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technique has made it possible to create strains of “knock-out” mice in which each individual
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.



[0005] It has been previously proposed that human
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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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-2 WD 2004/ 072251 PCT/ US2004/ 003581 [00011] O her
obj ects, advantages and features of the present
WO pwetizen Wi || becone apparent fromthe fol | B@I/N§2004/003581
specification when taken in conjunction with the
acconmpanyi n drawi ngs. BRI EF DESCRI PTI ON OF THE
[0001 H=VERAO har E%’&C@Zamdﬁta@wﬂmlreﬁ 000k Preseniginvdntion will become

il l.ustrat the sit f ne,insertion of th 4 .
apparsgt Bgp 0 rgflovying sbecificafion NeF HIkSR ey thetige vth hf atsomppnying
drawifgsg. 2 is a schematic illustration of the

HPRT-t argeted gene vector conpared to the native

gene. [00014] Fig. 3 illustrates the construction of
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[00012]or t hBigyenkiishates AnRsditewE igedinsdrtise bf the m@fé&lélﬁﬁc &bhstruct used in
ene in human ES cells. DETAI LED DESCRI PTI O THE
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the exprpleRPPION- [ 00016] It is reveal ed here for the first

i me t B ' inGa
o003 7+ F 23 e RRE S L ROl 8 oo
the nawbggmeni ¢ stem (ES) cells through techniques based on

onol ogpus .y econbi nati on events. The avajlability of
ooorfior'e ¢ BGs 3 usiafes e GAtion ok Mer acAS FASRFHIE YGRET o the human TH

gene. human ES cells enables the purification of cells of
specific desired lineage or state of differentiation,
[0001%)y i nsEig #nldustiates dlzpeveotor didnfperlativns firitbegaetc cbastruct for insertion of

enet.ic el e t into the cells. This, in turn,

theT}gﬁ%rbellgiuPﬁg%?@F'opnent of a general nethod to purify
or isolate cells of defined |ineage or state of
differentiation fromany m xed popul ati on of cells

derived fr BRIESLERI PESCREVION OF driffe MUEYERENdel i very

00018}, .T hi eve .t ¢ t opposed to rand
o001 200151 73,2500 B8 0818 i T ERISETA AR o e
targete@iegdnstic irhnsfernieioas BAITim4te af EhiymSNeiBRBhREMS (ES) cells through
sreconbination to target the delivery. To acconplish
technigpgs bgpgdeent papaolggousdrsanepingiion; cyerisi ¢ avpilabiity efbisgool of targeted
cncif SSRIBRIRERETy AR L BUOROER AL Ry sy oo dsivd
lineage nostgte of differemtiation ey insattng lifidagabt diffepsidiatien speetfls gEEetic elements
. cel] s i.n which the hgno| ogous reconbi nati on events has
into thseebﬁ» - Bifs. 0 ghcenablsa e sa TP MR i SeReTbmtod e BUal;pr isolate
s 0P QBB : i ' &L ' i
ol RO B ey g LSRRG S, £ AL O v
from ESheglls| ar ge nunbers of cells could be conveniently

ransfected at reasonable efficiencies. The

[Ooorbevel oﬁﬁ@#%‘f%?“eﬁ'@wyt ransfection technique was
[00018]eCeSSTH atifev@ERUICad 4} obRI B MRS A1ty RN $EnRRBhdtRict into the

transformations 1n nurine o _
genome of ES cells, it is necessary to rely on homologous recombination to target the delivery.
To accomplish the objective of 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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stemcells, i.e. those techni ques used to create
knock-out mce, did not prove to work at -3 WO
wQoddn@22P51 PCT/ US2004/ 003581 sufficiently rearosmbl/e3s81
efficiencies in human enbryonic stemcells. Hi ghly
stable transfection efficiencies in human enbryonic
sufficigntyreasonablerei{ieicneienindiunfancmbryerdc stemi aslle, Highipstebletttaasfection

el ect ' I f of. i,ne .enbryoni c
i GRS ARRE PSSRSO R S L i 5B Kelhtaee
electreration pratotels BisédeRe afueihe Srdrfshid1aMa ceRPES h&Gy @k tvRdIPlos human
to, transform human ES cells with |i posone-based

embryjogigsiey Galls. \iiouR research gpaips bave isPeadkatteainthioumsform human ES
\ . effigi ' t.is.described

ot PRPBEEHLOEL LS 53 My 0T B8y v
low effiensiesis Whaf ishiesmribed huse is @ cocdessiatdenn targdlingangtheddld@Nwhich

with m)@igfi ed el ectropqration  technique, and that
makes Y50 ﬁﬁl’tnf’ OREEC g\?é'ao% 1 e TRI0R (WithepmigAHisd electroporation
g S0 1 5 5 GSOSHADI ey gy
genetiTwansfopoations of human embesnisfcetl imesret hod descri bed bel ow

oo e P BBk el AT oo
electrépReQI0AI 6 Aittdiice 1R deAstid dondi®et ifth MEélpc{thcf)ﬁorﬁaggﬂ)uﬁ recombination

£
genetic construct into a desired target l|ocation
to facx%ﬁpée éiednationfof thehgenetic eenstryct iMoe desiredfarget doaatidi fri thel genome of

R T T Lt s TN
to be tefrisieeicdnyifeignNg iteediohaietfidienbie "THR %dhhRfle hhf B¥Bh modified

he techni que used with nurine enmbryonic stemcells,
from téﬁ trchRiApeysed Wik marine eybryosici steoh oeHsnandiandiqyies heftes ré@@lts in human

o 2 A0 UBRD B SR UL TS IR, RSt e
that elhcmtmplomyionwviﬂlélmﬁnggtsirmn@cﬁﬂatmddaﬁ 86 ubdll ihmm?ﬁn@_ &ls kS achieve

. to achieve djrected qor targeted gene insertionin
directgd g "G vt sane mecrien fuliving hﬁ!%é@ Boselle cdpmplegonorecembinaton events
offr A 0 B4 05t SRR QY AR TS0 BT i
DNA g zonontroll¢ds thustaivoisliegoiveintgl genedmteidngad @eimisting tamiated

. a%g ermtti ng targeted manipulation of native genes.
manipg 8@@%@%@@@ Wseful in the method described here, the
[000z@enet | To 6OASSHIUE thShethod defeihEg ﬁere,htﬁg%}elg& USn&hirs sl‘gcﬁﬁjd include

a delivered genetic insert. There shou e two su

homolggexs| asgge ard adekiversl gengtic irserthThet shmud batwe suchienilogous arms, 3’

) ' | oggus,.arm.segnent s or regi ons are.
and 5 0oy B SN, Al o BB oot T eeR s b e e constructed o
be idegiivad i seqidile SEAABRGRE0ME DRAI RfSenels TEgi0RNOMe Bend¥d!3’ and 5 of

5' of the location where the genetic insert isto be

the logatjem piherg. the genetip dnsgelys todie lﬁwege I iy whabyprtive selbdar processes,

) ' ' : r ine Wth the .
e 3 MES Sonies oATRLSBBHS 06 PRSEEABIAR Mol gt of oA in e
target sitet i@ thergdnoeeg theouty  tranbfefridyintor tae géinid he delvded P&etic insert and

; Yinto Pt . e
romov G Bt GG Jond: Fative BEomyE SqfN.cTIts process happens
naturalg‘_gFﬁ?gﬁtiveﬂéhﬁlapf&ﬁﬁé%ub9@9@/ equ@ﬁéﬁr all'y using native

factors, but” at | ow freequéncy.
[00021] The delivered genetic insert in 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. If it

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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[ 00021] The delivered genetic insert in the genetic
construct that is transfected into human ES cells by
wo b@4terhni que descri bed here can be either a PENesi004/003581
insert intended to express a gene product in the ES
cells, or a genetic insert which is not intended to
disrupfedpihicceandegione bp nedtingta “kinbck-but”i geneteesionattudt.o Iptheschlietnative, the

delivelgag: glen?t}q,]lgsqrgcaé\ll/{h gﬂ%%&esnglp en%t ]ﬁl%&ﬁt?b\éﬁgtggeglgg)ifﬂ-otu? 1ens§r§10n is
prefera%@_{ Ié ?’R&Q gg’e'sé%ﬁlch Qin%!il&' Rb&not RE I génp ?rdﬂlﬁ@leat By

nock-out" gehetic constru
[0002%]) t er nIsftthG/genetlh gserd & lntﬂ@d@cbtogen@qe@ gens prqductaﬂlekgnetmnsert
ssence but the knock-.out r
shoul ST RS on R eftionesi s Bhe ERAGS b A5 Bl eglpEnativeis
sometlt’m@ Qél%rr@di asibiit adthe@khockli80@gmbadl by Rai@englkliouslfeehistructed
is intended to produce a gene product t he genetic
geneti¢ Hisarttproduring ¥gens paodushds iiub@tltum fonp ame@c(sm@nm progiongly in the

cells. %h%gg&? n}@é&?&é%@'}%@ﬁ{%ﬁﬁgr ap gdgel hﬂ)lft t@é n]%r%aﬂlc 10.‘;1\6? olther gerhe products

such abRNME @icladipg itértutinleRICAN aid atﬁiseﬁjse RISt alsb Bﬁlﬁéltnplated To
produci ng, a gene product, is substltuted for, a genetic
producsBRIR PEOPICh Thsserartic insert meuldapically g %’@ﬁ%ﬁsﬁpzfﬁﬁﬁéﬁe mncluding, in
c
seque X he?rog%oﬁéer, %H)) %?eqﬁes uec Iefh@ g&ﬁ%grogiﬂ apg g?ﬁggdrﬁ)@loﬁ& terminator
sequencai @l sedeciauigto Riasfeating inrid E& ne;lls dRAppropsiatel fethe overall process being
contenplated. To produce a gene product, the genetic

perforifder ¢ woul d typical ly be an expression cassette

[00023]n0| UOTRGiechilquSRRHEMEE herd dpE géﬁ&zﬁf v usBfuf %ﬂ&uﬁ%e&aﬁyﬁﬁds of
for the gene product and a transcriptional terni nator

targetedegpnecansidrmagieheiotsacceswr bell efifipret ammpuhxtmmm freinlpgimate and

r iate for .the era ro s bein ) e »
homar 28 e3P Rl G0 S apenitnn e Bk gl GECES vae felecihes “lmockout
or “kn6@RET"akdny celB@fltirest Oh kNBHKL-A\E BB )thé@uﬁé’t%lﬂﬁo oft ApABERS targeted

genetic transformations in successor cel I cultures or

native gepisalisrapisd pugrpprasest ipthaganemsrnd .thqazg gells, Brdet fosstudy the effect
that thE ci(%rf%%{% sicﬂ‘ngtthgtr%g? héglénsth% %ﬁa%ril Y aﬁla nde%eelggxi%ﬁrqt orYifferentiation

of the B8Icklls &% theid phopealk- This 1§@dﬂeSby &blacﬁlg Itli‘dna@lﬂb Renedic s8quence by
particul ar. targeted native gene is disrupted or
homolg&wrr@%%an@twmﬁléh g episiHE sefucppiat dess lngt eYpHess tferamegprotein or

nucleotidt 9¥ fe@@ Péplac%% a{(n&ﬁieo%e a%ﬁ% gélls ev §§Sf 91[&{1% sl.teﬂlaéells can be

gene as e Vi a Ity, opnen
growndhtbfseroaﬂed ‘é‘ltnocoh—out)mldeh evhich leoe Ibeexamiym’(mlentlﬁrm glenidentification of

his i.s.done repl aci n the e sequence
gene RigPIORGRBBGRIOF R0 BraatR oo Iohook oy Roreel Tt akesieed o
1dent1f57%@hes‘1@§‘p%n§‘1%§e K er%ﬁlffé?&tﬁ?é&%tﬂﬁ@&@g‘cé?fs aeréﬂ 800 i8&tify and

as the sequence replaced. Knock-out stem cel
study the Ifmmtlea of thogeigénes V‘éll(d‘lﬁcécl@’hﬂe ﬂl@@iﬁfetwtlatgnqwmcesm Knock-out cells can
knoc%ﬁout ce" which have been very

beu“ﬁﬁ#?r g%gpngﬂn 227 ¥eNtification of gene function

[00024]nf Or MBké RibckAh afB@RAN @S0 fifdEs Bip6Rerffin@SkioQuldytbatl 8ée expression
l'i nes can be used to identify genes responsible for

and the fidfegeidiafipe prosessatsedels awfﬁ@rmthe@lbm togreaggsculiaigs Qafshﬁ@rentlated

ot o5 ey S0 5 MIES O, 0BESRARRM v genic

insert maludede presefted wiiiol ddvesghé e@ire.ﬂg)nsiﬂadlcﬁbﬁnz&ﬂe weatler 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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[ 00024] The knock-in alternative also offers a
powerful way to study both gene expression and the
waledorerast i ati on process, as well as of fering PE¢EUS2004/003581
ability to create cultures of differentiated cells
directly fromprimary ES cells. To do this, preferably
later dlff@e@t@?(b@m verleciebeall lincage. t s cgamplel o the pmmqter is spemﬁc to

i DL HEE T BB U 5 S SBshE SR 3P 0 Gl sn

express@ui dilly BEHOSES dwiklreﬂftell§wﬁﬁﬁIth@ﬂ@Eré?ﬁﬁteﬁCintbQ:@rdlomyocytes If the
(51 romoter in the genetic construct., The pronoter IS a
gene

vea by thelisspe srecicarsmeter ivmtelestable mprkeadt esudreaised torselect for
cells x%lcﬁ vaesl&ﬁl@%éﬁg 1fe (%é%%(f(gkfglg%gge r@ggl?érgét Ve sﬂ%e%? is t%lmake gene
expreﬁs[(mrmhstrm evithast ItrbmbteréSoﬁ/@nyﬁhﬁiﬁ}/aﬁcY #heh Yo insert the construct into the

%6304/ 00358%% ter differentiated into
genor%eefr s 2 psite phgreghe senstic equstyrewili gnly he %I?ré-‘f'ﬁﬁfi by nptve

promct@etilitf i Be ch‘i’sr WhiehY sosg%&ﬁé to R HediRB'statE fhdaBe of gtgte of éhfferentlatlon.
pronot er woul d becone active to |ve its dssocl
This pgemeter &)tmtgszmuklh bediasen to hehogenieSrddricly sdictied b]ﬂyw}hen tthe cells are

. hav ated i.nto cardi onmyocyt es t ne )

in a dEG aftcsgREREn R ARl f e lBRbe: prseleolbicaRys) gene coding

sequefidd ik B¥efull tb d@s@'ﬁg@i@h HReAIS YhRBIAGE adiRéved TR dctectdd Ghie BRVE
undergone the desired differentiation. An alternative

dlffer@ttnaa@@@ym @hQTGBCH&kECL@T@m A estpenabls roarkcbgme rild b & lgengt the

exprel3sEnich P Wone E8 i Sk PR s et sl Horeseoptgragein (GFP)
or luctfbrasey Bieihich et bel Gedvib kil AdH-Makiortied 8RS el sBiteRdld Mrker gene
lsusegom)ter act|V|H¥ in the cells which is specific to a

sidentify gepsfermedesdigexpicssngthe nufrleithiongle isitke palhselection
techn%néss s@:ﬁ%%gf s@éﬁtst %/llc %(%{'%ﬁéé) %’nﬁm&? sC Il‘? Qctébq F%rkae% ézvould be a gene that
confeid esdistantedd f beleativin mkhto pudhi a@%ﬁ@lﬁotlé\@aismnca vﬂﬁélﬁ%ﬂ@tﬁbl&o cells not

sel ectapbl e marker gene codi ng, sequence is
havmgrfg’@ cieblenasksty gt ﬁ%l?Pt%%n@éker & YR Bhotannctign Hildyseglection agent

to seléchﬁ SELRCE ?elfst E)?eiﬁfl% 1l 1f1§ Eﬁeaidng{lluétr om ot her
cells 1n culture reena mar ker gene woul d be a
[00025ene t libe alwkiprtesse bomofogols mhom‘amatlma. mbmgemhd deliveay of genetic
[ Vi cell, ch as the ree fl uorescent otein
constrpegg 0 S o 60 Sb e iR PP B o8B el e fgenera

useful A3k {)é&ﬁﬁﬁﬁﬂg'{ﬁé’eyﬁﬁéésﬁm oA £l c%%%ﬁgg & tHREURE esgi%ﬂ%f nhtfve genes in
used to identify transforne I's expressing the

such ogHs. Kgar exhmpleg thevdeselopmentaifitecbaiques fopareating hmms ES cell

populﬁcﬁﬁ%g L%%gﬁfdé ﬁ@g éﬁ n% aflabeg}%éet Iaglﬂg ste[ﬁ%{;regté'l cell lines that have

their a€i$é fiagon %ﬁtdd@nﬁ»aﬁ&h@}@fMHG) &ﬁ@tren@k%rin&ﬁlv%n% BdsehdeCthe human
resi stance, which is etha to cells not having the

MHC gepesinefinnecandickapcked-ad) Gellabimsiommeldn this fashied unld not then
preseng gﬁt%%e?@'hftﬁar \%l’ Pssr?acﬁ '131151% Eﬂeof{)[}ﬁ%sg}g en. t]@ g 1€ f%t lélng MHC function

or cé exp re sing nser ed gén
woulddercahdidate cell (Ilﬁ@s’Zﬁ:ﬂ;m’Wlﬁclﬁtml devtlpp mnqﬂ&tﬁlﬂaﬁblmufssues since they
econbj pation to target the delivery of geneti
wouldgigrumali ot CREBIASHELTINENG IGERAPR PSTe] egtipn @b??é it ghich they were
transp{if@@N and primate ES cells is of general useful ness

|n permtting the expression of foreign genes or the
[00026&Juppr eElsmotn vsingreddciroporgtiog sve did esplote the lubsof dhemical agents to

meaio B3RSt B BB Pl S Sy oAbl Buts. we o
used eftRE6pdrREch PRERolSIBF Fipich] MbB8scCE S adlisOfuchlas BRcESpdratid @220 V, 960

t hat™ have
pF, with an electroporation medium of phosphate buffered saline, PBS, but the results were a
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their native major histoconpatibility (WMHC) genes
rendered inactive. In essence, the human MHC gene
wo mve72al can be knocked-out. Cells transfor neRCT/nS1004/603581
fashi on woul d not then present antigen on their cel
surface using the MHC system EC cells |acking MHC
stable transfeétion ratemillass tend A1 o i That mansﬁirinatwmﬁsqwenoyrmmmchcetdan human ES

evel e ceII ssues,
cels (g iy P8 LT gFHnaL e AgErRiEr PamolgmieepBLBBfigh St in human
ES cell€] SRéd Rimdn B cRShe 4iBhidiciktlClardel fin WSuBe ES cells, varying the
transpl anted. [00026] Prior "to using el ect roporation,
paramegersg hfeﬁlpd;tmp@rthg pusr@ss)Wam@dq ddso, sigenthe nopmalravicnt @lture
efforts

techni Lrle%r fogfgc%n;lyé ?bo&l{: 6‘?%/0 | 1V%tugleh%ana]1::r€ 86511% Jg Syvive ang td orm colomes when

cultur€l £06w ARMNiRds, ¥ eRicRbpsIBled huffan BSelain aumg@ loba&Ridivdualized
such as el ectroporation_at 220 V, 960

th an
cells, @nddtben pigtsaut the rerdipufracls aidrek gensitiesp @rdfiémalhéavq ¢lectroporated the

R N e T R T

bufferedsating QPES), ﬁb&cﬁntpr(&nedlowmthtlhmmefdeﬂq e robyn Exiperdterec lis protocol
n ES ce Is mas tQ | ow to e practical the
yielded gl diengim b £ Rl BHOGRS ROl or mord
hlgheﬁﬁaﬂ:fﬁlokeS hatShe Sﬁse rgﬁ}m& Shh G ﬁ)t&dogsnfof hfode BY cells on human ES
|'arger than nouse ES ¢ varying the paraneters o
cells. t he el ectroporation process was trled Al so, since t he
or mal @urrent cul ture. techni Jom;onl out 1%

[0002 i naf TR In eE§1%%qqsg~uqtgnt§l9p BSuUlHrS 6§ oposs1ble that

one mﬁjf?)lwﬁﬁﬂ 18fer WiRhove tat Wr8dirdt:t! Péﬁ‘ é;d%fh?!et if&he iM®Rrts a genetic construct, as
ectroporated human ES cells in c S, not as

describgslieye, do help z@@uﬁc@mf&rer&m@dt wamopu]atl@ufrgmtES pedls using a GFP marker

esu t ant t Addj t
eene, BERN AT olifsuieRs aPpUEISh b Fren PRI RBRutabiopEpmpy desirave
to deléteticunarkst ne &loth BSscalllk 16 W did hﬁerﬁ@tﬁbntli&wédﬂﬁh@ &FPQind whatever
phosphate buffered saline (PBS), used in protocols

experigjephonRip¢aseisde be porfommedosith ¢ praptinted cetlsi Suph trgstel deletions

can m@%c eﬁﬁ)s %&%&Pﬁ@s@r d ?gg \{lcﬁlﬁg af(xger%kﬁrg%}rex) & I%S eﬁ@t&&gqﬁb@%& originally

insertddnamahé EStceMEwhi@h@aEMﬁﬁs itsteady &tuision. afdtakampleptheates ox genetic
for u S ceI I's on human ES .cells. [000272 After

clemepfirou - AhgbRefile cophistertielt inihths ssapticcang %@Iltﬁaaﬁf@cted into the

ES cel'1§ T}%n‘ﬁ‘ it ‘Ps PRl B I%mtob@{he &ﬁ&d@ﬁoﬁﬁ% Al A& tla}éﬁ deRYBHE Cre agent

sanme 1 nsert. For exanple one I nser a

can be@ﬁd@d tacthe oeldst to wetse thsinseltion to bedelted &ont the helllsp Other similar systems
' d%ntif a differentiated cell population fromES

]nayab8lF§S ing a GFP marker gene, then once the

[00028) ferend icafififudz@eler®RR %Eﬁtfopﬂlenﬁ%etj@g Q8 er 8t §§1et1b Eonstructs into

al so becone desirable to delete the narker gene
humarg Eg relisansblegedepwhito bavandiciedtonrthe findambrselweeleculaebiciry of

rmm ess is t. er forned
cmbry§fi A RS cpu PR e Bl BY MER Rl St Biecr el SR GRa now
introdGé¥tarPett geAs hlltéfathﬁls aC BORARh embeAn{e)ktdM 6Misdh RElt@re making, for
mechani smin the genetic construct originally

exampl¢ d@eeled Sen igserAQISRS POEYt auteians in petiveigoges. tHiese gghniques also

enable?iél% F%b@ Sﬁglfﬁ?ﬁﬁﬁ‘lﬂg’g&o@sﬂ? ézglgéﬁ'ﬁ%ge %ﬂqlgxteﬁgets ofk ?&[@E% differentiation,

as wilgenditdussedarest.r uct transfected into the

[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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ES cells. Then if it is desired to renove the
construct fromthe differentiated cells, the Cre agent
wa@ a4loe22added to the cells to cause the insertPONUSmOHEN3581

del eted fromthe cells. Oher simlar systens nay
al so_be used. ﬁ@OOZS] The techni ques described here

To obtagy dlﬁ@@nﬂaﬁeg eclalindgshergbirgmdunge At ¢ellscibissgeneretly npimegessary to

' I ar con ct ed

force gn a?l('gh o?Pg ﬁé :iu{) og@l?% prﬁﬁ%t % ggr&eltls if they are

permme’tﬁﬂoﬂfaeé sighifitheictodflct withedch dhérgill gpdnfhiheo@‘ll}ebegm to aggregate into
possi bl.e before. One can now introduce targeted gene

clumpa PR begin diesdiffarentistion mAgss: ohp MaéitaimtheES sellsineyltyigria an

undlffgi%hhé}gd stfa%rr.e%ﬁi‘e% %{1@6 ftfcﬁ'f Q)%ﬁi@lt%@%eﬁtﬁh‘ct 1#118Hi%r s th? ES cell
pol nt nutations in native ues

culture tmﬂahfaut meanamefférentiatdd form mﬁt1bﬂf$mpﬂhﬁ1 9 ldﬁsm:fd Felt tir d1rected

Selectedllnea es. or s f differentiat.ion, .
differgief O Btages coubR e t%‘aéggfl L#TREME{9ER PrAigarRgAed until the
transféc@igﬁ %Qiceg_sh&sg)%&?f)ér?orﬁﬁﬁ' R irhFediDR Nt HdRSAES BS 'c@ﬁéjare

here ' can be used to direct the differentiation of
permifted toatiBerzndathuivhe dESrawhtion pnmccsssxmdd horomllyyinddes thedevelopment

of ES el b BRI-Blsies DORH Biseasea? GAls oo any AiHtent difrentigied cel ypes
or lindd86e r]alenfvhﬂ{ﬁuh géﬁéﬁc ERnfRldtdn, the dif?er&ﬁ[hﬁbﬁ#ﬂdée&oéan be manipulated

necessary orce the differentiation of ES cells in
to favenihe dﬁ‘@lonmerft at ene bin{l ghsusecessdr ¢alinaranpiBer dluf this procask éynot highly

cont i, PO NGk 7 B OB B K e

manipalaikas f@ﬁﬂ ahﬁghdmletrhmeﬁgef&e‘yﬁﬁﬂ d&fferentiNEDFIRESny Jell, other cell types
mai ntain the ES cells in culture in_an

will alge é?‘fql@? rihe avlatesThise eyandih theetifferentiationgreesss isydirected to favor a
certalﬁ 9%1 ur 2 ? gﬁ% g{t;%?%ﬁ%&& OE&SQ}\E ﬁ?ipé%zﬁ Hf]@ %%eccﬁfféremllatlon of ES

cells igtiof of mmehdr iofituceassbscalleigpése df the@enétivecothb i ﬁlﬁﬁbduced into the ES cells
di fferentjatiaon process contenpl ated here,
prior teéﬁlﬁrf%re%ﬁlaélowﬂ%q%ﬁé&reﬁﬂﬂﬂ? Ptelartabia Wertgh@nt 1y tﬁ% genetic construct is

exprestsé@@ﬁ &Giﬁ Tcél?srbfﬁfx 8&med hﬁ?ag@ &e BraReSl (ﬁ{f Fhiatfdh Gk eﬁ?rte%;%%n of the

transfection, e trans ES cells are ~ per
marker gewk cﬁrfseleetatbl%eae cAththenl bt hmdetnudaltﬁyoﬂlephfﬁcresﬁat@mbgeny cells of

i nvol ve the devel of ES cel. int.o .
ineregl, RGP D B! BB By LG BL BEE0 IUREHeE B HRRGIE) i used, and f the
markef Igéﬂieelrs QAitverdl b% h oK &H&tbﬁ&fﬁféh a8fivatdsyeRBrossiOh of 1HBTATCSenc BB in a

W't hout genetic manipul ation, the differentiation

deSIreé differenfiatedhcalldypa mﬁpnﬁlﬁfp@utlatu@ madwredweff@emt@bm tcan be

1dent1% @\Zg}%’uca ccﬂgiorﬁ %e@rﬁ&ieg -8 oﬁlﬁ?orgas%@%}eha%éyatﬁ# &ﬂf @or? ng or FACS) to

create@@pllatbhesk, cellt of the MBS differentidied uct&Borcedittype Thus the ability to
conditions can be nmanipulated to favor a par ticul ar
perforny sitedglresied iRaseians ofipercep epnsiaesdntotbysmpmeafiES esilngjso permits
: re. Thus,
the s alod ¥R erclied BT P APHEL TR A Bcklb BB o
[00031]avor &he akilityadorsceeh lfor andelagaet cellbef didkdimiddinticagd themmakes possible

the pu%rggatngqsquulltjﬁ{eté% cﬂi;;,ﬁjl | :élgel qr;q\ég‘lg% get e ¢ s{-pf& t{l E}&E:gtglng gsf act) gcreenable
marker R SER gié the(OFP %Eﬂé% 1ﬂtﬂ)td{19éiiiuiﬁﬁ)dES eélfé AL tlﬁg c&?&él%f a promoter

prior t differentiation I ncludes a screenabl e or
whlchse bpecifabioa desirédes!l lawdgé. f Thanghe EReells are pawnitted to digferentiate,

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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expressed only in cells of the desired |ineage or
state of differentiation, the expression of the
worooker22gene or sel ectabl e gene can then be usedr/Us2004/003581
identify the differentiated progeny cells of
interest. As one exanple, if a marker gene of green
proteif Wllﬂd)b@p@@ﬁﬁd for MImag@spylghts Byqwiified,ritlisirfot nivent thatralleof the cells in

the cugene i@) |§ Itl'{\;e]? (Pets“%d @iﬁ%ga e i\%&lﬁﬁhef;ﬁﬁle &te% é&eﬁ% &ortlng technology, and

vanat16h§ fnelefand b@%&l@ effiebsibry BR1 otBéttRslogichll Ffe@ iRt scthd @Pthé B@ls in the
desired differentiated cells can be identified

purifiesinapylgfion glay nobbe phHidedesiradilingage. (owever,| auemé@éléﬂdevel the cell
cutur KD S} R Pl 0 G188 OB phaRencsees

derived yifven EShHHis nb® bebbhed ¥ piadticad esalioy. NVGtE e tick lﬁmgeﬁbught could also
beun(ignsertl ons of genetic constructs jnto the genone

Herentigted eplisednd this teghpadugea PaLpeso ST oIy ﬁ%lﬁ%tpcéﬂ@afferentlated
031] The
cells té@}aﬁtﬁﬁ ;ﬂgﬁgg% %M?%(?l gfnd gtgt g%ti cgi 328 %vgg desired
[00032] neaghl fabtem asrmlcefsth@mﬁdésedesd:rﬁmdﬂuﬂl’awf ititia biverall (génetlc insertion

cultures of cells o Ilne n
technesvi e J ol B RaLAG v Rl OH I PRI, {Henecipks of the
marked @ﬁ@erh s hl[HWl\i;i\g HEIRDb ame@m’e__eﬁtf}@@ b §1fféﬂéilﬁ5t1$ﬁ‘§) %ﬁéc%‘d of

ronnter is specific to a desired el l
undlffblrené@tgm calfipe now@ergisas::emps oadéfepimatwn ethe @cample below uses a

erent.i ate nder C ition
promebylésF b Bbme bl Fish s RS D008 i S fgpprme of the ES
cells. fihd Weeh §@RGE 2 GRIntbes OF 4 ERGIEISMEGRcriftiod TRclotsexpRkiededly B
for fluorescence resulting fromthe expression of the _
undiffeeptigfed ecllsT e sopaticatongimcd plse éndlulodsi selvciablegniker grae (ncomycin

1es1sta§9gél) /%@%%ﬁﬁ‘(}%@? ic rgsrq%t e(i%nan% f?ﬁ? e%ge)e%éﬁ ?‘f %&%%g ?ould P?} used to identify

the cells WaRbesqEmdght gerlYic pofidtiuce dThd thansfecion effieRntick Beliex@d] using the
of the cells in the culture will be of the desired

method;dsecaiped belovie i eraietier thag tase pelicwtd yerther maghedsnglhe transfection
procegs%pmﬁh&ﬂéh 1 §§gd1 o/ Beid @I ?nﬁleér[%eh %%leslegﬁlt&qﬁq():s fdn%gnleesmtant

ression and ot her ogl ca ects, sone
colonieebf eellsn PCReanalysisiof itlecooparped ray éadenl thraty2 haftthbeolofiies,fve 28%, were
ired . nea However, .at, a rac cal |evel, t ,
positiyegioy Theclspiigh DTGP b IRTiod B qth%ravge@f%w&htlongel 3
homof%@gusoéiﬁisf th€ Satfol dul BSinBfea&elth §hﬁ’$st A0GC '[( tet for %@gﬁéable
dérived fromES cells, now becones a practi cal
transfeatiahj using MNexmetitubiaie prameotes, ravagied s satighef 200libefwatbs stablp éransfected
ferentiated,cel and this techni que can be used ,

donestjaél%rhg&ﬂlggo\%FV%’&’F@@PB&V Ui fferentiated cells to
[00038Ri Nt aMoﬁlepﬁbk{ﬁ o1 1@ eﬁfmﬁéﬁtal WdrR tederibed fapgctdit theth§poxanthine

cells as wel 00032] In fact, in one of the exanples
PhOSPh@rillqﬁb’lﬁl‘@HSf@@F%Wnetfﬁﬁ’@ oVhe HRPT, EsAets 1904‘5@@3@1? thiegh chromosome, so a

smgleth%gﬂ)?é%ldg re\t@gﬁ][bi'h%ﬁ%é% rfl‘f fl%%}[ﬁn% R %:( < le (?s to fcg{nﬁ?erte loss of function in

ren one

XY celBr kehurays! entaaionabf v gegie afd fosindin Iﬁtldﬁts ihe-eitlg Tyepeh-Nihan
differentiation to be selected, undifferentiatjon can
syndregae,adiratolesieal disorders (lls whichiars deficiant g HHBRT aphity can be selected

based\%ﬁ?ﬁg} fesi0Bh Mol §3ﬁ10 arﬁﬁf(gﬁgfel &7ed 1999 9LdnfinG %@gfc%punne) (6-

is inserte gene site In
TG) (Signarvet. do. AH66ESand thiuk the ﬂ'dqaelmftof hgervdodoss eecombiieition tvents can be

. f am f transcriptj.on, factor ress
airectfy i fova BER perteetit e T Mo L it o fine inghe nitial
develdphtdnt 8ERb1R016 8O RGEGRN AN ARIEEnIRRE il MBREWEIIE. Doetschman, Nature 330,
576-578 (1987). The HPRT-targeted vector used here contained a short homologous arm (1.9kb)
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resi stance) so that both antibiotic resistance and
fluorescence screening could be used to identify the

w@edo®722hi ch acquired the genetic construct. TPET/US2004/003581
transfection efficiencies achieved, using the nethod
descri bed bel ow, were better than those achieved b

5” of exehé pndredengdwmotegous pem §1&b) B oof exonSoafshe b‘émfbﬂﬁﬁ gene, this

. 5. 7. cel nearlzed ect or
recomigich ddiniSeeipatiot e fisl PERGAS Ge hE EhRL oL ARMAER 1 Pig 2. A
neomybhﬂeﬁ@ﬂaﬁéﬁ @Ssdtte\(NBOy&hak El@brt&ﬁbétfveéﬁ@e&ﬂb fhﬁmeﬁogoﬁﬁ ard®Yand at the
positive for the desired honolo

end of meo%) Homlesas aenche thyorifing-kanase (Tlébgqr@rvgas\mdfiﬁi | onger
h .
oons] . ORBBUS BT RS 8 Lk S AaDE REERRRFT o cnvisoned

in the explericheatat oosk detsumlbadebeﬂnmn‘ﬁhe penerfow Badshink lwdlrcmylase@sf used asa
21%: é bet ween st abl e Lansf gct ed gl onesepgnd honol o ous
markey kg Wﬁl@bﬁwﬂ%@m Otherapts S RSPV dingAecs fee 2 Yo envisioned

the 6r6P&KI Kefipscri bed targeted the hypoxanthine
in e%)603 r?gﬁé tra%s?’ﬁrase gene HPRT. The HRPT gene is

[0003F]ocat e’ﬂhcmvatlhiahby cdhheaﬁtss pwefiedsanltares oif ngdcessoo hndaggooidifferentiated

cells frgm%%@lisat Iglgqgs p§¥8e1 t dl 6’ﬁ o%hi%g%ﬂg erég folngeq%gﬁa&]p@creen cell

populafibh@id BRE &Beﬂs'ﬁhﬁar%ﬁﬁre@r ehé ﬁE’Hﬂ guhﬂe@é\llhﬁébt&eaﬂé’d/ z!lsﬂg:scnbed here
Lesch-Nyhan syndrone, a neurol ogl cal disorder. | s

will beihinsgenie Eordled insereadtgeneticHRRFrae ahd ittiy desiablgdo wlamredar purlﬁed

povuiP3RERT ety els TIPS BS D b B AAHADLO B . This s cone
as foll&vﬁt aRBecit firdi@urifd®péhulatncficBlsof the spdcEipiaitaye Rfcreated, cells of
honol ogous reconbi nati on events can be directly

that culiyrq avg sekiccted togaerofilieg eep iopwractaize svralicelulprmatiermpecific to
cells ogﬁﬁf utléﬁgg eTHﬁ%gnn%Q d(glgé aﬂﬁﬂ{ t%k of Q;S\%{se !bﬁptﬂg ﬂ{osf)éfﬁ]c ent ways currently

us reco I Na I'N nouse
for doing ¢liis afH‘hgn;DNIatmhbﬂ) ad39 gene%é@r@iﬁ&n (A28} andhe serla,l ana1y51s of gene

expres%%ﬁéggﬂet gg Fﬁ\ég cjis? &:tb;tsa%glyg%rvgg%&?ﬁp?llﬁg%gﬁc%tlog of sets of genes which

are chaP gé% Qg‘%é@%%ve %om%ﬁtt%f%r{hgt g&gﬁ@h Wﬁpih%%’%ﬁnatmn
10kb) 3" of exon h gene, this

about nhet:@nbf gatcs gnhahd] & thenderagepmsibie tbzelettasim thuse gelmsmm.s or more

cens g e b ) G Bpri ASOEE i grprsson o

those dtANRHAGOMEKBFBin tiAthealsed Rea 1e8NGr @fffetréiﬁlaﬁon ﬂﬂ'ﬁ@ |1199%§é5 New non-
arm the thym di ne-kinase (TK) gene was added

transggnio tisireeoldipalsehn he pemnkited fooki fsqsemtﬁ,l with om‘efag@ut bias toward the

desma%grofg?rrl Ht;éa%te | m?l}(t%a 8in Fl%rgag:\é In%ag‘g%%canrlﬁe usgg ﬁ%scfr%(?n from the mixture of
cells td puirdFithecdlig dh hrl @digfetentibied @ntd $heddesttBd k@dagk OThus the creatlon of
dopam nergi ¢ neurons. O her markers for other types

purifiedipeipalgtiensofects ebdesied Biogrrlingages i @e@ﬁr@lcbew tsd tyre methods

descn%d?lzé?@t\vﬁeﬁ*e? of h(?[q équ%%?&]f g&%u%‘é%ét { n'sélyedqﬁ tl#éﬁ?

urrfied cu tUres o ucc essor I neag
differentlated cells fromES cells nmakes p035|ble t he
devel opnent of techniques tqQ generally screen cel
popul ations to nmake ot her §$ Bl tures. The first

[00036Qur i fi o fgt @%ﬂp%&@t ed as described here wll be

transg enl c for the Tnserted genetic construct and it
[00037]s desTlueagﬂne targetongeact®r svavicbastruptediblyiingbrtion of an IRES-EGFP, an
IRES-NEOQO, 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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popul ati ons of progeny cells derived fromES cel
cultures which are not transgenic. This is done as
wo edokovnzs1t After the first purified popul ati on pET/TSL00£003581

of the specific lineage is created, cells of t hat

culture are subjected to a profllln step
targetipf yecien) apmelogony amanin the Bi regkon (Fig: Ré\s sThp éaﬂscttq:ls umﬁerted at position

0 nunber.

31392&%1463&0%&?1%?%hmrl?gpge‘éﬁéoﬂy ‘ih%\;\ﬁlab)’;g S%x%r ?lglﬁatei yg a%cl;onéa&n%sequence

from 25b5$ 3189D(geadNversi 6 Mafibe A QHIBO4BX IRSH0OA Arrd Rhiyis $he sequence
serial analysis of expressi on a&SAGE The

from J8aREY Heertaominn w@rﬁ%q%%ﬂt o thecrliomative farkasinggctor, the
short 1S s@;s%m &P@aéo@n%?%o?ﬁcgg ?@%&ﬁ(é nlégb %29@9 %A{:ﬁ%édﬁe}tplus 2387-

7337 in ke av@kssiom mmhhm tAQodl 9$et[scxgémgemﬁmlogmuh DINK wiak obfairied by long
ones le to sele t fro t hose genes one
dlstan%geeomg%ﬁ gﬁab%?leﬁe Al $SFOMNT ; Gacments B &géﬁegste WierecHoned into
r 1§
e mMPEERARSLL LIRSS, b (R BRSSO (P
culturedi lisﬁrg}amuanaES oeill medinhecdnsisteg el 80% Dullaveo s mandfehEagle’s medium

(n0 pyfifele b higeBe ireish Tl SPRIETBIR Y 56 Gibeo

I(I\Iocﬁé@tﬁmnﬁ}ﬁ‘l&?méeﬂnbﬂe adem gTLh@rﬂlﬂeh@ 168\ b-ﬁiéfcfaﬁfb%ﬂﬁﬁéﬂ(s{g%na) 1%
can be used to screen fromthe m xture of

nonesgetialianing acid stock (Gibep) smedbngid humen basie ébrqb&ﬂsbgnonféh factor

(Inv1trg§e¢'na1 g)%e v‘(]eeﬁ %gﬁo& Fllegllso th Oglg (?ez § Vﬁe?%gfé'l t%%lgg’gl @ecton
chklrgw)&i’oa’tekl)/l oenabisae 4 d;h@reﬁﬁshﬂﬂﬁﬁnnéj&ﬁlsﬂybb@cﬁﬂﬁ@dl@st conditioned
whet her or not the cells have a genetic construct

mediajsyaplemented withiderg/ml pasigfiproklast gyowtefactpar fet slegiropawtion, cells were
harves%ltnxg lgg@faggg%g %I\f] 1 Hg?lgﬁﬂ‘@%rg g&g %éijg]s‘gﬁ]—;‘@gﬁb Washed with medium,

and rekﬁﬁ&d‘d&@; oanﬂl @ultsirgtinadiuii (11553.p01 (/ adBsly [Tatippior &edegeeration, 0.3
mat el 2 kil gbases(kb),). into {he 3

ml Phwﬁﬁaﬁgffeﬁéaaﬁ@ﬁ% brvitregen} y4iniag 4R e lingnelzad fagpting vector
DNA %é éd&ﬁn@eﬁygﬁgfe]th%ﬁr E}%%S@@t%sa%ﬁ e 880 Vi b@@bﬁ%ugs@ %f %%Eﬁtemperature

rection honol o s arm and
using (h6 BaoRid Gend Prdsallf €).hermigap cuﬂﬂtemméﬁlﬁ@ﬂbmed for 10 minutes at

room (FFigegi g Bine Mg ot domdy SEqudiibe. [N OBFRatRme .
Inv1trd%ﬁ) WhORart AP O8MNE RLEEFSThIch. "WITBESnAHMOOAT] cQicentration was

e Oct4 gene. The | ong arm contains sequence from
doublezh Osizer-thige 382ky, gernveving edgmpsnwewmmb'zemma‘ﬂy byTHR using

primeR SR REAERED A d RO o Wpp biE o ditip ot >
homolbg6\@atEivg, résectivelyt RER RRIVE cRMBR WereseRsicehdd BOSAhen blot

| onger honnlogous regi on (31392-32970 i n ACO06047 pl us
analyszseemg Baptil digegeh PNt ek s piohe uisisisrhapogingspnstruct.

wowgsoge%ﬁgg%@;rﬁg}gus DNA was obtained by Iong distance

enom ¢ ubcl oned. Al genonmic fragnments and
[00038]he caBse@ttbdlowecgomboNS ¢ellt diffetchtation wasgihéudel diyiingibating the
site pBl uescript SK.II. HL. 1 h ryoni ¢ stem
cells f?@%ﬁ %@P IsuRgonditioged mfug %mﬁalgﬁﬂ g cegb WP ITCRREH i
trypsn’gED‘:I*ASéddr\gasﬁted %%’f%g BRAERVEITR n‘lﬁH & EAGWRrSexTRAILY Fom analysis

pyruvate, high gl ucose for ation; Invitrogen)
by forwarlp hedreid¢-echtter ghtng,)%a@;ﬂﬂso;vere 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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KNOCKQUT Serum Repl acenent, 1 mMglutamne, 0.1 ni

b- mer capt oet hanol (Sigma), 1% nonessential am no acid
wa@t@ak7268 bco) and 4 ng/m human basic fi brobl B&T/US2004/003581

grom h factor (Invitrogen). One week before

el ectroporation, cells were plated onto matri gel
[0004Q]Bect oHsttlukcmsbm;tlmss&cti@l eythdiusé: eétharﬁﬂléwmtlbloed and the flow

extomt. B S DR S5 Fig i BeR WrEP ARG e bontining both

undifféreftiNEd cdfiean@h @6k ro%?&lhaﬂy Qifferéiftiated coRs. e'l“hé*lﬁfd%ﬁ‘é&ﬁﬁ’ated cells were
with coll agenase I

Invitrogen) for 7 mn at
then angtysizegeasiact JANA ma@matrﬁy Thﬁ mr@ﬁwpé%ma i ggnes mdjgptive of the
status gﬁ&e@ﬁfgrglgﬁag &Jé‘éu% %?g%eﬁﬁﬁé% %%h%d?%%cé‘f?{t JG! (iszrg FCE-R, o-Kit, and

BMP4GB?B$hedem1arkélﬁg®[’é n@@iﬁéx&bﬁﬂﬁ@eﬂ@ﬁmsl alsmwtd:dZ‘Qﬁh human ES cells.
targeting vectaq lls were

[0004Hy hos elfex Oarglbgfhﬁg for tggglemlﬁgb@alﬂieﬁuyglé)eareqt% nThe antibodies will be
ved SRR U DAL 2850 IS PUBRYd of Ut i
puriﬁadmuttuteenﬁmnchffenreauaadlcedm e plated at high density on

trigel tlon(50 ng/ M, lnvitrogen) was
[0004; 51 ¢ e arﬁ%“ Féﬁiﬁ ®el ectroporation. After one

[00043eek, PARE GepeeRtration was doubled. After three
weeks, surviving colonies were analyzed individually

[000443y PCRP i exgerignet ey g1ggpued ﬂlat:fof bumamES NEHE dﬂm‘sftst ¢lemical reagents
f the P
vield e Blas O BT LER SEE] VgL IR (G 1 sleclsppgpaion techniques

developed @orﬁﬁotfs@ ESaRas lﬁeﬁ%%l’ﬂﬁddietbéfﬁblen@éba' We itSstddStwtchemical
amH| gest ed probe outside the targeting

transfesiag ﬁalg@mts Bxg0309 TF’—‘l a@d/F@ﬁeoﬁ-étTP‘;as noUoeYs Oﬁhomplonggus
recomE n&ﬁ" %/Geﬂ&ea;t %}}{e HEI%‘ 'F‘o%h% n?h@a.@e Eg %@ :@Ehu \ éﬁ? ‘ﬁgg ggl?égrclovu-

resistaﬁ’eabn&m vodie BBtalnied @king BStICiedns foriatien tdag@its @hom bhthe resultmg clones
é psi.n/ EDTA and washed with PBS (both Invitrogen
were 63@ cggppisingicplinghal pRRePithorPRRaYSrs the repytsd ihamo ous

recom gﬁz Q?etsﬁffé' ar%@éxks{‘%g%?@ﬁft{l% %b%&%a%loﬁ@ﬂt%ﬁ%e&%n%ir% lipid and

ect on ometer an
cationi@abhm@&bsmﬁﬂ mffﬁ:iérﬁaoirmto gBhs:feicnmbm)itlolﬂlmtheﬂmmhan cell types
000 . event S acq ed for each sanple.. -11 WO
and (3 HRPOPIDED PEGSPO0a N @%‘agenfr@ﬁwme ex1dgiverp §omologous
recombRRb&fnRN Of selection by the use of the (418
antibiotic and the flow cytonmetry for GFP expression,
[0004%]ndi f f @h@gﬁneaa@dtlwveto&;onms@opsimcmddw sfubsnmaorc of the dast three exons

bat.h i ff i
(oxon So8 bRL A 0B I8 2R sencEEED bt e B T Bgpmoter
controf.eThi§ cHeREie istfRBRediRahy §1 fifdtibg b 18 kb Bl g9 afrh aid by a 1.9 kb
The expression of several genes indicative of the

homolgg@%smﬂ thendiregien drigi 2% dspgsaicl f@nma@us $A iwfap @ltained by long-

distan enldgn@ 9{%&%& %f‘l’bcl(%% 1%1%(man%:8 c?lls Gt ntHI £} \gfareacg/ﬁureﬁ using

Se narkKers were not previ

standa?@BES céll edtune hi&tH@dﬁ]bngSCEle Me&k befo@@éléc’lt}omeﬁon, cells were plated
tibodies for the identified markers wll be creat

ed.
onto Mﬁﬁ@g%l 31529 ap render rolass donditigpect mdiymp fejrpgpove clonés as intact
clumph, Waﬁ%&e@l cﬁﬁtﬁﬂzs GRkrd BePWith Qb11BAEE TROA UL S CRFitRigen) for 7

min, washed with medlum 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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purified cultures of undifferentiated cells. [00042]
Targeting the HPRT gene [00043] HPRT knock-out.
wQ 0004425 Pri or experi ence has suggested that fPBCT/DS20a$003581
ES cells, the best chem cal reagents vyield stable,
drug-sel ectabl e transfection rates of about 10-5.
V., 200y pujse #tgoahdenpepioreusingithe EspitadGess Pulser él @pkeinigap cuvette).
nouse | | ielded even poorer efficiencies.. .
Cetts R Fu bRl T hoie o PPl e oS yefR S Re g Bepsity Cone 10
cm culfidyk aid) b FpmHesd. M@%l%ﬁn@% ggnﬂf IRarsYeAPRESstarted 48 hours after

reconbl nati on events at the T [ocus I n human ES

clotroperition. AfenouNeGs 6445 ankeegapegrnesdaubladase Lclection (1 mM,
siomaf b 053" SgRL S Lo B R bRty b

using préférs spetific fof thelEORGssehi@bnd R ehOPRITGefid ISESHsWesR of Be

results of honpl ogous reconbjnation. There results
homolggaus segian.gewsetivaly. nPeReositiye clpaes warerpeereaned hx Sethpyplot
: |
analystiisfi 1 fe DN Yrod SHIE REPAMIAE (1L 2.
[00046Tanmal Tlarreswt bf thispaslysiamds tliva b fighysisfeatiomsftE oefls with the

inearif P B SRS AL AT G ARG SEB DDA bR, Of hese, 50 were
gancy IR TR AR 0o MBELOT WERSSIEPAT Hefsfir, R SURR bl

ree exons (exon 7, 8 and ) of the
homolp{RRI¥E repamebitntion. REPmearaseshaingeactias sSRER sandrfbethefikblotting confirmed

ronoter cqontrol . This cassette | | anked.in the 5'

that el PR R P LSRR R RO BB e TRy SOES) kb
[0004710D| ORGSR TSR edshE tAnsfoRBAIRM dshgchedlical LRQARO bR

honol ogous DNA was obt ai ned by | ong- di stance genom c
electropoRtign dresywipenasived in Fellah bEBvGel | s of line HL. 1 were

Lul tur i S ard.hES.cell, cul ture . r
00041l | ST, Arpf A SR nEpslNfcting nggative gplegtion and
targetedesientp iihe d/P RN eneNbéusi(Gh ITH4 i dicctbporaed humde ES cells)

fibroblast conditioned medium To renove cl ones as

i Rlection PEQGEAWS, hunman ES cBrGeredft urBugenep@O ¢ rBlgetaeporation
sk col | agenase 1V (1 ng/ni nvitrog for 7 i n,
Rk Ll ed 05 m cufre
50

ed with nedium and resuspended in m cu
n@dll 81and ganby@owx 107 cel I s). 3@st priomwlito

electro tion, 0.3 m phosphate-buffered saline
(é@@ ar}cﬁtf%[f& ogen) containing 40 pg |intarized 7
[00049]2r 9€tHBGYRELA nddbhswas added. Using the

el ectroporati on paraneters nentioned above (standard
[0005S nedlaosieShydiokglasen Tél)usths yratedmpiingSngymid in thesymthdssof

exposed.to a sjngle 320 -12 2004/,.072251. .
dopamBi ARG o ORI RSSOy BT Bea fon GO nErRE PETERS Altough
TH is & sPQciﬁE‘ eorBhidFach §RmimhR Heutons (@rdnChS 8aPAERYSREibEIn protocols

Cells were incubated for 10 m nutes at room

that use &g¥randiseichedzches erqsiuae EH-pasitiiegteurhng dhat yre(uglly eoriehnd for a
midbra[clﬁ l\/’%ltlt%ag Sgélc?@(gﬁyggﬂ.sfg(g\%/%vég%h%se%%c%ga% %%rgo:dlugcp Tfép%s%{\/@d’opaminergic

cells k&L with pied béDIypedNW & thepeerepdeddedIdhBe TONGA Wikt @ purify human
doubl ed, and 6- TG sel ecti on

was ] 1 mM Si (gma) was
ES celkdeiited dlopamingrgie Rpwansisemthes el inithig neigedprrsdatipn of cells.
(0005821 Y ZRchh Qb Y EHA dhrdd¥ioR TRboth TH and EGFP, we constructed 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 1.15440 (gene accession number
307071). The IRES-EGFP cassette (from Clontech) and loxP-PGK-NEO cassette (kindly
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using prinmers specific for the NEO cassette and for
the HPRT gene just upstream of 5' honol ogous region,
wo empoc2svel y. PCR-positive cl ones were rescr eROEUSIIY4/003581
Sout hern bl ot anal ysis using Pstl-digested DNA and a
Rﬁ@Obe 3' of the NEO cassette (Fig. [ 00046] The
provided dy H.J. d?ehimg,sUmnmsy:s DﬁUim,sGQl'hml}’hlfSt ¢d lpna Sleat haamologous arm 5°

of the %@é gilllg ?exgct %ﬁeoaé? 8?‘}58 5}1& ? gongg%%ér}% 58 eta?n%%ﬁ@ 6-30 rés%on the stop

codonViextly JOBS YedePairk). ITas ﬁﬁtadksmn@aep thke mﬁ@mom Y& BNA arms were
al so 6-TG resi stant, ggestl ng successf ul horml ogous

amplifiegdbeipg Wagudéﬂﬁanwé’%oa eLenrgPistansg PCROKL) ardmubedened into the
pGEIVﬁ%ELs&Sfe ?(]L-C”IIOB‘LI g%) g@%ér xﬁeggglonfn 3 epqﬁ%?%%ﬁsg)& S’}i-I aSz}) was cut out

using die&aaﬁctldrﬂﬁﬁﬂfﬁl]es Thig andXasI aid Goiedasnftht SAT sisd Oy THMA QNThese
ing chem cal reagents and electroporation are
mampél } MESBOVA ITHI% & 1 bel ow. [00043] Table 1. Numbers

[000591‘ col ﬁ{‘th%%egpél&hﬂggttegghe%%&lhhé’cﬁoﬁ Eﬁ%{}oﬁ?of _TH-LA using

sel ection and tar events I n ocus
NotI apflctomed iz 1)(I'H ABasingpNpdtsite Thoiong Eﬁncfellldv&) the gene coding for

thymléng Cn:ag% ogﬁgé%ii §° %e;g)ns gargié eﬂl?gg?%g%ﬁ@ble transfected clones.

Betwd Fﬁl‘fé/l‘éhg YibmoRofidarpPafd¥he IRASLEGFIR Lsddte/we k%@&g]PGK-lc_anven NEO

Dopam nergi ¢ neurons [00050] Tyrosine hydr oxyl ase (T
resistange mseettmnebddndnd betwgeletm/mP isites. HEgeign ¢ land b slepipt the important

ctemef8B3 B feng S Eriect §1oR G e TorRr g TG eme TR &b 5, e were abe to

obtairSPRCPER endl 86uthtrel it can BHRAIThHR6 WebudRU5RBHantCiéies Rftefdouble
cell differentiation protocols that use FG-8 and

selectiopfpithp eagjEro &l prtionreak il siith Gél hansbpsegatize selpaion marker TK

nriched for a mdbrain ventral specification.
with %&)%ﬁé&”ﬁ t hese procedures produce TH positive

[00058ppam mae gogtivesdldcsionimesickr\ this @padimeativhs i XPEScashitic under the
therefore, decided to _use TH as a nmarker_to purif

PGK promafer. s thisicpssgle isaill nuessaiin s lgm:@ T8 Gelbians rt@ﬁw\étaﬁéf the
expregsﬁ%# hrgvél%f iy ?H%ffeeﬁse?%ﬂ!oﬁﬂe ﬁﬁ#lrépor{aﬁp %%]Tﬂeﬂsfow itis

to achie expressi on o
consideogibdsratareldrdatogiziee tHisaseimtiom gassﬁ;ﬁd; dFo ddad we Imanﬂetulgasansfected two

of the G ook e L Gresex T DS RoA BR Sie BReES Fgpafase Cre under

the coR@81 41 tH@EF@Rt;@bﬂlsﬁr bﬁlé’é’bﬁﬁ*ﬁ)f@% %s ‘Tﬁhcﬁ@éd\{ﬁ/ atno[RtESeEGFP cassette.
position of the stop codon of TH gene I'n the

After frenpient (cl’@n?:f@.@lbmoivl(dgéln%plaﬂméséfrmvenﬁmnessmmﬂ@ Tayld b'éh:esﬂy identified

GFPC fra tech | oxP- PGK- NEO
by B Spregopy i LT rherbop s bt SokFBe A ated cell
sortin® (PXCSR dlnawldﬁaﬂ clohi@ W Anal PeavRE Sikdc¥sshfl rédombikRio B Yhe two loxP
I's flanked by a short honol ogous arm 5’ of the stop

sites, guskiae (leveactdry ideptifiedthgbhadahe BEQueassetel aigehonol ogous

[OOOSQf min WQ Sseﬁ en{b?%lg %o&gg t0°difirentiate 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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codon (exactly 7955 base pairs). In a first cloning

step these two honol ogous DNA arns were anplified
waigiong7i2zeng di st ance PCR (Roche Long Di st ance RCORUK2004/003581

and subcloned into the pGEM Teasy vector (Pronega).

In the next cloning step the short arm (pT-TH SA) was
(2 mg/ml) inghe pregenospfbRET(4 sntgfmld end ﬁll@vﬁl)ftﬁ@éta@al Theagifferentating embryoid

bodlesﬁ@ﬁs)cvlv?q*gt%gl ﬁrgh g? ! h%ﬁlgg%mﬁlsé ﬁﬁdg};s %%%lii)rshe‘ftﬁ CF]AS arg g&;&arated
from thé¢ QuHOM@dBEERt EOB SUxpbareth 0.0ngk/Al HishaseC Tthe @ekultitg enrlched neural
pT-TH LA using Notl and cl oned |nto@§TH-AB u

rosseﬂm@lﬂs \yplteefurthwmt@wg in the rresepespl KGR mg/@t)dfélag % K10 ng/ml) and
sonic ltrleg%la@rﬁd@g? egr ] go dmglé-(l( % dfg?arlrt\,;]vgﬁgél' ?e%ﬁlefég ngﬁoghfferentlatlon

We coBetted exlistang detangidednind mgﬁhw oﬁEmF@F}ﬂ)sithie cb%y EﬁE}S, and the
cgéiette %i@ cl oned, a PGK-d en NEO resistance

morphgfogy o s ceill st suamise BRI i %ﬁqﬁe%qetréscrosp%m res 4

[00055"9 5 ERPkEIcKkLiRRell ﬁ?@%l@ﬂ% diffet Bt Sviad tkh gﬂﬁe differentiation

targeting vector. After electroporation as
protocaheud at the tmmrmm&tkdf enaxgmaldbfRexpréssioa fBCERcardll line, the cells will be

i ST, S oSO ISR S50 OO S GEL SN

negatlv@ééil%rvvlh“%@ athyEe(ﬁﬁl}lw@st@iﬂ%létHﬁg ﬂ%gﬁé ?é@lfﬁ%r&‘éhi f{'ﬂ) RNA from the

ker TIC wth gancyclovir. The posi
p0pu1@1@lnefaﬂ|b@r¢0Hwtkcéforlgnn¢ Wpsesewp@mﬁrlm and/atlae mlemEﬁ)atlaagésn@ﬁc cell

[ onot this cassette is stil
muﬁwgpg)%ﬂ§&§ﬂ%¥ﬁ@wﬁﬁgg%ggﬁ§%g'.S line, it could alter the
expression |l evel of the TH gene itself and of the
| RES- EGFP reporter gene. Therefore, it is considered
as a 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 foll owed by an | RES- EGFP
cassette. After transient transfection with this
pl asm d, Cre over-expressing cells could be easily
identified by EGFP 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 formati on and neural differentiation was
performed according to the nethods already 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
enbryoid bodies were plated in a new flask, in
DVEMF12 suppl emented with insulin (25 ng/m),
transferrrin (100 ng/m), progesterone (20 NV,
putrescine (60 mM), sodiumselenite (30 nV), and
heparin -14
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WD 2004/ 072251 PCT/ US2004/ 003581 (2 ng/m ) in the
presence of bFGF (4 ng/m) and allowed to attach. The
waldoterant i ati ng enbryoid bodi es (Ebs) were cPCT/us®d4/003581

for an additional 8-10 days, and neural rosette cells

are separated fromthe surrounding flat cells by

exposure to 0.1 ng/niC&M§b@9833¢ﬁ3%§esulting enri ched
WE f%ﬁﬁf rossette cells were further cultured in the

resence of FG-2 (20 ng/m ), FG8 (100 ng/m) and

soni ¢ hedgehog (400 ng/m ) to induce mdbrain, ventra
dopar ni ner gi.c neur.on differengiation. We col | ected

cél Psmethad gEpP{omHRS tar gried A BFatipns pEhrmge smprypaicem ES) cells,
-ﬁ@ft r phol ogy of the cells was exam ned
ﬂwrn%%%iéggﬁé 3%Eggggﬁce m croscope. [00055] The
k obeiningncopdsloflai geaetid danstnect dihidhanelntessd fodeigh pbne dvd which has

. appropriate djfferentiation rofocol, and at fhe tine
rogionggf wﬁap?ﬁﬁim%d}m@%%& Sl lrs6leCiel apien n the giome of the ES
cells thﬁat%%Mo?ofo& fecBRbirUBh G411 BEbut Be%%th@eﬁ@ﬁ&ﬁ%&%@%e selected

on G-P f 1l uor P- d

escence Intensity. Sorted positive an

regions of Gpegenume of thesstem cklle anal yzed by western bl otting
for the specjfic.protein (TH) . RNA fromthe.. .
oBlSEFSRT S ednF P S B0 PRI GUS S el gyjtre; and
PiRhiifyincaR fHiflecdian id densiid oms@hictspeci fic cel |
surface proteins (cDNA microarray and SAGE). -15 WO
2004/ 072251 PCT/ US2004/ 003581 CLAI M OR CLAI M5 VE
ALM 1. A hod. of . f ' tar e .
gty Pepr 8 SRS RE Y S e LBUGEN Bpetippipge 2 maper gene

nmet hod conprising the steps of obtaining copies of a

geneti c _construct which includes a foreign gene and .
whi énmpthed af glgimersinglaiay 3 wherewrthereds ap gEOMMIHATLES gigrker gene in
C roof . . o
e s ARl At SANEDSCA PSR 10 in
genorebdivhe BStcels ghaein the aoankdrigend isanprebdvd omdy modetielin a desired state of
... regi.ons of the genone of the stemcells;
differgnt@fip.opor at i ng the copies of the genetic construct
into stemcell in culture; and identifying cells
whi ch contain the genetic construct. 2. A nethod as
c Kaimeeithiod ag thimed inlane? wheregethetsiis a tissvstspemific prospatetalriving the

a.marker ne. 3. met hod as cl ai dinclaim?2 . .
expregiig o e ERERE 2P ol FOHIL EPoOHCk I EP IR CBAEv PRer being active
only ihReIGENE kT L QBRI deteredti@ogenet i ¢ construct being

inserted into the ES cells in a location in the

genone of the ES cells wherein the marker gene is

expressed anly in cells.in a, desire t f -

a0t PR eE g S e oo BB BB fen by oot comprising
in theiMpRAGN O ah (iBERed Sendtit comtactSPEEh khecks batibhk €indibhinigod a gene which

the expression of the marker gene in the genetic
wouldofhenriseche expressed wdhesedwmancells wryHBter bei ng acti ve

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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only in cells in a desired state of differentiation.

5. Human cells in culture derived from human enbryonic
wat@aitesl s, the cells conprising in their gePONESEN4/003581

inserted genetic construct which knocks out the

functioning of a gene which would otherw se be )
eXpAasethad phpuifying dellpahe defined lingaga frem caltugs offwman embryonic
[ Sqd ure derj.-ved f uman enbryoni c stem
stem @gb chﬂ’s, {Eﬁg&é{é ({%OH rh%?%@?ﬁ‘%sm’ﬂ their genone an
| BbtamieccopeReifiagefeitsdonbigict wWhidhihas édiok i @itthé dhifs @hdDiomologous
into a native gene in those human cells in culture.

with a.peg ofigrloeled reprassn tecesnome o fedeBsdls sp that emolrggugecombination
' i . by . ‘

will oﬁé&?r'g%ﬁ@gﬁg ’rdf;s e%ngtmoéc%ng’tr%gﬁggg ﬁ%e%e'eg%ﬁgﬁ%lgﬁsgﬁtgg Igéllrgn?esoiﬂrfle stem cells,
the geaetinpsonstiruny indedisg e pmarlcd goid which wgll bepkmesetl calygmretlls of the defined
i construct which has regions at either of its ends
lineagonpl ogous with a pair of selected regions in the

0 8RROHE oPAtireBe g%i@secl)t* the Eéheﬁ@ bnRABPIRPAMS cell in culture; and

reconbi nat 1"on ['l occlUr between the genetic

c alestifyung cedls cvititteepetse theadankengamasn dfe gehetigemsrectahd purifying

t tem.cells, the genetic construct including a
ﬂ“meﬁgﬁﬁﬁyngﬁﬁéc fch will be expressed only in cells of

the defined 1|ineage; electroporating the copies of

the genetic construct into stemcell in culture; and o
i dedtneiiodgs eleimed wtvlaim ewperewshe marlpsskies ingludes @ propeger which is

actvedagesal F48 By I R MR dnebl T CPi 7 wher i n

the marker gene includes a pronoter which is active

to express a gene only in cells of the desired
| Pnéaigjethod as plappedisrldim twhesmmpiics the dectioporshiag sich, the ES cells are

: Il ctroporating step, the ES cells are
pemngédr%(%l#g%nﬁ%gdi fferentiate. 10. A nethod as clained in

claim7 wherein the marker gene expresses a

fl uorescen ene product_ and the identifying and

pif; NPE‘S‘OWS & Jannest helpigy YherBindReT BT 881G YRfEesellyorescent
gene (38Aket 2 ok derfi Gl Busfyi i pEAEMat S PUTRRCRA fied coll
sortinget hod of claim7 for cells of a desired |ineage. 12.

A nethod for purifying cells of a defined |ineage
derived from human enbryonic stem (ES) cells, the

Mg had HaPFsf EFfBentifed BheRS Qs deHYEd FbMthueein B8 &dl1stah€ purified by
defined |lineage by the nethod of claim6; analyzing

the methed geelaine X foressctls oha desited dineage. t he purified cells to
identify genes expressed in the cells of the defined
| i neage which are characteristic of that |ineage;

12. A method for purifying cells of a defined lineage 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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cul turing non-transfornmed ES cells so that the ES

cells initiate differentiation; and purifying the
wa@elk®7nf1t he defined | i neage based upon the eR@EI/ESENOMI3581

of the genes identified in the analyzing step. -17 WO

2004/ 072251 PCT/ US2004/ 003581 13. A nethod as cl ai ned

i b3.cAamethdassiameidnn thin d@fwhesan therdefiged liseage is undifferentiated cells

whereft3p g6 inu 8o restoe W0 S pUEE GRER A0 oy £ Pgr-R, ot
and BNPE4,Bnd Sviéhdin thedidi fiBMibr st PR PeribRhdi By fobtenddéslls ffd)ﬂb%bfdaﬂon of at

step i s perfornmed by testing cells for expression

least o genaseactedrfeony dhiregrouscapneisting o P hed, §IdUZs FEE R OsKitn@ld BMP-4.
of CD124, CD1 13 FGF-R, c-Kit, and BMP-4. 14. Human
cells in culture derived from human enbryoni c stem

Ce4.| Humbh €ellstih lcaltne @FH ¢S o8 HumahReibry @8O e @fls, the cells
inserted genetic construct which expresses an i nsert ed
comprifapginghely Sengreaan inecripdragacticaqonstrggt avhich expissesraadnsertgd gene only

when ﬁ{e hMaIa%Eﬁpcjuj A bﬁgsireﬁétatm Qfﬁl%ﬁjaﬁtf‘o g n culture as

esired state of
dlfferentlatlon |s an undi fferenti ated state.

Human ceIIs in culture, as Ialned n. cl ai 4
t he Haman cellsin cyftyrgas g@ﬁ@e al@kb‘#\é@%t‘@ ﬂ%%i ﬂ#ﬂéfﬁ%%
dlfferéfﬁaﬂ&?i% ﬁ%dfffe?é{ﬁiake)ﬂ statél-8

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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