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[0009] One could hypothesize that factors that can reprogram human somatic cells differ
from those factors that can reprogram somatic cells from model organisms (including mice)

because ES cells from mice and humans require distinct sets of factors to remain



[ 0009] One coul d hypothesize that factors that can
reprogram hunman sonmatic cells differ fromthose
WO 208018824 hat can reprogram somati c cel | s fronPemts1008/057924
organi sms (including mce) because ES cells fromm ce
and humans require distinct sets of factors to
remai nundi fferentiated, illustrating the significance
of species-specific differences, even anong nmanmal s.
undlffe(tf_r{tlps%;l(g %ltrgh"}é{‘]’%ﬁ}]g,gl 11((:%{% g#&g%%g@% p_if eg%]%fr:s even among
mammﬁfsoh)rf &b E)leoﬂﬁe léﬂlﬁ&ﬁlanﬁlblﬁﬁﬁﬁ%F (LA 3 EatheRY a key to mouse ES
proliferation and pears 1nactive in conditions that
cell pr@dgfpmrt, degsghsupEPTE blllm@ Efesiardiferationsandgppeasst inpstige i epnditions

that sué;?or@%xaé%% n%ggg%!eroglﬁgpt fegtﬁ Ce?ts 29"77(1a %@gp\gﬁ% 5[§mphrey R, et

al., StetBCABEL: 22630 (20999 pyd M[a(B@@lD]et &, EMBO Iy 3:46il 1486D01989)).

ont PIRREHL 504 SN ABF B i

mouseiES cs@selfrreheed anreldnal der(siﬁeslgl sQruni-fra¢ me@eml (Yinkg3Q,284% , 23R

115285287 Pt B ety RPigbRRRe £S SaT GG iohdn sewitians that would

otherwisd B@spoft sSIEémeival) QR las c@hb@&braﬁbrswhatman ﬁerofolabtr @lahmaﬁ@
or_in fibroblast-conditio

mediuBi(b Be it Nob Brotenol 1000 Sa6D 00 b, i LENP

| | (]
si gnahgg m%aﬁ Egrb@ilé ﬁ@ex‘léﬁg%&'@@n}_ SI%gal]:. g‘lédt %%%%%%?1@650%8%%0&%

000115, | 1 SHU Reter, opatissbisb et oo cAREH) §ilioe < RGBYant 0 selrenewl

ofhum%lé l%?g%u%u?t' zBér gmo‘?ﬁ)tr i Lefzﬁ{ Ce usu;g{a WSS@?{ Stem

Cells 2336323 £905)u C, et aI Stem Cel |' s 23: 315- 323 (2005))

WOOIZ&,SE%?&?}@P%{YWPE H éh? g ?%? 5 guﬁ)(%ten&ysdtﬁternélmqgsf?%?rs aulted .at least
for usere tied@dds fod repr@axrﬁxgrr@mmm@ (prchﬁaigeluman a:hdmbmlgnﬂmummmam dells

. .han- human) s to yield ent cells.
to yieldplurpigi |°g"s %ﬁeﬁléno%wammwwﬁgmab BhBicysHiF would be
suited for 5848 Sppl WAt aRBadyUbheMplhaRl forSRistifg, pRIMpbeat, bAMSte ES cells.
al ready contenpl ated for existing, pluripotent,
primte ES cells. BRI EF SUMVARY [ 00013] The present
i nvention is broadl ypgRruBF8U\AgAR®S rel ating to methods

for reprogranmng differentiated, somatic, primte
[00013 el | s Thapeeseit invepiisndbrogdy Femmanigd ﬁbreéat@séccmﬁﬁh@%ﬂ foy

reprog{'aﬂ'tnlgné Eﬁfe&%hh@d sé%at%sﬁt mdl lcaisrlnto gﬁl?r@a%ﬁ éeﬁs aﬁﬂrﬁ? §p?%iﬁcally

at are ’substa I denti ca
into iPBleeliss Asespklréing'iRf édletrefer toaaeﬁsjtr@tmmubrstaumlly gsﬁetmnlil)giidmtical
ar acter | S}

to their rgfqegtlvepiﬁﬁeléga e€§01glg ci ce 1 og gn%le g% r%lta)Q heaF%F rr]15t1 O¥rr%par¥o
higher q}Sﬂch@y cfeﬂﬁl stich RlESdeleds ﬂés@ﬁbedafeteﬁu sTHdicklleraa e Ioan‘aexdd from
8% plurlgotent g nﬁ |F§tent? Sﬁnatic cells.
varioug gy rfﬂﬁat? Gee BpT-RIVERGiFH R MEIBASIR SR €S e. | round
(000144 hape ipd adlg exmbie hRedhblogid (B6¢ aﬁhnd shape, large nucleoli and scant
cytoplasm) and growth properties (i.e., doubling time; ES cells have a doubling time of about

seventeen to eighteen hours) akin to ES cells. In addition, iPS cells express pluripotent cell-
specific markers (e.g., Oct-4, SSEA-3, SSEA-4, Tra-1-60, Tra-1-81, but not SSEA-1). iPS cells,

however, are not immediately derived from embryos and can transiently or stably express one or
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pluripotent cells obtained from a post-natal individual, especially from a living individual, but

optionally from a deceased individual. Cells in the enriched cell population express at least one



factors, e.g., Cct-4 and Sox2, can be sufficient.
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determined whether the excluded potency-determining factor was essential to the
reprogramming. For example, a set of potency-determining factors termed M1 that lacked Oct-4
(depicted as M1 - 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 cell reprogramming. FIG. 7B shows a set

of potency-determining factors (narrowed from FIG. 7A) evaluated for further testing was



formation, after introduction of various sets of
potency-determ ning factors. FIG 7A shows the

WO dwatigseed set of fourteen potency-determ ni NRCT/HB1008/657924
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each conbi nati on excluded one of the fourteen factors.
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[00031] Cell types pass through various levels of potency during differentiation, such as

totipotency, pluripotency and multipotency. Of particular interest herein are pluripotent cells.
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in mesenchymal cells derived from OCT4 knock-in human
ES cells using |inked potencydeterm ning factors; gene
W@ 09Bi1832G ons are the sanme as in FIG 9A W t hP€hES2008/057924
addi ti on of pSin4- EF2-Nanog-1RESI-puro (N) and :
pSi n4- EF2- Li n28- 1 RESI -puro (L). DETAI LED DESCRI PTI ON
OF PREFERRED EMBODI MENTS [ 00030] The inventors
hypot hesi zed that pot ency- determ ni ng factors present
in primate ES c [ role._in

an_i nmport
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are suitahke faruse nse&arob agd theTdpeutsapplédatians, cusaplyenvidloned foohensn ES
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[00033}dV antpagaedtarmitiRg faefoestiitican RypRIpkdn® Sondtic @S include, but are not
limited to, factors such as Oct-4, Sox2, FoxD3, UTF1, Stella, Rex1, ZNF206, Sox15, Mybl2,

cells

.-.s.D

Lin28, Nanog, DPPA2, ESGI, Otx2 or combinations thereof. In the examples, a set with as few
as two of the fourteen factors was sufficient to reprogram the tested cells; this set included Oct-4

and Sox2. Addition of other potency-determining factors to Oct-4 and Sox2, however, increased



the generation of pluripotent cells, such as i PS
cells, fromsomatic cells without requiring an

w@oastisseo of cell surface receptors for introdect/nsRon$es7924
pot ency-determ ning factors to the somatic cells. As
used herein, "reprogramm ng" refers to a genetic
process whereby differentiated somatic cells are
converted into de-differentiated, pluripotent cel I s

and t hus ave greater pluripotency potentlal th
the efficiracycuith ¥ ’rCP SAOREERE] FREy “Weerogtaar&dl Gdye apddli4, QOW?‘% are not
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followi ng pluripotent cell-specific markers: “SSEA- 3,

transcriptipmfa¢torTRA- 1-60 or TRA 1-81. Preferably, the
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fiIbroblast cells emat opoj etic _cells, hepatic cells,
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usi ng net hods generally known in the scientific
promofeft er at ure, to uptake of potency-determ ning factors

[00037] The 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 a factor of four (FIG. 9A-B) when compared to



i ncluding genetic material encoding the factors.

Upt ake- enhanci ng net hods can vary dependi ng on the
wW@e200B/1188pe and expressi on system Exenpl ary coPdi/Ub2908057924

used to prepare receptive somatic cells having

sui tabl e transduction efficiency are known in the art

and are described in the exanpl es bel ow. One nethod

for nmeking cells receptive to potency-deternining

factors_i.s desc r| b&g bel ow in connection wth

$e .
reprogramatng RGPV BAENY BB AP LRECET 1 Sl'hig
scparaté E&Isﬁﬁctm We6totsNivh &8 e taRS ratio o€ e QEHH L B@teﬁ@odé@é?ﬁﬁnng
i C polynucleotlde sequence encodi n
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factors. ool . .
pot ency-determ ning factor in the somatic cell, such
[00038hs, ePlyripotant c€Xd ¢hnjbe ouldiredt in abﬁ)ﬁh@dﬁﬂn ubtrktorsepmirt grewthaifi o

. of t ency- det.erm ni.ng .f or,s, ma
pluripofyt R I P g e eRr e Byt Wbt fed Sedium, such
as TeSRTN(StdC It echnoddlies S Viaficoavér; Garladd)i @TESR™! (Stemﬂea
vector incr eased peprogramm ng efficiency in cells by
Technologicseingp apg tp}@&fne( ggrEm- "Ed“\ﬂh %l%éfoéﬁ MO), as well as

conditibRaSRIIRGE 30H RendRkd | érﬁﬂ)r?&ﬁ&’ fivfesl&i(MEMBonditioned medium. As used
pot ency- determ ning factors were provided to cells in

herein, g gefingd amedioms refawstie 2 hieghepeieallydsfinagtfermulatioa copprased solely of

blOChClj}lQEh)Q dé}{ncfl Q&sﬂﬁ%ﬁ’t@p k' d\éﬁnéﬁ%&iﬁ\g‘%{ rngg tdﬁm ﬂigg gﬂgl?%B%lﬁicms

S was uncont he rat
havmgbiloxptotlenngal detmsitions. ngy defaet oredivmaypaylfurtherindadreced strfgents

on,the set of cy-dete factors d e ..
derived SR\t 4P 5f P SR TRk E BB 3B
that is fuﬁhdl shp’pldﬁérﬁ&‘dnwﬂESOMbl@fatuomﬁ‘l"om adils oulafred in the medium.

ot.ency-determ.nin rs. [.0003 Pl uri potent cells
Alternglixglyyce ﬁ%fﬁntti?r“éadm?‘ﬁg% E’ﬁ@l?%‘i’r\gtﬂ?é’&’ Ysupport growth
|00039Ef Pl Whé POEMRGE nseld s%naIBMﬂyﬁabf g’étﬂé é)&#'r@sﬁﬁ QBAm:) 1mwd<e5btaln
is pnot |imted to, a defined

transcnpeosmrﬂ? 3 hgeheseAbRncraL RS Y- eSsPeClﬁﬁ%}l% 2 AR @@o‘t}vw was used to
1dent1f)cs:?d'l@r@§)deteﬁj;{%§|§(f£dft3rs that Fe%ﬁ@!e plu -Ffpﬁﬁﬂé—v AdisB%-renke 8l th EILs.

i ne r serumfree di um oul s,

SAGE Rbragigd dre well-spoush 1o asm@forEnar Al @&hqwarh@dmg@héwwkﬂ)ﬁi
can be Eﬂ;@f}g@l e}a&kst&!xgeﬁ)by @ghrtléso ARA a glﬁgérﬁ%n BRsUeRE 5. eB&vend,

rs to a em cally defined
MA). formul ati on corrprl sed solely of biochemnically-defined

['00040i onst &1t T ﬁ% aﬁggw tge 1nl¥grﬂlon% | \dEs g@?fnrﬁlhg(p %cg)[afaltxgg Gf r?’lg\h%té/nt

onst ng Known C em Ca
cells subethntinigl gamswm 1ﬂaylcﬁllm télBrof b pedtndal mdlmzlualt (e teells can be

: rived fromkno sed he
obtind Gy BB RO U PP e (5 ERGPOutET QMg 1nsome
embodiments, the cell population is a purified population, representing at least 60%, 70%, 80%
and advantageously greater than 95% of the cells in the population, and any and all whole or
partial integers therebetween. The reprogrammed cells are euploid, exhibit cell morphology

characteristic of pluripotent cells and express pluripotent cell-specific markers, such as, e.g., Oct-
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that is further supplenented with soluble factors from

cells cultured in the nedium Alternatively, cells can
wWheoosraiase@i ned on MEFs in cul ture nmedi um | 000BOT/UT1968/057924

inventors used a serial analysis of gene expression

(SACGE) library to obtain transcriptone profiles of

genes abundant in ES cells. Specifically, a SAGE

library was used to identify potency-deterni ning

s SRS SRR RO Bl Relen nd sell. renal Lo

introdkdl infeuiryinfikinotompromibed afilaland are publicly avail able
or can, be specifi cal I%Péconstruct ed by CO%&N es,. such

1000415 agefft Brptiter BfRGE e desowmpptifjonsygy identdpg ad using
potencyleRARMIMRTaAGP 8@ticichths répr\é?d?ﬁ kd?ﬁhtl@ O 19@%1%0@:9{ dePbieds

popul ation of pluripotent cells substantially
noted keatimtthergpiogramendtnlertotenbeele Mrgal@fhegemstcomkcmem of, and are

substa%t%ﬂ%?br%ﬂ@gl}y 1(3?1%05“1 % L 7 da‘f?'aelg%b meﬁl ?{j g%/st Fx?ﬁ | \C/@glFang

ic cel I sol at rom-t epos
Generdlly, moﬁmdse’nbrddmtxfmng potendyedeteahininpfpetbmtinauieitise sheps of introdwting

genetup ogten el é:nceogbn g r 3, gltr‘]1¥allp)??§’ﬁtabg% /gs(%?n%%ﬁ%te% n§§’oﬁfor§ hnqo somatic
cells remegitu/leact ke oﬁlﬁd: gengticanderial indshedrditidhs aﬁd‘chmaio dxfjltcwﬁé factors

erebet ween, The r ells are eup
encodd it PG BB BREES b e eHfbsiPde ErGErl BerHbeatess
differcB@dtéd hpRek-RXPEE S8 I
i eres y éh highér-1Xd ?Q:ttegrzirid %EEE%\?:SQE g@sﬁjl%tlzﬁ B#?lgﬁg&%ﬁg%éllfseifér

introdupign qf (B4 ccpetic BAISTIHaThe ATpHEM GBI conhe chaspaigrized by et
morphwag)g El Bﬁ%ﬁgyécﬁ‘ﬁ@mﬁﬂer’s BPUIR. CRWn %d m?'ﬂpotent cells can

Yet anot her aspect provi des
be ldergm bg p}mr@ﬁ@n fiothe itrgated ¢efly pﬁ@maxfkgr ngldgl in the cells so as to be

s S ER PN o B o3l SOl PR Ao
potencytdeternsipmg daciarsreapaple of repoigeanimiog kdsatcaaliaint flivgpogeanedls can be

. l.ement, of..and ane s bstantially genetically

ldem’ffég’g%t]sf égegfnchl%tgﬁﬁf%p %eq rs "obt ai ned from a post - nat al

[00042'] ndi viGtuelc mateiud erdoding arpetehodsetérivinihgl@iofor Ean brGntroduced by
ot ency- det er m nlll[Pg factors include the steps of

tranSTep A} o QBIOHE G RGOS P FSIBR & SER Flg S és B ineratings or non-

integrafihglVédkdr! OF ?Em@&lhﬁhtei/e@t A2 A Yet R A8 VELio ks R ctraGit DK &ctdrBt O
somatic cells receptive to uptake of the genetic

particulgskydentiyjral jigeters, &6 ansdpesddy Ppelaginp vhe tegtomypioedidons peor to
contac{ With QLA AR URMDIORichBe DRIA Q:gﬁﬁ%ﬁgs) gmﬁtngcihcrﬁ;t%& %Eteﬁﬁmmg

| evels sufficient to reprogram:t to a
factor(g)j cep be bmtbdw@@-chmwemalﬂ»o&egnw ag teals@nalmlmmefbs)e ﬁt\abln dntegrated

into ceﬂﬂQP&ﬁ%ﬂa&BmQ pluripotent cells after introduction of
enetic naterial. The pluripotent cells can be

[00043¢ har aaPt eral-bmdd gynedeinlsfen:mdphpxlessgyx veplouisia@eheistconstruct that
enable iR koo TR E Ty e AF YA R BRE abasron
dmdlrighiad hﬁrﬁab-&dnsfalt balsQlﬁnrﬁarp‘,Eh‘l&mi( stprh @elly) @dvzrra ot hzeznfbel\hﬂal based
construac?s igt%grateed 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

o1 -



expressed only upon reprogranmm ng of the cells to a
pl uri potent state. Through this approach,
w@oienesg2@et er m ni ng factors capabl e of reprogPEITBE208/057924
somatic cells into pluripotent cells can be
identified, as is described in the exanpl es bel ow
[ 00042] Cenetic material encoding a
pot ency-determ ning factor can be introduced by
transfectlon ?r transdu tlofn into,the son%tlc ce
single Hﬁ’gﬁn% ejeuuPg ctogl%ﬁplg Q'n Ipmegch, gett?rﬂbmng) ctor encodmg DNA

segmenfO TN PluRUEAIf VBGoMREH BE intrblucB@intd £Hh@E sdndtRIcBB! TREVRIOR can
are retroviral vectors. Retroviral vectors,

optionally epqode;p 86! fojablemikes tp adent B aelly hat havetaksnaypsand capressythe vector.
As an eRé}ﬁﬁ@%}{%Q M@ecw 4 itES aﬁtmam%sﬁét&%omhe QE11st StbRHRE] be added

a cel ter 1 ntroduction, DNAsegmen (s)
to the calturo diedigm th edqnofyequegﬁssﬁeltletmﬁumqmg)f fdemeetp( gjo harcllse Integrating
vectors c? Cglet e%g(ilg%tdr %tlg bt e@rﬁ?lgglrt(g en(do%lst%{t% prggﬁ (ﬁ{}fngcr%bts C1{~'<:.‘?1Joviral (e.g.,
lentwlrﬁ:lbwmms arix(tegratif 0RO} hdwakr, adn-nsegpeding @egors cana e wodl

Ies ecto 1 S,.a.. tic construct hat, ena
Such vEPY G oo % Sl PR B st R b deie, RRRRER non-
mtegraﬁﬂg&tect@eislanthpaeﬁxrdemthEBg) maﬁil bedCD@ adNActa. Blochlrn Blophys.'
d-to-transfect cells ( stem cel |

Sin. 37,681 005)i0n0 R G 0> WEmAIb AL i DS (U960 Soq gH R s

mcorpdrd’i&@h&eﬁﬂg%?}é?er% a5 &Ssee forth th i @fire®Xpr ession levels. In
dition segnent that encodes a

[00044h0t enEle wetoay deseribeg hPfﬁ@tC@P b@FoniStﬁ‘tcé?de@ti engipgererasingast-
recogm%hctch?ﬁqg@s LiAdsk 'tlﬁfr s%@ gﬁgmqf{heﬂﬁ? dtggljxc}'\ﬁfé%ﬂﬁ(zlb@é Ion

peratlve upstrea wnstream
expressxcmsqdmmnts\mld yheretp@utu crwna\vst@égmmmqmefow@e constrgetion of
ude a. nent enc Odl ng #
expressbo&veﬁtgv saléz%sole Hlser?l\lﬁ}e dac%orrl ucweng onp c a]l %ﬁb\gg o one of ordinary
skill in pHeteetny calebefommdingcH p’a.rbhoanoemmhi B.S’l@an{DNéblGIe gneentloledular

conin LY PS5 8 6900 ] BSOS LG5 SR R v

2001), &eé@gﬁa@blheremﬂﬁeferdn@e hO et ifdrih i @b krsnr&tpat have taken up
ress the vector. As an exanp tor

th
[00045b2nf ef Be ahility i iWentdy padenaich for QIWOFHECCH%F‘} fﬁﬂﬁﬁai\é‘ﬁg}?’ ic

providif @R nbiR1eARAARIELinliREsoptatit BER, dﬁ@l@h%e&r@ﬂugﬁﬂlﬁehf Brotein SGFP),
successful introduction of the vector into the cells

Enhanced Gegpn diluonggogns Reaseis (RGP )98 lusipriatsy wafler Hig cppiral |gba promoter active
only af%:%ﬁu@'@&ﬁ?cﬁc defl 9 Oec‘rlierd% g Pﬂlﬁg&gnt%faté: a0 Qﬁ&rtableaﬁgﬁé’ﬁ/geﬁ@ls used

rviral) vecto re integrating vectors;
to 1denmfymﬂeprogm0mnqdrml§g¢>@tﬂmgg the otadtes theeughaisitde ball seleetion

techmqrueésp Fucé rﬁsc:an ceﬁ gorjugg eahm%les ltlzrﬁ?tRf\élr% rlﬁeﬁ ﬂr(gz%}gltﬁ%%g[:clls.
can be preahied withodtra sElesﬁablle mabdeet I [nthe e»&rr(pE:Bwaem tnarker Reqpr@yided in

e s i 5 i 2Pl P B PRy B B o

The en&fgeﬁ\&is @4 FrombBee st & ia dndite@htiatdly pmﬁf)@télﬁrﬁseceﬂs Afdr@t
inits entirety 00 44 The ve ré’zlﬁl qm d
selectablgpeg BT Det EoHET RSt e SRR Mg g Ture oo

necess@Y FrGGRWM dié@rentiation. 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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techni ques to increase their safety for use in therapy
and to include suitable expression elenents and

WQ b@samset i c genes. Standard techni ques for theCT/US2008/057924
construction of expression vectors suitable for use in
the present invention are well-known to one of
ordinary skill in the art and can be found in such
publications such as Sanbrook J, et al, Nblecular

ES celll%z}n%g}a%ﬁ;r céug re 0683 holgz) 1ﬁ Botﬁat,e%?i%mﬂl l‘f(gellﬁ%krf z?nqmed cell
culturelhBGOth® %S&E@Iivh&blf potendyy GiedneheneficrRacitd ofsell sdréifid i&c}hf(}lo gy, the

its entirety. [00045] The ab|I|t¥ to identify. and
variatiqag i1} lgyels %frgeﬁ? EnPrgseiemARd qtherbwolegical plfectss sqms %f%if gthggariched
populaﬁ’c;rprﬁéydnd? Be ﬁluHB&ellltemakthlé??ach&l idver ?h@'?@ﬂrb arﬁﬁllenlj Sell

G een Fl uor escent otein é, Enhanced
POpula@rﬂe@WVﬁi on semaivcely igteatiched E@?Fﬁﬁpoientl qgls.f erase, under
he c

[00046L ?ﬂé rrnogl lefh largarg%rgc\g}gﬁ)? 50&?1?15&&%0 gﬂgrblyeplg{ %ﬁ{eq&éﬁ? remov%\ using
any of 8 ezireat,)t dkalrteecrmlk/:ed teglanqaiels Ssudsasdemmvaﬂ diriire-mediateg, site-specific

repr ogr X Si t he ker .thro
sene o{gilin oF BRIP4 S oo s RO b Rt bt A o
pluripo€eit tellg@biilatieh it ebthinkd) ve svoidintetfereatd biethy matkdeegene product in the

reprogranmed cells can be prodyced w thout a :
experitg} QEHTASHb 1o PREPTA Wi he Salls ?rsgte%”%%wns SO REAREAMRNRCd
by pro@ﬂlﬁ%' btelR€ELré() deBeth@ RRARE Rk tHab Berfi@BRE tad ¢ &l cisfond WAL, E@ILox

he pronoter that regulates Oct-4 expression The

genetxcéqlmé%ljg u@glt I hﬁ rL@mgltt@rcalp ke bkt injethe ﬁellsp If it is desired to remove
the ma @xdfrérflﬂ{ ?‘\5 Ee%fjcellgl tHE ER tggrptcalﬁ% &Rk & thécells. Other similar

rugsel e e popul atlon Oct - 4-expressing ES cells
systemg] alelo cratbepeeds i Bercaush Corllgdx axiaisiopghn intredysendesirpiie elyglapgﬂmal

reanan&r{wnﬁy enld%lar(lzl ]eg rfeg {il?ali] &én% }: %gien]a_lba}@@y &’clsrokﬁe&l@ lﬁﬁ/%nt%r%rfgco gnize the

ession ca stag
desirabdlit§ béxmenducatgl thmpotertcwdstcampmg ;ﬁerqtcas mtd the ecnmtmfceﬁmsmg non-

ul.ation for ote sel ect col oni e
ncearafGE Ehonitiputt abt S BRRE i BB B el ot e
at a ratéred dboad 3% fj@ geh@atﬁﬁ‘nb b subsetpeitty wigidrawing MHealna ekt dsad ®

is not intended that all cells in the

dition
mamta}"ég TR g&afﬁpreeaea}l%gﬁ%we the desired | evel of

[00047pOt enwe fo@owm% ekipleat biovided ad Rsth@fnofQintitis®ilubtR@ons of
technol ogy, the variations in | evels of gene

methocbfgrrlé@@ifme paiencytdeiermiping| 26pas ©a fackor s (o8 e veriggsorpadic cslly ipto
plunpo‘iéﬁ?céﬂg{ incs%ﬁ'fé eQBHHL:@MuQQn H@bcm&‘no% iPEEdIR YR Mifferentiated in

at a practical level, the reprogramed cel
stromapesishavltern talgeldwelds suiteshfos nsees reprasihmable samaticoplisd Fhese cells

are a héirfé)rpc% 1?@81 & lfJoﬁm oq 429]md-m§u P4} usg}n aslornrmg f can
) ok :

e construc its su sequent renoval using
rqxoganmﬁm;mamvarlety of art-recognlzed techni ques, such as

enov Vi e nedl Lfi ne exci si
o00sf St 3 o8y PR BLE LS OB 57 SOfL 00w vos
humanifetalKeng feoiaatélny IMROOP Sey, NidbBIW, @ el ) Sqn@xpull%w(bm 11877),

obt aj ned, to avoid.
incorp Qs hEE NN "GN PGP o B Bes DE SUREI s Frg gensively
characiéhitdd bylige ERCODE d_cﬂlrs@ﬁﬁl(ﬁgarg eagily Snfaklafobeanatanplpsheadire
Collection (ATCC; Manassas, VA; Catalog No. CCL-186), and have published DNA

fingerprints that allow independent confirmation of the origin of reprogrammed clones. In
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by providing structure(s) near the marker gene that

permts its ready excision. That is, a Cre/Lox genetic
web@sgms2can be used. The Lox sites can be bui PCT/U81008/057924

the cells. If it is desired to renove the marker from

the pluripotent cells, the Cre agent can be added to

the cells. Oher simlar systens al so can be used.

Because CTe/Lox exci si on can |ntroduce undesirabl e

WIS AEITE DR N T

more thiaBGRENY BsddRebeeRiunadtbding .Ven@iceﬂxd@t bR i 18w IyRE human ES cell
pot ency-determ ning factors into the somatic cells

cul turelfgmgor}«ioaﬁhﬁfﬁ@a?ea@?trpgow% 2 PEerat e edvniagy rtmreemg&nnmsigclones
and a1& @rl {heir Eél&‘fﬁ’o%y %ﬁ)rﬂ}ﬁ J/;ﬁﬁl SRR aloHRC OMeS ditfefent célﬁty?es’uscd in
0

a rate of about 5 generation) by subsequen g
the me&bptlﬁwrawrngﬂ p%énmlufgresl@n ébrlObl@st calbe(h TIGE; Fatatneaion GRIe2097)

and huf &ﬁ&kﬁ%ﬂ@ﬁ%’fé@ da?é?&ggso.w D663 tep. [00047] The

ow ng exahpl es are further
[0004%hon- | The tdllagverd tadstrecpiianfer tnéinsditembmdmh faoviral ateressibrysyagm as

ssrr B g T I DR R A5 Bl BRI B

detenn&%@ﬂtbét&rs thdughm|d bblass6¥ititdd WP plaribstelsy, Seh kit M@fs@matlc cells were
diff Erlated | stronal %SII cQ-culture to yie

reprogaipIed IS PHTBRIOT G de A8, i TTIEA B! oo Rokr.

determinMSRct68 Ipksvidign RaltBGt®lon b &%tors Kefealed Ap 2h& gx;frés@é@ iff the somatic
ost natal i ndi vidual for use in a somatic cel

cells. Soigeniriisel A getrad fowigen Pq}mn@ytewglng@cﬁma anda p@bset of at least
two of 'Eh% e@ﬁi fa\Mog'J‘ \ﬁﬁﬁ@ﬁﬁt t? dok Edr@']tﬁ(ée ?ﬁkﬂe utn\)éﬁ ?ﬁ prmﬁe one of
cel pe was hunan fe a un I'bro S,

ordinarb'rs'lﬁllgm art SeovitiNhe holiy twdeet_u'fy@ht,e oiSpore mz@lflc%b@@r» @3he potency-
determ¥nir?g(7 f%%tf)rrs] Itllgl{f QJC%?SI,O%E@%%/&O%{SW&%X% grf r%gn%% ﬁ’gae%x fgm 1?t§6n g

entir
identifieattoarnd iothei ynbsdtaciaotiepdtareg-deygmiihiag W&ormngly itbemnethods

aescre B35t Sk A B A APyt
reprog@ﬁﬂnﬁlg&éb@aaﬁdb&llsﬁh@@lﬂweﬁﬂ dgegerprints that all ow

i ndependent__caonfirmation of the_origin of reprogra d
(00050 onedt is $Rssidiatlty aMisioprbibal theset of W%ncyﬂsﬁeawemg%%%rf ?@Emmt

to reprb%arﬁ-@&hﬁwﬁ:em Sinaty VRS @80 b1 PdypdBrtths! 8Bmali@ Xe1iBS: i AbtedBiaE

an twenty passages before undergoi ng senescence, but
exposugt 9\ 581 P iTteRm poigraricRaninng fagiers rasplieddn seiversigmelo agluripotent

status iflichihGELITHR i h@l@{xte@%%/a'tlg %§llsa AB sRovA Gl Eéé(?ur/ ohE cﬁ%ﬂ@ﬁﬂf?g Setlo?

reprogramme ones and ds Int sel ection
potencyrgetpmuhiogifastrrs sxfficient |t<areat0@,rael otimerivel typics byeweemlmaﬂ@dnethods

describ%gu:loi%gﬁ REdh: Ldhn &Hﬁpﬂﬁﬁwaﬁlﬁﬁg?ﬁ@%&&{%ﬂ

includeasochelon alhnf thel lﬁdm’tesxkfantorseis g1l (2AIBES, po@t:&ldeignmbmg factors.
2106 0 04 :
C""“‘%“F‘S‘}Vs i %"P é’% ﬁ‘“ﬂp‘v?‘}‘ 5?‘?%‘3?5{?8%‘gat6’ﬂs &Vg?r E bég"“‘{‘gfy

geneticddBg Rehtabioedrevkistitpedisforeatidted, esthdti caer e transduced
wi t h pol ynucl eoti des encodi ng pot encydeterm ni ng

EXAMPLES
[00051] 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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factors thought to be associated with pluripotency,

such that the somatic cells were reprogramed to
w@kamsiipsseent cells. It is not yet determ ned WhEL/Kg2008/057924

all fourteen potencydeterm ning factors provided in

transduction vectors were taken up and expressed in

the somatic cells. Having identified a set of fourteen

pot ency-determ ning factors, and a subset of at | east

of the f urtenfac ors, .sufficjen 0 repr ram
only ingliFigpiet g oD Pt e S the By V& Pty

which @dfionbtratdd tﬁittdltfé'ﬂéltl\ﬁdeﬁ Relsht@n Qaiohietpl/urip@tehﬁ\ﬂ@&élf Uellqjﬁﬁorpﬁnth
nore specific subsets of the potencydeterm ning

humanf£§¢elhy s that are al so capable of somatic

(00052 SPT OBEARL PILedE5RRYof BiickdfPlroNedudegH 11 cati on of
her “subsets of suUch potency-determ ning factors.

l00053Ac cor aran@eye expressinve i dnodisuscigstor Wiraptodsbdin 203ET [célt lanes

(InvltrogQr\Tj 2991“ s f‘as‘i gpév%ﬂ% % r#}‘t‘?an@%h%?l%¥ro$1§ltv%ngﬂt'&'ter'?\9cdff%% ors
transfopxhddrz% (Btnef}tomﬁekhdrﬁy ccElBO\QExGI} cdritainssths p@mr arﬂ@bl’a for high-level

envi sjioned that the set of paten -d r m factors
expres SO RS ekt WO ST DS T A SaF iR b
maintehdi€e &Rl dxpdrkidg, BEsclchis WQTBElEedG8 RDSET hbdilng (DMEM/1OHEBS, 2
exposure to a set of faourteen potency-determnm ni
mM L-glyig

pesand Ol umMeMEM eonkvssrid! gyipe Asidp) ip thepseserte o%éaq pgml

genetlcirn F%Hb&dl&ﬁﬁﬁg, 9531*1‘1&1115 Mk&@il@&e@@%sﬁnz‘é%r{ SFolmnﬁghamval of
bel ow, oOone can i dent i fy a set of Ot enczq det erm ni ng
}(

trypsinfoy censr Ergafions theseestls were :abww@ﬂgirxatmTatS HlasksdLd ¥ 10°qse/tlapk, Yand 6

t bel ow usi ng different
flasks ME@%@S %2?%’1?’%%@9@%&?39% e?fﬁ%m ng factors which may
[00054] ncl u@e-tsosfection oﬁlehtl‘ofal éveor fandi twodtwtpef absmtds was carat¢d ouh svith
Superffgc @nt?%?ggtgogxnc eBti,(ng%%rgg)nllfnr\l%g e‘ft %ﬁlgww}gopu Aliqu O%M?rhw{rgl vector:
MD.G ap@VIVdbisdResrtt Iﬂph&eo@%ﬁ étuigc alpgy IOdgntﬂ) @hin 400 phof Iscove's Modified

r,e- .i st ' di nt |
DutbecBgoiEdhm PR 1 ik eyt e i PAOEg =) The
next da@etlhl: Sulﬁﬁ@ﬂb&i@ﬂ cef@in@ipIhd ﬂ?@%fe@tﬁ&ﬂﬂﬁdxré/@ﬁs ﬁplﬁced with fresh 293FT
otency-determ ni ng factors. of the cel
medwre é‘?ﬁpéﬁ““rifét? ivithe I M SogRLmEs Rt er&é mé}“@e &N - C%‘Hé’aﬁ'és

superndE&Hlt v aP 0811 cbie@ BRUNE MRS LIHRBR alEOFnE AR 51RO YE 31§ (dnbtfuct). The

pronoter, which is activeonly in.pluripotent cells

293FT T¢ikdgbrie tag tmived from hossuperadtait by sentrifugatipact BPYgmy @175\%) for
| 4og S

15 minfly f a°¢. TSRl 60 1RTRI e Skl Plrac iR ERARRD AT
cellulo$ravetate ESAY eletnbrang (chﬁﬂlz];toE,xlal Atldovt-prdtein binding) land eleeeantrifuged
. ackadi
in 70 nf St PO S B e P gt BD P S AR B S B ™ #ooo
rpm (50,0004) Ifdrdgie}m)urs 293 Laxtlaxrnisaﬂ;dnggvmwmygemhmgg kcgll debris formed a

visible pel?et att e c?tl[o%g tl%] ge!ntrl [ ape P%?lf)lw}/negdsupema%m removal, PBS (~300 pl

for cach construct) was added to 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 5000 rpm (2700 g) for 5 minutes, and the resuspended lentivirus was aliquoted
and stored at -80°C. The titer obtained generally ranged between 107 to 10® viral particles
(vp)/ml after concentration. The sequence for a lentivirus (pSIN4-EF2-Stella-puro; SEQ ID
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transfornmed 293 enbryonal kidney cells, which contains

the large T antigen for high-level expression of the
wW@2aoRawseg proteins that contribute to higher RCT/EE2008/057924

titers. For routine maintenance and expansion, these

cells were cultured in 293FT nedi um (DMVEM 1 0%-BS, 2

nmM L-glutam ne and 0.1 mM MEM Non- Essential Am no

Acids) in the presence of 500 rrg/m geneticin. For

| ] t.ed.b
N6, B5 KT Sasease e Foap b Raf B pabonse SR @ER No i
prov1ddZiGﬁ1tHel Sety@atd DRtind. NERGatebdqEente as adeld mlllefﬂhdr pbtench/5

sks (15 x 106 cells/flask, and 6 f §
determiDi RIS .2 | SEQIR P Bch s EbE SqUFEE 1 1 BBQIRNO:

was re;ﬁr‘&‘e@i wanaehiente & anbﬁ@ﬁﬂo‘(énf:ﬁhet?!r%ﬁﬁxﬁ% f&%ﬂﬁi t WO hel per
asm ds was carri ed Uper ect r

[00055Fr ansTeefficisatly drgdure ppheydatgrminingetartarsenty nyslaideglisgnventors

modlﬁ&gki}gﬁ{wﬁg%ﬂé&gmg gsgg:rn} IG A Vql‘?\teg{ors mc@d the size o(gthe original

lentmralosomtruch(>4003) oty r@ﬁowlmwrlseslvmghboreﬁ 5m1db’é LEBs Qwrw@hlsqml
deletlorsnana lﬁs >%.)ﬁ%odatzca 1orgsc ul?l%%l%&i tﬁe P(irggf? \I;eg énf%nipoﬁ%ﬁ%: ggcg?ﬁl r 10
efficieriche The ﬁtﬁﬁ(ﬂﬁﬂh&d&ﬁuﬂiﬁd}t dhgedwasveee ph’ac ¢of wirthhoffsnpeinataf, &szr 107

1010° Gkl %unggr{%ﬂngﬁ? oy \tﬁlgﬁ%lea%%g@ﬂg@? KSR Sy e introduced

into thebdckidat & cofRHRMt dBhdn@es’d tObbgRédids fbr PBEHE GhrisBéhes.
(-48 n per construct) The 293I§T ceI I debr| S was
[00056 enovegd _" - Qi PhE : _ A 5 t ]

transdulcROR dn & §9reo oéﬁcﬂ&’%ﬁﬁn@factﬁg To concent r at e the

enti virus, tne supernatant was fi1ltered through 0.4
[00057hM celTp identty gauestcapadlq @Ayprﬁgmmamehf(f@quqi@@%bacli %52 sipte of

pluripo e?lgg Q:Ffﬂ:‘ie%'t G%rgti?t#i'oﬁ %f % lwctq q%\%g%ggﬁrgt tefled’tRe Mntiviral

transdtpt»d)ryctfﬁcxbmyammeﬁmtemﬁfﬁr Pcmolb rplmuﬁlcgt)onalf a38manH 1 Gy Kreck-in ES
1 Fﬁ) for 2.5 hours at 40C. Lentivirus along with any

cells ( ining cell debris formed a visible pellet at the

[00058pot t oRN Afhuiae Bsawlls (Wids# mesdaﬁ:h Ihviltdte)\W aitisom iV wat aniintained

M T NG AU TG RO

80% Daibeélc%nfo@rﬁea gagle%fﬂnelaﬁw o p9fuvata HigoséRERRmalatib® [hafrogn;
hours. The renmi m@g bris was renoved by

Carlsbade R\ stmpgeatemsfﬁ with qcﬂs@#( @mregsawrok%gomeﬁhﬁ@t&é amifq pcids
(GleOS hqﬂl(debc’ gﬁ%ﬁﬂﬁ’@@ 1l B0 A- fﬁ%fcyﬁoéﬂﬁﬁxoﬁdsﬁwta%m apyehl $HOE BskoBlhst

e titer obtained general ranged between
growth]_f@aon(bF(iBHau ifroan Inpignogércundess thgquno@ﬂi @p prcvnously described (see

i FRRERRELELI 0y TS (OB SRERN Rt B 098 1051059,

each of wlficlSis édogpotataiheBGH By taferd@8 3} iflsetrbuhr inrity eBtiety)aF QﬁEfﬁﬁD

ded kSt el
B T B, S SRS A s
(StemeHCleQlir®]dgiesOine.) BaédrBed\N§bas d?es&’)hed@n(bﬁbﬁlgbhdt LhﬂlmgT et al,

Nat. Mg 2%3@%%%(23%52%24151@5%@? ey U BT 0 FRE §a006), cach
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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[ 00055] To efficiently introduce potency-determ ning
factors into nyeloid cells, inventors nodified the

wo eovBitvdse@l expressi on system (FI G 4A). | nvenP@F/ES2008/057924
reduced the size of the original lentiviral construct
(>1 I kb) by renoving sequences neighboring 5 and 3
LTRs through serial deletion analysis. These
nodi fications mnimzed the negative effect on the

soosn SRR G5B 5 B SimSPA BRSO S

incorpoktéd h&eid BF rafrende a8 hftset fokP Bﬁ@s"ﬁnhfﬁy Bidflyhd @ei@hargeting vector
ultracentrifugati on2 Restriction sites were

was copSHRFGGI BNETTIRG B CASRES e AdRES RO o An BHFY NELAM asiRiAm Hgks

polyadaa‘ylatnhﬁ s&ﬂgﬂc@ Qa}fp?(&'uﬁ&@ly%‘%rkﬁ%gfs@é {klbsa it AT EREHslal-@ RARR of
. Reprogramm n nmyel o1’'d precursor cells

the ﬁﬁlmcgréf F}@ﬁiuman Pagt-3{ mdm@ﬁraamm«pfa@@sﬁcﬂ@n@falso known as
[O
POU dgxg%gﬂﬁa\és 9&tHEH lp'&bﬂ‘ %cfo?‘fgﬂg??mg Qﬂéllssért quhk{) in @R1ES

e of reprogranmm n rentlate
directiam lsltaa& tkiphomdlougdup etme asihy «F.6 kie (ehkb inrthm@tztcrmtwonrg?fmg h@tor)

nomolqegi F 7 41 PRSI o preel By oL pebiipy 2L the

Oct-4 g%ﬁié l@szld g D(Jaopz;r The Rag g@mmﬁa@dmmnwgé@aufl?mwz.l PT&Son
cells . n

arm copfaingcp éfiﬁlu?rl%?’ milé 2 %AJO dhan Wg?%? ErEREA 0% Cg}?“ arm

was sub§t1’hﬁ6ii l%ﬁael@n H%oﬁﬁ&fs)f%rp(ﬁlwﬂmb@ﬂ KCOABES pluk D387-7337 in

ure medi um consi sting of 80% Dul becco' s
gene awe@iomm@albga@@@% 9 e diogeri¢ h@nﬁ%q&*@gﬁ%\ WS @tﬁalg ¢4 Rydees-distance,

genomfcqfcﬂi"ér@ shBfloneh Nt JRERIR fraéﬁ&kt? Bacne Cletts WPl 85RALRE the

% KnockQut serum repl acer, ®1% non-essenti al
multlplamommgadc ﬁéCSI@ﬂkﬂbt)nmgLWOL?@lwqmt n8K ID(Gepfpnk Accession

) and 4 ng/m basic fibroblast
Number vé%gas e'ﬁ@ é&? ;9 fromlnvitrogen unless
[00060<pt her ﬁmscéedtmpcﬁdt)qn adlsmeea/hawesiey withsollagenate {'¥ €bmamilt et
Inviroger) §TGamz5s 4 756 Ao BB g B oo vy § ) Bt
mediurh (T 8300 &ffbdl)lsf) eTe pi(‘jépkw tHekRy ﬁlﬂ electﬁipotaflota&élls‘ wért dded to 0.3 ml

its entirety Feeder ee cultu n Matri
phosplpjecuiioiH B (BB Br 0BG DRE EhEie et T2yt bR A brd DRA.
Cells wWeeAREA Eﬁpom%db H@?ngl‘étﬁoﬁebd)o Jlef §eodt &gine&mphrraﬁna ua@sd BloRad

car r®J ed out as describ et al Ludwi g
Gene Palser NA{0-4 R R BIYCtS): Gslfs 5 lr(czlb%s for&ﬁdmm&rmtgom teétperature

and we% latlé@Et' hi @én@ &PMatr?g%Fgl & é%&ec(n%Q Q@ mg/ﬁﬁclﬂvi‘%fogém I“@B started

IS I ncorp rate herei n reference as If set forth in
48 hourst as“teeﬂpthoeoxytlor[ osdEIpe wn@k @41 Peangenirae wahdgeblede Affter three

weeks, shg%léé\g?éol&?&%e% g’%ﬁkég g;es i El tay BéR%qugng&F%E%s%nf.or the

NEO chbs8te dﬁatfmhe PODUF ¢ gériequst BlowXBOsh ©ﬂ.2‘8ﬂ©(b@lognut 1Zgiak.acspedively.
PCR-pRHPE S PR SEPAERE NIRRT OBy ST D Sited i G TRl an
a probd @itdifle thotargefing Béristrédty. Briefly, a gene targeting

[00061\]/eCt orThe 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 reo in the H1 Oci4

knock-in ES cells indicated an active, endogenous Oct4 promoter/regulatory region.
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was constructed by inserting a cassette, an | RES-EG-P,
an | RES-NEO and a sim an virus pol yadenyl ati on

wG@e@samseo (approxi mately 3.2 kil obases (kb)) iPCDUSI968/057924
3" untranslated region of the fifth exon of the human
OCct-4 (octamer-binding transcription factor 4) gene,
al so known as PQU domai n, class 5, transcription
factor 1 (PQJ5F1) This cassette was fl anked in the 5'

[0()062?'6r SC 9 cﬁtlb %"H’ék é’? ?% Fﬂg{]\’%\r}%m?l OUSF a}{%ugag:gtcg re w1th moku*ge OP9

bone AW Is@EIAMS RS (RIGM A)tBaidkaintE G gvnathdoaed 10 cm bgtie aSBRYBD
was i nserted at Eosml on 31392 of the Cct- ene ( SEQ

Bioscignepshegmsistingrpfe DMEY! BEHIR SiRvikiogey suppisspnied vathy J0§prmon-heat-
mactlvgtg’(p@éh'n%é- 294 boJ RE sHR(EBRHPCIARTAbSEG ris; $SHHETRS (IfOr rQlVQnsh)

-32970. In an alternative targeting vector,
The O@rm\ittxreawmcwaht eyabst dave eleedratby/ofal - T. oy e in ao@@urs“

dlffereﬂtﬁgbrq %ﬂéﬁoﬁ&?&m%ﬁ%& doﬁ@%ﬁ% A ggg fo% g%%gl?o {‘%1% eidnxm was

gene ‘accessi on nu ni ¢ honol ogous
changeﬂ}Nﬁd\l\l&scebbWanerwlﬂurbg/ fdren gddﬂmcsiahﬁouedayge nom ¢ PCR and

(00063i lugﬁleggrerg?%értlalﬂl (1)-{? %ﬁ% {(%cgzgﬁn Eg cgrd etr% %{%5 g?et%(ilmtomﬁ{aghed

cells (zfe‘l @DZBQCD%&@DL%F)BDUIQSKGD?M'CDBI&KBhéﬂ}(, GGI?BFIHK Oct4 knock-in ES
on er tr a n a

cells (o7 éfd % @f?} Wesa go defetﬂilxeoégfm wer é&(é‘# ; Qé*s%oﬁ fiRMEM

mediurf @&gp%%@%@vdh\'f 06% #Bmimloncl mbltafdalgg%d o6 uvt rﬂbM@@y@%l

washed wi th nmedi um and re-suspended I n

(MTG; ciw%rsé Lowtsi MiQ)( Thebanan ES/QBY cllegor %ljturc*masw%lbéﬁféfqr Rinc days
with c}ﬁﬁ%és% L of oﬁh?]&%&lgxg(brn%#@ﬁ{% asa@h' A AL EAHEE thd Q-QitdreMas

_ pNt ate- ere I nvi trogen) contai ning
dwpchA@nngmmvmaqueHew cz\kagmasedy tmtm@t (1DR(m] GePMEMarediumhen

inviro P A338 ofiiu A7 TRl 300, FEachHl 3608 TR m
EDTA daptrogang fdrép mifietkd & 37RE. eCéllzouelmaw astied vicd with mednumemd aet-

. 00 er at nd.were Ia d. at. hi,ghsz.densi t
sspenf T2 SRR B ey B SR G BRI e
100 ng&ﬁla(EM&DBM(&ehlaw SBeﬂé)t Eﬁboedt@iﬁs rhgndtgatdacﬁﬂ, CA§.t @dSlLsOJV‘eee further

week, (418 ca ce |on ou . er. thre
wlmree\ébﬁ%*ks st e f%etlaaﬁa?i;%>éa%k@m%§|fw°days
with c}ﬁMge‘?GRhél’p‘d;ﬁHe ﬁ%ﬂlﬁﬁf@e@mﬁw lDqu@adhééﬁmNE@eﬁﬁﬁg EMA&fﬂnﬁure,

for the POUJSFL agene just downstream of 3

cells thaleypudth Othprdgsereradharsy ommﬂsetmgtaig%r@g@%wéée%w@lso Interest

e t
grew a$ ﬁgéfg({ug%%ﬁ&@g% QHBP La@ %eﬁtaggxggét%’sﬁlée?% gbr?rid;vtgﬁi ﬁgmﬂlanon through

100 uM ogibttrainets. (BPd@omqnca’sh,eavhﬂe s@ol 4gdregntds amhda@ celdy Werk rgneoved by
centri ﬁ.fg:}ég(g]}e o% ngJ/ﬁ, éan ?:8 éﬁgl%a)n @%%cg@ﬁ&%& Bé]gtégﬁpg{eg E3mShe cell
pellet axpigbsod ODB‘SB NYPOUED! ilmareir(tia] lcrmdjemmsnavlecit ary characmns(lt RESpne
marrov& myg\md c)eIls (II_?I(@ rfBS)S IInvent%{'s roE%Fc)ly produrclzg 8- 1'0 X ltOh gxfﬁeren%teé cells
from 1 x 10° H1 ES cells (human H1 Oc¢t4 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 (MOI: 3 to 10) was added to

the cell culture after addition of polybrene carrier at a final concentration of 6 pg/ml (Sigma).
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knock-in ES cells indicated an active, endogenous Cct4

pronoter/regul atory region.[00062] H Cct4 knock-in ES
w@eioBa188e0 e mai nt ai ned t hrough co-cul ture w t hPEDUS®08/057924

OP9 bone marrow stromal cells (FIG 2A) nmmintained on

gel atin-coated 10 cm pl astic di shes (BD Bi osci ences)

consi sting of: DMEM nedium (I nvitrogen) suppl enented

vvi t h 20% non heati nacti vated defined fetal bovine

ne La or

The e i S A B R BL B FETLRR T Biraig? gl g el were

cultured furfht i appropriate mEdmmu $Rug feldebiom it fe&deddthrted the third day after
differentiatio after OP9 cell s reached congﬁfnce

transdugtigp. ARTIWM EkIC R the BIMSOWIORSHIFHFNAE YeRaR At MOT of

10). MoRBv&eht sxpheskidn 68 EGRP 8ds bAEI %Bo@dﬁbﬁgr&ﬁ@l' Sfr@ilﬂ% rédalYshave
[00063] For reprogranm ng, ﬁ Cct4 knock-in ES cells

been oljeiped Wit foutagrlpsid ar Epstein-Bew airneapclear psigen (EBNA)-based plasmid

fe R AT HOWAG +CD105+CD73+CD31-) . Briefly, human H
rans e@ 4" knock-1n ES cells (p76 to 110) were added to the

[00065DP9 OR dheenplesr hind] c@lsshatioghigh Cansdnetiosteffidiencg @er presfared as
followi orPgPégfrlalu g&ff&gq& lqugﬁcﬁ%ﬁkvﬁ\%tgg lﬁ)soo/ % g?éé\b%ﬁ% %rcngate further

to meséachyrhadiks cel MB)r. an Bidditibhuleeyetr 84 yOH9 thegirdsermo -of GM-CSE ondatri gel®,

as dcscHE?f*J a??ﬁ]v% for Iﬂgtteaé}q%zt ttg; pt]%? ﬁlg?nn qﬁxé ﬁﬁ&g? g&lﬁ'lfod? gte IQt?ached

cells (r@f@nsthbth@feﬁx %ﬁﬁv &5 @&ﬂ(&@hsw&ug eﬂslmbriwalcmshl«&em) showed
col | agenase |V treat nment I n DVEM medi um

signifiqapily gy &aysdpesionzéfigengy £Fé§ 4 @*ﬁcv,ver? wef dRrdhis B’yrft&ﬁyminﬁ
expenrﬁé'n@ avine ‘he(c@llsoée{% ;I;Bty@%f' laPene tlﬂiMoEa-g%xgérﬁ\/éntsr @9e8ls L&

mnutes at 7C. I's were washed twice with nmedi um
obtameérf(prrr ebis p?éH%i e@s mtedzclsgw_ng@/hmelq, ﬁelmqm@ﬁkgrmon the attached cells

Were CW%{%@%%&B ?z or at or I es %@@%3}%0039/ nmd

[00066CA) . Tokhterswuested tha.nlnwhénesmlhlbtt d;ffednuart\edfdeasksﬂd:m@r@gmmd to

o s R B SR B P R R B B8 0
3), and@Biatned Promiisigg felles iBetausé Nemiptand @cpHEM%@bHst crhaﬂx,cteneédl Mtency-
t hat . woul d ot herw se bE at.?he%etgt orned f] oat] n% 11
determiging: fagaitd8Y et PR IRY ReFSt fhFinevEregresgioB  tg cells.
[00067) N VTﬂ&@ktm@b%%MCe‘ﬂH%ﬁﬂ”f&bt%so&a&gfb lﬁdﬂ/ﬂduzﬂ@ﬁlﬂﬁgl&t €gpsin
re renove ltration through 100

and ren LRGeS A S DS R Pt T4 s Grestyan. crenssepe-

expres9fAnGial §dn‘§@Jcﬁoﬁ ma&%mt%%m‘aygaﬁﬁ@tbx hramgh 25%
Per col | ( The differentiated cells recovered

OCt4KI‘GQﬁ$1+NF@“%@IOWC‘g@m”ét mesphplegy ©dhatp8 EGFRanstegtyd qefls dild- 5)-
I

Nano Bk AL, Ml 1 Sy PELRILELL, L,

similargo dxami:serﬁedlm hmb0 ESdells éoanwiname@tnymm bedectipm far an xctm@6

endo gegl{ausl':(?ct%grlohq%te(‘)']euggﬁ?orw Legton, eﬁg\ﬁ %k i‘%@?ﬁg%gﬁ%ﬁﬁg Survived.
Imponhrnl;/l, tlhdsd'tgsutth mdmamphee aEnigadelentable popullsticavediGcallegpragsingHe cells
does noSt per31st t%roug{xJ %e culture period necessary for differentiation. Oct-4 expression
resulted in dramatic morphological changes (FIG. 5), and many of these cells survived neomycin
selection. None of these cells, however, exhibited morphology typical of human ES cells. The

Oct4KICDA45+A cells co-expressing Nanog and Oct-4 showed morphological changes similar to
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the Wrld Wde Wb, incorporated herein by reference

as if set forthinits entirety. [00064] Lentivirus
we@nmedisse a pot ency-determ ning factor (MJ: 3PEDUIDPS/057924

was added to the cell culture after addition of

pol ybrene carrier at a final concentration of 6 ng/ni

(Sigma). The | entivirus-containing nediumwas repl aced

with fresh nmediumthe next day, and cells were

ul tyred furtheri ppropg) ate nmedium Dru
those obgervedih gl CKRTOSTE RS gy (BE & ARPeAH t‘lﬂ’évg %Py pgtency-
detenntn'ir%ﬂﬁéib&@t‘ﬂ%g aft® OB Wbnk Wefel ot sufficrdt iEcdniv e aéEdntiRBd cells to
I ciency was very |ow (-18.4%at MJ of 10).
pluripofgge¥aover, the expression of EGFP was barely above

[00068PaCKY b@chre N dyieéll bsih @Sl doRtiaaYEn 8 %Qfo%%a'aﬁade &} the

routine plasm EpStein-Barr virus nuclear a tl gen
somati¢ gHR) thp &s@ajs mca@mndceﬂls wesfiedvidosized batrgpsimotreaghans().05%
] p[l ' i i
Typs D RO LR\ el G 2B IR PR o e pgoom
temperiterec dhk celpuveré fikatedHhrdigh 4 4B4packeshn axESemsi)dnﬂed/\mrFe‘\CS buffer

ntiate f rt r to nesench
(vBs fupineps P e i FroHER St g hr sracpl ke a5 g i
the FACKb G sQppl értédIeit IhM BSTASE 1% bethahovss schanySigah) s
attached to the plate during this culture perigd. The

Intracelylpryayrlepesasiqage W%%ﬁfﬂ@ag @S pREtosmeEd pAgolix gPerm ™ reagents
(Caltag@%ﬂ%b@@é’%x%HeSCAp F ASSuEPOOVLIRE YR TAsiBR l::&ﬁami% @Vkel@s cells
ficantl her” transduction efficiency (
was ustha WlebwggdBp@mmrxsandémgarraﬁ@ﬁh@gy m@p@rﬂpnéwherc Wﬂhle@
were ceirn@d &ﬁl 1 ﬁo%grﬁ%&l%re% midhted. h@orHo lestWize stamed Wfth i1sotype-
experi nents, e cel wer e obtalne rom 5+ cells.
matchedsomtat] entitedzewh8erewisbing the calls meresngsispend edriar 308+ 390 prh of the

Pacs BT eio R 3RERE i SR

CellQueeSt sguishien Ay aiahaiissitiira(BOIS) f Arteuat (bf@lOEJOO eedrtswere ubqhired.

pr. to a state of Iur y
A of B s ERARSHHIGR o O atourtey iy s e KRR TrblacH dnenal ata and
graphsGRkd MalyzédandPrepardGsiaB FRWIE doiﬁﬁeﬁéf(’ﬁbé’l&mf &yl Ashland, OR).
Because Nanog and Cct-4 are the best characterized
pot encydeterm ning factors, inventors exam ned the
effect of their over-expression in the cells. [00067]
The Oct 4KI CD45+A cells were first dissociated to
i ndividual cells with trypsin and replated onto
Matrigel (r) at ~105 cells/well of 6-well plates in
TeSR(tm nedium Transgeneexpressing lentivira
transduction was carried out the next day.
Nanog- expressi ng 0C/ 4KI CD45+A cell s showed sim | ar
nor phol ogy to that of EGFP transfected cells (FIG '5).
Nanog over -expressi on, however, significantly enhanced
Cct 4KI CO45+A cel |l proliferation, simlar to that
observed in human ES cells. Follow ng neonycin
sel ection for an active endogenous Cct4
pronoter/regul atory regi on, no Nanog- or EGFP-
transfected cells survived.
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I mportantly, these results indicate that a
drug-sel ect abl e popul ati on of Cct-4-expressing ES
w@eloBs18gees not persist through the cul ture peP¢DUS2008/057924
necessary for differentiation. Oct-4 expression
resulted in dramatic norphol ogi cal changes (FIG 5),
and many of these cells survived neonycin sel ection.
hbne of these cells, however, exhibited norphol ogy
typi cal of human E | s. The Cct 4KI CD45+A cells
[00069% - exﬁ?‘@%%n ﬁé‘“?\%‘ilhﬁjorafiﬁ" BAPNGYshowed nor phol ogi cal
chan es simlar tothose ohaeyved in cells expr eSSI n
I‘%"al one. LAREY, it appgake: t hat BSOT YR key VENDUR

pUl BIILyUEL SImmal g fact ors, Nalnog anmg—cct= a4, arone

SSEA-dere not suf fNaieent to MAB4EBt diffeeleMi ated celldmicano
SSEA-Bl uri pot ency.N¢gm@0068] CA{8B33-8er e analailgMd usi ngBioscience
SSEA-del | - sorti ng Methods beflAB43@nd af t enlgé¥posi ng Eleaicon
SSEA-domati c cel | SAPOG t he f &&BdIn3SA Adher enigG3el | s WP systems
Tra-1-60ndi vi dual i zedbrgy trypsvABaRa@at nent mlgM5% Tr y pGhendiCond
Tra-1-8tM EDTA, | nviNdmegen), avidBB3sded in 2fdgMr af or maCikkatiyahe
cp29 for 20 m nutepEat roonvCanpesp&t ure. Tige cel | s ABD&erotec
Tra-1-§5 | tered thronpb a 40- Fmp3esdn and rgpgEpendeRED ShA&Hs
cDi40quf fer (PBS cemt ai ni ng 2%¥s6®S and O.di¥Gsodi UnBBZihdRlingen
CDs6 Cel |'s grown i pgsuspensi ooyey e st ai pgdcghty t he FAGPIS
cp73 buf fer suppl epgnted wit hyshpdd EDTA andigbf nopngh passifgen
cDlosserum (Si gma) .pgl nt racq{m@mbﬂwel ope,t;lgggldase ( MPEtag
cp31 stai ning was gegf or med Bk Fix & B f lr) reg %2

IR en

cp34 (Cal tag Laborgteri es; Bbgslsg%g (ﬂbout é
cell suspension _containin X 105 ce S_Wwas use

each | abeling. Both primary and secondary anti body
BD Pharnoingat (SemDfegheC48) appl i ed) were carried out at room
BD Inirenmpeytaineitt S §stamsIB DI NGtrekse, @t r ol sanpl es were
Caltaghaborsadies Butlingaatey@apat ched control anti bodies. After
Chemivas fritérgatiohkig Tereéduta, @@ e resuspended in 300-500 m of
AbD SdgtedRGRighNDRr, and anal yzed on a FACSCal i bur fl ow
NA - gotappietsie. (BDI'S; San Jose, CA) using Cell Quest(tm

acqui sition and analysis software (BDI'S). A total of
[0007020 00 ottt smhmahapquxhdyeiétenﬂiningdﬁctm’e énvahed rodpegramming

in the fl cy r e listed. in
these oy geRtors PRRlofe ey ISR ) o PGP DR ES SS9 b g
combu’ﬂh’h@ﬁ)sacf teH&y-Bderfri Mg frc®ef tAPdxempikFER0BbBfotentPdeterminin
dé:? [ 00069] Table 1: Agtl bodi e?rfor%l ow s
factorsé’ylt r@ﬂf@gliaylmw\nﬂmm prospesprspagiuded dis feprteen paiensyptetaypigiegactors
descnb%@lg.ﬁrg)lg\pg oWAB4303 ratl gM Chem con SSEA-3 None
8833-80 ratl gM eBi osci ence SSEA-4 None MAB4304
m gG3 Chem con SSEA-4 APC FAB1435A m gG3 R&D systens
Tra-1-60 None MAB4360 m gM Chem con
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Tra-1-81 None MAB4381 m gM Chem con CD29 PE MCA2298PE
| gG AbD Serotec Tra-1-85 APC FAB3195A nml gd R&D
wEy®Bems2CDHOa PE 556002 m g&a BD Phar m ngen BOB6ST0BS/057924

340724 m g&b BDI S CD73 PE 550257 ml gd BD Phar ni ngen

CD105 PE MACD 0504 mlgd Caltag CD31 FI TC 557508

m g@ BD Pharm ngen CD34 FI TC 555821 migd BD

Phar mi ngen BD Pharm ngen (San D ego, CA) BD

nmunocytonetry Systens (BDIS) (San Jose, CA) Calta
|00071Labor7é%%‘?? e’é‘“(‘ﬁh? Felly %‘H@g dg&escheni con | nternat | onalg

GENEWB@L CA) A@RI@@NEE? ( Radrei@ifz O NACCEEHION

ann icabl e rrmn?m To further evaluate the

POUSFRQHEAGYOHENer M Pk PEofaCt Or S kapyol ved in repy @Gﬁﬁﬁm ng
Sox2 these cells, inuerionrg expl ogsg the transgnglyohsof

Nanog pool s of ES cel §3§§>2"950hed Whddjsvari ous cg lopaddsons

FoxD3 Of Potency-det efy acto 2An exenpl @Qf§3 of
1 pot ency- determI gis ct]?rs r rep{ ogra I0| d

precursors inc e four pot ency- i ng
ls{t:)l(lla factors descri b ef 3t° abl e 2 7W 100071 b I{ES%
ZNongumin ES cel | - gﬁzg genes E SYMBOL

NTREZ | D ACCES 5F1 ( n Cct-4)
SOXI 5460 NM 002701 5 184 6657 NM 00

2 Hs. 329296 79923 N 865 Fo Hs 5465731‘%495 6IQM
Lm~ 012183 UTFI Hs. Hs84D¢ 8433 NKAB33577 St el MY 1358
DPPA2359787 NM 19928HsRél13Hs. 335*7581787!L32625 NVNM 49
ESGI1 Hs. 125331 NM 001025290
Otx2 Hs.288655 5015 NM_172337
[00072] The expression of at least some of these fourteen factors in the Oct4KICD45+A

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

[00073] In this embodiment, EGFP expression occurs when the native Oct4
promoter/regulatory region is active. In other words, undifferentiated cells ére 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.

[00074] 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
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ZNF206 Hs. 334515 84891 NM 032805 Sox 15 Hs. 95582 6665

NM 006942 Mybl 2 Hs. 17971 8 4605 NM 002466 Lin28
WOH20086818820 79727 NM 024674 DPPA2 Hs. 351 113 151B7I/USIN8/057924

138815 ESA Hs. 125331 340168 NM 001025290 Ot x2

Hs. 288655 5015 NM 172337 [00072] The expression of at

| east sonme of these fourteen factors in the

Cct 4KI CO45+A ceIIs resulted in colonies with typica

r phol f I otent such as human
primatgage peives Biofe PighBholiioy BRlboy a9 B By BetFRey-
detemﬁle{gefggtb@ﬁhtd‘) fHebmidtbceft arti ng 0C/ 4KI CD45+A cel l' s, over

col onies having the distinct ES cell norp hoIo
I0007Si n| t i 3{hep thesqyeedls ate aypesed tapiper sampingtfons ﬁég%ertcaﬁtdsw‘éemg
factors‘(‘leer e.‘>o§2‘ @ﬁgy% bM ah@ K4} Sish éné RLERE 8LIIVRR sySleBIdRSribRY

her th over - expreSS|on of one or nore’introduced
herein gmwmhxamg@nﬁ eepversion of fifecsells were npleobseveds or t hat the
[ooomge' | Sln“vgﬂ%ésﬁ‘ly&idm& f%cﬂﬁ@ﬁ: ‘ng?é?i Hefla &%&%&@f&‘s&b@f@ geMes

nd gene silencing el ess, surviving colonies

fourteee Xepfeé Satls thiakare nudhigjent oo sepfogtain meammtl(ealls:i MhweatorE@ERS fourteen

(FLG 7A - right-hand t , t hat
soffiiqy, (HEIgE 515 DS Y DHOTER A7 BGPST Bry0 PO e oo it
reprografidhdsk ¢éllsqHIG]. 0A08; :ﬂesdribed ﬁir&erﬂﬂ?hﬁql I’IBélfQur E&iePshown to be

expressi on occurs he natjve
sufficig BrroTRIePRY R GFDIF eblrlewefat@éme\%ct 4 Nongen S §28, as
shown Weld fgrentiated cells are identified by a green col or

that disappears when the cells differenti ate Thus,
[00077] he eknaBrieBoRepPamanpEeidneserohymallikecellpwithya Jippd d,sgtef four

Eotencgg{:tliEZB }{_‘@g@? %g@@nﬁwr%ﬂﬁ%ﬁu&%(’m es al so expr essed
d Tra-1-81 pluripotent

[00078¢ el | - Spadenfifye menekigrisd §&EloGotERY- de@nmnilmrfamers lgmabﬁiwé re

d col oni e
oS PR 4 AT R AP DY B0 BB PP e
repeatddaﬂdmﬂo)hblmmkledf Biu$FC (0w, GN:‘cmf)g,(Sm(I wal Isejﬁﬁirlat'tmtors used the
transfections with t sane o of f
tochniqye §ESTHER M o e E B BTG HIALBEPS orghgr 2bii f
rcpmg@ﬁmaﬁgat ed five stable colonies for at |east eight

weeks. Thus, inventors identified a novel proach
100079) e pr o ér differepiH typaries Yerda tés Gampls to & RSO PFhHEF Wiy of

the meBBHE MY c@l‘la type wRY a A5enBhyThANikBBlohQCEN 80dttly dlfferentxated from
eterm ning factors into the somatic

ot enc
humanﬁblo@czsi/cnwén Etrelie apdaspridedabeyce 5 gseheredn, "ﬁlﬁ@%l" refirs toa
charac%ﬂg@ ot %tpw.ﬂe?no of B% jf% Yed Rt B Rhpg aﬁc@ﬁ&o(]r 8., Gdrived from a

Kf4 using the enti viral
single chkdl, nm@pyvqgl)fmemdb@grqgﬁeh That 1s, in a "clonal population,” the cells display

a uniform pattern of cell surface markers and morphological characteristics, as well as being

substantially genetically identical.

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

medium was changed, and the cultures were harvested on the days indicated below.
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herei n, reprogranmm ng and conversion of the cells were
not observed. [00076] Inventors used the techni ques

waele®snidsed herein to screen for subsets of thePEDUSL088057924
tested factors that are sufficient to reprogramthe
tested cells. Inventors' set of fourteen sufficient
factors was subsequently narrowed to a set of six, and
then four genes sufficient to reprogramthese cells

B; des ri bed further below . The four genes
100081£hownopf & oLt Pl AT RHT LT ﬁvatséew@%m% e

e fitRAdcEB o RLlorsviBF @ s@@dodérm d@ﬂ@@ﬂXﬁ%Zdﬁ AEHEORYRend
cXprcss hown in Ell%a 7BrS 0087%11 W 3: Repr o@%m’n n eY)Zf
’t 1

early megogere (el LKk ené éPK® v "&queﬁn {Madisa, W) micsearrays.
Durmg@%@ﬁg $ 89&‘1‘1&%% f Qﬂo{lé’ﬁtaﬂa eﬁfd{e a1 Ihﬁ%glraée’\k'{@dbserv%? This stage

trans t1on. 0078 ent |
was ac@inpauicé wath sg{ﬁ@ig@kﬁxmepgorf Q;f(gemssm(oaggm epithelial- mesenchymal

. transiti([;rr | 7 O@Hr}]% ;)’gd ?1;,1 zgag\l}é | en%lgr} 41-}(%\’bbla€)h CI)%ﬁso commded with a

maximalepkk atodiferationhata irclanimnridt Oad kodckRo ESFkll/QRe edl-):ultuMin 0g,
0X 2

Lin nvent or s ed e techni ques
oo0s2fics o, gkt Bt BevmdNEmt fivreymabraved andpys 7 of
co- cultﬁlﬁC\t/ﬁinSnafr]%rs bfkﬁlvéloﬁabg EhdoﬂeﬁrD(Am{nGQEﬂh el 15735ef1(9199139d5‘0X9
erent cel In this ex et

RUNX3 g1 RfetR Gre gpdh Ewaé?e@d?th%haufq@fﬁ grdoFA{ 4o Cﬁlésc ‘H%IG gdetestph

Howev@re Husélé/ RRILVWAR fAct5F8 8RRODY By FS b?l&eWk @r\@ére &tk x@ksreg %J)l)ﬁhout
ferentiated fromhuman H Oct4 knock-in %

seven dass efecoromltped Mesenver, nagossisarmh YA nd NEFdH at tronhé¢t@¢0§nt( 6GB
and PL%C‘Z RARRENGLL fbd a(étegtf(:d %d%&’a'?xggﬂ{ai 889 ?énsf%‘?wléed% kﬁ’c?éi‘lt [ 1a8ive

onmbn ancest or a single
envirommmt fhe direata HEG@ﬁlﬁfelceﬂldUOangvaecgﬂib G)esenﬁhcmrmalspathwnya
cl on

100083} ¢ L ool S S0 s0SniRe o s By 25 P cots v
harvestedby actesives tnaymatiaseanatbdt wath cbibigetass W$Gﬁﬂ<b-lh&hdrggen) at 1 mg/ml

o OB SF P s HOSSB HSpbn SHIT T

Inv1tro§Hn§ fcﬁnemlh@&m BM°C OC M I\acw»eas%d hnﬂemﬁh OBR9-9PRBS, THfefcdW
tromal cells. See, Vod

anyk M et al., Bl ood ] ,
throughy e Ed §6M {etioyinersAEB s srecRedfuroMA) By lebtlet Witk et

mouse @@ZQIPEENJD@H&QC 'R'aleiéhSN@g d zﬁhyPE ;ﬁ%dgm@tﬁgﬁl&%toﬁﬁ Afibodies
human H COct4 knock-1n E s were added t

(MllterxyeBmsechnAwuph &EANENhe gﬁbiummﬁprewawmﬁei anatrmtlmcﬂ cell
sortin gng@ngod%; Elr% t thr&%}'lt ngD Q%etgﬁ;éluéﬁlaa%’%(})eeg ?c\f/\% ?/Hélt LMARS
separathparuvn'e$Méd:n0irﬁrbmh)daylstamrad1egatve drapteinedi JPOeBBIEfedOminapanyH POc4
knock-m E cellcdérwgcf ce’lls o\fnqd f %an%ltna]ctgl Eﬁé‘ckdﬁ"%% ﬁtd%\t?e%dceﬁy wb

expressi on ranscri Ion tactor
venﬁedrmpiﬂdﬁm-hm(nﬁiSWAM Xﬁnoamﬂ:m'ﬂ AnBBAIESBIRD) Syaetmis Minneapolis,

MN).

[00084] Purified human H1 Oct4 knock-in ES cell-derived cells were plated at density of
2 x 10* cells/m! on semisolid, serum-free medium composed of StemLine™ serum-free medium
(Sigma) supplemented with 5-100 ng/ml basic fibroblast growth factor (bFGF; PeproTech;
Rocky Hill, NJ) and 1% methylcellulose (StemCell Technologies, Inc.) with or without 10-20
ng/ml PDGF-BB (PeproTech). PDGF-BB improved growth of mesenchymal cells, but was not
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early mesoderm [EVXI, LHXI and TBX6) with N nbl eGen(r)
(Madi son, W) mcroarrays. During days 3-5,

w@pwsifdse@t i on of endoder m and nmesoder mal | i neRQEES2008057924
observed. This stage was acconpani ed with sustai ned
expressi on of genes involved in epithelial-nmesenchymal
transition (EMI; SNAIL and SLUG and cell expansion
(HOXB2-3). It also coincided with a maxi nmal cell

roliferation ra | Oct4 knock-in ES
essentfJ {51 ol ogormgia i frmd -2 el Ul ey fogast Gy sgchymal
colonies F&taicll) reschBEaS SaBlgbid®odies (FIRJ ESle¥ath ed1v8ek Wéte da¥ded on

5-7 of co-culture, when markers of devel opi ng endoderm

day 7; howrven A2 GERYS| AT Seauirrdde FRYRY PaTveSERYINgR
[00085?‘nd Ppﬁﬁglauaﬂﬁgsehé’rgma@ eNORLNGd L ﬁ'hns@% &8k PALAlIdgen- or

| s were detect However, nuscl e- |ngéjct|ve factors
ﬁbrone(cwr»f@mted M{WSIIahéﬁWFS)leWﬂboﬁamllve@lbirt@gb@ sdnprodigh owedium

t e g
supplerfn%%gdqwglﬁyﬁf{@&%&%ﬁ@k " g\gt 3 o%)g%\fgﬁlzuﬁgﬁaeggﬁ %ﬁﬁg&% individual
wells wead llmwsted/by erylmm trekpinedtand ¢xpmmcthd®atcbﬂ@en-rmtﬁb@?©cttxe¢das:d

) de f.fi t f
aishes i SRPEE fRbetgr Py T B FEERG the nesendoder ma
[00086}}) at hWanséeﬁ@?ﬁ?]ﬁssﬂgsalt@ﬂaldﬁ)isdizlctlcgl \Salsn@ééﬁ:afrﬁldbut as described
suspensi on_Q e hunm cell-aerive 1l 1S S
sbove. pIAFPEEY eefedrediipethests that dg%v%&efi et BT g ppould be
reprogx%mrﬂeﬁg@ DaSE of MufifdtbsQ by ¥ pretsABMImitdd sdt dTPoihcy-determining

F12 nedi um 5'mnutes at 37C and 0. 05%
factorsT«e g p@ptn4 N asomom Kigg®c dhe pxpyessipn g6t Yeapighese douripAisnes

sl 03 B R BB
cells, sudtmdmmpn B8 ¢Elor({1G. B damrayam@o eds sliovtn i FiG. ﬁ&.@t@ greatest
numbeng?co nQén gmA\Pn%, cSe:?lré%l% ipal mc {;?%go(%yeggplﬁﬁﬁ?t%gtcéﬂsagas obtau]'?d using

ARSI nyl
the fullﬁdmhipﬂdmenGA)Oct 'ﬂhlsiam@, Boxump &nei8o |hlowaserp\uhdrrfdne @f @ct-4h Nanog,

t-activated cell rting (MACs) .b a n
Sox2 o EOR GRS S05ED. e ghapr et BT IKhar e e Reiet Bk e -
Nanog%enmajércaesdﬂnqetg (Ddtlategyk2)Bi ot ech) to obtain a

ative fraction of OP9-depleted, human H Cct4

(000874 hock 1 Rissmmogieny EGRRsaPrstanocemted Yhendhe e

promofertbubfbPFieaion v@ga&ﬁje 1rg&ﬁér\4ﬁﬁ‘d§ ghdiFerd@fatadedellf wed idkmtingd by
pan anti-human T - monocl onal ant i bodi es (R&D

a greersgpéqréhm wamm@éfsm dléferemted teio0Bmgs: the exmressiented ﬁ'imgﬁﬂirous Oct-
4in thé)éérl]lg Iv«{%g Qég#ﬁdfikk Eégﬁ)%lrzlmxg&f doYdiksGRb 'e:%pr)éé%é@erL@tsSéA@t SSEA4,

47cells/mM on semsolid, serumfree
Tra-1-gfedidulive-¢ ipbepdtenf celltspadifinmprkals (dase nehshow®. nedi um

ono PR TR B R o
same poBl df\fbwrekh BE oslbefrhedifiaticy-Heehniningdacars, and propagdtedrfivgrstable
coloni(\alg rorh ag lIjeast:l'ecl)g_h%(\::)ve:eks. Thus, inventors identified a novel approach for reprogramming
primate somatic cells to become higher potency cells by administering four potency-determining
factors into the somatic cells.

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

herein, reprogramming and conversion of the cells were not observed.
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ng/ M PDGF- BB (PeproTech). PDGF-BB i nproved growt h of
mesenchymal cells, but was notessential for col ony
wo ooosatssen. After 14-21 days of culture, | argePCDURPaL 057924
mesenchymal col onies formed, resenbling enbryoid
bodi es (EBs). Mesenchymal col onies were detected on
day 7; however, 14-21 days were required to reveal
actively grow ng col onies. [00085] Individual
[00090 olsleg:CL, \I\Eo_%e f el v_ ._ : S
potency-@¢lertifiifg Gictdryd flenidhlivifal @aisdagdion) serum free medi um
suppl enepted with 5-100 ng/ Ml bFG-. After 3-4 days
(00091 | t uffR IR EXEN B e hof PP e i e e bl of
reprogra®inViSdi fkeMiatdd RS bk td Siahipoéicy aRdaR¥ L aRAgfedethods were
col | agen- or fibronectin-coated dishes in Stenline( r% .
repeated @ heriepenshyradilikecelistoh Esamue 3 mathri combmation opgef the following
four polen P RAEHERRY BLERS H.4 RAIdeV 54D IHESHBI WBPthE AR An
our poca%?egg‘gﬂtéaé dis(?:](?ﬁb@ dgb%(\g/g.anp %\?{gﬁt %bt?gst edt %% ques
describbd) gwivh esicssen ftese phitéricpdettniaing dactaes fon dieyrrmbl ity iokeprogiaingeells.
oul d.be_reproara d.to st.at.e of pluripotency by .
10009200 e TeEsgse et g el Spoyion e Ml ap e P deeribed
above. flaahrste{ted the hyfathiesid thaNdiffeepnti Bek Resenchylmah A8¢ cellflaeuld be

,exfg{egssi g{ oF 1at. | east these, fgur ot ncydetergi ni n%

reprogipmEe j? HUE Af PUHPYUIFCY BV STRTES' R W%S“a& PO S BIUAS

factors TPRPE@kRGYn 6f at Mabl Dq2ata88 BoLB(FIG. 7C) eshlt@bintuIbRiRs Béving cells
cells (FIG 7B; dark gra shown in FI

. I gray bars). As G. 7B,.
with typicd prehalegntof RinmBRienigFlls Sychifs BaminkS felsc Sange #idilHin28, singly
and in &oAiYieRibn, THRA BIRGAFANI OtfecPinMdnR Pec8Pdry 68 ithSroVids f?érﬁ‘xﬁ%g

using the full conplenent of Cct-4,” Nanog, SoxZ and
efficiericy pigimandifecedlrderi esgreymhl @iis tos stale plrjuriBesRy.drut were
-Lin; r - 1.1 i .
cssanti ity # T ARER ke BFEp i el 6 (GBS
reprograppgedeelfse. g., Oct-4 or Sox2). [00087] In this _
[00093&”??}3%%‘5@ s R BX LSS (A RS SIS NN, t08.iRF bV Ruction
profmocrer7reguratulr’y 1T eyl Ul was adlll veE. I'TT OlU T1Iel
and exwessida of (ud pbtbmtyedetdnaingd: fagbdss were i dentified by a
reen_cal gr that was_absent .frqom.differentiat cells
1000947, ™15 st dranst O R B RS BRI extot pareny-gupg Getors
in repro}dm SRl QeffadltRtcd By Hagk RPRathotty thetiHowd-RienteidamesisRld were
SSEA -60 and Tra-1-81 plurjpotent

oct - 4, 3, SSEA4, Tra-1 ,
repeatcd afith. Afele Crieloari &1 S6ARYR-Hoh TSRHMHY<H Frobea) fetal Tung
fibroblAsOVERIQE S5 ARARYIRY RIS KBRreSd49: 7001398 (B 7f)r oM t wo
separate transféctions with the sanme pool of fourteen
[00095ES' ¢ ellTanggen¢-ermessipgientivijal densuetion; wag chried episas dgsegibed above.
. ) I VY6 ' : t.rej.ght
o SpARRORR SR BAD L SOLERLER PSRl RSy Ouhopy,
Nanog aepling8. almvemers pesteddliechypothrestis thataleffdrentiated hibraivast ¢rillglaeyld be
ot e I . adm ni ' f .
oronfh 15y S5 b pp AL AL BB M s ooty
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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[ 00089] When these cells were exposed to other

conbi nations of potency-determning factors (i.e.,
wW®008/118820Myc, COct 3/4 and Kl f4) using the | entP@i/D81008/057924

delivery system descri bed herein, reprogranm ng and

conversion of the cells were not observed. [ 00090]

Exanpl e 4: Reprogramm ng of nmesenchynal -1ike cells

with a limted set of two potency-determ ning factors

fter lentivir ransduction. .[00091] To i nt|f
these cgloplss gy ey Sme?fa‘a%é?mwe SPant -a&gﬁﬁmw {hF gibeRventy-
nine w&ap@dkdne of reprogramm ng differentiated cells back to

| uri potency, the above-identified nethods were

1000965)epea ginfTadickien Fread drestgatd Soi2kBaragiand Lars E?@&H?ﬂ ig cglonies
f
with ty}éﬂg{ilgtr\g?/ dJ%g) dr drr]'flﬁgtggtf cggy‘fgl?eg{un{é]%s cgilsl}\gw Hf a ggHéal karyotype.
Cells fiiomgagh cqlwdmemss expressed tebontesash mtq'uesndjesmssd@ddmab &3eell-
e det ciQrs for, t
spec1ﬁ<g %.xleé?{ %1%{20&?(3% ,?Soég)ﬁ?él ?nr%%ﬁﬁ Q ﬁf-g]o%)lgaél? Tfrﬁ élr)) Por €dch oﬂg
coloniéfrthﬂs’gmweoexmﬂsganng}s OEM and NAVOGvan adlmaetls omilwes tHaheh
luri Oen rige altgou hﬁﬁ eescr i bed ab ove, | nvent tes&! ed the B and
prurp et REST o & hat “IFFTO8Y ST TEPRY %85&%? yary.j Jgregygr) EB an
teratonﬁ(fblﬂnchtlbﬁ dem@isegediaetic tpragraimédeels had dddvplopaeayl paential to
& g@SI n%ﬁL vver t han four potency- det erm ni ng
give rise {0 fifterentigpdemyptives of YhtheRe PRMaNG2E 18¥15. 4 and Sox2

[00097! FI G DTQG) ﬁﬁg‘%ﬁmnt @:Qalysn; c%%r%ki%t hRvd R%bri&IWese a\éﬁv@d from IMR-
pi cal norphol ogy of pluripotent cells, s, uch

90 cellhwahatit_fsyo*eqm ROt dma\r@ég‘roah@nmnrféecellshml(ygaﬁd A H9 H13 and
H14). Conbi nation, had a beneficial effect in clone recovery
by i nproving reprogramm ng efficiency in human ES
[00098t el | - Qemlay ttherdate nlthipedatvitle diffesentigedimsscattemod cells, the greatest
numbef(%ﬁé eg ﬁg] @ceﬂ‘étwu\‘}’? 1?ae1§'1r%emof0ﬁ¥regﬁuré?q%ent ﬁafs ?ugﬁast li;]uman ES
cells wwcpwamadomngftherﬁap mmgplammaabf C}et-h NanpHBF23 br Exd®pHewdver, when

0 ng.of a diff rent at
oct-4, (fer ST LR Ricat b rsr T of B Rpolfer Bsieniicanty
“attenuaRAt(e B¢ Nastl @ M2R) Blabkér (4. SOctl013943). To furt her
denonstrate the utility of. the [imted set. of
00099b0t ena)e %qnéqsrﬁ:]ﬁptﬁ% for gwagﬁlgn angl Qeéaﬁl.e% @lpaéq,ﬁtﬁrﬁgtlon proliferated for

at least@WEIL &8s laRd ?c@alx%ltbﬁcﬁ@%a&éhs%sl{ff 'an%a@ By o&ﬁ%ells even though
above-identified nethods were repeated F
no selegtiandpiote Rﬁlvamof@ r@inofenRy- wmﬁAEe@)wasmphﬁqi chm@g hunman
repmglfaghg]lﬁél ung fibroblast cells (see also, Birney E, et
al, Nature 447:799-816 (2007)). [00095]
[000100} ans Bepregraxpred selisngert alantifiddrbasedtonamsphedegyaonsdise., having a

compac?gglghgg/iggygmél%flg\% 1 ?’t%&?r a?ag L?B% -é_rhozrilatllileﬁl§1‘éucceé) s? ef‘pr%%ac'mmed
cells algf expodssod OcBaxXISEAR 88§ A4 /Tralli-6126id Thkav-Sn phiripoteatsdetl dpédifec
K hypot hesis that differentiated fibroblast cells could
MarkeThe’ r eprogrammed to a state of pluripotency by

expressing a limted set of potency-determ ning
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factors (e.g., Cct-4, Sox2, Nanog and Lin28).
Fol |l owi ng transduction, cells were transferred to
W@ hooga18800 cm di shes seeded with irradi at ed nMOUBET/US2008/057924
enbryonic fibroblasts (MEFs). By day 12
posttransduction, small colonies with human ES cel |
mor phol ogy becane visible. On day 20 posttransduction,
a total of 198 col onies were visible on 3 plates.

(00010 olrf:y-n of. hecolonle MR SR6E Sy al]: fvdu%

and exp_}d%fl&eoﬂ\ﬁ%@ote&tyjdé@éﬁnﬂﬁ@fa@t@}sonI es were then sel ected

conti nued expansion_and tgnal ysis, and the other
(000103} e nt TinfupBerdsmentiiats B utifty 908 [mitebset At PUEn¥ AN iBmE fpctors
in reprolgl%?r%m@tffeﬂentla?t@d( Solls N@&QS pﬁlﬂgotbhd}zﬁne hESMLill @R fle@methods were

colonies wth i cal hol ogy of pluripotent cells
repeateq itk tmdhﬂ?n%Esllé opegibed, abovn alp talsmtrq*}ﬁquzlawyﬁt fgper patcys
I , expressed tel onerase
deterrmfn‘hgl v?o?glag%gmg@é?rﬁagse\é%ﬁﬁr?an ES cel I specific surface
[000103nt i gEmssgéne-expresSHERnByirabSiAdction mas ¢ar6ed ands desatibed above.

IMR-90 é%g&gg 56%4\9{3%%9 g tﬁ%g%%?ﬁﬁ eql?gle%xlﬁ)(g“%%y gtrép,t ox2 Nanog

and Lmlzglalnv&ftor@ kedteld Pl 18/pbthesd that, dlﬁéréﬂ’tmtbg hibtdb@seafablg endd se
expr essi on ‘if'ﬁit hese genes di d over,, EB and
reprogr%wscé Orfestate P RITTRAEGE R Y §SsiPe et & m?*i»? it rSStgﬂ? AARY-

deterrmﬁﬁl% Ittt 0TI SEMELOPHEIcad tiRed Ablotsabsulted Bil céPonieds Sﬁthttyzplcal
ferentiated derivatives of all three pri rrary ge

morphologyeff glunpeorarells IiAuman G cpis diepmgramragdcolanifsiharag cells with
typical hﬁg}hofogféﬁ%lﬁ%d%&it %alsW@oﬁﬁﬁéd/&% m@mllcwﬁple%@n@&*dm Sox2

wer e not derived from uman_ ES cel
and Nahdgeith ¢revighout IHn28 Hiherefiore, thit Bresgnge e1iapyence oDloodd dlshnm affeet
reprogrffntl” HiflePer? BRLAG Sr il 8 a¥lsbl B R Ak S BRI
reprogravninad tglmle&a\k/asmtgmﬁnahmggtteoﬁat@ curab:pmt ent cells, such as

uman cel S _obta he full
L A T R e e e S
reprogr¥AMeE celSOMCR Mth&ﬂaﬁéﬁ%n@ﬁfeaﬁabﬁﬁlﬂi pairs l(lee Niabteed; oaé gene-specific
ES-1i ke col on| es wa n| ficantly attenuated

primer Néirﬂf)ﬁ Ftivirgl ﬁfggyr-mem 5@@ (wé'ls @ame yt uging Igcrgg}&&%Agﬁbm IMR-

90 clonkORASPatEN Thé Rlane EmpRYQICthe Pfx TN A ¥PAREIsO (In@Rdgen,
detail ed characterization proliferated for. at 4@ ?cg
amplifigaien Peffereee $suhm 2Ketnd srbancensglutign wanused @t ) apq the fllowing

condltl&ﬁr WRfial Fat:ﬁ‘aﬂrﬁ’t%nefef 1 ﬁfr’ﬁdtéat 983en5 Lhasait 9@‘@ %ebesdcbRdy, $C for

e activation of E uri otenc -Sp ecif ene was
P F%@)Ig

30 secoa@qobs"@dfodzmlwgess et fo \mﬁyrﬁfc mdomogqes el yimfggithe
transgefi' sho;wgéﬁhs & fﬁaﬁ&n%%gm&gh e éﬁinﬁ%&%k?@ll AR kb afd

a conpact col on 'eUs”’to cytoplasm
Nano g)namagrated fxcto meqmrrp@tmt celis Fdlowirs) exp@Rmpr to drangparadexpressing lentivirus

vectors.

IIOI]
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cells also expressed Cct-4, SSEA3, SSEA4, Tra-1-60 and

Tra-1-81 pluripotent cell-specific markers.[000101]
wex@spiss2® : Reprogranm ng of differentiated ceCT/BS2008/057924

after lentiviral transduction and expression of three

pot ency-determ ning factors. [000102] To further

denonstrate the utility of the limted set of

pot ency-determ ning factors in reprogranmm ng

'ffe tiated cells back to pluripotency, the

1000108}, Tt P EPE it D e RBBE T 1 h the | MR 90

Ge,ﬁ,gl I S, SiggBp) | bed above In th| S sséq@ﬁce@we“ment S,

Ocﬁxanm 8656 [0003(9@)4 fﬁ an&@&@?G@C@@é@AC@CA@RU vir aI
transduction was carried Qg lg.m@q;crl bed above.

| MR- 90 cell's veregpsansducgloWAAC P EPTEETAEALGARIA
three of the follow ng 4} 9%¢, Nanog and Lin28.

NANDRY €Nt OFsy test ey fuhe. @m&dé@fc,%&&e £l at ed

robl ast cells cou toastate of

o1 pot oncydet 2%%%3?5290?5 Haikad oo,

SOHE ool 08 of a‘;f@«ﬁ’poeiﬁl é%g ‘é@%ﬁs&ﬁ‘ﬂ 4 dhie?
ot phol ogy of pl 85%’3& Zﬁt &tﬂ@éﬁéée%%

the full conpl enent of and Nan with or
LING# t hout SL$ n28. THfEFbr e, A%ﬁEG&A&%T%A @hce of
Lin28 did not affect repr@§R gl) However, when any
of Cct-4, Nanog ofPSox2 v AQ GERECHTRBAFGHCA
r epr ogr anmed col oni es M/as(SEQdBIN@ébntly attenuat ed or
OCT4ailent . 11900104]00GH-EXanm A€TTBETEREASIESEREEI@f Cct - 4,
Sox2, Nanog and Lin28 pr dSERQUP N@:12he reprogr amred
cells, PCR withQCERYencACPECACTCETRCCTECATLC s (see,
Tabl e 3; one gene-speci fi(@EQriDe®:1and one | enti viral

DNA from I MR- 90 clones as tenplate. The reactions
IOOOIOG]TDI oRestogrammniet )éelBN@er@MemifHﬂaﬁ&d(ohmvdrp}m]xwmlone (i.e., having a

ification buffer S use 2X,. and enhancer
compadapigey Hiih D THEERE GEVERST BN DR PURT DIy - Keprogrammed
cells al§PEPrdssATt-41 SSRARISSHANATHI1240 28 Th1-81 phiripoicdt @tl-sPedific
35 cycles of 94C for 30 seconds, 55C for 30 seconds,
markers80C for 2 mnutes; and fol | owed by 680C for 7
[00010‘7] nUt ERamplcR ﬁ@ﬁjohfﬁln%lﬁf?éf diffGedtataToR R BReVRd trﬁﬁh@ﬁctlon
her—al'T four transgenes or three transgenes (I.
'B”°" of ShmeePpohandy-Metemaing fgctqss-at ed i nto the pluri IOot ent
I'l's f
oo, = bR AP PR A 0 i
in repr@gaﬁmmgmgff@emmted wslls tnipegipatengnthe @GeoresdSGitified bgyhods were

repeate%%&mem 88 Cgitsaiogtl\?o. %'R)L-2097 (ATCC), which are human post-natal foreskin
fibroblast cells.

[000109] Transgene-expressing lentiviral transduction was carried out as described above.
Post-natal fibroblast cells (0.6 x 106/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 a limited set of potency-
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OCT4 656 OCT4-FI CAGIGCCCGAAACCCACAC (SEQ ID NGO 7) SP3

AGAGGAACTCCTTCCTTCACGACA (SEQ | D NO 8) NANOG 732
WORNRE #8200 CAGAAGGCCTCAGCACCTAC (SEQ | D NO 9) SR3r/UsS2008/057924

AGAGGAACTGCTTCCTTCACGACA (SEQ I D NO 8) SOX2 467

SOX2- YX TACCTCTTCCTCCCACTCCA (SEQ ID NO 10) SP3

AGAGGAACTCCTTCCTTCACGACA (SEQ I D NO 8) LIN28 518

LI N28- FI AAGCGCAGATCAAAAGGAGA (SEQ ID NO 11) SP3

cetom 5 A T RACCPHE SUVHTS (s S D

transfertédTtd GACETO /0 ETsRESWESed (WRmQThdatNOMES . BQ@%A%&ost -transduction,
Reprogranmmed cells were identified based on norphol ogy

small C%‘IOB‘ﬁ%—:W(q‘ pbmpotﬁ%l\ﬁeﬂgwéplw%seqanw%? Qp f2y 1 past-Henspeign, a
total ofts9 csmph@&mlmb bm&%tw WS Hind YIehEQ Ild1'1$e)sg§§e pigked, ¢ tyenty-

Reprogramred cells also expreSsed Cct-4, SS
seven of which-vege awelessfrlﬁy exrended) forr anpddidianal geeq weeésechmr@f these colonies
hEREH&ER: fol ARATRA] %P#de?l P : .
weret di Arferen?kll%t gé&ceef(@ﬁ fer T tgld{}/]l ra rg\g% ct:htr?eo%ergrﬁr “en

(000116 pr e¥hd expression b @d- 4p§me?n tnapeind r1m218|rmylté(hmtcolrosies having cells
with ty{ug 010 olcggt(g/ f u[un@?trgrﬁtgc%_ 387 ctél:ag}uﬁmgnnh§§ gel{sl almtd an%ﬁmztal I?cgryotype.
Reprogt&ﬁpﬁ@iﬁo&ﬂﬁﬂs mge\disé f:mreseéd talbﬁléraﬁtedchmt)t mldpﬁxpfesmtpﬁmipyt,ent cell-
specific markgrké) zvee §S%en§ S@E?Xd4 nier 06(8 an(\f\"la‘ ra? 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 essential for reprogramming somatic
cells.

[000113] 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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repeated with ATCC Catal og No. CRL-2097 (ATCC), which
are human post-natal foreskin fibroblast cells.
WO 0@10820 Tr ansgene- expressi ng |l entiviral tranBdUs10081057924
was carried out as described above. Post-nat al
fibroblast cells (0.6 x 106/well) were transduced wth
a conbi nation of COct-4, Sox2, Nanog and Lin28.
I nvent ors test ed the hypothesis that differentiated,
atal obl ast . ce could be r ranmed to
000118F 2 - REbBeramriat Ol et foBy LS P  Aered e
compaflRbRAE Wt lh%‘hriiuﬂlbﬁhgo e radtn® Boaiingd nlﬂﬂé@)‘lﬂs? | Réprogrammed
results. Foll OWI/"Ff transduction, cells were

cells alpq gipegsed/ 4t S, SSEAG. B e I rasdedd gbpripptent cell-specific

markers! Fadi ated MEFs. By day 15 post-transduction, snall
colonies with pluripotent cell norphol ogy became

[000115] si bM&en resaie)ls MBrepusposet taothetisombmations of fcrs ©F., S<7x

Myc, C&Ebﬂ%? ﬁlfyﬁaﬁs \ﬁethg legh\%ka?gel vlg&esﬁ/%t%%%mn-lb%fﬁg\}'\%mm 0} mmg and

e col onies re seven
wnversmcﬁhséahllslvgerea@abn&eddf or an add| ti onal t hree vveeks

'000“8

and exﬁrwm'mbf du ﬁaemr@ténhﬁﬁmactbﬁwllo] The eXlOf essi on of
Sox2, and Lin28 resulted in col oni es

[0001 lﬁhv in a‘o hegdquﬁrqty khe alityid ltl}gﬂgquggyetdyff pﬁqemyr%r@ml ng factors
in reprgéiﬁlﬁlng%melﬁﬁteh WBRNo b @r%@tlché' th@d relgo@ 138&1‘?@& miéﬁ‘lﬁbf%é’r@e

ro col oni es eéw se ressed tel onerase

repeate ot TGC Sadlo@NST 684 <4 06 (SKAG SAIEHD), which arsdemep pdult skin cells.
[0001 lﬁ’Pr k eﬁ‘iﬁﬁgéeng 94 ré%lé}&t?%%ﬂ ?uﬁg c@xQxe@ %gt aI rd@slcgggt? above.

or ea endogeno was expresse
That is] Sétve¢e§8 §.0rk ﬂ@v‘wetlb wiehatransdised wehl aicombination of IQspt—ﬂ;anénNano"

and Ln&gnl(lerz\/ee%{slt tgs l’élg(E)Bf) hCFl(S) grﬁgo u?]t C?Ew Scsolu Or%%tghlgrgﬁqed to a state
of plur@em@sﬁyab&dsxmgmhmtthbser efnro&gabgaﬂmdumag fRtdd@ghdavbtained
devel pot ent j. al ive ri.se to dlffe tlate
promiscgy YL | Sl R Tl 60 B T P B e Dy s aeded
with irfaliae@ B{dh?&émﬁrfﬁorﬁ@ﬁbrba&@ @1EBs) Ol 1edhyk B alYRSRII culture
cell i PS cells derived from CRL-2097 cells showed a

mediurgy BP‘P%R Edrel} spltrsangdivie sepditionpdh Witk iradiated MEEs wasaesed to support

cell grNRMBRALY B pdsi-¥EnsWRSIH, smENRoRhict Bah pREp6Rhd celt m&ﬁHoﬁﬁby
showed neural differentiation; whereas the other two

becamgipibli es showed nultiple foci of columar epithelial

[00011?f' | Sind dakise ﬁf‘baod‘ SQ)Uf ‘Nahb%&d%iﬁé%dr%d%d R (?!%%]ha%ells

gerprint analysis con hat these col oni e
with tym'malenajphqlmobffphmmtehtecebs (sga, F&G. 82| $uch anmneandESceetif (irenddving

a comp("xcq calony I%{Yth\ﬁ,egh.;\uglm t%%%vlg%afrz{_&%) %F)%:SBE ETC?@I%P . é? serf’06vn n

FIG. 8B ltke dair?graabﬁ@ll dlalbdalaf Exprestadanl utice ?rigrl@fs t?pxéi} lef ﬁlnhbcaéxﬁ dells;
nc cells reat est number of co

SK46 QT FAG b PPLSECH 1) e e a1 BSOS o sl skin

cells afplated IAC& €ah the cells in Example 7 and had a lower reprogramming efficiency than

a} transduction

the cells in Example 7.
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cells were obtained using the full conpl enent of
Cct-4, Sox2, Nanog and Lin28. Interestingly, one cell
wo pove/1isseked Li n28, confirm ng that Lin28 was POL/US2008/057924

essential for reprogramm ng somatic cells. [000113]

The col oni es sel ected for expansion and detail ed

characterization proliferated for at |east twelve

weeks and retained typical characteristics of nornal
wooul{aﬁgaglur |Bent __.-.- event 0 sel ectl -e?erminin

factorsail itk cbttuzg r epr ogr amm ng. [ 000114] Repr ogr amed
[1s were identified based_on norp hoI al one g
10001%\/. nd oan%m%femwwmeﬁﬂmcwmw nigedapet ?ﬂsm
repeaterdalfsing t%n&ﬁﬁm}ﬁ%ﬁn PI@ |49&0h6&$ r, BRI @R @m&zcﬁérla thserted in
al so"expressed Cct -4, SSEA4, Tra-1-60 and
the tramsgaielse%npm@rsogsépetmna&aeteplasq@ietm purempein kesistancd g1 Thq

consm%&% 6% Ex%l? @x&@s!ﬁa"’edﬁgl{ i 23%]%(?&1@ ?1 (gé‘ﬁel{nogl? ﬂjé"ﬁ%&’u}gp%% gélls

(p6). the lentiviral delivery system descri bed herein,
amm n nver si.on f the ¢
10001 B DO ] TR B LR G R A4 e oo bove
That isp293FaTeend érah@enchembisceBd (€2 x | Erekils/ivelnbf 6-wail prtecidedet dvathight)
expr essi n of four potency-determ ning

were tfri%‘eaefﬂl TGP FaE T ST AT o OB vt rmS?eyreefo thgm MEF

dish (11WdM dr@dwaBhlatefio P)QtOQHPM‘Eﬂ%‘iSﬁF f@llﬂivﬂz% theaseRight iftubation with
reprogramm ng differentiated cel to pluripotency,

lentivigup.e Ggnpig@-seigetinni (P9 sgmbefonstistive :eedqgéwat @dr: wlomoxrzr@@s

camied Bt B Oy L LR o s chionttO St BLBCRUTB 16

[000123gnt | VilGHA denaomsidates thgDowd aind 812 exgression egsudekiorZOBEH cells
follow?p Qr\cligs&"ec-[lagisee ﬁlérlcxzeg rlrbcis ln arflil%% %% )E(%S%/ﬁvﬁlé %S 1-Sox2 is
abbrevaatd as Q2R ES|1 np&ind-6F2-CeelsiRd 2tJuas 2 wygbbtehmgidsis ﬂ‘BaRE‘SGmShntt-

EF2- 06 lﬁlﬁ},ﬁpgl x!e’zﬁaill%gl %%?SE@F%‘S p???r‘a?ﬁf% Qat% Igﬁigi?uro is abbreviated as

0; andPSirrER2-SR2RESNipa i airevisieddsd. obt ai ned prom si ng
results, Foll ovvi}W? transductign, cells

[000124] s £36 r ERishoys R BEToRFRMIpiNg £ @g%@@r&ésggm psenchymal cells
derived frbR®ELEkhoBRUSIRINXIM IYENEGIs @d? WBh BSL S akddxIwerdPro@ided on

10 days in _human ES cell culture nedi um hunman ES cel |
the sarpq gongfFust FRES Uik shdiov-dheienaximtamekibegerae eHrNEtEsvhgaes IRES2
highS@ ity SHERar fb Q&Jné rEFy%WE OBREDYNIE (the high-effi IRES
lsa léﬁ oSt ot ra}lﬁsductl (;)n n c)g lonies wth (p eu;glh eotlceura]rt1Cy )
showe@erlt dpproNiphie Ifmgfolbercpmee murmr@mmmﬁrtm&qg]cyw’{@n compared to O+S,
o+5+1§K I]Pérﬁlég-lsl’lQES lo{theqatw #ﬁmé%%REg'}aW& aﬂ%réﬁlj@%ﬁo{;lﬁﬁlﬁltﬁee&tén@y-
detenmmng factors in one construct that provides for approximately equal expression levels of

each can improve reprogramming efficiency.

[000125] It 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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with typical norphol ogy of pluripotent cells (see,
FIG 8A), such as human ES cells (i.e., having a
weeopacss2col ony with hi gh nucl eus to cytopl asnPCHUSH08/057924

and prom nent nucleolus). As shown in FIG 8B, the

reprogrammed cells al so expressed cell surface markers

typical of pluripotent cells; SK46 cells (control),

homever did not. However, the reprogramred col onies

on1adu|t skin cells ap eared | ater than the cells in

IOOOIZ@amM Py Bw&owdgaieawn}*@]ﬁ? dythe APRVE gPeetifGripEaE Perein
incorpdrR@@ by REerbRle! ¥ atibusEX@RaBork dnf 9HBhs F(RIIRIs8ritRed ‘method and

I ncreasing reprogranmm ng efficiency by |inking
systempd theripyentien wihhardpeyentde thopesskiled an @ﬁﬁglveth@btr@wuéz from the
e
o QOO B PSR ROF kB AN AT LI S o
the presemh Btventoh sstfominabiave Eﬂecﬂlusarﬁmverwdwent;en@dtth eoniipe thednynntion.
The imésegxﬁgrb%rgﬁ;r?ccs rager gg‘geg £) tsho? bllre C()a a n eglg:e%%%)gﬁlggts%n gon?é) ﬁhln the
scope cfaRsolloeing cline t hen expressed either in 293FT ceIIs
or in OCT4 knock-in human H ES cells (p6). [000122]
Transgene-expressing lentiviral transduction was
carried out as descri bed above. That is, 293FT cells
or nmesenchymal cells (~ 2 x 105 cells/well of 6-well
pl ate, seeded overnight) were transduced with various
transgene conbi nations. Cells were transferred to 10
cm MEF dish (1 well of 6-well plate to 1x10 cm MEF
di sh) followi ng the overnight incubation with
lentivirus. Ceneticin selection (50 ng/m) for an
active, endogenous, OCT4 pronoter was carried out
between day 11 to 15 post transduction. iPS col onies
were counted on day 16. [000123] FIG 9A denonstrates
that Cct-4 and Sox2 expression occurred in 293FT cells
followi ng transfection {see, e.g., lanes 1-3). In
FI GS. 9A-B, pSin4-EF2-Cct4-1RESI-Sox2 is abbreviated
as OS-1RESlI; pSind-EF2-Cct 4-1 RES2- Sox2 is abbreviated
as OS-1RES2; pSind- EF2-Cct4- F2A- Sox2 is abbrevi ated
as OS-F2A; pSin4-EF2-COct4-1RES|I -puro i s abbreviated as
O and pSin4- EF2- Sox2- I RESI -puro is abbreviated as S.
[000124] FIG 9B shows that reprogranm ng efficiency
i ncreased in nesenchymal cells derived from OCT4
knock-in human H ES cells (p6) when Oct-4 and Sox2
were provided on the same construct (IRESI is a very
| ow-efficiency internal ribosone entry site; whereas
IRES2 is a high-efficiency internal ribosone entry
site). OS-1RES2+N+L (the high-efficiency |IRES) showed
an approximate four fold increase in reprogranmm ng
ef ficiency when conpared to O+S,
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OtS+tN+L or OS-IRESI (the low efficiency | RES) +N+L
Therefore, providing the potencydetermning factors in
Wo@r@samsst ruct that provides for approxi mat el yPErusi008/057924
expression | evel s of each can inprove reprogranm ng
efficiency. [000125] It is understood that certain
adaptations of the invention described in this
di scl osure are a matter of routine optimzation for
those skilled in the art, and can be i npl enented
wi t hout departing from€h&IMBirit of the invention, or
WE cLhlg: scope of the appended clains.[000126] All
publ i cati ons and patents nentioned in the above
specification are herein incorporated by reference.

Fet noa el PR SRR BAnKE T TR e Rl ERE R

steps oft hose skilled in the art wthout departing fromthe
scope and spirit. of. the invention. It i§ understoo
howe&POS'H& lu'élisz |P8§’“%Yﬁ%¥°é%}5’b% fagitsdo pt”HE‘tepSPEE‘g%fe"s
under cordeAL bwfficisflto féfpfdéﬁarﬁb{é\éells’;lﬁ/ﬁeﬂein| thispdtericly\deteaigling@hctors do
i ntended to_confine the invention. The iInvention
not comppp; ¢S 28 Kifidt i ed forns of the exanples and
enbo diyIBRsSthe Sxfo9diEcelh folibhirt RErogfagRitedell$ héideQ! Higd Pétenc
cIains.CL&?ﬂB?JEQCLAIM 1. A ﬁethod of reproé?gn%?%g Y
level thayy theprimatg spmeticcelel | s, the nethod conprising the steps
of : exposing a plurality of potency-determ ning
factors to the primate somatic cells under conditions
guf f i Bieamtthadoofr@@molg wdireirttbe prrhats somitisrcglinare pltained from a
qumﬁrt Q&é-peternining factors do not conprise c-Myc and
P PAVIYRd cul turing the exposed cells to obtain
reprogramed cells having a higher potency |evel than

h i mat t.i l1s..2. Th t f '
S S S of o U e e
gencticlBSHenfiailad tHepdstiathlaldividial. The nmet hod of C aim 2,

wherein the reprogrammed cells are substantially
genetically identical to the post-natal individual. 4.

The metdRdh& of@ 18N, WheMhIEhe pAmbd 8okt T BRIIS a8 OBRINEE by in vitro
cells are obtained by in vitro differentiation of a

differensipéon f@lstem &ll. The met hod of Claim 1, wherein the
exposi ng step includes the step of

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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i ntroduci ng a vector encoding one or nore
potency-determ ning factors into the prinmate somatic
w@eiosa18880 The met hod of Claim5, wherein the REDUSI008/657924

a viral -based vector. 7. The nethod of C aim 6,

wherein the viral -based vector is a retroviral vector.

8. The nethod of Caim?7, wherein the retroviral

vector is a lentiviral vector.9. The nethod of Caim

1, wherein the potency-determning factors are

Pntr oHt?d@%ihqdooftcﬁaﬂsb jein (g potencydeteripighiedactorsaterptroduced
to the sSBAKRRLSEas! ar}e;%g&anﬁn%ﬁéah&ﬂc@gm& SRRUSNER] RYGALL BLoliAE the

pot ency- det er ni ni n% actor is operably linked to a
potencydstesmylivgyiacier i5operatle linkergo a fiplerarzoRORIOBPteC] ai m 1,

wherein the plurality of potency-dete pnining factors

is selected fromthe group consisting of Cct-4, Sox2,

Nan o gl tzermdethod & laifnll, whieeeimtbt blochlif of@lotenay-detewhng fagtors is

e _pot ency-deter m.nj actors are ¢ -4, Sox2, and
seected, 16 B S0 CoR G e B, SR Tle MELRH L o hod of
Caiml1, wherein the potency-detepnining factors are
t-4_and So 13. The method of Claiml, erein th
?ﬁp_r oHi‘edPrﬁg‘bJ( ‘gf&lf*‘g‘ hdersin e pueRed tef&!m“ﬁféw@fé@% g Sox2,
and at 16dsBéi® ot NaWblesrRiiindghe reprogramed cells (i) express a
cell marker selected fromthe group consisting of

Cct-4, SSEA3, SSEA4, Tra-1-60 and Tra-1-81; (ii)
¢xhi byt ABLANGH (?gi%ﬁop, Raterst Gk b&%ﬁ%&tenﬂllﬁﬂg f@&Bﬁg}q Oct-4 and

cells; and (iii rmteratoms en I ntroduced into
Sox2. an i munoconproni sed ani mal. 15. An enriched

popul ati on of primate pluripotent cells produced

according to a nmethod conprising the step of:

1Bt r othecmethodofillainal ,ivtheredf thp odpeoprammded enllsiarei phgipoteot. or s

into primate sonmatic cells under conditions sufficient

to express the potency-determ ning factors, thereby

nepr ogRamethédoft C18ins Detetein the kdpsodrammpedchills €) exypessiadell marker

rimate pluripotent cell in.th o
selected, P e 7oA OPRSHIER] Gokidt %M@Sﬁﬁeﬂ, o e Tea-fapls (g exhibit
morphdﬂ)gydchar_li@terisTiQ%\fﬁﬁhfib&t@ﬂ@elPs@ BAd @) fOfn RFatérBhd WheaSnteddatedEiso an
. in " Caiml5, erein the primate pluripotent cells (i)
immunesopneasised anemal. sur f ace marker sel ected fromthe group

consisting of Oct-4, SSEA3, SSEA4, Tra-1-60 and

Tra-1-81; (ii) exhibit norphol ogy characteristic of

pbur i potearithed populationwdipiimate pluripetanticel sprodiesd agrerding fo a
method C%tmrp%%ug%%ste t.¢ an i mmunoconprom sed animal.17. The

enri'ched population of cells as clained in Caiml5,

wher eintrotilvéngroglemnbiydds petenéydeatgmining 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 Klf4.

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

cells; and (iii) form teratomas when introduced into an immunocompromised animal.
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9%€ O%hMﬂ%Qnt%%f Eiaﬁh?r%z, wherein the primate is a 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 ¢-Myc and Kl1f4.
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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 ceils, 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 pluripotent cells.
26.  The method of Claim 25, wherein the regulated promoter is an Oct4 promoter.

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

factor is Oct-4, Sox2 and at least one of Nanog and Lin28.
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