WD 2004/ 072251 PCT/ US2004/ 003581 DI RECTED GENETI C
MODI FI CATI ONS OF HUVAN STEM CELLS CROSS- REFERENCE TO
WOREOADEDSAPPLI CATI ONS [ 0001] This applicati on PCHUSE04/003581

priority fromU. S. Provisional Patent Application No.

60/ 445,606 filed February 7, 2003. STATEMENT REGARDI NG

FEDERAR E¢ TEPONENRATC RESBARCA TIRNSEVE HIPMANW STEM QELLS

This invention was nade with United States governnent

support awarded by the follow ng agency: N H RR15376.

The Uni t eCrE)SS REMMENGCE 1) RELAGHMS APPLIAA PIONS

i nvention. BACKGROUND OF THE | NVENTI ON [ 0003] Stem
[0001ke| | s Fhis appli¢asionglaimapriestty ifrone Ul SuProvisronal Patentaipplication No.

i I a I f differentiation into many
60M4%$@§§F§%§bﬁﬁﬁggégwgiated cell types of a mature body.

Human enbryonic stemcells are a category of stem
cells created originally from human enbryos and are
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meani ng that they nmay be capable of differentiating

into all cell types present in the devel oped human

body. [0004] PlyACREOUNSOEYGNE SNTERFOR | s have

al so been devel oped for a nunber of aninals species
[0003]ot her $ieemcetis meene]ls Faintaredinl @turaizivise ashtvhich areraipkble of

. has..b d d wlth ' Ils.
ot S R e et o
stem c6Bd dre QWatddbl dfQkend cel R da &I rfinAREEH A SuRGh %ffﬁ)?}{dséré?g’@re capable of

. it then becomes possible to use those stem ce
indefinjte paglifermionge meliure.s Homan lsabregméc sterm cells atesleponstrably pluripotent,

. 1 bl i-pul at e .st em cel i n vari et f s t
meanfEREL Bef o BT M PAE 1l HS sl el s s AR B
totipotaiy, fiehnia P el efeyhedy i Gbikle esdiffe@tianadRkeall c4IEEPBI SHU&t in the
have been devel oped over the past decade whi ch begin
developpd Ruga Pedes of nmurine stem cells in which one or
anot h | f . [ e | ender
oone oL FREH] Al YEplT U5 SABFYL ROBBLE s ppymbero
animals apedies therdkashiurhdng. &otexahiple ahhch sdirvafiopod: ha Heen conducted with
. _whol e dubt mce, this technique has nade it possible
muring yergycglly- Ol 57 HUIHE o BT e mEB PG OE Bk ouliure for a
a . g . o |
pricl i e K80 ROBKAUL JRSGE 1 o L 0Bty
genetigsyofdhatepeciepe dbisinownpnssiplel mdripulate Stemhcdisan k-vatietywif @eys to learn

R P T
technidtiek hatdbé&s dahéiepedBr B pagiaftichdt WiYicH 8BEin Hith MMk JfMirine stem

_occur only under a _gartl cul ar condition. The knock-out
cells iyyhisch one oh Alather specifinnativiepounizargene dsmenddrad oractive ¢t{énocked out.”

since UERE o U5t o080 ) RSB ARRAIRBH S Re 00 duR mice, i
technidiieshab @eide P f¢5iBlEIb YreatcRAEN @ tRidck airemi RITh HdH dacB 1ifVidual

. cells can be )
strain of knockout mouse has a single gene which has been rendered defective, or “knocked out”

by direct genetic manipulation. Such knock-out mice often reveal the function of a knocked-out
gene because the mice are abnormal in one or more attributes which may be readily evident or
which may occur only under a particular condition. The knock-out mouse technique is an

important contributor to the effort to identify the function of mammalian genes in general.



transfected by a variety of techniques. Published PCT
patent application WO 02/061033 descri bes sone of
wo bat/ov2sk. | n that published patent appli catiBer/Us1004/603581
reported that the nobst abundant gene expression
activity was achieved using a transfection nethod
[0005based Bhachtdangredioughpbyapescl thataihisdicnthrpaliy ﬁtemsceﬂﬁ can be

trans TGl qdRatd Ve 5ee PUP B B TRAR PRI FBioT D OABRRO33
describEREnRoPHES S/ Hﬁﬁﬁt?lﬁhﬁlg pl%ﬁﬁg %ﬁﬁtl&f ot reﬁ)o that the most

constructed to be ex resse ture.
abundig geh¢ expresstm actipity wesl a¢hieviel aising Laktfansfaetﬂon mpfhlot batedam cationic

POlymtﬁonlgllﬁ e h grgeiﬁﬁ%g'gq%{ﬂg{llq%dség §ee5ﬁﬁ| moggﬁovfgﬁg LY d to be less effective
and ndt Wém {hQ %@]Jp T*FEatFW&Ié 8dd éx&‘)Ye%Qibh QRctbis FOHETTRERARSGenes

hat a met been devel oped which creates
Constrmt%@t@cpmmddgdmman@e&m odftrreo AN cevfém Waareps;iecb irf thet published

spplic B e i il of 1 BRI &) oy ¥ REbaP EReb iR G ety

human stem cells which have targeted genetic
transformations_in them The eneti c transformations

can be knock- oBREF $ OFHd1E INVENJAODF a _
[OOOGWr ti %ﬁg&feunc V'gﬁtl ) i%rSHI?lhﬁlglFe tﬁgtrb 121%%1%& glg%% eﬂﬁdg{é%oped which

createmduect&drt&mﬁdgm rmdﬁ)lﬁallonmeﬂts tﬂp;pecuﬁa targeted sitessh it denome of

huar, GG FR] BB IF SHGBE SRR RS Crowien o byeRs s qals which
have tér%@t@& %e%@%a‘ngfoﬁﬁé‘t%ﬁs%‘ﬁl%n‘l iR %e@ét?&fﬁﬁ%f&r@‘%@%ﬁso% H_Frknock-outs in

htiman genome In hunman ste s In ture
which st functicmorfisi pretculdregene u}hhsrqphedmr can lth Ikngndaslms in which the function of

onbi nati,on for. site. direct

o partilGCHAG SN EH CFrBe1RA BF PR ogecp g stimuli

[0007][ 0003] THdYhi@scnP uBRhHEH s RE&G BikndnHizE @ &f @5k 4 NSEPTeIar ‘géted method has
di sruptions into the genone of humans stem cel I n

been devilepaddo anrgritasnetéc qgnstrucw@mtcatapmmlbmtmem thediumtap genome in

' hgat e.th t S. N
humal‘{ﬁg%/rg%%lg c% tldreee y asllggtg% gém @g%ﬁ%aecgnp}aélg ?lﬂ% {]ogous recombination
for sitélditdceibe ﬁtitlﬁéﬂe@ﬂﬁoplfrat%?fﬁr@ﬁehﬁ)nl oTttRe caReedtf i cal |y

sel ect ed progeny cell types, thus permtting
[0008]; 1y est THA#SAECT et slifeetedimpetton: wvmlonsnn@ tb@ gengime of humans

stem ¢ rbuft el a%d Hegpealﬁ‘h\élﬁ? B§\ﬁ§rﬁﬂtnewg%'18%sh até l}eﬁagmg ffunctlomng

|recte e purification o
of hunamygened. éﬂne’d:chmm&@gm dlgaova Usedrecndiestd tbalﬁffereﬁtnﬁmn@stem cells into
nserting genes into specific .locations wthin_ the
SPeCIﬁQé thidtpfg%%rf;@ﬁ DRFS IR RETting iestigabiophinga besic developmental

b1olog9%kh§m§1’i’5eﬂshe' r lineage or state of differentiation
that the purification of cells of a desired |ineage

[0009]or st alle mesentliffvbetienis ialsbidimcted tmms&tlhﬂddor {he @ﬁﬁﬂ]:atfblne)f cells of

ion is. also about i fyin ceIIS
any scfte @ Tl HEA paRy ALY o sel L e ensquid specifc
locatioR€ kiihirBthe B8ndiHE iif beedine®PoRfblE R defecBicoRbplds e dells BLAGRineage or
it then becomes possible to characterize the

state ofr@iffseamtiationrey thet te phrifiedtion oftelitefia desitedijecagndr stateise

to purify cells of that |ineage from
dlffereé{}%gosl gggég l%opul ations of cells. 2

[00010] The present invention is also about purifying cells of desired lineages generally.
Because the method permits the purification of cells of defined lineages, it then becomes possible
to characterize the molecular markers of cells of that lineage and to use those markers to purify

cells of that lineage from other mixed populations of cells.
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WO 2004/ 072251 PCT/ US2004/ 003581 [00011] G her
obj ects, advantages and features of the present
WO pwefti2on Wi | | becone apparent fromthe fol | B@I/O§2004/003581
specification when taken in conjunction with the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
[0001 §=VERADther BUyBciSradvaapiRANINGSuref 00tk DfesEntginvdntion will become

i |l.ustrat t.he sit f ne insertion of th 4 .
appareyt fiop (08 KolTraTipg sReciLiation NYEeR FAkOR o gy Witiga Mith the eomppnying
drawilg'sg. 2 is a schematic illustration of the

. HPRT-targeted gene vector conpared to the native

gene. [00014] Fig. 3 illustrates the construction of

| oBAE PGP F RIS 1R SR BE RS o R ammvGs

[00012)or  t hBigg e niisirates CHSdite WE loehinsdrisie b the (@4 O%Iéﬂ%ﬁc Ebhstruct used in
ene in hunman ES cells. TAl LED DESCRI PTI OF THE

g
the expmpiesPeloN: [ 00016] It is reveal ed here for the first

| me t B, L [ d ' C
(000131 10t BB 25 bcheRRBE Rl ol b E PR TR arde AR Bt ggpppared to
the nagwmbgeneni c stem (ES) cells through techniques based on

onol ogous .reconbi nati on events. The avajlability of
WOOI{ﬁhi o b dfustraies thesronsiguation of thergene tasgqtng; Veater f91 the human TH
gene. human ES cells enables the purification of cells of

specific desired lineage or state of differentiation,
[0001%ly i nsEigt # nldpstatee drpeveotor chdnfpeilaions &drithagsptic codnstruct for insertion of
theT}genetiii1 el e ntg into the cells. This, in turn, _

Al BB F9ePEfopment of a general nmethod to purify

or isolate cells of defined |ineage or state of

differentiation fromany m xed popul ation of cells

derived frBEIBSLERIPESCRIIGON OF ditfINVEYEReNdel i very

00018}, .To_aghi eve .t t opposed .t o random
1000161077 velty® By PO BE AT T BimBer R e Sp ABES o raate
target@eddnstic irdnsfEnEERSHA im0 aiEhivm e lerHBHyBhi@ GRS (ES) cells through

reconbi nation to target the deli verg. To acconplish
¢

technigygs bgpideit hapeolegousargomepingtignicyenis. The ailabibity ofibisgool of targeted

_ ) . e i I . _

sl SSRTDLAROAS YFIB% 0 AMIRDUES LIy spy ppaigo dosed

lineage nostatie off diffeeerntiation, ey insadeing lifidagabt diffepsdtiatiee peeific hetic elements
i.n which the haonol o%lgus reconbi nati on events has

. cel]s > >
mto th&&&‘{‘r“r r &s: 1n grpcnaisiiieatsytiermnericis ssaeabmebed e urglyer isolate

cells og fﬁgﬁﬁddqﬁl%aglé:&%aﬁﬂ)f &i%réfrlgigwgﬁ%% ngg{ei\cgédp\ﬁ%t%)ggifggﬂs derived

ficiency in the trans nmet ho nee
from Ehexlls| ar ge nunbers of cells could be conveniently

ransf act e? t reasonable efficiencies. The

[OOOI@eveI o)_g ‘?,ia e:slaeﬁgwt ransfection technique was
[00018)eCeSSTé adish8GRKACa i st B AlRIoHS BblivRy 6K gsnéiﬁ%%ﬁétﬁm into the

transformations in nmurine stemcells, i.e. Those
genomei i epllast isgeeessary ¢ eedy en kowologous rendbinatipmtortetget the delivery.
To acc%gn%\ﬁgh bR o\%’?erclt(ive‘;jl be making and identifying homologous recombination events in
human ES cells, a transfection technique was needed that was efficient enough to permit the
identification and recovery of cells in which the homologous recombination events has occurred.
Since homologous recombination events can sometimes occur at low frequencies, relatively high
efficiency in the transfection method was needed so that large numbers of cells could be
conveniently transfected at reasonable efficiencies. The developments of a new transfection

technique was necessitated because the methods used to cause genetic transformations in murine

stem cells, i.e. those techniques used to create knock-out mice, did not prove to work at
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3 WD 2004/ 072251 PCT/ US2004/ 003581 sufficiently
reasonabl e efficiencies in human enbryonic stemcells.
woi@hlog22st abl e transfection efficiencies in hPOEDS2004/003581
enbryonic stemcells have been difficult to achieve,
because the electroporation protocols used for nurine
sufficiemifhy gﬁammbbteéﬁmmwssn domao emboydnioséh cElds. }nghhmtable transfection

nlc m cel | ous, resge gr s have
efficiof I G s ool bRV e SR e S BU P bp R the
electrdpb%ﬁ'ﬁot@é’cﬂ@ HsddsehRLFHE §mb%hférbtél‘ﬁ BellsaRAd: SFbrk %emﬁll‘human
al though at apparently very”  low efficiencies. Wat

embrygeisstanb ecllsh dfagiolis researclc goups bavegepmtedatigmptsiig transfonn hurnan ES

N X Y M T —

low ef@teatien pwhat is ddscribed hétle G318 sucrBifitl ke AFHRINE Aldtid oS which
proved effective at reasonable efficiency to achieve

malkesgisp £ hego! ogeyraiermbipaing r srmjunsten sithramedifiedleg@onasation
techmﬁggét, hn(“ Féomlglggcgalnb é%eh%ﬁ% \%rgt r@atséﬂa{bg uéefg 1685 or %%hwve directed

escr| are t e use o
genetit transfomexdioas of Inengesstinyonic eeldtinesct i nto the ES cel |

nd honol 0 ousreco in&%ion to facilitate

[00019] ¢ r o hWPiBROGAN: R the meghindideseriber belovyarg dag yse@f
electer@fﬁi%h tb RRRIILOLY fhle % dﬁéﬁ% BEARITB i thetﬁ?ce%}%ﬁtﬁqloh%log-@ﬁg recombination

use of the nodi ectroporation tec
to famli@&mtrbé@btbalorﬁ\thwnmct sonEBuatéhtos: desipedotardet mcstﬁcacmel’je g@nome of

e e efficienc Thi_ s techni
the B, 30E, Bl Il e BT it LR P UGH PG A RO PRt BS cells
to be tﬂar@fem@a g fSilefN ORA & reBREhbRCATHBNAS D STHiS fechRigHE B§s Be@n modified
human and primate ES cells than can be achieved wt

from thm@clwuqmmsede@ﬁrmqme erhbrypric@temperilsy atdeathieresbetteh aasults in human

and prﬁ%agg EESOC% I 28 W% %(frhl%veao 1&%@% %}}%1%% g?%lré?ltg Id ﬁ3§ aeanr;or?s%rated here

that el&cﬂfo@@faﬁdn Q\ﬁﬂ&drﬁtﬁ@gduls etohibihdtioh Ren B IR iFRuf8h IES- cells to achieve
Honol ogous reconmbi nation events offer a distinct

directed iy d#1E8l5e Seveinsertpr B ez bumps BS e lbh sHomologets repemiingtéon events
offer a%st%?adﬁgﬁﬁg LG rglfm%ofn? é&leqﬁser% ﬁ%t Fn 8%2[ %1'{1§eerfr1]on of foreign

us avol g unwan gene 1 nsertion an

DNA ¢aartgeioatiolled iiys ubalﬂlrrgmManfbﬂt deveimgemies and @&&ﬁﬁing‘f&ob’@d
. useful .in the nethod described here, the genetic
manip H%‘i?ﬁ%ﬁtl‘@ﬂ@ﬂ?sd i ncl ude honol ogous arnms and a

[0002(ﬂe| ' Vef@ fe a&28ttih ‘fhé rﬂétﬁB& des-Eﬁ éc?h DAtk ge&%ctc}ﬁﬁs@ld{:%ould include

honol ogous ar ns, ogou ar s
homolggmiisGirmk ambh dglmmecbgelme‘seglﬂﬁm fh@e shicardd beysvasweh homologous arms, 3’

R TSR LRGSR oot
be iden':tlcapfn segﬁlﬁxcb arAdtivezehificDN AR §Rietd & rééﬁﬁ‘sr $fthé gérﬁmﬂ% and 5° of

i nserte In this way, by native cellular proceSses
the locetien whergrthe genctio insers gﬁ)ﬁsvéleanmede ot \M@y, Wy mtivhesllular processes,

the 3* GRS TRRIRUS B CRER IR 0 snePBebng Pt EHent of DNA in the

target g iaNnke gdi@niibewdly eAngefiiicl ifitol t8 8édonf e dEIRPERNI Shetid Brsert and
native DNA between the 3" and 5" native genonic

removiggdhenttive DNADepyesadhe3 heaﬁpie Wetive2engri¢ Fegmenisn glhigprogess happens
natura eHﬂ%ﬁﬁtlJeac%hﬁfaf' fac%% bﬁt at. IQ\W i}ergﬁ%ﬁzgt A [00021] The

red genetic I nser construct that
[00021i]s t r dhisf dﬁtﬂveldzdl gﬁnﬂlchnsrmtnn the genetic construct that is transfected into human
ES cells by the technique described here can be either a genetic insert intended to express a gene
product in the ES cells, or a genetic insert which is not intended to produce a gene product. Ifit

is desired to product a cell line in which a selected native gene in the ES cell line is silenced or
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ES cells by the techni que described here can be either
a genetic insert intended to express a gene product
WO pootloz22ES cel |'s, or a genetic insert which i SPEDUS2004/003581
i ntended to produce a gene product. If it is desired
to product a cell line in which a selected native gene
disrupited, thiecaaBeadoink blyinmekinga Skrnoekoat? genetic MWRsR0&4 10 AL HAernative, the

dehveﬁeggeh%c%cgl%é/ Og%gseém gslsgzrg%gl%qe Né{)g{;ailr E@ttn hg }%q,cgq%nmﬁg 1nsert10n is
prefer%l&%"]ﬂ@]&'s&@uenﬁ@ %/hlcqilesluhﬂﬁfrcﬁgs Hﬁ@%b(ﬁe gb?l% rodiRPatf,

essence, knoc |nsert|on |s
" [00022) ef er the/g@emqummﬁem plhdmermgepeqbocﬁhmt; e ganetclmsert

s e e St LS A SALTE e
sometirigQtferred Bk ab thea kEOASTP %Ff)ﬂoﬁéh ‘B?Qﬂﬁ&?a BevRtBR A AR ted

a_gene product in an ES cel Thi's alternative is
genetig gert] predudieg e gewaprodudids substitutérbior Rigondtic sequeanop preatusly in the

ot g U RS L OB TS GEt ORI htappgprocics

such a8 RNENGeclpdiay imeStrihg RNABand &etiseise RINAs)Wig ARo Qbﬁt‘éﬁ@la’ced To
woul d typically be a protein, but the production of

produgg; hesneqipich thtigrneyc insar wvonld teisally bpah gereggion cassette including, in
t I
sequeﬂéd(%m?glfo dg%}ga %ﬁog Q&ﬂl Cfg? gf% lrllée%ﬁpr %10 uailfi% tfa%l(secrl tional terminator
sequenaesali Selwlmi to lie}qﬁfec‘a'ird iy theESrelisndeppropiiatafes thetoerall process being
i ncluding, in sequence, a pronoter, a coding sequence
perforpgﬁ the gene product and a transcriptional term nator
[0002§|e quUeNPRe teBhhiq&! RE&rRdherdife %rfe?eﬁg) WAl @ortrﬁﬁqggm%ﬁil kfhds of
nd approprlate for the overa cess
targetmemoﬁlmmsfcﬁrﬁmﬁa] inTRuecdssufvall qwlesresjespnpuhmdnhmaée from primate and
for t ar get ed

s BESHAL ! s ok A3 TR LR, ol L Ge o e

or “knBERH]"akdn? BEll SMElRed. 'TAMMBEL-SRIRIIANKE fuRLHRInEST @ﬁiljtléulhﬂ"targeted
cul ture. As nentioned, this technique can be Used

nativeggreisalisraeied Ok FpKResssk in theogenorsad khasa'teldy, ampiglet to study the effect

that thg lﬂc%%rf%?%reé%f tgtfl og%lﬂ% g%:%el | ’318 é’}Fg’el ty, Ul?ﬁc Ltblfgeltvnlgpg]rent or differentiation

of the m@nemeh rprcsgmy 9gARTRd& e ByhvepRciag thénative gehdiRlsefi®nce by
study the effect, that the |lack of expression of that

homolggeus TREINRRatignevifh aBpRGticpequrass that defs et efnesstheosame protein or
nucleoqiliglits b f}f%rég%l?eﬂzg prle&fe t EEOECS?I&% én’? &ﬁdcuitntee's of B{u%%g néém cells can be

y rep acing the native geneti
grownbiyto sbmaﬂbcb‘gmk-roatnm:ﬂ’ ’vti¢loimveibieén aergélmﬂildnﬁalslﬁqh@ideﬂlﬁcatlon of

gene o TG RuliancEY Fiahy Sebsh n R KE -t £8 colings Son be tised to
1dent1i‘§/L§eﬁée‘sr @@o‘ﬁglbf@f‘ok fife vHlaffer&f alte% :ﬁﬁﬁq iy gélg‘f’]‘{l‘s\/\kiai 85 to identify and

So-cal l ed "knock-out m ce’
study tha fiimesion iofithase gertes whzlqutIWatc aha dlﬁfen{ntla@mnproéassc Kinock-out cells can
tio for nan%wgﬁnes in mce. Knock-out ES cel

i~ nf
beu“%ﬁﬁ@érg%ﬁa B §udigs ¢ dentify genes responsible for

[00024]h e unthhd kycRIh aREAGk S ASISTRE 2 BSwERLI Way RSt ﬁot@éeﬂe%xpressmn
identify and study the function of those genés whi

and the diffoyentiatiempragesss o well pneffuingsho elibity tommm«ctduueso&dufferenuated

ar r S s.as wel
cells dﬁg@gﬁ%ﬁ%#{h’ g,c kcelllg by é ?hnga hed %fgl%éﬁrdthg SWrg?%onacassette in the genetic
insert jnolded arpronaytert whish ddyeskthé Bxpgessidbne 1 sefeshable marker gene or selectable

marker gene coding sequence which is positioned behind the promoter in the genetic construct.
The promoter is a tissue specific promoter that only drives expression of the screenable or

selectable marker if the ES cell into which the expression cassette has been transformed has then
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and the differentiation process, as well as offering
the ability to create cultures of differentiated
weelkd7tsrect |y fromprinmary ES cells. To do tPCBEDUS2004/003581
preferably the expression cassette in the genetic
insert includes a pronoter which drives the expression
later dfferantiatedimtrad badeatad dadl linpege Bor exemple Hitheprommitdeds sygeifie to
. codi hg sequenc ich is positioned behind the. .
cardioggeRe o Bt fillsy e BYeTROieh HOpIdhepome eftveip GRS i apsgciated gene
expredsiciSiifly 8864 BS dBHWRARERS whithhaPOlfetnkiuRa ifSRERAGHh S yes. If the
of the screenable or selectable marker if the ES tel’l
gene dryiep bitihe tisspb epesidprimeniotsn icasdetdble markehdean be used to select for

cets it T Ao 'y eRas Lo eP e 5 lmstite gtrgtosy isto male gone
express®Inenieuct Slitholil pre@eters 50dmyekailah® thehfto {d6rt BEEBRE@lict ifto the

specific to cardi o%gcyt es, or heart cells, the _
genomy; ff ells\ip asiie hetsithe genetio sonsgrugh willkorly be axprossed bgdative

prom 51 B0 G, A 95 5k Bt renaion

This piomvienadiivity weould 5s tleosspachd d propfotdeitich isicBveehle iR kg cells are

. naréﬁr It. can_be used to select for cells which have _

in a desiad AffrentioHen Hagee e deains r eperrabIa mEker grpekctablatatmkepgene coding

sequettde'i&h&IV1 tb jstiR ﬁle%%ﬁ?wgﬁﬁﬁﬁfa@é 28 el Ql'ﬂssge?%‘féd b Bput
pronoters of any kind, and then to Insert e

differengintion from dthreetihim cudero nde soteraBlearirker gemeavaild be mpeicthe

t he genetic construct.w].l. only be expressed by native
expresS et 7 R e 60R P (b B dloplkeoqiopEpcin (GFP)
or lucH§rasd, 86k whidh BarldoP B&HSAb kAt AdrtrsfsHhdch SERNT A QLieBikble marker gene
. This pronoter activity would be chosen to be a
1s usegrooidentdly tiahsformédscells ekpressing the wirekertthrouglevisiblacel selastion

. ired differentiation |]neage. Again scr.eenab
i, B o o REEPL L Rlps ePRRds A0t TeBAHERB@ o a cone tha
confery $&fistdnct o 8kSbdtidALgsHY, SRE a6 AhfiioMdiERtAABY SvIASHsAMBE to cells not

. the selected state of differentiation from other
having the|sgleptable gnarkgre A gelectatde matkes ismsedk by cagaumstion with asslegtion agent
' ' n be observed in a
to sel iR (o S ERRRIIg Inc I HR GAR BB BRITT ¥ ol ot o
[00025]GFP) The abilityi th es@bemologbusvatahbiaaiviob theetrsedelivwrikbf benetic
non-transformed cells. A screenable nmarker gene 1is
constrijels e sPseiieratipng imihsresrorae oblman axdpraads kg acHels of general
i Qj . T i . .
TR KRR, MGRLOE b A L B, B R genc i
such cel. ldraishmplenthk eevelophentlod techgignes foh ateaticghifceksout ES cell
resi st anc 0, a sel ection,agent, .such as.antjbiotjg¢
popuifi§ah SsikiBe e iaRes ESereH 18RS Berife ?rsfﬂorh%t{ﬁ%_@eli Ifgs that have
their N3V EHhHRP h@t&@h{ﬁﬁﬁb&ﬁ?gﬁ@k@? bahk SedilRfdd8hadtige U ﬁ?gslslre]ﬂbe, the human

conj unction w ection agent to select
MHC gene fyneficngran be [kihgcked prug.s Seligytrattséorined én thédfaglene would not then

prescf BG Ro O0 Phe HSpE LM it o 25D B8RS M fccon
wouldbRrahdidat Scll 1h& BREGHid ol ReAb @afspldhtddIecARM MRS, since they
human and primate ES cells is of general useful ness

wouldjpresyaahiytrot AESeHer aipHBUERS TesPOBse PIGEISEEON emleost into whish they were
fSHRAr essi on of native genes in such cells. For
exanpl e, the devel opnent of techniques for creating
[0002&nock - Prtiidr tESsing lelectroparbtidn, avesdid usplog thé@se efchemiabsgents to

. descrjbed here, mis_the creatjon of ES cell lines
mediaferiEpsiecen Ofte}’r?é‘?aynpﬁeé\?ﬁl{?e Tﬁilﬁf%?ff%tsge(ge%m%lflismqfaqtefy(rﬁnqéf- We also
used eBRAESOrAERITORR 01 TECHhIE mbike TSP &M Ssuch BE BT ration at 220 V, 960

pF, with an electroporation medium of phosphate buffered saline, PBS, but the results were a

transp
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IVHC gene function can be knocked-out. Cells
transfornmed in this fashion would not then present
wapatge2son their cell surface using the MHC sper/@f00EW®3581
cells lacking MAC function would be candi date cell
lines fromwhich to devel op transplantable cells or
stable ttnaﬂﬂ‘elﬁmn raferuddest ey 10io @Whis pare foumatibyy fre@ieney gantiencedrin human ES
response or jection in a _host into, which they
cells ‘Wért% Qv ?,lfedmagg:a %G@?Z@l fophpgyol qg@u@,gqcp@bmatlon events in human

ES cel, 8GhEORAA A ES’ BellsWre ggﬁilf?ect M a%e% P‘Eﬁll‘ﬁcﬁlsggg Ceﬁvglﬂllng the

agents to nediate tr uman
param@lerse thé tloctrapoditbnpooceys wheliredt iAdécgsinoe ;herm:»smhlt aureléculture

techm%éessgaélpus e?}ga (Hl%gé) @ﬁg@ﬂ@ﬁbﬁ q.ngllg[é) gécilsfég r@ur\yy \P fOI%lD gc?l%nies when

culturdd dthoRMeRifES %%c%b&ﬁteﬁ%%éﬁ‘]f@ celf 9?‘@191%%@ g ﬁlﬁﬁﬁlduahzed
saline, PBS, but the results were a 004/ 072

cells, pdTthessploted/ano B8 ¢sultsntaislle at righ dénsitics o dditiomaldy, Weedsctroporated the

S K —

bufferé@ﬁilﬁlh (PBS), hesDinQ@6taSo1§ e FRITiRdeNS) aB¥RAM feniperdtt@B This protocol
cell's. Since human ES cells are significantly

ywlded %érreﬁlﬁalﬁ trpsisetiqgates With hupaan B gelisibat wrae éﬁ%ﬁ@d orghore)
higher r;cg}ﬁl ﬁ]logé:ﬁqﬁp@g bl 'rf) 1f§[n%ccﬁ ﬁl\r{]@ﬁd éfot%% fl'\;' 31 ’useS E %gl S cghehuman ES

current cu re ow on
cells. % of individual human ES cells to survive and form
ol oni when cultured at | ow densjtjes

100028 c. 01 r SE6F SRS RedMELS Gupiract info@plpeenlipp itgalso possible that

t
o b ALy S5k ki B0 PR AIET GURRE sy cosra,
descriedddotre, dp hﬁlﬁtléﬂltllfj’] e diffetdtmtddreet popslatianirom S odlkiusingi a0BGFP marker

I A
to deléﬁé EH% Iﬁ&fk Cg,%n@ @lohSthodd cll AWM SIRREBL N et EnShP G%ﬁ)%ﬁlwhatever

18-resistant transfection rates with
expeng@nt@n prgcqsﬁ tsttope perfgm@dﬁmlﬂdﬂ(e@ffmmm)ted ¢ﬂ1]gh Spclht tasgeted deletions

t hose, t.hat we ved u in st and rootocol s
can i S5y 18 pFp R By BT i o & B osBo) SRt orginally
1nsertddf1ﬁtol th6 BRtcellawliRA et CidNShdHetcidiot. OF sr@kh®ipleNthe Wb Ao genetic
Is al so_possible that one may want |ater to renove

elemel@twlds@ﬁiﬂw ndBe Lox piges conlarhst tavilt irfto theegenefiregonstrect transfected into the
r r
ES cel%g glﬁ{eh;if ft 9?%%#€(g{roen ? g%sc%{l tp’%popgﬁ tﬁ? dh?er T1aped|§§lls the Cre agent
can becadtd touhe nellsto @l%el’tm Ke¢rtion s ddléted fr@ﬁptﬁe bﬂﬁ Other similar systems
d| f er%d;t iated cell popul ation has been created, it
may ajspPe ¥5&dy pecone desirable to delete the marker gene
[0002§]r om tPRSEmAhle deSerb¥@hbre! B Gk gétg@ délﬁle\”%SP etniéﬁ c s Sristructs into
d whatever “experinment or process iIs %
human/\E$ belisemablicfréeaehtto b¢ echdneled on tBuf:tndamergeltrﬂdleddhmlong of

et R SSRGS, One o v

introdideS@igeRd gefd é’ltérﬂﬁ)ng‘ﬁl Rthhs eM@ﬂy@ﬁlcF&%ﬂbélE ih b8tk %ga)kmg, for

excision.” For exanple, the Cré/Lox genetic elenent
exampde; taraetod gensaisertions dreRing musations in vative gougsl tThest clitigues also

enableQ$981{ea§o C‘%‘Q@ rlfggtpgtgﬁla é?s‘%\?) th S ofésgﬁeg{e?jw%sels %ﬂst{aﬁa@ o?gﬁperentmtmn,

as willdief dfieuesdineked cells, the Cre agent

[00029] Lineage purification
[00030] The genetic manipulation techniques described here can be used to direct the

differentiation of primate and human ES cells into specifically desired developmental lineages.
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can be added to the cells to cause the insertion to be
deleted fromthe cells. Oher simlar systens nmay
wa@bk®a/oesused. [ 00028] The techni ques descri beRPCTE8m04/003581
for the targeted delivery of genetic constructs into
human ES cells enabl e research to be conducted on the
To obfaimdiffiersmtialed wollsitugeacrabfrandgynaofES eslisy iy isngencmiig not necessary to

e YRS 3 S R 50 a5 B oty e

permifiéd ©MRAVE SidificAntiefRot KITR %X&mtﬁersﬁﬁmﬁoﬁunéoﬁsﬁ‘y Géglﬁ Y fggregate into
maki ng, for exanple, targeted gene insertions or

clumpg @nti]begm thet dl&ﬁ@ntlathmalrpws gEmowmintaindbeES eclﬂmmqmbsreah 80

o AR ARG 56 B OB B Bl B g cen

culturstd demah idli spaingiedlenRadd. fold A0RAi freteRB @A 18 dedifddC Fok 83 directed
The genetic mani pul ati on techni ques descri bed

[ 00030]
differepsipdon-prqcess couiemplaiedineredhe B sellyare maintainpd undiffersntiated until the

BB AN AR 0 L PR s Sabl 8 ot

permifR&io Lcmﬁﬁﬂﬁﬂé13$ﬁé.d1ff5mmbfuim prodésk fw&m&ﬂltubrﬁiaiﬂig} 1@\&iwesth'b development
om_ human ES cel | s, enera no
of ES gé@é&@a"rlb{“‘te%%tlatf’%?@ée%@CG‘FSIS?TeCr‘“ilﬁ of By Grentdigarntistacpell types
or lindabdsl YvRn v&hﬂmﬁ@&é&etlﬁ b a ARt AN D IR e 6 Ho%f:%s' dan Eog Ex¥an1pulated
are permt ave ‘significant contac
to favartthedgvelwpniens pboncalied of klyzcmgn celltay aagt@ef; hat this prcbss is not highly

controjjﬁﬁﬁj n?g Inﬁp ﬁilﬁgley%gngg e?ds 9‘[: 1% I’l’]%éli?tt E%ltgxtlllp tg Eglgu?e %ondmons can be

manipUREHdltb e bipatRd1S tiab e R %e&ﬁﬁh@é‘r@ﬁt‘i’a@ecﬁﬁ&%&ﬂy def, other cell types
inhibit differentiation in order for the

will al@@ d¢W® indghe ewtiiirg Ihusanvmmﬁthfefdeﬁfqnntumoadmb@ssnsuhnecued to favor a

d
certa il BRG 1 $Dfep PR ELo B p IR et D ifHES B qistmepiaton of s

cells 116)t6|a| niee oficotsabnedl typedl fif e eBhdtRl Rdsthiith idtrddi€ed into the ES cells
transfection process has been perfornmed. After

prior tp difffendtatiog ﬁﬂCh@»CF?é atSp@ﬁgqb&@eS@leE@b@ema@ea eed ifihe genetie donstruct is
expregﬁgc% 8]1'11}' Fﬁé(ﬁﬁyﬂeﬁdﬁsﬁg& Bg%/agra of gtg{e oq’tdﬁt?é}gg a?l%ﬁ e \é\'gnélrgssmn of the

markegl géﬁearreakeciabkecgepe cgethyn bel ﬁﬁﬂ&ﬁ (ixienQE}} ths déffferemivyed progeny cells of
different differentjated cell or line

a
infereshi fRONE SYaRRIE: i€ 2 Mk acage phsreen ﬁvémame%pr@mn @f‘%ﬁs used, and if the
markePF&i‘eQ§ AribalbPE pPRM B RER Dot Vta&zs i3 1%551%1{1 &f ﬂg Po%é'ﬁ@ Bhilyina

one ki nd of “successor ce not t this
desireg diftreggiaiesl q&ﬂttyﬂfﬁ, gﬂbl}dlffenanmmmlnl th@ldesﬁyd Kilfferbntgakddycells can be
e Y e g P2 S a5 UL spingor FACS) o
create lpb?lﬂﬁﬁ(ﬁlSfo cEH@@f 186 delirfel Bk BRI UREQBRTL G ’T}R& Iﬁf‘erablllty to
al so develop in the culture. Thu
performaited ﬂfrewth‘é 111$B11'tlfoe$ ehgdnati¢ omspres éye thesgedomeof &S ctetls also permits

nea f.erentiati on
the gef¥@in & qififihRbla 88l boPuBlBRPfre HREH BEEPEN: | ati on of
[0003 ﬂS c eThsabilityaodcieilefand Hetdttceds 504 d&sdlell linkAR%her thakes possible
genetic construct introduced into the ES cells

the puﬁﬁpfﬁwntqﬁ caltyee pEealls &f theropined lirpage.aUsiog dle@BP gers as a screenable
markeP Fdr%ﬁ&tﬂgll eth%ﬂ‘ie%eneq{ﬁ)tﬂoﬁa;&'&%t%jﬁ%élﬁ élﬁ?&’scflé E'&&trol 3fa promoter
express ce

d onl the desirte I neag
whichsg ﬂteeifmfto dldéﬁleafdmellllme&gm THeheheR celtssire pemﬁttédl&) dlfferentlate

preferably under conditions which favor differentiation into the lineage sought. Then a
fluorescence cell sorting device is used to sort cells for fluorescence resulting from the

expression of the GFP gene. The population of cells which is selected for expression of the GFP
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mar ker gene or sel ectabl e gene can then be used to
identify the differentiated progeny cells of
wo paoafoz261 As one exanple, if a marker gene of PQr/EgIW04/003581
fluorescent protein (GFP) is used, and if the marker
gene is driven by a pronoter which activates
proteie ypl bs 3unﬁecbforlt]hreln(d§§emughto Hyypurified, it dexsit mesnt that all of the cells in

iffe nt| af t fferen ion. the
the cuffuie P RRERsfiEn iAo Gives (B atfsiencicn B pelks 9ffing echnology, and
variatioRk iIPl%Jvel§ 8f bereQkptBdoh %?J‘B‘t'hgﬂ’@i& ?ﬁzagcffé‘clt‘.éJ Qbhe BPF& Rells in the
activated cell sorting or create popul at1ons
purifiest papaldtion gfaytiieé bd eﬁthee@smhdf lir@agmtli{awmr,saj (acpe&ztmal leed]) the cell

Y8 R B A s, R QSRR s L s,

deriveddtdrs E8| o‘éDs PR BdcEmeé B Braa802 rallite Nok tﬁdtftﬁeeﬁ@éa]gé %@ﬂt could also
opul ations in a directed fashion [ 0003

be ml%lﬂiexmg igted gellse prdbihis tephnagne cgabe Glﬁerfelrbfslr@f’ela selestied gudlfferentlated
t I | f | on of
cells tb ?1?} Fglglsa Ig’?Hrc g& F’g ﬁ&f ﬁf L?Adizfsf?rr ré | Y e ing the

[00032}3 P gehefaats irorscs fake aingples@stiteditelove Xﬁ%lvenalltgﬁﬁetﬁiﬁsertlon
ene is introduced into ES cells under the control of

technigug, wasried io ciigiecmpkes prbivp forundiffesenitasqd % cellst |1f one thinks of the

kP84S TR bR, 52 6814 kSRR e e

undifitrmentiatichi dah deenbsiddred as  type of ﬁfffelrenmeagle @bm@himplé'bﬂﬁwalses a

fl uorescence devi ce used to sort cel
promeyg}e¥ EETFE huioe! vEChIe epieiB b §°t4essaﬁ g3 e gFnampRof the ES
cells. @B PN Bene FHE nRAME: BF b Bni® o SR ipMonGhetb ABlR&d&Hly in
for expression of the G-P~ 8 WD 2004/ 072251
undiffpemiys? odls (e Zenecticpronsteiat alsp inclisted puselekiable tharket geome (neomycm
rifie it is not nmeant that

rsistagp )RR P L ion e ilapceu Pl g lest he® Srefies rptd P to idenity

the cellé WaRUcqEHdaRe EoRti8Ibh@eNCTIRSRAkfee b SR RIbied Gchieved, using the
technol ogy, and variations in |evels of gene

methogddspatbed gﬁloafn e brater tian (tenge eehicedfoather ragthedsofThetrmnsfection
proces%?ehﬁrﬂaéq &PF 5 XFW ﬁ%l'lse\gltf?g%ﬂ?a%{zeg V&GP ﬂy rggllﬂ qdég éﬁ? dH]ggresistant

colonieebf cells. UPCRr@abysislof e qlistiis redealar thit s dfithe adlenie®wdPRY, were
..an urjfied cultures of cells of specific Ilneages
POSltl‘ff‘eﬁ%r Pedlerreshhoms! legqusgeconinaion G- Asprerthercsrtors with longer 3°
0
ool 8 s, B2 EARI B LI RAR A0 SOl Rlaor B

transfe¢cbion asirgsd c.ceislytuﬂeé ponhederrededlbé b eatio @26l baekébissthidle transfected
ur i {Dbed .popul at ion of undifferentiated

maintain a
CIOHeSc@I‘H’é’ iog%FFeCO HHEON €Y act, in one of t he exanpl es
[00033jescr i RaGthBehRVbr thh bfpRMendl lwoﬁﬂ@ H@sichﬁed t?%rt t?g Pypoxanthine

t'echni que was used to create a marker ac
phospheriiosyleeededase ganeEFPREB| The HRPT@ane isHocwtal af theRechromosome, so a

sing BBl RS TR AL BRubhl 3 e 58 b Lo funtion n
XY celie. BONGhAR! SdtadidonSof Hixereab afdi fB{uﬁI @Patights Afving M8sch-Nyhan
exanple bel ow uses a gpronnter ess genetlc construc

syndrogpg, @epEplogiend diserfler.nColls whictheredefisieat i HRRT activigy can be selected
based gﬁ‘ Fl%'fﬁlegigtm%&efoﬁg‘ thi6 %n?ne ( Jf] gf’etrr%dqg NeH ! a%m?o rE‘:"lntg:?rca}%tcc))pu:mne) (6-

transcr ors expresse

TG) (SlgxﬂlafcﬁteNenMéﬁ(BdarﬁEdhhsthe'ﬁ‘&u@ﬁﬂyeif hﬁm@ﬁfgﬁhi tb@bmairﬁﬁon events can be
sel ectabl e mar

er Aneony
directly FShEitE R ByvaS ShecR BORSTHM et ds n HLLL b 4o B utecindhe inita
develophéff &SRS RS HaMYI A GinRed FEHolR ceHENDbét¥chman, Nature 330,

576-578 (1987). The HPRT-targeted vector used here contained a short homologous arm (1.9kb)
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the cells which acquired the genetic construct. The
transfection efficiencies achieved, using the nethod
walemaiov2ed bel ow, were better than those achi er€UR3004/003581
ot her nethods. The transfection process performed on
1.5 x 107 cells with a linearized vector resulted in
5’ of ex08 7dmdg lorghenelngousaoindidlidy 30bf exin Sof RERumaR AR Bgak, this

o SRS B 5o S0 0 el 200 2 4
neomfcﬂ?ﬁéﬁétdﬂ@é ERBtRVRIHO) Wil iREbrial Betv e 8ledid Mnidlog R Qﬁfls and at the

honol ogous arns,” the ratio could be increased t
end Ofafhﬁﬁ shomologoys amStheftbsnmdat@maseﬁer lgene vasavsiedct i on
al ed

00034519, 85882 3 PAEPE b Y FRLGL bR gpacnionet

in the éﬁ%ﬂﬂﬁhntbat\vdm dexceipEEbelb WO AR oetv ol Q%s@@h%dr@iylhiéﬁs used as a
experimental work described targeted ypoxant hi ne

markep FQs SoReRINSER G nevranss fthgismarkersoHPIRTT tyeseo klmazrgeg @realpe envisioned
1nthek>ﬂ)%@§seoqﬂ? BT f(“’gﬁﬁ sonme, so a single honol ogous
econb na on even I'srupting this gene leads to

[00035:]0 rrpl eThe hwslabitity dfthe firputified XNtue& dfSucdebson lifBd}es of differentiated
ene are found in patients having

h
cells f{ogy %ﬁl Eﬁmaie%ﬁ%% Plsirie develppmest ofeelinauss soensrallycsraey cell
populém}ng b Rbke gﬁéﬂ Gn@R culltdrdsP }e Al lehﬁﬁd Eﬁﬂlrpsecr?ﬁlgf géo &8 cribed here

based on their resistance I oguani ne
will be wrinsgemd ferdhams@tangenetic onstnctaynt dips dem))le(tS cre'E@ similar punﬁed

A4660 the f
poo Py A e A S S . This s don
as foll6Wwh| ARkLhe firt pi@iSied FSﬁﬁaﬁUrpcﬁecfehé §8tht @ﬁémﬁceﬁlnéagg i 8 R ed, cells of

ene to be used in the initial developnent
that culigmpire gubiscted sonpriofiting stap tt@dt&uam savxermhmﬁelac slatlers specific to
T R ——

for doth@Bis QEOMSCTANM rhibrdHl) gele &@ré’é@%/ aQZl%&@ dnd b?; senal analysis of gene
PCT/ US2004/ 003581 5' of exon 7 onol ogous
expresgiop (PA61)) The r@ﬁﬂlt%szﬁha@n@WSISWéllrh@ﬁhwdsmB@@n ef sthégenes which
are ch%@&tgﬂgi%gﬁpthq{sﬂa[%'cglt 1 aﬁgd %ntﬁa r_sfpeélﬁg hh%genté@{ﬁ@@me An dfmation
about thasses bﬁgmﬁs tralssel it ehdnl‘ﬂE&)mwﬁpossmtseﬁcmémlﬁiEetgbﬁestdm or more

and at the_ end of the 3" honol ogou
genes %H&’f?f%@%gh@%ﬁedﬁr AR IEEAE & chg PR eclhey Tage ansakers. o%b@@}presswn of
those &‘ﬂ%pﬁ&e AR (%n‘?lflenarier[ﬁ&ljf 6L a [eRf fof gﬁfél éﬂtféﬁl)ﬁ BF#Yfincage. New non-
fferentiation is al so envisione
transggnp evliurene ES vallslcanlbs penniu&dd twadifferentiite, \gﬁlmer ‘ivfthout bias toward the

) rosi ne hydr | as S e rker
deSlfG‘iﬁ]ﬁ)&ﬁ%ﬁ?@% Rt BRGeh Bure relfecdpad Potoch e Sineqy e tag mixture of
cells td pMEFARS clls@hA e e &@féke?l'tl%ﬁ%to it diBePTiRGESS Tﬁﬁs fh@ ®reation of
present invention. [00035] The avail abili y of th
purifieg; m@tllapgms gficglls efdasuedprogenyslincmgesio rgenermlésag@bledfby the methods

descritgd fefd STHENRY BBl B By TR b B Ty el et

popul ations to nake other simlar cultures. The f| rst
purified cultures created as described here wll be
transgenic for the inserte@wlﬁcs construct and it

S desq simlar purified populations
[00036& pr orgég%%@etl‘-‘?ddﬁ \g/ed fromES cell

cul tures which
[0003Fr e noThd gaesgeeting ve'd:'mr svas sonkdieted by insertion of an IRES-EGFP, an

IRES-NEO, and a simian virus polyadenylation sequence (approximately 3.2 kilobases(kb)) into
the 3’ untranslated region of the fifth exon of the human Oct4 gene POUSFI. This cassette is
flanked in the 5” direction by a 6.3 kb homologous arm and by a 1.6 kb (6.5 kb in the alternative
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as follows. After the first purified popul ation of
cells of the specific lineage is created, cells of
W0 b@i/ozazbt ure are subjected to a profiling stepCT/vS2004/003581
characterize several cellular markers specific to
cells of that |ineage. This can be done any nunber of
targeting ysctonontdiegoms stm af thiedr espiondlis 1r Mhatchysetté Bringboted gt position

31397 R B St i A SDB0LH B uiCta 2R cieuRny Sees i scquence
from 258541133395 (ddRalacRaAbY Aifbd AC0MED4Y 1 eThel @Bt abin CBhIaRR tIt?é sequence

sets of genes which are characteristic of cells tha
from H392-328 7 gene dcaessiohaumbgcCA06047 ). o domealtevilative targeting vector, the

[.f-Qr 4an ut that .set of .ge [ d, ] n
short 43l 8RR L AR 7 Bt es! AhatBEous TP S0 02H 2 S b us 2367
7337 ifigese a@essicn fuaiber (@A 08, MsdddhRehotold ik DAEA Sk oBhid by long
express cell surface markers. The expression of those

distanggegqnory PeReangeiiReprede AH1 genomip &ragents and thetcassette wiere cloned into

j: at | at p I neage non- trans Ne
v il RSV LR S T A RO o v
cultur«:;jﬂ ey ?nh:imaES pel\‘!\/itrteﬁim{ chskEﬂgl of ﬁﬂ)%ﬂ)lflll@éﬁm’) ’dfnﬁdlﬁﬁed Eelt(gle’s medium

esi r progeny |ineage, Then the cell surface narkers
(no PYEERI, SIECRCSE FEMEE T BHTGRD) sHoRlameategvits S odibe

\YA e . . o

N O SRSt o e PO A SfrcaDloRhli® (Sigma. 1%
nonesgsopall amino nsidsfockGitwopindiesg/nd dupran desiy fibiabéaygowitls factor

5 ey ST Pl B B9 S50 S KRS
DickirlsB8f¢dad 10tnh BRAds andeniviRleE it AAEROImTR6AR iGN Ronditioned

. Cct4 gene [00037] The gene targeting vector was
mediasupiy emeried ithy ngieé badiofibroblastrgrp RESEGE PFomelectroporation, cells were

d & sini ir. | Wyl At .
o At R B AR S o
and resuspéaiRd i@ 0Sdnl @givedmediuin@.5£3.0k fo’exng. ghstiohier ﬂ#‘%lﬁd@rogpration, 0.3
e

Cect 4 %ene POUSF1. This cassette is flanked in ,
ml phesphae DpEres yalined PBSk rvifenasnbepmtpiniag 40 angllinsarized taggdting vector

SRR ——
using thh i8R ad GgneoPulédrilD(0.4 éh.gap Bever@¥ sEtllewers ihdibelet €6k BY minutes at

osition 1392 (ggne accessi on nunber AC006047) of
room @W@%EM g wete pipEd pohigh denpity Sniaatrgels &4l 8 selsctigy GRhme/ml,

Invitroﬁ%as‘ St v lgcgﬁygft%%fe%ﬁé b0k G ft’%r &%g%gfééb%g&%emration was

ort arm contains the sequence from
doublgdg eiger dioree sk swyimieg coMB@6Qdrz)analyned ndivaditally htAGReusing

. [ [ bst | db
primerf ShAEhe R b RER! cosiel§ eud R she,B6Tsrd 26hs Rstdsyomoma sh as
homol8@shib redidn hesgicHRINg. PCRE®SEIHIVB cRUBPREALRIB44RE Dby Southern blot

| sogeni ¢ honol ogous was obtai ned by | ong I stance
analysigaistg RarpidRigagied DBEY anvkalproh¢ buigisledhg tardetiag vemstmicand

he c tt re cloned into the nmultiple cloning
[OOO3§Ji te gﬁ%gféfyﬁoergm%x pt SK II. HL.1 human enbryoni c stem

[00039]ES)  cRiidisto Iecyt@itibtéy) B8l diffgrehtidiRn was if@lded BPGhdhBhting the
consi sting of 80% Dul becco's nodi fi ed Eagl e’ s nedi um

cells forrpyegipye nereongitignedmadivgeony mptwgehioeells yare treggem)th
trypsinzgﬁ h%%fsﬂe%%}gﬁ(y/ Q)@[hblﬁQitrog . _c§ﬁsr wille excltuﬁed fer analysis

pl acenent, utamne, ner capt 0et'hano
by for{8idg am) sidd-%6atter gating. Samples were analyzed using a FACScan (Becton
Dickinson) flow cytometer and Cellquest software (Becton Dickinson). A minimum of 50,000

events was acquired for each sample.
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nonessential am no acid stock (G bco) and 4 ng/
human basic fibroblast gromh factor (Invitrogen).
wOn@4mexkl bef ore el ectroporation, cells were pPEr/882004/003581
onto matrigel (Becton Dickinson) coated 10 cm di shes
and cultured with nurine enbryonic fibrobl ast
[0004€@ondi t Usingdhis cetibmation pf edetive dy e ise 41 gy G# 1 asibivtic and the flow

cytom\fglg}kz) réc?rbd‘z@? 97@8’%%%1\2}1{1«%%‘8 ];%t@% ﬁ@@&%&,&)ﬁgp Pfg ; Iﬁqcr)lna cu(it?llrel containing both
undiffbRMistE® gﬁﬁ)anﬁ%rmlz( cmﬁgl'ﬂrt?atll @reﬂ%&%ll}”ﬁl‘g gﬁ%(fff&}\tmt@@ Qetls were

resuspended i n O. ture medi u
then apdly$izgd uSiltlgét C@lewmedﬁmwppxlesﬂmmoﬁ se@erdl gemles indicative of the

status R SRBAENCRAR 5l or? PR d et YRR ED: 150867 o 1, ana

BMPAﬁRI %e%&k&ﬁ%r@ %8OS e oty ﬁieﬁhﬂ@d 8 a338bided %)tﬂ Hfhan ES cells.

se at roomtenperature ~using the BioRad Gene
[0004%ul ser Next, ptibpdianforihe @dﬁﬁ@ﬁcémaﬂ@ wil mreatﬁdlc"ﬂbaarédbodles will be

used tégéfhn:l‘tg n?)?g}l?%iﬁf%%g 1%1:%% 8?1 ea@ ur g% ?S}%ﬂa qoné ﬁﬁ?llﬁeto mamtaln

purifiddotilfifed @€ thditReensib@d tcelds. 48 hours af ter
el ectroporation. After one week, (418 concentration

(00042}, s (bengPidag thaf{RRT gencee weeks, surviving col oni es

re a idually by PCR using priners
[0004§\]§e0|fﬁ? or tiﬁ%qu\lEO cassette and for the POUSFJ gene

[00044Just dBmms&Xpeamdafhaﬁ suggestad thapfou sumagiBScells, the best chemical reagents

yield SN Gy e 5Eb1C SadlsRion raies MrbBaY " HE8 16 EAP IR techniques
develdﬂ’e@ IBS: RS sS IEGE 1l ?é@é'd%kh gg?r&o&fﬁ[:feﬂ&gs. w%qg%%i %V‘g({ fﬂ@mlcal

cytonetry [00039] Prior t 'ow cytonetry,
transfefitibh m@nmts,aEx(&ﬂn Y™ andUrnétinby Mresuhatiatog df hemotraohs

five da ondi.t j oned i u n trjqgel. ES .
recomafigh {nb H Fo BEH TR i biRpELE S elsr B R iteprpyctovis-
resistatBSoh &0 e bBMirtdda8 otIP@ﬁQfdiﬁfah@n YRIEENtE foht A€ thef rEsQﬂ‘ﬁng clones

anal ysis by forwar and side-scatter gating. Sanple

were Gubiacgpianty indicatisg thpt aomx@sb%wﬂon@ewg ithe Pwis qfélona)oldgouw

e L AL O TP AR GSRS i
catlonﬁya’e@geﬁts rdsultdih 20Adi 6t 23abldYont kéa8RBHaH08 BBdthed ﬁ%ﬁﬁllan cell types

Usi.ng, this conbi nation of selection by the use of the
and theyplysigal meangof entepdycing ONA o1g gengraiaqry cerductyepo homologous
undi fferentiated cells were purified from
recomgﬁ]g{d@%%‘k gl%cont aining both wundifferentiated cells and
[00043] ni x The garettaedetiyg decftcﬁm&rdonah&ﬂiadﬂg} gubstiflitien of the last three exons

(exon dr R SRaPaDof Sy FIRR ERRe S N eaie a9t ki eguMes TR promoter
controll."#his @hds¥e RFfahR& 1n5thé‘5 U&lr&ftloﬁ' ?g ?ﬁb%@%&r&cﬁ&@%&%ﬁh lid by a 1.9 kb

were identified, 1ncluding
homologatistarman the BvPgioR: (Fighs dSkadl’OﬂlOA%(ﬂ!lS N A pras\obtairsddyby long-

distang ot FBRAGEOAGH RLmRIch FH Gl 1RAF Lok &%ig i tsine

standa€d BBS 86l1 culifife ARREHJABMLRS. Unk wdR befbp@Blebitorbdtidnl Eils were plated
purify undifferentiated cells about of mxed

onto l\é@pgﬁ&f‘ua@d sulbpred anfler fitgolrest serdiongdunédimmd Toukmaveslonds as intact
clump;s',r}gl'n{atn%se&tll' cet'ltlt%ges%elnl: Treated with collagenase IV (1 mg/ml, Invitrogen) for 7

min, washed with medium, and resuspended in 0.5 ml culture medium (1.5-3.0x107 cells). Just

prior to electroporation, 0.3 ml phosphate-buffered saline (PBS, Invitrogen) containing 40 ug
linearized targeting vector DNA was added. Using the electroporation parameters mentioned

above (standard ES media, ES cells in clumps) human ES cells were then exposed to a single 320
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[ 00042] Targeting the HPRT gene [00043] HPRT
knock-out. [00044] Prior experience has suggested that
wo oso4lotaran ES cel | s, the best chem cal reagentBCT/YSm4003581
stabl e, drug-selectable transfection rates of about
10-5. Using the el ectroporation techniques devel oped
V, 20G ;D]F pimel sterobd tembératuyé adinle theBioRad GenePuledriIl (I) £o0i g@p cuvette)
ed two chem cal transfection_reagents,

Cells ‘%f@ | %afﬁé for A SomEWEes g rogm Fﬁgmeéatlafs@néwerrbhlateé@&bgh density (one 10
V et P fﬂg;ﬁ% 0B+

em cuft&%Ql‘I@Bb %ﬁMﬁéﬁ gig Sgltre]?jﬁ%a Sbl ?%givl r- 0 %ant C g%lé%urs after
electroperaéloub tAdten edle wstln @4dt8tcbn¢enmamﬁmwaﬁﬂmﬁﬂe& angeiGsselaotion (1 mM,

. the r cIo were 6- TG resistant, . ...
Sigmay bt SGHEG oAb RS AU Eng CORBES NEFLATANE e dadiyidualy by PCR
using PYABYsQPQIHC erQH@NEU@lEée@c@ and B&'tRe HERY defie flsCu %stream of 5°

consistent with the observation that transfection

homolggousgegiopi raspentvely aPCBricsitive aitpews wereassireasied by Southern blot

analys) s FE B e R BB R 85¢ Rae Brp B sdledfle a1

[00046]nt r 00TK REuIDHYthe RaBeiReHAIthat afeF RarEREYE bY 01 RIls with the
homol ogous reconbi nati on events. [00045] The

linearigechd PRArtgesete gevien 36P Gt $-resipigniraleics aveng olyainsdi Ofithiesn 50 were
sy e GRS O (RN By il

homolpg@mrbmnbmammr @olynidrhse chaimseddtion] BCR| afikSaithdin blvetify confirmed
direction by a 10 honol ogous arm and, by a 1.9 kb

that hqtaglaeqyi 6?@’“3%“?\%“1091 hlaa gcqureddp ald the GG regl);tanj dJergsni ¢
[0004@0”0' OPRUS s ss@lhttiga'ng‘%%ﬂ 14 i cq‘éhﬁ%afl' Efcf‘%i&\%egﬁ‘gn c

CR and subcl on Human
electrozpotatlonenb summamzedumﬂ?dlaled HekGy. ceI | culture

t ho i,e e hefqre e]ectroporation, . cel
100041 o SR AR g Nl o e SBUR A G A g selection and
targetdd ¥R lu@ﬁlte gepdbid-apae éﬁ%ﬁi P@%loT%le%&HﬁMQtea hORGR KRS ((:flls)

intact clunps, ~“human cul'tures were treate
v@QlﬁCtmlplr@@éW@se IV (1 rrg/EXGeniﬂﬂ t riougeny 50@r Elecmopuration

\;@g%d with nedium and resu ended |n%é)]t5 11 cuggoure

m (1.5-3.0x107 cells). prio
ed}&pggmpguhaym@ﬂr 0.3 m phosgbate buff%qed sal i ngyg
(PBS, Invitrogen) containing 40 g |linearized
t@f‘bée"t‘* Téect or DNA was added. Using the 7

[00()4%I ect Bﬁgﬁnﬁé&%ﬂa algpeters nentioned above (standard

s I'n clunps) human ES cells were then

[00050 x pos €Dyrbsinahgdrogylese3ABI) is the \Wde ABRIANSL éRABe in the synthesis of
PCT/ US2004/ 003581 V, 200 F pul se at roomtenperature

dopams, Al {0 A ABIMeE: oM RATKEYS (e rdiepaancEtiv aewrays. Although
TH is Itgg n%éclﬁ@ fo ﬂllﬁﬁxgﬂ?ﬁc&% ?errgl%gle{ﬂoﬂﬁ Er gttEg 9%111?11(fferentli%on %otocols

erature an ensi one
that use mraaddomh)ledxgﬁhwgipm@eé THG‘gbls&n&:eieem drat Gfethighlylenriched for a

d 48 h f
TR S T
cells nHR&! WK birRe ceﬁf‘@rf)@s Vi, %r@fé%é QBbidcH 1BMse Tﬁ SPrhaM@Sto epunfy human

started. Afte hr ee 'weeks, "survi ving col oni es wer
ES Celhﬂwvﬂ@apammergl@luwrblys ib@mD@Rr celds inghip miixest wopipaivnfaf cells.

[OOOSIJ 8; t ﬁ 21%1 rg@%?tgg%lee\;et e?cp?e%sdlo}cl oF botﬁefﬁ_l En%rE@%ﬁ ew!e l(chsfrtlstruc’ced a gene-

targeting vector that introduces an IRES-EGFP reporter gene cassette into the 3° UTR region in
the last exon of the TH gene. All further positions detailed below are given relative to the
position of the stop codon of the TH gene in the DNA sequence 115440 (gene accession number
307071). The IRES-EGFP cassette (from Clontech) and loxP-PGK-NEO cassette (kindly
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honol ogous regi on, respectively. PCR-positive clones
were rescreened by Southern blot analysis using
wesakAat2gest ed DNA and a probe 3' of the NEO cBEHES1004/003581
(Fig. 2). [00046] The result of this analysis was that
after transfection of 107 cells with the Iinearized
providdﬁl—‘b'y Harkphiied, Veivtoity oBHBn,C@rélr&any}ﬂssﬂaaRéd ey oslest k@nhelogous arm 5°
t ai ed. Ot , 50 were vir-resistant, .
of the iy S {qraeey M2 asErur nda Feok RoGr Qe s a3 g feat regon the siop
d ££&1§/$f995b Jéofm %Lésfrﬁtetﬁ&ﬂﬁ b iRA Hi5lo Al fm
o onf(gactl on, ¢ CR, aﬁg Sou% hern b |ngeg§§¥%{rmg§‘%ﬁﬂ s wete
amphﬁ@imﬂ:m@bmg dn%mmmi?amwhe heaulg Bwance @CR kit)and stbdoedTifto the
ones 47 e.ra of . succe
pGEM: SRS itton CPeae) i Hortitt Rl sholfiams (1-1H-S4) was cut out
using EleQetiFiofe @lzyRids BRI afdNABY arkedohdd id@khe Sd1 bigd @ﬁ%TH AA. These

[00048] Table 1. Nunbers of col oni es obtai ned by
manipydaiions gie shawn G fve sel ect| on and targeted events

th 7 _el.ectropo .
100052, EEEReREribg FR e B Ao P o oBB BT B oing
NotlI eﬁnﬁ&l(ﬂed Giito QIBI-ABI @ihg 438 sitS 0TB@Ibn§5ﬁn f&?o'k& tAB@ene coding for

ycl OVI r 35 61 50 4418 and 6-TG 0 O g}goo 9]
thynn%@ﬁ Hrklonaegading s¢lodmoet rargﬂoasmﬁp@rwars i, trgiesfecteq) clones.
Betwégﬁ tﬁ@l%ng "ﬁB ddgﬁ%lg 5 PafRithY m% 'Eéﬁlﬁ%aﬁyé?ttehx%g 'cﬁ)ng a PGK-driven NEO
I's one o € nos ers
resmtanse dassette dnlpm]dedlbetgileen tvauloaRsitesN Ripwegh and 151 dleplc’ﬂthé important

ific f dbrajn arni nergi c neuro curren
clemep& of diq S ?rg?tla}&‘feawoz\%& geerErno atlmwa@ei%@eqk@%feawe were able to
obtamsﬁ’\FH BCReg @&RHerﬁfb@&%BﬁﬁMdo ﬁéﬂnBlo‘éSug‘l%H AbRahttdéned bfer double
hly enrich for a mdbrain ventral speci |ca|o
selecth@vﬁex/@ap positivs selmtmu entuker SNIEO gdthc@4 n&—amlahe pégative selection marker TK
ith amnergic cells mxed with other cell types. W,
wi gﬁ‘ﬁ%{iigfv&e decided to use TH as a marker to purify

[000sBHMaN TESpe&tive §@dcki¥e chadap %mmﬁéygieﬁnﬁﬁ%%émz@ﬁs%n%%der the
cells in this m xed popul ation l's [ 00051] |

PGK progwiert éxsabﬁucess@tt@mﬂamsem infthedgtagk-TircellsdirBGE Rouldelter the

that intro
expre g o By Rl A RS G e B0 o, i
consideg@l @ standatd e de&$é th@(s&[bcﬁf)n tdxeet®l TWEMEs0 W trahdiédtRaFansfected two
positions detailed below are given relative to the

of the Ja&F3FErkngek-fmecls g vedroplagnicigeataning teehpge rerembiuase Cre under

o coRELIEEEH 43 0PS8R 3. RUPR S T cmre

After raissett tran{fkdtivall Mtﬂ&lé@h@ﬁﬂ%&?&%ﬁ&xﬁé‘éﬁ%ﬂéﬁ%ﬂ@ 46WA BB &is)lly identified
ovi ded by l'in UnlverS|ty of Um GCer
by Edl%i) TPLRIGR. BYoss BRDrposibrdgstree pypiiest by oreseenae aspvated cell

A
rin QRS 85| 84, U8l 00 ORBRAZENS oo
sites, dyustavopdemes ywere identified that haldctm N@Csctassgattmweect WO

[000551o ol OGP usegNA bryong bodies to differentiate human ES cells into neurons. Embryoid

body formation and neural differentiation was performed according to the methods already

described in the scientific and patent literature. Human ES cell colonies were released intact
from the flask by exposure to dispase (0.1 mg/ml) for 30 min. The colonies were washed, and
resuspended in ES cell medium lacking bFGF and cultured for four days in suspension. The
culture was fed daily, and any attaching clumps gently dislodged. The resulting embryoid bodies
were plated in a new flask, in DMEMF12 supplemented with insulin (25 mg/ml), transferrrin
(100 mg/ml), progesterone (20 NM), putrescine (60 mM), sodium selenite (30 mM), and heparin
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anplified using long distance PCR (Roche Long Di stance
PCR kit) and subcloned into the pCGEM Teasy vector
w@Ranea) . I n the next cloning step the shortPEr/ms2004/003581
(pT-TH SA) was cut out wusing the restriction enzynes
Sall and Xhol and cloned into the Sall site of pTH AA
(2 mg/milp sethe peasepuel AHFGIFY4 aigimB hodwllowedogttagh. THOdISRentiating embryoid

bodics (Fps 57y R0 4 i oRBL T e Rt iRl Pestly RS separsted

from tHS kitoumdlit flat SEMEH 2 pBsidr@ Y0 @ﬁ'ﬁr'%éfrf?ld sBYS. T r88MEhg enriched neural
coding for thym di né kinase negati ve

rosset@@bﬂ@Wp&fnﬁhetrcm&tdmﬁm theegcmeejof mﬁb(Qé) ng/mPnBEGES (KW ng/ml) and

sonic ﬁﬁ%gﬁcﬁﬁglg )Nelz e | O@%Baﬁlg,g\%g&%&paﬁq?éﬁg %@téon differentiation.

We corueste@ EQILC@dQﬁEe?ﬁIﬂeﬁ tRIRAA & f E@P\Pe;ﬁi%ltfv\%eh@KprAC‘Se fnd the
gures 4 and 5 depict the inportant elenents of the

morph@&ﬂé( af gheyealls veps wsamnioed updar dhe BraresoengroniErosspPas
0000 R R A GEF0 2B B B0 LB S IR

protocaf, tagd atlihe ilne: poietl Feriaxahall GFP é)ﬁﬁes{mﬁll fot yheell tiat, thicells will be
NEO with (418 and_t he negative sel ecti on_nar ker

, Kk

subjectqd tOFAG, @aﬁ E9Esdorased o GEBdBorepRence daprsityeSetadder T phsitive and -
t

nesuEEH ATty SN ALAER i o MR ER S B 0 rom e

populatmlwﬂlr’oemelllbeted fongene ¢xpeassiod padfilarg dndehe wbeptificsioniof specific cell

surtucp §iSeing A atcrrgret SK6R s Ccons: dered as &

standard to delete this selection cassette. To do so
we transiently transfected two of the TH EGFP
knock-in cell lines with a plasm d containing the
phage reconbi nase Cre under the control of the EF1A
pronoter. The cDNA of Cre was followed by an | RES- EGFP
cassette. After transient transfection with this
plasm d, Cre over-expressing cells could be easily
identified by EG-P expression. Those EGFP-positive
cells were purified by fluorescence activated cel
sorting (FACS). Individual clones were analyzed for
successful reconbination of the two |oxP sites, and
two clones were identified that had the NEO cassette
exci sed. [00054] We used enbryoid bodies to
differentiate human ES cells into neurons. Enbryoid
body formation and neural differentiation was
perforned according to the nethods al ready described
in the scientific and patent |literature. Human ES cel
colonies were released intact fromthe flask by
exposure to dispase (0.1 ng/m) for 30 mn. The

col oni es were washed, and resuspended in ES cel
medi um | acki ng bFGF and cultured for four days in
suspension. The culture was fed daily, and any
attaching clunps gently dislodged. The resulting
enbryoi d bodies were plated in a new flask, in
DMVEMF12 suppl emrented with insulin (25 ng/m),
transferrrin (100 ng/m ), progesterone (20 NV,
putrescine (60 mMM), sodiumselenite (30 nV, and
heparin 14 WO 2004/ 072251 PCT/ US2004/ 003581
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(2 mg/m) in the presence of bFG- (4 ng/m) and
allowed to attach. The differentiating enbryoid
whowien26Ebs) were cultured for an additional BEW0S2004/003581

days, and neural rosette cells are separated fromthe

surrounding flat cells by exposure to 0.1 ng/m

di spase. The resul ti n@gIAIM OReGLAEMISal rossette cells
VWE@W urther cultured in the presence of FGF2 (20

FGF8 (100 ng/m) and sonic hedgehog (400

ng/m) to induce mdbrain, ventral dopam nergic neuron

differentiation. W collected cells and determ ned the

nlnbemeibipd BGperfpodng taveeteinbdifiogtidha0Shuman enbeyonic stem (ES) cells,

0 II's was exam ned under the
ﬂwrn%ﬁ%%?%igg%%%&ﬁ1gpgg ope. [00055] The knock-in cel
| obtinihg dopik® dtiafdeEtRIddnatn@sA whidhintBeAPRERA baie®and which has
differentiation protocol, and at the tine point of
regionsek pifhr obptperdshomnlogans Moth aeitofselectetliregions indhe genome of the ES
cells sﬁ”tﬁé‘c h%gqé)éos 21% ?en %%ﬁlsna 1015 ’\e&?b%cglg %&&_‘%en gl %’e%\glfzd cﬁlgtn%t and the selected

regiomeddid gemoneldf shemtdrh cble‘s anal yzed by western blotting
for the specific prote| n (TH. RNA fromthe

slsafrr%ﬁqr@rna/w copies @ighe seneig coptrugkinte Bxpcel & gture; and
fd speci fic cell

5 B%Ph?lﬁ%?%{gg‘(}hng{e dng@ﬂe e@%%ér (?dz?\l)?&gﬁdpSAGE) 15 WO

2004/ 072251 PCT/ US2004/ 003581 CLAI M OR CLAI M5 |/ VE

%Q‘ﬁ%&i}ﬂi?ﬁ gﬁa’ﬁe@&ﬁiﬁﬁmﬁ%ﬂ ﬁﬁ%geté%éﬁmrﬁgyﬁeg?l}l@e a majer gene.

nmet hod conprising the steps of obtaining copies of a
genetic construct which includes a foreign gene and
vvﬁi dhmkthed as elgingersinadaimi 2 Whereinftheress rmpnindersinghe umrker gene in

e sl PR Rt PRk RS LSRR g fon o e
genonkESBE BSIdRRs GRBRIN thie AR bbhd isRRPrebfd obB) BCeBTin a desired state of
regions of the genone of the stemcells;

dlffef@lt@ﬁﬂlilopor ating the copies of the genetic construct
into stemcell in culture; and identifying cells
whi ch contain the genetic construct. 2. A nethod as
chaiAnmethiod as taimedlinwihaine Whercehetkiica Gesusspetific proglotéalriving the
a,marker gene. 3. A nethod as clained in claim?2

expregaiagy ofithe MREes 2ens iR EDREE OnSEHCY His tispig@ecife prometer being active

onlylﬁ@&lsgiﬁré e%ﬁ'ecf:&g\‘%to?ggf 1{1'3&0196”6“ c construct being

Inserted I nto n a location in the
genone of the ES cells wherein the narker gene IS

d | ]s d d stat
FheelE OO SR G GG PPl cels comprising

in theif‘%@ﬁ&h@ aht ﬁﬁéﬁed Sentid ERHEctSREGH kh&kPbRmE ?Jncﬁ&'nﬁ% B¥a gene which
expression of the marker gene in the geneti
wouldc@h@wmhe exphrssadi in $hase bpwen télts iprcoliweer bei ng acti ve

only in cells in a desired state of differentiation.

6. Human cells in culture derived from human embryonic stem cells, the cells comprising
in their genome an inserted genetic construct which introduced a mutation into a native gene in

those human cells in culture.
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5. Human cells in culture derived from human enbryonic
stemcells, the cells conprising in their genone an

WO p@e/t2d1 geneti ¢ construct which knocks out tPET/US2004/003581
functioning of a gene which would otherw se be
expressed in those human cells in culture. 6. Human
c@l Asmethod of punifyingarelly efia defored hmeage feorb cyltwres oShweman embryonic

I he |]s comprisin in their genone an
stem (f%sg‘é‘?ﬁ{se@leé’é%@f‘i %OH&Q}%‘E‘T%%E Ft%%?ﬁ hintr og uced a nutation
| BbtRing R4Qf ﬁ%@ﬁeticrbonﬁtﬁi?:‘f’ QhiLATRE ¢ J)ﬂsi‘at ﬁfgltlégo%'df‘itg %ﬁds homologous

.16 WD 2004/ 072251 PCT/ US2004/ 003581 o
with amairiof pelagfed eggiensan the ghaping o thei Efeegls sb timnhomiotagousregbmbination

1~ hu enbryonic. ste ES) ..cells, .the nmethod

will o QTR BRI e RS G oot sl iy SO B genganeeqf e stem el
the gefi@fvsdonsigict WMiledind@ tarleg igomswhich &Vitl e expresdell SnBid T ells of the defined
i honol ogous with a pair of selected regions in the
hn&%@énone_of the ES cells so that honol ogous

r . : X

c SEQFoRAkizt oits o MEE HncRELURENS! P FRRSH o s anc

t lensfyaip el wdhich éxpeesg @rrahirkercguns til thetgehetid doalbthget and purifying

er ne ich will be expressed only in cells of

ﬂKmeg$@§H%?8 HCﬁﬂineage; el ectroporating the copies of

the genetic construct into stemcell in culture; and

identifying cells which express the marker gene in the
g&ndtmethodas tlaimd iamthipdr whsreinghe tladee gered insluflesompromoter which is

. ?ther cells. 8 A nﬁtgﬁg s.cl.aimed in claim7 wherein
active ip, eXNresS Aageng oRly incelly Qfdhe desied MOERES which is  acti ve
to express a gene only in cells of the desired
lineage. 9. A nethod as clained in claim7 wherein
aPt érmethed e$ eletmeshiorctaimrigviereip, aftehtheEBctrepdrsting step, the ES cells are
enni@ecft@.rﬁiﬁfeed tt'(% differentiate. 10. A nethod as clained in
P Tai WH&T&i n the narker gene expresses a
fluorescent gene product and the identifying and
purifying Is perfornmed by fluorescence activated cel
s&9-t Arigethad as daigmpdiip eleinf7 whereia tehmpker gene praresees ol trorescent

sene fAECY B e BRnRATR o 1 € ek s BhfRtalcfBotged ol

sortind nmet hod for purifying cells of a defined |ineage
derived from human enbryonic stem (ES) cells, the
nmet hod conprising the steps of purifying cells of the
d ﬁf T Reditd @Qﬁ’ﬁe@ﬂti&té@hﬂﬁ&h&@l}g ﬁgﬁ%daﬁ'%?iungﬂ @Syclze'llg 9nd purified by
t he gene expression pattern of the purified cells to
the méthiahof dlginge feselx pf #dsadd lincagehe cel | s of the defined
| i neage which are characteristic of that |ineage;
cul turing non-transfornmed ES cells so that the ES

cepl & héthbd BrpusifiheEQRraldeARed BiMge derived from human embryonic
stem (ES) cells, the method comprising the steps of

purifying cells of the defined lineage by the method of claim 6;

analyzing the gene expression pattern of the purified cells to identify genes expressed in
the cells of the defined lineage which are characteristic of that lineage;

culturing non-transformed ES cells so that the ES cells initiate differentiation; and

purifying the cells of the defined lineage based upon the expression of the genes

identified in the analyzing step.
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purifying the cells of the defined |ineage based upon
t he expression of the genes identified in the
wa@pakpzi2ag step. 17 WO 2004/ 072251 PCT/ US2004/ POBE8104/003581
13. A nethod as clainmed in claim12 wherein the
defined lineage is undifferentiated cells wherein the
géBed meihnt af clathdédialcldde 1@evieseifialie ddfthed dinbageds undifferentiated cells
fagtors 124, . 13, FGF-R, c-Kit, and BWP-4, and )
whereih the @eRes BN IR FFTEGR Kok G 8B Ll Ao g COU SRPF-R, o-Kit,
d B8B-U SarldOh SERARS Silrfiitalbn Qkp ; i
o fromthe groups consiast]i1 ngp Bf&%}rﬁgﬁy %ﬂﬁ%gaisﬁ‘g:@%’ressmn of at
least aneigens selemded3iPnghe gebupscomaistiog bf €Dil24,0CID1 18, #GFeR| o+Kdt, and BMP-4.
from human enbryonic stemcells, the cells conprising
in their genome an inserted genetic construct which
XN BRERS cBlls I RMuFEErIEN o Niman\ies 1’{3/5151@ stHTEMs CRk kils
are in a desired state of differentiation. 15 Human
compi#ng ¥ thair ggherne an tsertddogeneiic ¢anstrhetiwhidexpiresses an inberted gene only
esired state .of . differenti.ation j.s an
when ﬂine}ufn?aglrcee;]l? fated d§§15?des. ateigf dlﬁ?‘rﬁ?ﬂa U1s in culture as
claimed in claim14 where the gene is a narker gene

the _expression of which can be observed visually. 18
15. Human cells in culture as claimed in claim 14 wherein the desired state of

differentiation is an undifferentiated state.

16. Human cells in culture as claimed in claim 14 where the gene is a marker gene the

expression of which can be observed visually.
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