEITOCEFACA CaAPAProve reprogramming
efficiency. [0001253It is understood that certaiSRE(aaOB} of the invention described in this
disclosure aggvagmatter gfigoutine opiNagzRtion AABOSEARRSEMANAEGRASHY can be implemented
without departing from the spirit of the inventiofSBRtEEN@oIR of the appended gims. 10001261All
publications and patents mentioned irffide abov@ i ﬁ%%ﬁ%ﬁﬁ&ﬁg ated by reference.
Various modifications and variations of the deséfbed \ 8 (9f the invention will be
apparent te@desiekilled' i3 the art VAfBHE Hep ‘ps‘a(gope and spirit of the invention. It is
understood, however, that examplea Eféiﬁnbo 8 eseptiryention set forth above are
illustrative and not intended to confine the mver@g&i cbrgyﬁntion embraces all modified forms of the
examples and embodiments as come within the scope of-the follewirg-elaims—EHEARMS WE CLAIM:
|.A method of reprogramming primate somatic cells, the method comprising the steps of: exposing a
plurality ofjagiRRFy-deieppininniastem teeth el priifiat bseinatimaplislomodereihditimirBafficient to
reprogramcgpn%a%teggfo\r%hgirtgl{}:t %&?ételg %’é%%{:‘i’ﬂ&' Qe m%mnt nucieolus). 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-determining factors.
[000108] 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-2097 (ATCC), which are human post-natal foreskin

fibroblast cells.
1000109] 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, Sox2,
Nanog and Lin28. Inventors tested the hypothesis that differentiated, post-natal, fibroblast cells

could be reprogrammed to a state of pluripotency by expressing 2 limited set of potency-
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not comprise c-Myc and K1f4; and culturing the exposed cells to obtain reprogrammed cells having a
higher potency level than the primate somatic cells. 2. The method of Claim I, wherein the primate
somatic cells are obtained from a 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 I, 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 Claimdbtewstise fathesvandtobtisred raissgresistdrollowing tansdurtitnodcs @m 6, wherein the

Viral-DaSed MEClg ISR EEHON A YRE Rk wifh ARG MER Ol ai 18 bargiuidadigtroviral vector is a

lentiviral vector. he method of Claim 1, wherein the pot W aﬁetermln factors are
introducemalbagianigs it Pusipetaat é‘ﬁlbﬁﬂ‘iﬂﬂﬁ% hegrmeyinthiee 1 Boﬁhgi’é‘ élan séquence
encodlng,mq,pme@ewﬁ@mmm{mfacmﬁ tarpeTaEytynieecfohe trteiclogousighedatoraty-  10. The
method of Clai herein the plyralif [ rsissterieddigneihe group
conS|st|rf§ Spﬁin ‘f’%i \gof(rf Rf:cﬁog aﬁa ég%ggﬁéﬂ%%%g‘tyﬁgﬁ%%gm l, Wherelg the
potency-deteﬂmmﬁg%tf@?%@@étﬂ?%ﬁ? ahenayysad e %‘Pﬁéﬁﬁ‘gyaﬁﬁeﬁ‘ﬁﬁg 0ZeM12. The

method gfdaiaiy L Mw@,tgrﬂaﬁdweoewds&mm fasonwares@irid4nantbSexBavir® EHe method of
Claim 1, wherein the re med cell ent 1, wherein the
reprograﬁ?ﬁéﬂ’?@‘l?ﬁ?@?&%@é’?gwwm A c% c]eﬁs it ﬂ%@ﬁﬂkﬁ%@m

Rarkersefe e group consisting of Oct-4, SSEA3,
SSEA4, Rapﬂogx@mnea|cames1.m@nyvme¢pﬂmgs@mm&mét%mmmwﬂﬁbﬁ ~and (i) form

teratomaﬁ;&mm% YCEISEEQ AN 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 variation 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.

(000111} 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 essentiai for reprogramming somatic
cells.

{600113] 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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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 K1f4. 16. The enriched population of
cells as claimed in Claim 15, wherein the primate pluripotent cells (i) express a cell surface marker
selected from the group consisting of Oct-4, SSEA3, SSEA4, Tm-1-60 and Tra-1-81; (ii) exhibit
morphoqumoﬁnractakiqﬂﬁgﬁwwﬂmelnrvt@e idsnaifidd(bigsédron ivuRianogs ul&iequatrmdﬁt@d into an
immunocompr mlo%d a rlﬁlhnuc] ule) cT e enrlc 0§9€£Lg%§|%gtof gpeo?u ﬁflalmed in Claim 15,
wherein e po ency Ining facto a?ea%]c‘fai at least on eRfaﬁ{)g and Lin28.
18. The eﬂﬁmis&mm&@ﬁ-dﬁ@%%%ﬁ@mﬁ -60and T IWnherbmpgienpesitspscifitermining factors
are Oct-4,aMdH0X2. 19. The enriched population of cells as claimed in Claim 15, wherein the
primate pluri nt cells ac ount i%r at least Pﬁﬁ%% 0 ulat on. 20. Th iched population of
cells as (!Pé‘?fi)ééeln CIali e%ﬁeé IR E<RPiFAIR Fl‘f)o rfaé@ﬂg%lfc%%tﬁrnst(fcﬁ% frga& 80% of the
populatidviye, 0@ 3/4Tind Iélfﬁbksatg pepeititival délbaity systoladntsdindGkxm, Téprograreningwnprimate
pluripotepy RIS AN BllsasLBa%df the population. 22. A cell culture comprising euploid

pluripotent cells having a genome of a pre- existing dlfferentlatedcell of an individual primate. 23.
The cell @I ) dxamale 1 Reprpemmming ot differcntiate celis afer lentiviral fransduction ~ i 22

wherein gaa @ﬁg&ﬂﬁ@f@ﬁmmmmm@ plurallty of mtroduced polynucleotides encoding

potency (G BIg it YaRE RS RRIERG GBI I aF 540 AL SRR B Gy and

in reprogramming differentiated cells to pluripotency, the above-identified methods were
repeated with ATCC Catalog No. CRL-2106 (SK46; ATCC), which are human adult skin cells.
[000113] 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 cell culture medium conditioned with irradiated MEFs was uscd to support
cell growth. By day 18 post-transdﬁction, 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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25.A method for assessing suitability of at least one putative potency-determining factor to convert
primate somatic cells to pluripotent cells, the method comprising the steps of: exposing primate
somatic cells to the at least one putative potency-determining 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 plurlpotent cells 26. The method of Claim 25, wherein the

regulateqwmmter ISFaAk oveherdinteienhigeast one

putative potency-determinin factor is Oct 4, Sox2 and at Ieast one of Nanog and Lin28.
Sequenc@%@@&@@%@leG <110> Thomson, James Yu, Junying <120> SOMATIC CELL
REPROGRMMMING %0 38r¢96 008100688 0fficeren/Iealea?-deslified ooy ¥9%< 150> us
60/974, 9’%{:%@1?139% O IR W FRD/DRHGREverl Sikier 8Os bl SR 2 B mieed 0> Patentin

version 3
the transgene section, and Sox2 optionally replaced the puromycin resistance gene. The

constructs were then expressed either in 293FT cells or in OCT4 knock-in human H1 ES cells
(p6). 7

[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 cm MEF
dish {1 well of 6-well plate to 1x10 cm MEF dish) following the overnight incubation with
lentivirus. Geneticin selection (50 ug/ml) for an active, endogenous, OCT4 protmoter was

carried out between day 11 to 15 post transduction. iPS colonies were counted on day 16.

[000123] FIG. 9A demonstrates that Oct-4 and Sox2 expression occurred in 293FT cells
following transfection (see, e.g., lanes 1-3). In FIGS. 9A-B, pSin4-EF2-Oct4-IRES1-Sox2 is
abbreviated as OS-IRES1; pSin4-EF2-Oct4-IRES2-S0x2 is abbreviated as OS-IRES2; pSind-
EF2-Oct4-F2A-Sox2 is abbreviated as OS-F2A; pSin4-EF2-Oct4-IRES1-puro is abbreviated as
O; and pSin4-EF2-Sox2-IRES1-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 internal 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-IRES1 (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 reprogramming efficiency.

[000125) 1t 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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<210> 1 <211> 480 <212> DNA <213> Stella <400> 1 atggacccat cacagtttaa tccaacctac gaaaattccc
gggacgattc aggggcctct cttagtaact tgactatcaa cgctagtagc ctccgtcgag agtctgtagg agcagcagtc
agcaggagag gagtaagaac attgctgtct tacatgttac tcggcggagt tcgtacgcat ggagttaaga aggaatcaag
accattcaaa tgggatcctt ctgagaatgc tagaataggg <210> 2 <211> 1083 <212> DNA <213> Oct-4 <400> 2
atggcgggac gggccagggg cctcctggag cccccatgec ggagtggggce gtcggggtgg acctggcttc ggccggagcec
ggccaggaat ccccgecgta tagtgcccca agagcaactc ggatttcgec gggetgggtt cgggecgggg tgagttetgt

aggcggcttg cgatggggcec ttctcgeccc gatcctcgga gttgggecag ggggggatgg
[000126] All publications and patents mentioned in the above specification are herein

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. It 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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gagacctctc tccccggage Page ctccaggtgg tggaggtgat cctggctaag cttccaaggce getctga

cgtactgtgg gccccaggtt agectgaggg cgaagcagga cctgecaccgt cac?:cctggt 1ggcc?gtgagggcgg;cgggggg:tt
ggatatacac caaacgacca cggcccttge tgcaaagcag gtgagaggca agccacatcg cggcgecaga getgggtete
ggtaccccag gagggggaag tga tggagaagga aagaactcga aggccgatgt tctgecgcett tgcagaagtg aaaccctegt
acctggagaa cccagcagct agggcaagcg ctttctcagg getatgggag cctttcccee gaagctggag geaatttgec
ggggctcacc tgaggctctg ggtggaggaa gcaggceccga tttgttcctg tgggcetcgag atcaagcagce gggaccagtg
cccteactte tgtctcegtc  seguences.txt caaaacccgg aggagtccca aagcetcctga agcagaagag ctgggggtte
tatttgggaa cagcttagct tcaagaacat gctgacaac&laAdMiaatct aagagaaagc gaaccagtat cagtgcccga
aacccagget aagaatgtgg tccgagtgty gactatgeac aacgagagga tectttecte tggecccagg actgeactgt actceteggt
accactctgg gcictcccat ggacatcaaa gatcaccctg ggtattcagce gtgtaagctg tcaggagata cgagaaccga
gcagcagatc gttctgtaac ttttgaggct gecccatttt cectttcect gcattcaaac  <210> 3

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 ¢-Myc and K1f4; and
culturing the exposed cells to obtain reprogrammed cells having a higher potency

fevel than the primate somatic cells.

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

post-natal individual.

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

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.
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<211> 954 <212> DNA <213> Sox2 <400> 3 atgtacaaca ggcggcggca gtcaagcggc caggagaacc
cttttgtcgg cacatgaagg aagaaggata agcggggtcg gcgcacatga ccgcagcacc gacgtgagcg cccacctaca
ggttcggtgg tccagggcegce gecgaggtge tgatggagac actccaccgc ccatgaatgce ccaagatgca agacggagaa
agcacccgga agtacacgct gggtgggcgce acggctggag cgggcectcaa ccctgcagta gcatgtccta tcaagtccga
cctgccaggce cggaacccgc ggagctgaag ggcggceggcc cttcatggtg caactcggag geggccgttc ttataaatac
gcccggeggg cggectggge caacggcagce tgecgecacggce caactccatg ctcgcagcag ggccagctce cggggacctc

cgcececage ccgecgggee ggeggeaace tggtecegeg atcagecaage atcgacgagg cggecee t
gcgggcegtga taagcaiie nethgdgf Sipimat caberein @gg@ﬁ@é&rﬂ&m“i“?ng Aciors are introduced getageee

to 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; (ii) 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 2
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 ¢-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.

-35-



agccceccctg cgggacatga agacttcaca Page cgcagcaaac agaaaaacag ggcagcggeg gectgggege
ctaagcggct ggaaaaccaa ccggcggcaa accagcgcat tgcaggacca tgcagceccat agacctacat geatggcetct
tggttacctc tcagcatgta tgtcccagea 2 ttcggggggce cccggaccge caagatggec cgagtggaaa gegagegcetg
gacgctcatg tagcatggcg ggacagttac gctgggctac gecaccgctac gaacggctcg tggctccatg ttcctcccac tctcececegge
ctaccagagc Sequences .txt ggcccggtge ccggeacggce cattaacgge acactgecce tctcacacat gtga954 <210>
4 <211> 630 <212> DNA <213> L1n28 <400> 4 atgggctccg cccgaggagg gegggceatet cgegecgggg
atggaagggt gccaagggtc gagaggceggce aactgtggag tgccacttct ggccctagtg cctaccctge tgtccaacca
cgccggagga gtaagtggtt tcgegetcga tccggagctt tggaatccat caaaaggaaa gtctagatca geccagagcat

cacagggaaa tc . . . .
999 f‘fgga‘glgecennched 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 the population.

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

existing differentiated cell of an individual primate.
23.  Thecell culture of Claim 2-2, wherein the primate is 8 human.
24.  The cell culture of Claim 22, wherein the cells further comprise in the genome a

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

potency-determining factors do not comprise c-Myc and K1f4.
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gcagtttgca cgcggcececgg caacgtgcge cccceccagtg gaaggagggt cecgtgtcacc gagcatgcag tcatgccaag
cagccatatg gccaacctac acagaattga ggtggctgcg gcggcggacg atggggttcg gatgtctttg gaggcagtgg
ggacctggtg aagcgcagat gaatgcaagc gtagcctcat tttcgagagg ccaaggcggc agcctcagct gcetteetgtc
tgcaccagag agttcacctt gagtattctg caaaaggaga tgccacccca gtccgctgaa aagaagaaga agaagaggcg
gctgcacggt catgaccgcc taagctgcac taagaagtca tattgggagt caggtgctac gcccaagaag ggcccagcag
aatccacagc <210>5 <211> 918 <212> DNA <213> Nanog <400> 5 atgagtgtgg atccagcttg gaatcttcac
ctatgcctgt tcttctgctg agatgcctca cttattcagg acagccctga gagaatagtg tcgcaaaaaa gtgttctctt ccacccagct

agcctccage agstgcaageethodifyyiseaimavsability abehisesiane guagae getenaceaesaiPEatgcctggt
'9gaacagl §ARCEI9aR BAARCAAIF. ARCH SRR ALACCI HIARRGEE Bl SARE AR 0BH101000

cacggagact ticticcacc'ggaagacaag gtgtgtactc actctccaac aatgaaaict gaaggcetca gaacccgact .
caaccagacc cacccadtdeiEHpagRie S?@e%w&séefagab?ﬁﬁé‘d}%g?&@&‘é°3&%&%@&%&3’@%‘8&@% aatgatagat
atcctyaagpaaogis gatage geadtsesrigagarcgiiveagatlatet ttgdacionatd comprising 2 marker
gene under control of a regulated promoter active in & 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 celis.
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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tgcatgcagt Page ttgaagcatc actatccatc ttccctcectc gcaaacaacc agaaacagaa ttcagagaca tcagctacaa
agaaaaacaa accccagcct caatgtggag agtcctggag aggcctggaa tccagccaaa 3 cgactgtaaa cttgcaaatg
catggatctg cacttctgca gaccagaact gaaatacctc acaggtgaag ctggccgaag ctactcttcc caaccagacc
caaccactcc cagtcccttc ttctcctgec <210> 6 <géLlu% n8£(%§0&%12> DNA <213> Lentivirus harboring Stella
catttactct aaacctgtga taaatatgta gﬁqgg@@@tugﬁa@:@gat ctgtggatct accagggcca ggggtcagat tgagccagat

aaggt a
g%fﬂﬁ g"T"hc)ms:)n, 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 tccaacctac atcccagggt ctocacaaat getcaccgaa 60

gaaaattccc gggacgattc aggggcectct caaatctcct ccgagacgtt gataaagaac 120
cttagtaact tgactatcaa cgctagtagc gaatctgtit cccctetatc ggaagettta 180
ctccgtegag agtctgtagg agcagcagtc ctcagggaaa tegaagatga gtggcetttac 240
agcaggagag gagtaagaac attgotgtct gtgcagagag aaaagatggc aagattgaga 300
tacatgttac tcggcggagt tcgtacygcat gaaagaagac caacaaacaa ggagcoctaag 360
ggagttaaga aggaatcaag accattcaaa tgtccctgca gtttetgegt gtctaatgga 420

tgggatcctt ctgagaatgc tagaataggg aatcaagaca ccaagecact tcagecataa 480

<210> 2
<211> 1083
<212> DNA
<213> 0Oct-4

<400> 2
atggcgggac acctggcttc ggatttcgee ttctcgecce ctccaggtygyg tggaggtgat 60

gggccagygdg ggocggagoc gggotgggtt gatcctcgga cotggctaag cttecaagyc 120
ccteetggay gyccaggaat cgggecgggg gttgggocag getotgaggt gtgggggatt 180
cccccatgee cococgeegta tygagttetgt ggygggatrgg cgtactgigg gocccaggrt 240
ggagtgggygc tagtgeocca aggeggcotty gagacetote agoctgaggg cgaagcagga 300
grcggggtgg agagcaactc cgatggggec tccccggage cctgcacegt caccectggt 360
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gagcctgcat gggatggatg cctagcattt catcacgtgg tcgagcttge tacaagggac gactggggag tggcgagecc
ggtctctetg gttagaccag tgcttaagcec tcaataaage gtgactctgg taactagaga aacagggact gctgaagcegce
actagcggag attagatcgc atataaatta aaacatatag tggcctgtta gaaacatcag tcagacagga tcagaagaac
gcatcaaagg atagagataa aaacaaaagt aagacgaccq atatgaggga caattggaga Page 4 ticctctgaa agtagttgga

ACCasAaReA AIECAG4NGE 800 CHRRIER 556 CaTRT B ba Hasaac dticcasian teagatcctgatetgagect
ttgccttgag tecctcagac tgaaagegaa geacggeaag getagaagga gatgggaaaa tatgggeaag aaggetgtag
ttaga%é?t%gﬁﬁ%%gg@%%éggg gaaa&f%'gct‘ga%ﬁ?&?‘gé%ﬁ 8?.?3?% S 59 tagtdifa gagtggtgea
gagayadatacg e EEITIgudagosmiatg catigtotmg datagtucaggatrigtigren attagcagtc E@agatacct

aaa%%@&%@%&a%&@%gg&%%%g@&q@&a@&a%g&é&%ﬂﬁ@&gga@@gCaaeasaaatgggc

aagtttgtgg tattcataat tagtgaatag cgaggggacc gatccattcg caattttaaa aatagcadca tcgggtttat taaagtttta

tgggaaied BEffg G ERAT edfthAdbegadery e R RRIGIFIGIPeRGahTEE §188Y¥g0a BRfycctggece tegetgctit

ttttCtggeaatiggag Ceoe SaLge R0 dootgacCti@agaaage gaaccagtat cgagaaccga 720
gtgagaggca acctggagaa tttgttectyg cagtgeccga aacccacact gcageagatc 780
agccacateyg cccageaget tgggetcgag aaggatgtgg tccgagtgtg gttctgtaac 840
cggcgccaga agggcaagcey atcaagcagc gactatgcac aacgagagga ttttgaggcet 900
gcrgggtcte ctttcteagy gggaccagtg tocctttoctc tggecccagg gecccatttt 960
ggtaccccag gcratgggag ccctcacttce actgcactgt actccteggt coctttccct 1020
gagggggaag cctttcccce tgtctccgte accactetgg gotctcccat gecattcaaac 1080
tga 1083
<210> 3
<211> 954
315 Son
<400> 3
atgtacaaca tgatggagac ggagctgaag ccgocgggec cgcagcaaac ttoggggggce 60
ggcggcggea actccaccge ggeggeggee ggoggcaace agaaaaacag cccggaccgce 120
gtcaagcgge ccatgaatgc cttcatggtg tggtoccgceg ggcagcggeg caagatggec 180
caggagaacc ccaagatgca caactcggag atcagcaagc goctgggege cgagtggaaa 240
cttttgtcgg agacggagaa geggecgttc atcgacgagg ctaagcgget gegagegetg 300
cacatgaagg agcacccgga ttataaatac cggccccgge ggaaaaccaa gacgctcatg 360
aagaaggata agtacacgct geceggeggg ctgotggece coggoggeaa tagcatggeg 420
agcggggtcg gggtgggegc cggeetggge gogggegtga accagcegeat ggacagttac 480
grgecacatga acggctggag caacggeage tacagcatga tgcaggacca getgggetac 540
ccgcagoace cgggoctcaa tgcgcacgge gcagcgeaga tgcagoccat geaccgetac 600
gacgtgagcy ccctgcagta caactccatg accagetcge agacctacat gaacggetog 660
cccacctaca gcatgtocta ctegcagcag ggeaccceetg gecatggetet tggotccatg 720
ggttcggtgg tcaagtccga ggecagetoce ageccccetg tggttacctc ttoctoccac 780
tccagggege cctgocagge cggggacctc cgggacatga tcagcatgta totccccgge 840
gccgaggtge cggaacccgec €goccccage agactrcaca tgtcccagea ctaccagage 500
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cattatcgtt aagaagaagg ggtatcgcca gtacagtgca acaaaaacaa actttggtcg gctaatggac cagagcgcac
gtgcctagag tttttcccga ttcgcaacgg gectctttac tgattcttga aaggagceccc tgcgaatctg gcaaagagaa gggttcttgg
gccagacaat gcgcaacagc ctggcetgtgg aaactcattt cagatttgga ttaatacact acaagaatta ttggaattag ttggctgtgg

tatataaaat agtttttgct gtactttcta tcagacccac Ct%CC&&CCC t

099garegagctRo@great gilacaraaa igaaaal

gagagaga gacagagaca caaatggcag tattcatcca
i hlacsctidcsraagatgggctictaggtc tigapaggag atcgeccaca

gtccccgaga aaggtggege ggggtaaact gggtggggga gaaccgtata gtttgccgec agaacacagg gggttatgge
ccttgegigs tegcgagcett cgggttggaa ttcgeetegt gettgagttg gtggeacctt cgegectgte gegacgcttt atttcggttt
g&3ggcctgcetc ctggeecggt 1380 1440 1500 1560 1620 1680 1740 1800 1860 1920 1980

gcg

204G

Nﬁ%éZZZO 2280 2340 2400 2460 2520 2580 2640 2700 2760 2820 2880 2940 3000 3060

3120 3180 cggcaccagt aatggaggac cctttccgtc acctcgatta atgcgatgga tgatgtaatt ctcagacagt gccatggacc

gaa

P

c?—ift dacc tagta ttactcegtc
gttac1g% AL ACCEtatge agcattcita

%%%aé’

Yaagya

ek

SEb

atc tagtaggttt gaaggatccg
caaat Ccccattgta

agotrrasangagat Farrag TG FEFes KHEc §ast YuRfag ety cyydcgatgptgittgccgdl@aaagatggce

9929594494 ttgalate Hita0ReR AYERI G gt it g daalgegacg iEaggggec caacgctagt
aggagcagca aacattgctg agttcgtacg aagaccattc tgctagaata ggcctcgaga gggcggccaa ggaataaggc

caatJRfAGG EEE ctegeeAGeR L 168

BHRIY HodAEcteafAagRG ARt B g cct &

CCCgaac

Sequangesggcitcccgeragyyiganisacircanagatgingistt tggegactamiganitlyy caticaggt tacatcccag
tctca gégg

ttccg ccct C

tctg gtcctca
gt%%%gaQCcag &_Qﬂ

jeigige

t gcccggaaa aaagg

g‘é & SERE

aa aaatgtecet gggaate
Aaa tgcgtc%gcgg% acgttg aacaaggggc

aag gagcggcege

cggt@é&éag%Q,“g@gmg%m@m%eégtwgam@mmgg@!@g@m@&@gccg@@agttgagcgg Page

aactgtggag
tgccactict
ggccctagty
cctaccctgce
<210>
<211>
<212>
<213>

<400> 5
atgagtgtgy

gaatcttcac

5
918
DNA

tcttctgctyg
cttattcagg
gagaatagtg
gtgttctett
agcctecage
acctggttcc
aatagcaatg
taccaccagyg
tggaacaatt
tggaacactc

tataactgtg

gtctagatca
gccagagcat
cacagggaaa

teccggaggce

Nanog

atccagcttg
ctatgectgt
agatgcctcea
acagccctga
tcgcaaaaaa
ccacccagct
agatgcaaga
agaaccagag
gtgtgacgcea
gatgcctggt
caacctggag
agacctggtg

gagaggaatc

Tcatgccaag
cagccatatg
gccaacctac

acagaattga

tceccaaagce
gatttgtygg
cacggagact
ttcttecace
ggaagacaag
gtgtgtactc
actctccaac
aatgaaatct
gaaggcctea
gaacccgact
caaccagacc
cacccaatec

tctgeagtec

gaatgcaagc
gtagcctcat

tttcgagagg

ttgccttget
cctgaagaaa
gtctctecte
agtcccaaag
gtcccagtca
aatgatagat
atcctgaacc
aagaggtggc
gcacctacct
gggaacctte
cagaacatcc
tggaacaatc

tgcatgcagt

tgccacccca
gtccgctgaa

aagaagaaga

ttgaagcatc
actatccatc
tteecctoectc
gtaaacaacc
agaaacagaa
ttcagagaca
tcagctacaa
agaaaaacaa
accccagect
caatgtggag
agtcctggag
aggcctggaa

tccagecaaa

Page 3

gcccaagaag
ggcecageag

aatccacagc

cgactgtaaa
cttgcaaatg
catggatctyg
cacttctgca
gaccagaact
gaaatacctc
acaggtgaag
ctggccgaag
ctactctrtec
caaccagacc
caaccactec
cagteectte

ttctectgee

480
540
600
630

60
120
180
240
300
360
420
480
540
600
660
720
780



3240 3300 3360 3420 3480 3540 3600 3660 3720 3780 3840 3900 3960 4020 4080 4140 4200 4260
4320 4380 4440 4500 4560 4620 4680 4740 4800 4860 4920 4980 5040 5100 aacagatgga
cegtcggegt gagtggaggce acctcecctt accgegegac acctagaaaa cetggetaga taagaccaat gactggaagg
ttgtttgcee cctaataaaa gtggggtggy atgeggtggggeeasatgg:cocctatity cetgataaat tegeecttat tggtgaaagt
atctcaacag gcacttttaa aggcctectg ctcgeecgac ggecgagege ctacgagegg ctggtgeatg acatggagea
agcasaayEd 98 REUsA8§ G AeRRE I EEPRPRISGoRERRT G2 &Eé@@@ﬂﬁ&tggc?f‘@atagctgt tttatttttc
gcliGrriaaiaceitithgaaagrigehagataegaje naieigeia gegeageaccataasaguyca IYgggtge cteggctica

acccgcaa ¢ atcacaagta gaggaggagg gcagctgtag tcccaacgaa tgagectggg ccttgagige ctcagaccct
attcagfHtt %eﬁ&%\t%gtgf%agcct ccttcettga geatcgeatt aagggggagg tetgaggegg ttgg%ggtcag taaatacatt
tattgaaaaa gcggcatttt gaagatcagt cttgagagtt tgtggegegg s.txt gcccgegtgg cagegecgte ggagacctee

cgac% ggtaggcg gcaatacage agctaccaat tgggtiticc agtcacacct atcttageca cttittaaaa gacaagatct
gctitdprictametaggg gtgtgccegt gtggaaaatc aaagaaatga aactaggagt tgccactcec gtgtcattct caatagcagg
ctgggdtieyc L5t fredercly §59taRcaa ttttgctcac agtgggttac agaacgtttt tattgacgec tgagtactca

cagtgctgcc aggaccgaag tcgttgggaa tgtagcaatg 7
<220>

<221> misc_feature

<222> (3604)..(4083)

<223> Sequence for stella

<400> 6

cggaccgcca ctgccaatta cctgtggttt catttactct aaacctgtga ttcctctgaa 60
ttattttcat tttaaagaaa ttgtatttgt taaatatgta ¢tacaaactt agtagttgga 120
agggctaatt cactcccaaa gaagacaaga tatccttgat ctgtggatet accacacaca 180
aggctacttc cctgattagc agaactacac accagggeca ggggtcagat atccactgac 240
ctttggatgg tgctacaagc tagtaccagt tgagccagat aaggtagaag aggccaataa 300
aggagagaac accagcttgt tacaccctgt gagcctgcat gggatggatg acccggagag 360
agaagtgtta gagtggaggt ttgacagccg cctagcattt catcacgtgg cccgagaget 420
gcatccggag tacttcaaga actgctgata tcgagcettge tacaagggac tttccgetgg 480
ggactttcca gggaggcgty gectgggegg gactggggag tggcgagocc tcagatcctg 540
catataagca gctgcettttt gocctgtactg ggtctctetg gttagaccag atctgagect 600
gggagctcte tggctaacta gggaacccac tgcettaagcc tcaataaage ttgoctigag 660
tgcttcaagt agtgtgtgec cgtctgttgt gtgactctgg taactagaga tccctcagac 720
ccttttagtc agigtggaaa atctctagea gtggcgococcg aacagggact tgaaagogaa 780
agggaaacca gaggagctct ctcgacgcag gactcggett gotgaagege gcacggcaag 840
aggcgagggg cggcgactgg tgagtacgcc aaaaattttg actagcggag gctagaagga 900
gagagatggg tgcgagagcg tcagtattaa gcgggggaga attagatcgc gatgggaaaa 960
aattcggtta aggccagygyg gaaagaaaaa atataaatta aaacatatag tatgggoaag 1020
cagggagcta gaacgattcg cagttaatcc tggcctgtta gaaacatcag aaggctgtag 1080
acaaatactg ggacagctac aaccatccct tcagacagga tcagaagaac ttagatcatt 1140
atataataca gtagcaaccc tctattgtgt gcatcaaagy atagagataa aagacaccaa 1200
ggaagcttta gacaagatag aggaagagca aaacaaaagt aagaccaccg cacagcaagc 1260
ggccgetgat cttcagacct ggaggaggag atatgaggga caattggaga agtgaattat 1320
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ttcctggcca 5160 gtgctcceecg5220 gegececegeas280 tgeccgaagg5340 gecgetcgag 5400 getgattgtg5460
caggtacctt5520 gaaaaggggg 5580 tgtactgggt 5640 aacccactgc 5700 ctgttgtgtg 5760 tctagcagta 5820
atatcagaga 5880 ggagcacaca 5940 cagccatctg 6000 actgtccttt 6060 attctggggg 6120 catgctgggg 6180
gcccctcgag 6240 gtgcgeggaa 6300 agacaaiaageg?.¢atttccgty 6420 ccagaaacgc 6480 atcgaactggy
6540 ccaatgatga 6600 gggcaagagc 6660 ccagtcacag 6720 ataaccatga 6780 gagctaaccg 6840
ccg@é@%&%%é&ﬁ%ﬁ%@t@%ﬁ%Gé?ﬁ%ﬁ%c&?ﬁ&f@ﬁﬂg&%@&g%aaté%éﬁ 7020 ttctgegete
ggggﬁﬁ%ﬁ%ﬁ?%@ﬁ@&@ g%@g@f@gggéaa@@ﬁmmgcmm@mmwc gaHyggagt caggcaacta
a CcCtc actgattaaq cattggtaac agattgat ctica t 32 tcatgac caaaatccct
taacﬁag gfggoaaa g%ﬁ%\ E%ag%%%at%ﬁ%% téaéagtgt%%?t 4%%%%%%%%%%&%%&0%%?9 gtgggttt 7500
ttccgaaygt cattJgoie Beag a8 cRITEE0 SHEGHHIRY et aagaseteRp7620 ¥€gttace agtggcetgct

QCC%Q%%Qg&SQ&%%QQ&Q%E@QSﬂ%Q%99&@9&99532&5%9%&@g@@e@gacmtacaccgaac 7800
gcgcecacgct fcccgaaggg agaaaggcgg7860 cag%agagc cacgagggag cttcca ggz 0 ggtttcgcca

cctchPROR FaGEgtegaaPI8aA 883 AT §588A]

BRI LY BOAFE G0 L21057 <211> 19
gcaccactge tgtgccttgg aatgctagtt ggagtaataa atctctggaa cagatttgga 1740
atcacacgac ctggatggag tgggacagag aaattaacaa ttacacaagc ttaatacact 1800
ccttaattga agaatcgcaa aaccagcaag aaaagaatga acaagaatta ttggaattag 1860
ataaatgggc aagtttgtgg aartggttta acataacaaa ttggctgtgg tatataaaat 1920
tattcataat gatagtagga ggcttggtag gtttaagaat agtttittgct gtactttcta 1980
tagtgaatag agttaggcag ggatattcac cattatcgtt tcagacccac ctceccaacce 2040
cgaggggacc cgacaggccc gaaggaatag aagaagaagyg tggagagaga gacagagaca 2100
gatccattcg attagtgaac ggatctcgac ggtatcgeca caaatggcag tattcatcca 2160
caattttaaa agaaaggggy ggattggggg gtacagtgca ggggaaagaa tagtagacat — 2220
aatagcaaca gacatacaaa ctaaagaatt acaaaaacaa attacaaaaa ttcaaaattt 2280
tcgggtttat tacagggaca gcagagatcc actttggtcg ataagctttg caaagatgga 2340
taaagtttta aacagagagg aatctttgca gctaatggac ctictaggtc ttgaaaggag 2400
tgggaattgg ctccggtgece cgtcagtggg cagagcgeac atcgococaca gtccccgaga 2460
agttggggygg aggggtcgge aattgaaccg gtgcctagag aaggtggege ggggtaaact 2520
gggaaagtga tgtcgtgtac tggctccgee tttttcccga gggtggggga gaaccgtata 2580
taagtgcagt agtcgccgtg aacgttcttt ttcgcaacgg gtttgecgcc agaacacagg 2640
taagtgccgt gtgtggttcc cgegggectyg gectctttac gggttatgge ccrrgegtge 2700
cttgaattac ttccacctgg ctgcagtacg tgattcttga tcccgagett cgggttggaa 2760
gtgggtggga gagttcgagg ccttgogeit aaggagcecce ttegectegt gottgagity 2820
aggcctggec tgggegetgg ggecgecgeg tgcgaatctyg gtggecacctt cgegoctgte 2880
tcgctgettt cgataagtct ctagccattt aaaatttttg atgacctgct gcgacgettt 2940
ttttctggca agatagtctt gtaaatgcgg gecaagatct gcacactggt atttcggttt 3000
£tggggccge gggcggegac ggggeccgtg cgtcccageg cacatgttcg gcgaggeggy 3060
gcetgegage goggecaccg agaatcggac gggggtagtc tcaagetgge cggectgete 3120
tggtgcctgg cetegegecg ccgtgtateg ccccgeccty ggcggeaagg ctggoocggt 3180
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<212> DNA <213> Artificial <220> <223> Synthetic oligonucleotide <400> 7 cagtgcccga aacccacacl9
<210> 8 <211> 24 <212> DNA <213> Atrtificial <220> <223> Synthetic oligonucleotide <400> 8
agaggaactg cttccttcac gaca24 Sequences.txt <210> 9 <211> 20 <212> DNA <213> Atrtificial

Sequences.txt

cggcaccagt tgcgtgagceg gaaagatggc cgcttccegg ccctgetgca gggagetcaa 3240
aatggaggac gcggcgetcg ggagagoggg cgggtgagic acccacacaa aggaaaaggy 3300
cctttcogte ctcagccgtc gettcatgtg actccacgga graccgggey ccgtccagge 3360
acctcgatta gttctcgage ttttggagta cgtcgtctit aggttggygg gaggggritt 3420
atgcgatgga gtttccccac actgagtggg tggagactga agttaggcca gettggeact 3480
tgatgtaatt ctccttggaa tttgoccttt ttgagtttgg atcttggttc attctcaage 3540
ctcagacagt ggttcaaagt ttttttcttc catttcaggt gtcgtgagga attcgegatc 3600
gccatggacc catcacagtt taatccaacc tacatcccag ggtctcecaca aatgetcacc 3660
gaagaaaatt cccgggacga ttcaggggec tctcaaatct cctccgagac gttgataaag 3720
aaccttagta acttgactat caacgctagt agcgaatctg tttcccctet atcggaaget 3780
ttactccgte gagagtctgt aggagcagca gtcctcaggg aaatcgaaga tgagtggett 3840
tacagcagga gaggagtaag aacattgctg tctgtgcaga gagaaaagat ggcaagattg 3900
agatacatgt tactcggcgg agttcgtacg catgaaagaa gaccaacaaa caaggagect 3960
aagggagtta agaaggaatc aagaccattc aaatgtccct gcagtttctg cgtgtctaat 4020
ggatgggatc cttctgagaa tgctagaata gggaatcaag acaccaagcc actreageca 4080
taataggttt aaacatcgat ggcctcgaga aageggoege ccccacgegt aaactagttc 4140
gaaggatccyg catgcatcta gggcggecaa ttccgecect cteectccce coececetaac 4200
gttactggcc gaagccgctt ggaataaggc cggtgtgegt ttgtctatat gtgattitec 4260
accatattgc cgtcttttygg caatgtgagg gcccggaaac ctggeectgt crtcrtgacy 4320
agcattccta ggggretttc coctctcgoc aaaggaatgc aaggtctgtt gaatgtegty 4380
aaggaagcag ttcctctgga agcttcttga agacaaacaa cgtctgtage gaccctttge 4440
aggcagcgga accccccace tggcegacagg tgectctgeg gecaaaagoc acgtgtataa 4500
gatacacctg caaaggcgge acaaccccag tgecacgtty tgagttggat agttgtggaa 4560
agagtcaaat ggctctcctc aagcegtattc aacaaggggc tgaaggatgc ccagaaggta 4620
ccccattgta tgggatctga tctggggect cggtgeacat getttacatg tgrttagrteg 4680
aggttaaaaa aacgtctagg ccccccgaac cacggggacg tggttttcct trgaaaaaca 4740
cgatgataag cttgccacaa cccacaagga gacgaccttc catgaccgag tacaagcecca 4800
cggtgcgect cgocacccge gacgacgtee cccgggocgt acgcacccte gecgecgegt 4860
tcgccgacta ccccgecacg cgccacaccy tegacccgga ccgccacatc gagegggrtca 4920
ccgagctgea agaactcttc ctcacgegeg tcgggctega catcggcaag gtgtgggreg 4980
cggacgacgg cgccgeggtg geggtctgga ccacgecgga gagcgtcgaa gcgggggegg 5040
tgttcgeega gatcggeceg cgeatggecg agttgagegg ttcccggetg geecgegeage 5100
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<220> <223> synthetic oligonucleotide <400> 9 cagaaggcct cagcacctac20 <210> 10 <211> 20 <212>
DNA <213> Atrtificial <220> <223> Synthetic oligonucleotide <400> 10 tacctcttcc tcccactcca20 <210>
11 <211> 20 <212> DNA <213> Artificial <220> <223> synthetic oligonucleotide <400> 11 aagcgcagat
caaaaggaga20 <210> 12 <211> 20 <212> g)&l@é<gél§>)értlf|0|al <220> <223> synthetic oligonucleotide

<400> 12 agtttgtgcc aggatttttg20 <210> 13 <211> 20 <212> DNA <213> Art|f|C|aI o

aacagatgga aggcctcctg gegecgcacc ggcccaagga geccgegtgg ttectggeca

ccgtcggegt ctcgeccgac caccagggea agggtetggyg cagcgocgtc gtgetooceg 5220
gagtgyaggc ggccgagege gccggggtygce ccgecttect ggagacctec gegecccgeca 5280
acctccectt ctacgagegg ctcggettca ccgtcaccgc cgacgtcegag tgcccgaagg 5340
accgcgegac ctggtgeatg acccgcaage ccggtgectg ataataggeg gecgetcgag 5400
acctagaaaa acatggagca atcacaagta gcaatacagc agctaccaat getgattgtg 5460
cctggctaga agcacaagag gaggaggagg tgggttttcc agtcacacct caggtaccit 5520
taagaccaat gacttacaag gcagctgtag atcttagcca ctttttaaaa gaaaaggggg 5580
gactggaagg gctaattcac tcccaacgaa gacaagatct getttttget tgtactgggt 5640
ctctctggtt agaccagatc tgagcctggyg agetctctgyg ctaactaggg aacccactgce 5700
ttaagcctca ataaagcttg ccttgagtge ttcaagtagt gtgtgeccgt ctgttgtgtg 5760
actctggtaa ctagagatcc ctcagaccct tttagtcagt gtggaaaatc tctagcagta 5820
gtagrtcatg tcatcttatt attcagtatt tataacttgc aaagaaatga atatcagaga 5880
gtgagaggcc ttgacattat aatagattta gcaggaattg aactaggagt ggagcacaca 5940
ggcaaagttc tagagctcge tgatcagcct cgactgtgec ttctagttge cagecatctg 6000
ttgtttgece cteccccgtg cortccttga ccctggaagg tgccactcece actgtcettt 6060
¢ctaataaaa tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg 6120
gtggggtggyg gcaggacagc aagggggagy attgggaaga caatagcagg catgctgggg 6180
atgcggtggg ctctatgget tcetgaggcgy aaagaaccag ctgggggegc goccctegag 6240
gccgecatgg tcatagetgt ttgacgtcag gtggcacttt tcggggaaat gtgcgeggaa 6300
cccctatttg tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac 6360
cctgataaat gecttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg 6420
tegeecttat toccctittit goggeatttt gocttectgt ttttgctcac ccagaaacgc 6480
tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg 6540
atctcaacag cggtaagatc cttgagagtt ttcgccccga agaacgtttt ccaatgatga 6600
gcacttttaa agttctgcta tgtggcgegg tattatcccg tattgacgcc gggcaagage 6660
aactcggtcg ccgeatacac tattctcaga atgacttggt tgagtactca ccagtcacag 6720
aaaagcatct tacggatggc atgacagtaa gagaattatg cagtgctgec ataaccatga 6780
gtgataacac tgcggccaac ttacttctga caacgatcgg aggaccgaag gagctaaccg 6840
crrtrttgea caacatgggg gatcatgtaa ctcgccttga tcgttgggaa ccggagctga 6900
atgaagccat accaaacgac gagcgtgaca ccacgatgcc tgtagcaatg gcaacaacgt 6960
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tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacy
tgtcagacca
aaaggatcta
tttcgttcca
trtttctgeg
gtttgccgga
agataccaaa
tagcaccygece
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctyg
ttttgtgatg
tacggttect
<210> 7

<211> 19

<212> DNA
<213>

<220>
<223>

<400> 7
cagtgcccga

<210> 8
<211> 24
<212> DNA
<213>

<220>
<223>

<400> 8

attaactggc
ggataaagtt
taaatctgga
taagcectec
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctge
tcaagagcta
tactgtcctt
tacatacctc
tcttaccyggg
ggggggticg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg

ggccttttge

artificial

aacccacac

Artificial

gaactactta
gcaggaccac
gceggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gacccegtag
tgcttgcaaa
ccaactcrtt
ctagtgrage
gctctgctaa
ttggactcaa
tgeacacagc
cattgagaaa
agggtcggaa
agrccrgteg

gggcggagec

Synthetic oligonucieotide

synthetic oligonucieotide

agaggaactg cttccttcac gaca

Seguences.txt

ctctagettc
ttetgegete
gtgggtcteg
ttatctacac
taggtgccte
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
fcctgttace
gacgatagtt
ccagcttgga
gcgccacgcet
caggagagcg
ggtttcgeca

tatggaaaaa

Page

ccggcaacaa
ggcccttecg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccactte
agtggctgcet
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cetctgactt

cgeccageaac

8

<220> <223> Synthetic oligonucleotide <400> 13 acttcacctt ccctccaacc20

ttaatagact
gctggotggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggret
agcagagcgc
aagaactctg
gccagtggeg
gcgcageggt
tacaccgaac
agaaaggcyg
cttccagggy
gagcgtcgat
gcggeetttt

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8G40
8060

19

24



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

<220>
<223>

<400>

9

20

DNA
artificial

synthetic oligonucleotide
9

cagaaggcct cageacctac

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

<220>
<223>

<400>

10

20

DNA
Artificial

synthetic oligonucleotide
10

tacctettece toccactcoa

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

11

20

DNA
Artificial

Synthetic oligonucieotide
11

aagcgcagat caaaaggaga

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

<220>
<223>

<400>

12

20

DNA
artificial

synthetic oligonucleotide
12

agtttgtgcc agggtrtttg

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

<220>
<223>

<400>

13

20

DNA
Artificial

synthetic oligonucleotide
13

acttcacctt ccctccaacc

Sequences. txt
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