DI RECTED GENETI C MODI FI CATI ONS OF HUMAN STEM CELLS
[0001] This application clains priority fromU. S
Provi sional Patent Application No. 60/445,606 filed
February 7, 2003. STATEMENT REGARDI NG FEDERALLY
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support awarded by the follow ng agency: N H RR15376.
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different differentiated cell types of a mature body.

STATEMINI RIGARDING FEBERAEEY SpARS %}ﬁ?&%ﬁ%@%@ HhVELOPMENT

0 cells_created originally from
[0002] capabrlnél_S anvenfipe wes fliadQWﬁihgﬂxﬁtedr&thﬂeggoﬂeﬁlnﬁeﬁttsu ﬁortt KyamRd by the
followi )i ] €. nstra _pl.uripotent,
ke R RRTRE00. T s s s coniit ey trgwiniention.
types of the human body, and nay be totipotent,
be capabl e of differentiating

: ' t hat they:
inﬁ?gl glgl cgl I B%EE;H%WEH{E&VEN&%NODM human
L0003] 2D o St ARl ko A e R 6 rsimubish spespable of

. al so been ope
differentistion intp meanyhdifferest difforen@xBARER typdy 6a REHhES bbby, CHIEY .
n conducted with mariné stem cglﬁgp%c%{mﬁembry"mc

' stemce].l?as be s
&t F%ﬁ%gyf’ plemipells pricpted originalipdromahwhan embeyosfand bapable of
cones known,

mdeﬁnitQtﬁfdﬁf&Hﬂiéﬂjfnecuitﬁfe. EHHIR%T{ éerhl? lofangc es% egj%l Sag? g?ﬁle%qqagl}f pjuripotent,

. it then becones possi
‘meaning {haf

@_}ﬁg‘ltqem di@aﬁﬂ:fdt@mtm?ahﬁ aélll @@@@I ¢ bfthe hlifnah t%oﬂﬁ}’ﬁnd may be
. ipulate stemcells in a variety of way 0
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nactive ‘of "Rtk &qT srample, mpefrecientificweorkesbeen danducted with
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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 func':tion of mammz;lian genes in general.
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by a variety of techniques. Published PCT patent

application WO 02/ 061033 descri bes sone of that work.

In that published patent application, it is reported

that the nost abundant gene expression activity was

achi eved using a transfection nethod based on cationic

pol yners, including polyners of ethyleneimne. Oher

techni ques were found to be | ess effective and not

preferred by that group. That work used expression

vectors for exogenous genes constructed to be
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cul ture; and ) )
[0008a] In a first aspect, there is provided a method of performing targeted modifications of

human embryonic stem (ES) cells, the method comprising the steps of obtaining copies of a



identifying cells which contain the genetic construct.
[0008b] In a second aspect, there is provided a nethod
of purifying cells of a defined |I|ineage fromcultures
of human enbryonic stem (ES) cells, the nethod
conprising the steps of obtaining copies of a genetic
construct which has regions at either of its ends
honol ogous with a pair of selected regions in the
genone of the ES cells so that honol ogous
. recanbinat.i,on wll ogcur between ft. enet.i c . .
genelic cc(?r?]ls rcltjc%l%%h é“"}{m &° de Oé%]‘g'éogefl%é‘ing n@ﬁlgﬁ h%ﬁ degjampak eifer of its ends
homoloEH\& SHEM 8t b scldM& HBNAL ik the QBRIMLISE tHe NS légl'lsnfb ﬁm% homologous
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identifylﬂ%%eﬂ@ﬁﬁich%o&%%é%&Eti@%s ;| fying those cells from
other cells. [0008c] In a third aspect, there is
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., analyzing step. [0008d] In a fourth aspect, there is
which expiressitromatkengane énthe gomitic constmetand| purifying (losarells fiolmeother cells.
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or
[0008d] of & pdowth aspgels theerlis| praeided lommant embryoric stem cells in culture, the

i fE ngiatj ' ible 100010 i scl.osed herein
cols oS BT e B B BGRAE Enseo UL S PGRAR oo BER promoter
which copetnet adxpesses Beeakigechdendee thratb] peiheipksndtBeonly when the human cells

. urificatign of cells of defined |ineages, it then ]
are in a E%’éﬁ’ﬁ&a‘wg Siffentiaton anh - WhETER the CORUNADFQBRSSS al ifs ends regions

selected f@h&%ﬁﬁ)g@ﬁs I‘E@Adfdﬁnﬁfont hat |ineage a_nd to use those
markers to purify cells of that |ineage from other

. m xed popul ati ons of cells.
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2b WD 2004/ 072251 PCT/ U82004/ 003581 [00011] O her
obj ects, advantages and features of the present
invention will become apparent fromthe follow ng
specification when taken in conjunction with the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NGS [00012] Fig. 1

illustrates the site of gene insertion of the OCT4
[0009] genet %S%ﬁ%ﬂlﬁﬁﬁ@t is iswgthpn for the revfippioasofissllonf 1m0Bisied lineage

from hlll:rh&a erbivenid s th indel ittt deild 51) %)fecffg §ocations, within the genome, it

HPRT-t arget e gene vect or are he native
becomag em&.lblf B0 8:tetn délogles dfickllsut tleirdinetgreeorcots tof différaniatén so that the

puriicqu 6RE3T o § G550 Henbf P e P S FRLTR TR BT ot | ons

[00010]f or t IDescBREEhERInC ANStrhétRdd Far 4 %E%c@ll‘s of deiﬂ%@ IIMdages generally.
gene in human ES cells. DETAILED CRI PTI ON OF Eg
Becaquf feompethadipermnthe purificatien g galls|of defired dinpages.titten |b¢cg)gnes possible to
I
charact{rleBin ool sk P O Ll S BB b sk Bofd SRR ity cols of
ﬂnﬂhmmgbﬁmmmﬂmmsmeﬂm©ﬁ3mumsbfeﬂmhrough t echni ques based on
honol ogous reconbi nati on events. The availability of
this tool of targeted genetic transformations in
human ES cells enables the purification of cells of
specific desired |I|ineage or state of differentiation,
by inserting Iineage or differentiation specific
genetic elenments into the cells. This, in turn,
enabl es the devel opnent of a general nethod to purify
or isolate cells of defined |ineage or state of
differentiation fromany m xed popul ation of cells
derived fromES cells. [00017] Targeted gene delivery
[ 00018] To achi eve targeted, as opposed to random
delivery of a genetic construct into the genome-of ES
cells, it is necessary to rely on honol ogous
reconbi nation to target the delivery. To acconplish
the objective of nmaking and identifying honol ogous
reconbi nati on events in human ES cells, a
transfection techni que was needed that was efficient
enough to permt the identification and recovery of
cells in which the honol ogous reconbi nati on events has
occurred. .Since honol ogous reconbi nati on events can
sonmeti nmes occur at |ow frequencies, relatively high
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efficiency in the transfection nethod was needed so
that |arge nunbers of cells could be conveniently
wd a9shassed at reasonable efficiencies. The

devel opnents of a new transfection technique i L/US2004/003581

necessi tated because the nethods used to cause genetic
[oootmanst anprt I [ s, 1.e..thgse .

tgchni ques ulss]gczs’t OV%%%ZEHQE%%@%%&WE%SFM&P e‘ﬁ'&“ will become
appagsaiiremithe fadiokving sp@cifldRiGOMALOBRRS in RIEIIE3RWAMHON3 a&bmpanying

dramsu#%fi ciently reasonable efficiencies In human
erbryonic stemcells. H ghly stable transfection

‘efficiencies in human enbryonic stemcells have been
difficult to achieve, because the electroporation

pr oFRIGFDESERIFHONOF] THE SEVERAL 6/ TEVES OFTHE [RAWINGS

rk J Jfor huma nbryoni.c stemcells. Variqus
[00083C L i gy BlyniE e s G bsabsarianph o (T4 sonen pomstruct used in
the exdamplss felowcel s with i posone-based techni ques, which
@ie reported to work, although at apparently very |ow
(0001} 1 ¢; diigi%s 2 sehematiosusisationlns the PR THargated yene 96diod compared to
thenﬁﬁ@ereﬁérgeti ng net hodol ogy which nmakes use of
ondl ogous recombi nation, in conjunction with a
[00014Ddi f i dil. Sl iHostrARAHE b GFBIhE Yene ARSH
conbi nation has proved effective gt@ner easongglt%etorfm’thehumanTI_I
EeNC. of fj ci ency to achieve directed genetic
000151 ansf @Rt 100S:&f enbr ic cel.l lines. [00019], )
[ TIvvo i Mpo télr%t at r@%ﬂ%@r %W%@E?@‘ﬁfahleo?@%‘?‘f “B@I]fB%\}memﬂn of

the TR gend indwume ES cells| ect roporation to introduce the
' genetic construct into the ES cell and honol ogous

reconbination to facilitate introduction of the

 PReenone SFMALECRBSERIBHAN O THRNVATRIONT | o
[00016j elct r Bporevealed hem?fbnimﬁmfﬁe thabds %ﬁzm 2y Wt&aﬁ% create
C - 0 he transtecte orel gn at reasonabl e
- rgetFndpicihdSmiaHne I A QS DRen SEBRRIGRieRBS) brlfirongh
technifis Hagsd vt ﬁﬁﬁol\ég&ﬂ; l’éé&ﬁbilﬁHﬁéﬂ‘@veﬁfyp r’ﬂl%ryvgiéfbgﬁg I_f,&?félls %g:l of targeted

.and achi eves better results 1 n human "and
genelig gppsfornpations imhipamES icellechables thd feifivation of AR ¢ desired
: ' rated here that electroporatjon wt .
hneag‘%] %ﬂ%%%?@e?é%%ﬁmm TSSTRE Hgage ¥ SiLrTRniAtioR pesifie senetic cloments
into the ol ey, 6n neth] @RHRE HRY ddvaloBRie ' | LR 1 i
i Vtir}%% human ES cel | s. Fbmogogoﬁ%ﬂergg%gh%?ﬁ% (%(%_rn& ﬂél@ig%?glsolate
cells of defined Jingaga orrstate af) egiation fony arydnived populatisieof ¢olis Herived
 from B at the site of the insertion of foreign DNA can
e controlléd, thus avoiding unwanted gene insertion
[00014nd  peTatgetddg:nealefiobgd Mani pul ation of native genes.
00020], To ,be useful i'n the nethod described here, the

[0001% enet i £° mmwtﬁhMWOS@ﬂomommwm& @hﬁﬁc cmgtruct into the
There shoul d,be two such

genom%gﬁ%llrsioc\gég% gfjlg ?%ge%g%& t g {gtog homplagops, Fiembinasion i fargst the delivery.
. To accomglish theobjdctige ubmakinl 284 Rtifyifg h6:R6iopBEs AbSmbination events in

K %g]st ucted to, .
. uman 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 becanse the methods nsed to cause genetic ransformations in murine

stem cells, i.e. those techniques used to create knock-out mice, did not prove to work at
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be identical in sequence to native genom c DNA
sequences in regions of the genone 3' and 5' of the

woﬁdag,@ﬁzg where the genetic insert is to be i
hi's vvag, by native cellular processes, the'%efféﬁzgotgﬁ‘wsm
hOFTDl ogous al ms reconbine with the correspondi ng

sufﬁcteﬂgtg}n ﬂg‘ééoxﬁﬁ%éﬁiﬁ% fﬁ%?%dg%ﬁ é?nxgbrybﬁf;t):%ﬁn gégﬂé"h ghgh]:yﬁgable transfection

efficiencied inemaah gnhtgrbmc stams e¢lls lewvd besediffitulotol dehicRa HeodGudeiie
native genom c_segments. This

tectr between th ﬁ%‘ﬁ
clectropRRiPB R0t s oR mnA by §ieP el 6ogit aiteyvell for human
i ver ed

embryosi St ol oo Wk SRR e AR e b e
cells mﬁu@msbmetbeded tetimiquespwhichSresipbiedio Wbk, kERAPhG ﬁpparently very
i fﬁ C“b@gigp r e either aﬁgnetlc i nsert intended
ow ofF{igRciss, draribed Bfisis euseroribews tagpiing mefhodology which

. e
makes uS@Bfﬁétﬁolo?ﬁ:! fec&ﬁlbﬁx'ﬁ o, iff g&ttj %B%ﬁﬁ&fl&tﬁ)&g&m

roduct desi’re a ce rne
' techmqu@hamhﬂ)at mmbmamn hmtprmdﬁfmtwel at feasdndble@fficibndyoiashieve directed

| VIO 2004/ 072251 PCT/ 1J52004/ 003581
genetic %ﬁl‘[’f?‘l 3818 ﬁ}l %?Pb@oaﬁrf@ﬁ dipefraki ng a " knock- out "
[00019] g€n etTﬁo GBSt GliribhiBs b b6 Eé’sfchM&jDRﬂ&% aré’ﬁe wsglofd

genetic insert can be, In essence
eleciropengtion twintroduce thngemtttmnstsuct pntefthe EBlcyll andhbmsRguesERombination

o 5 R SR, S50l i o

the ES celiy) €T @itlisTlthe @i RRIckopbatith techRidal ldQsc?t%e&‘Below permits ES cells
construction capabl e of expressing a gene pro
to be trapyfeqter by iforeignPN At reasouabile effictencrsndhis techniqfodtias bderi modified

from he ST o wilRin: SphRRC R soll ahg sllgwaBefrygtts in human

and primiate B9 o6ll4 fheth @ah b hctRevaaRii &eﬁﬁ%‘%&rﬂi& 'I?iésde\éldngtrated here
the cells. The gene product would typicCally be

that elecppration whilthomdognus derombinatish infberusedinchmadis t:dls to achieve

st 3 e 50 B LU o L8 PR S, S0 S8 e

offer a distinclugivantae o g taidotn pateecihberibnd i thithé sitd of tﬁ@ ifdBrtion of foreign
reSS| n cassette i ncludi ng, in sequence,
- DNA calbﬁg

gwmmmmmngwmech
I term nat or sequence, all selected to
manipu (A t?*?fﬂe tlt | t*%%

e Ih the ES cells and appropriate for the

[00020] over dld beusefidds theanhetod HesckibedBgre, {HRQQRAM ¢ éﬂﬁﬁtmct should include
t echni ques gescrlbed here are general y usef ul

homologmw %ﬁ/ vigtrst gopetiq H\%@‘ét ¢hergshewld bettwa rSBﬂIJhmo]iognm arms, 3’

ds’ II, t s made from

ond 5 IR HOEPRRE THE 2 ks’ PR P R b e TReer R Bpnstructed o

be identiedliis stqprehod tpuestiva gerhﬁnmsmsmt SeqiBices Bi fefRbs oRMRGEnOME 3’ and 5° of
in'.stemcell cultures. In knock-out cells

Kk Kk
the I6caiPA VG Che %ﬁ‘#’%mé?ﬁ i testetmeategf T igjwenchy adivp vellarrocesses,
the 3° an& $° Hbﬁtbib%&) glglEs 2y S%ﬁg %ﬁﬁ% %)ﬂg%%ﬁﬁﬂlﬁaﬁve 51935t of DNA in the

. target sne 111 the genome, thereby transfemng into the genome the delivered genetic insert and

removing the native DNA between the 3’ and 5° native genomic segments. This process happens
naturally using native cellular factors, but at low frequency.

[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. Ifit

is desired to product a cell line in which a selected native gene in the ES cell line is silenced or

4



that the lack of expression of that gene has on the
viability, health, devel-opnent or differentiation of

W?gg?4[’:“$2§5?l s and their progeny. This is doggﬁmommssl

aci ng the native genetic sequence by
reconbi nation with a genetic sequence that does not

. tei | eotjd th
disru B S Sar BEASATR ROhg ok o GHE gPissciconictubissterative, the

delivaned gonetis irgetteah be, i6@kschle, n8 TINA =t B Gt it doBBut insertion is
whi ch have been very influenti a? I'n

£ ‘ﬁg{o k-qut mce" whic
prekerp aiia%ﬁtﬁeﬂu%@@iwclmunp@emsmmmodn aigehe progincton aflor
100 ny g ' P Knacks: qut ES cell lines cap be | |
1900288 98165 gl s KREKLRYE pERUBEL bkl B30 i s
shouldibela téretranti ot @abki FleupresdinES6®) produdtin WEIHS 28, %h‘ﬂ_is ternative is
I C

tl dentfy.an studytlie function of those genes
Somelynes r&%‘f%dttﬂ e 351t deorkiin’ oapppRash s whichegkeviousty ediistructed

. | ' di l1. . .
L TP T ——
cells. : llieupro.d}a?t. waould typdyallydich ;&et@ﬁln, lﬁb&pﬂﬁ%%ﬁf)dﬁéﬁoﬁ G? ﬁﬂl@legene products -

rentiation, process, as well as_ offerin e
such S S/ Gt S Ry g R s ROHAS) i e coniplated. To
produé 4 @k /produlc The EEdBRE Yndert vﬁcﬁitl% gypé(;el:igl 4 ag%:xﬁlgegg{)ﬁ“ Lesah i¥101uding, in

t he expressi on _cassette | trc
-sequenchics prdawter, pooding sequeheefor thd gems prdtticeant £&8nseApRdnadterminator

r Jar k ene or_sel ectaple nmarker gene .
s AR YRS, B8 BSCHAS bbhommump i vl prces g
perforgpednoter in the genetic construct. The pronoter is a
tissue specific pronoter that only drives expression

10002 ¢ heTheieclnigntseleseribed dienira gtweraliy wefuli for toaking S8 Kinds of
i ' ' i te has b
Wget@%ﬁ%%%?ﬁg%ﬁ%@%ﬁé%%% %e < Qggqplﬁﬁpons made from primate and
humanRES ¢4S30 Qdh R 3 3G mertivned, tﬂi'sftéﬂ@ﬁ%icﬁﬁ sd uh&f 19 flake either “knock-out”
nple, if the p S

“kns legted cell |ineage. For exa r onot er
or S steg ¢l culiwes. dmkoegk-eu cells, the fimctioning of a phricular targeted

nati TR . ive to jve its .asspciate
llai:we'gene H%)Eu r e(glglﬁsolﬁﬁge%g% "ﬁ%ﬁ% %e&ggle&‘%r iFett J%QF‘feﬁ Qyfffenthe effect
. that thélavle oflexfressint oftheichehe hs QRS vaIRIRGYhéth, Jlévelc@?uenﬁ@f&?ﬁ‘erenﬁaﬁon
£ih ]%%iv n ﬁy t.,he tissue specific prondter is a selectable
0% the F?Jgra,ﬂ theig grpgsay., Thig 13 donsdivaeplatisg thevdtive gehetichselparee by -
: i i.f patLon. An alternative . .
homol¢4BRS FLaBION AR 4 Bbhelc bbloRRL Il A8 nf Boifensibd Popspptein or

nucleotidesshe seueficareplaced Ok nocksoitistsin beéllsi dud@rds df Bfirine stem cells can be
the ,gegnone of ES cells in a site where

construct, . nt 2NOl) > g
grown %%‘8%@’1"1 --ﬁmeglﬁwgvﬁw Yibigh havp peenevery prtannsial inytheridentiGeation of
FiE RV - .cal. ' ' dfic to a _
gene RGPS mkon bl haly gl uE o RAUE B Rfilnes gt 6o a0
identifyrgenss paspomnible facthe nndifferantiattdzertehoRES céils, Dewall as to identify and

r oot er ich is active onl V\,h,enthe.cefls are in a
sy R ol S s el s ara et ontcls can
bauseﬂmfokgfug%stﬁ@ﬁ&ai@p&ewemarker gene codi ng sequence is

useful to di'stinguish the cells which have achieved
. 100024} he' sdhedneck-int alteenative altiofdffrenpoweifanwiy @i’ﬁtﬁ)ﬂﬁfﬂ% gene expression

and theggﬁelg%{l L 'o%%r%gésg,' as/‘_}ve Carseo e%?llg%hengbrilli%rtogciga?e c\g\tﬁtlilllrgs of?iif%erenﬁated
cells directly from primary ES cells. To do this, preferably the expression cassette in the genetic
. insert includes a promoter which drives the expression of a screenable matker gene or selectable
marker gene cociing 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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expression of which can be observed in a living cell,
such as the green fluorescent protein (G-P) or

wo ZJobghFssase, but which cannot be used to kill
non-transformed cells. A screenable marker gé’ﬁ:érlU%zgomossm

used to identify transfornmed cells expressing the
later diffe8; RO Y S | 5 SE pORm . techni ques, .
e sl éﬁﬁfaeg {Ou ores gégf}'%ﬁc%eﬁgés 01?(?1] Ar’f 3&&’5& tpa EQIOLET 1S specific to

cardiomyedytes, abhenrieilk gthe peothotebwoalddenemt hative BRI ifs associated gene
.resistance to a selection agent, such as antibiotic
expressipn oply; in those Eyydesiyed sellewhich haye diffarentiatad intmsardigmyooytes. If the

ene drivé] BF iR K&ic- is used i

gene ponﬁincﬁsg% 'efk%cz? r@g@gﬁsf %%%Fg%n H%?%’r ’s% P%Q:Ee P‘T‘Fla to select for

cells whivhl Have endagow=stht dedrqar diffsicngatidie AfaRéraatlvaI@Rfegy is to make gene
.construct.,]00025) The ability to use honol ogous

CXPreSSIpR, LORALALY 1B PEotRateret andingb and Ehep tefinsgelthe penstruct into the
t j - | £1Coes ' -1} ena of ..

s ERBLEIEs W 050 by 5ol Oy e SEARTR e
promoter actpatyrinthe cejlswidcleisppedific ona désifedrseitg ingRRew stite 6f @ fferentiation.
This rosug reés.i on o natbiave %tnes in such cells. For

Progip. $Fp“F vity W@u{ﬂié?ﬁeq BrHIR De RoBIRtGT JrRish fsactive emby wiaen the cells are
. . . - | at.i ' i .
i dosOBTRUEER e, RO 203010500 1 BUSHIEMES g coaing
sequence isarsehwh teedistingiish the telsewhish havb actioedthasdlédtbd snite(@HO) = = -

. genes. rengered, i.nactive., | n essence, the human MHC
different 48 T BTAEh el e b REESTBhIe ket Eerir o be e fho
idib | t I ' NP

expressi §w§%r§}%g€ ge\ggl réed @ A58 cell sﬁ&f%@%&%@?ﬁog%g%ﬁgxmm (GFP)

.. cell f | system
or lucifergsis bt wdidhorannotche wbed éo killntindtmtresfaraied dellnies screemblbintdiker gene

. elop.transplantable cells or tissues, since they
is used § BicH AR BB S PRy trec B ke shiohah vedoelbsdpotion.
_ techniqué js@él asOfludrBscanttRBisokitae¥itigibst PEYe1VRIHe marker would be'a gene that

transpl anted. [00026) Prior to using electropora
confers rggistanes tearelsction hgentsuch iis entihiviatesmtnne,sviich istethiabforsells not

o g GBS 8RS58 BB S il i gon

to select &l QulivroRrIcalls StpredsiiptBe ifehted géndionddmdiouse ES cel | s,
such_as el ectroporation at 226 , 960 a, with an

[00025] | o IhegbHlity foopserhomalogas retmehination et thd dslivérpef genetic

construtg i o6 5o 83t i KBl Chndtment it B8 et et goneral

usefulnedslinperfiitting the ie&rﬂc&ﬁdilﬁﬁﬂfdﬁagh @8nds' R MCRPPrA%RE Jrfl enes in
in_human ES cells was too | ow to nmake practical the- _

such cellg Eor gxanyple, WVggmg@n; efisabnigues foncaseting knook-ontHScell - |
popuaii, 554 i el UERAOEFDSS, b o BB PR et v
their nativémajdrdistoapegratibility (MHCESMmes R dbred Sactife.S b essbA&CiHcman

rrgl current culture _techniques allow only about |%

MHC _8"6126? b fior £ ha knogkedrouts Callsitensformad in this faskion svawld not then
poscn S ERCED qul by A B g M tction

. would beicandidatecallilirieslfrom which to develop transplantable cells or tissues, since they

‘would presumably not engender an immune response or rejection in a host into which they were

transplanted.

[00026] Prior to using electroporation, we did explore the use of chemical agents to
mediate transfection of human ES cells. Those efforts did not yield satisfactory results. We also
used electroporation protocols for typical mouse ES cells, such as electroporation at 220 V, 960
UF, with an electroporation medium of phosphate buffered saline, PBS, but the results were a
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cells, and then plated out the resultant cells at high

densities. Additionally, we electroporated the cells

[ [sotonic, protein-rich medi um (standard_ES cel |
Wdczﬂ?%#eﬁnedi un) instead of phosphate buff er eRCHEP30/E003581

(PBS), used in protocols with nurine cells, at room

ot s B e B e i
cells widRoflok & ke FRICASaL thd AR P ﬁ&n&%%ﬁﬁs ﬁg@hgig%flgﬂ %ﬁe[n\fseﬂl human

usi ng the standard protocols for use
ES cellpyfimge Bgmag ES| oslls peGhgiificadtly darganiban nemsé ESaelgnetying the

p A5 oSS el L. o e e ot

techniqhey alyeasilly@bont 199 B€ indhHehd! Tutha6 FRELIE 16 ’ i
descri bedlyhere, to help identify a di ffgt?z%x{e;%ﬁggﬁégﬂomeswhen

cultured ajgrdansities. monvlesraperdted uhagES cellPinsiwkps, nogeningdividualized
R L R A ——

cells innmiidcesnigqueteln-Heh indaiueth GRInkErdtIS SMPE i ®hREARL) iB%ead of phosphate
e GFP and what ever experinment or process is

t t
' b“ffefeg ga‘\?li%e{é&sgdasﬁ%él Rictasolstyathmprine eells, at redmctemipsratgac Rhis protocol
. teed del-td AN IR bR | b
' y1eldedpr 01\% i ?igtg a mege%gﬁlll gar%n In Inie genet(?éélp %ﬁ%ﬁ%@#d”&q& ?Or Bhore)

‘higher toen giosathay weiobsavedasingithe staddaidpronbbls fin6hsdES Béllson human ES
s its ready excision. For exanple, the Cre/Lox genetic
CCUS. ol enent coul d be used. The Lox sites. could be built

000271 Nto j : ' k ES .
0027 gy 8085, £ b ) S,y i
- one may want katve taliehicoedhdtisame dosert! [For exdigpl€) i€ oagiiabrts & @endiie construct, as -

P R e P T N
gene, theh $ficdie UsRGenti D& po Fatib? ﬁ%bgéiﬁﬁeéi&% Gf fngg glssg |%:1 ome desirable

for the targeted deli'very of genetic constru
‘to delete theanarks gask (feone Hmist cellsds empidhinternction betwaben tietlGBR ahd evhatever

- f t.al | ecul ar bi 0 . r.yopi c_and )
exporinbHOARTR0L 1 RS APy B R RSl S5 tmgeed etetons

wessityeachbahplished i ' { iginally
o RS b1 Y oA e AR LIRS BR7rimaly
inserted 1i0; the;ES ogls whichmsimits itsregdy excisione Fonewmiplesthe Gre/Lox genetic |

i fute I ti ..nati , .echni | ) ,
- clementiBUfi /U A" IR ok Bubouk o i Soto e BheliE RORFIE BruieSitod into the
ES cellsofThenlific isatbsirbd Ragamve thesdoab@get Fondl il differhiiakl @8lis, tSCre agent

%{) be di scussed next. [00029] Lineage purification
can be "?@ t9che gells tg eaesei the insentiogtebe deleted from thecesllde Ofhartsivilar systems

_may alsb'BE Gsdg@n be used to direct the differentiation _
y o?pr?mate and human ES cells into specifically desired

[00028]dev el Tipntecliridudsideea e herefol\ReOfyticd doRPdry of genetic constructs into
humah ]5 cél]gse%gl(n)lg/rgs%g’r%%lto be conducted on the ﬁmdamental molecular biclogy of
embrydnic and undifferentiated cells more directly than ever possible before. One can now

. introducert.argeted gene.alterations in human embryohic stem cells in culture making, for
example, targeted gene insertions or point mutations in pative genes. These techniques also
enable the creation of purified populations of cells of selected lineages or states of differentiation,
~.as will be discussed next.

[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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To obtain differentiated cells in general from human
ES cells, it is.generally not necessary to .force the
j tiation of ES cells in culture. In f
wogﬁ“&@%%?and human ES cells, if they are per%?{:'r@gz@émmsm
have 'significant contact with each other, wl|l

I j i nt.0 ., ¢l unps.,and
To obtefR BT O Bllkiheld RAPRFAM Bs' IS, it otPBANT Bkngesssary to
force theddififsrentintion) dABScdlR inbultwadid fet, phiniat afd Ri@heES cells, if they are

. %’ffg ires,active effort to inhibit differentiation in
permitt Ve gientipeanteontagt witheeseh gther.twill spentancouslnbegin to aggregate into

ctunps 48 b IR Fitalh BBy Toppn PR Bl £ s hBative i an
- undiffercatistedplatd requirey axtive bffolt %o adibis diffezerthitioh ¥ 8RRy for the ES cell
ndi fferentiated until the transfection process has
culture E’e‘é’ﬂaaﬁé\nf By tiorspided foranutid differantiatica is desiesre dlos thertirected
. . i i f t . . Th . . .
Skt RRLALEANED B HCEA bl il e v e

transfection praneseints beeh pEiFoxmmdd. A fierttenefetfion aht hahdectad BSRBYs are
many different djfferentiated cell

e N I C IR R G —
orES o) LSl SR PPN O e ot s

(Drta®

or lineageso tHven, withemt geneticpmadmeatiin throdiffergliation fRREIsah ®E manipulated
io £ %aot highly _contrqlled, it is nmeant that while the .
o favor i deielonmtiof PBRkind of sukeesson fpib aF arthen, Bukthisgrogess is not highly
1B i | HSHs"
onBa Y B QBN iyl LI 36
manipulgtedit favor Rtpasticudardmenge ortgpalof diéfeenttiatdd moggiyaetissthescell types

. directed fto favor certain cell |jneage, the .
il sl he i hus 696n i o {rentefioh Pinspese dimeod to favora
certain ¢HlIf HiRAES) thedirRPerfatiGpprdeeds! witl t9hfRafly MV the Gifferentiation of ES -
. successor cell types. |If the génhetiCT construc
cells intp gmupthst efisucsessor ¢adl ¥pes df e genetio constrgt intrededdd iafol tha BS cells

prior to gt of 4 RGhE B Prtndlls PEadEiln AuptRir: S0 it B pomeie Sonstructi
expressélEsiity ﬁﬂcéﬂsﬁﬂ@ﬂ@d@he& 'ljﬁt@e(?fr sthitd SLABRTAREON thd ression of the

expression of th mar ker gene or selectabl'e gerne can .
marker genger selecisbig gene carthen by usitkiodilentifiydhe diffeeehtiatedgrogeny cells of

: cell nter As_one exanple,. if a mar ene )
itorest % biie B 7 e S PE AR Bhisfespint Lol i i gand i the
marker goneledrigeiy h prohioteewhidh a8t Ve SRpREssitl SMheCFP\RhE8nly in a
. ,expression of the GFP gene only in a desired

desired @i%@ﬁé@i%ﬂékp% aftpr dl#g@,namre ediesirest differentiated cefiecanbe

¢ g ' i ent i.at |1 s can be _identifi.ed.Db -
identfel ) o <o FEEL Bl it acdiBidscl Bl or raCS) 0
create palationts of celd of the dedind differbAiatdd bicceSdol 8EItyRRP Uhas iHRbility to

_of Silrl s of the desired differentiated succéssor cell
Peffdlmtsgt?fg.. bekinserdions pf genptie gonsyaetsdnto the genaue of E8 celisialso permits

o I fel - j ' he genone of ES
tho gench 0 dr SofiiorAE BN binei oDl b & il Sl Faciihy 2Ot ot
. [00031] cel | Thepablilityitoserckm for add dertiegklsashidegired 4 thehhBakes possible
_f‘;nbi_l ity to screen far. and detect cells of a desired
the purifiqagian gcylfErs ahgedls of Biecdesired linopgep Wsing theGIghgete as a screenable
: : ' Ny i
ke iRl o I hhel BRSO AP ol U ssomot
which isgpenific to a desireduweHdinesgeo Tinakt ES cellslare ehmittedrt differaitiate,
preferabf)‘r ﬂdg{rgctm%riﬁons 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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which is specific to a desired cell |ineage. Then the
ES cells are permtted to differentiate, preferably

nditi ons which favor differentiation jnto the
Woluzlrd%g‘glégsqsought. Then a . fluorescence cell T/ P7Ry04/003581

device is used to sort cells for fluorescence
; ' r expressi gn of..the GFP gene. Th .
proteir] @AM et 0r M Mo RO REHR L B aRbiGbilat poiot BepRtsbdt A of the colls in
the culbire wilk bEbPthe FeiiRIARRAL 7@RRA (RCIHILSAARH6 PR Rdrting teghnology, and
Y

. ..pratein will be purified for the |ineages sought.
Vaﬂa“?%}frl}l §vels, ofigens expressionemdiothardiolagicalsfferispsanet 0fthe nells in the

. . j . desi r | i neage. GV t he
punﬁeg Pﬁ?tglbﬂé%rt’lﬁlg—% ﬁ%ﬂrﬂeccgﬁ}l% Ii%stétlrgﬁ ihﬁlga%ee %(?Vgl'gfil’ agfpd:tlcaeaevetf, the cell
culturewmll tetpuified for the inéapeabugeamdpupifRg Subiread BfcsiTspecific lineages,
deﬁve{g%ol %Ceﬂq effgcts, some of the cells in th_e purified :

PIthiat FO5 PRI eomese macticgbreghtyr Mde fiahBredincagosaeght could also

b dﬂf é]_ H - \M | | b - ~
e I b U5 Rl b pocth RSy e wnirontited

- cells tognainiain & pwifisimputition|df nediflesentiatidrceNesh welom ES cel | s,
te that the |ineage

ow bec s apractical reality.
- [00032] 0 g 8 851 1 O e the s ampples dpeeribid ngafdthé%wegéﬂ genetie sertion
techniqueé 6428 ushdaros mdfes 1 ' :
qundi ffer en?féaa%%g cel Iaé@%%ﬁﬁg#%tﬁéﬁhﬁgég%%ﬁg‘dﬁom thinks of the
marker sysiem 46 plewing cgHslof 4 desiretityicest diffbrentiztonve bk seleO32]
one ,of .t he exa d below, this

. . i ) d i
undiffel oo oo R BaRind e 7 G STRLERAN B b SRmDpelow bses
- promoteriezakendic ¥BhitAIct ABIdRMS idsefed I e 5 &R gbxgki[ :ff% ﬁﬁx&%g:oﬁig of the ES

Ig{e onzg thinks of the nmarker systema W ng
cells. Q;t 818 @ meppher of adiunily oé rensetiption faotore exyrrbesed only in
undiﬁ‘cl&lﬁtg tfé:(’;l g{,] | ?{@%ﬁgﬁﬁ:‘g’%@@ G sgosilﬂ. g%d %geégc?@tlg R gene (neomycin
 Tesistanpe)aothabots mtibiitii resisRARSATA B iorebAdt sefechity hﬁ% | identi
th 11t hgi? t4 gene site i ri t he genoorl;e oﬁtSEI?eES Q{ge s%ﬁ%ﬁéo 1denf1fy
¢.celigyy %@W@I & eerascongiruch Theriragsfestion e endig dchivved, using the
_ f [ ' enti at e ells. The .
ot 85 88 b, A5 i o B B8, s eleion
process gerf_emt(lmyﬁ ix'n_l(:j remsm arlierized viebRk rézau&:li gmbdﬁirag gé‘stlstant
. I eSi an or escence screeni ng cou e used to
coloniey @%ﬁf@eﬁf%{jﬁwﬁhwl%@%@qeﬂ%@at ofjbeeolanies, or 28%, were
iti [ ion-effici i a ieved...,’ .
posiiveonmt gt KRR IDESRSLARRG] L UghESORE TR oner
homologanssisms,dhé eatiectould e inercasat toatinost H0%. t A 866 frahie®T stable

S f or ned . Iswith ali d
transfoclibf S5 Eiaptiufive propustenireygaled airsia.of26:L rbveea sabto ranstocted

clones a6 hbfoldgols AR8mbRiatioR | g&ﬂg col onies reveal ed that 28 ;
of the col onies, or 2§A; were positive for the

[00033]ges; réuotherpairionfdbs experimdital awdrk desyibed targted thetypoLanthine
s wth |on " h ous arns, the ratio
phosphoffih flrinsticidl cR8 3 RT The HEP 1806 doraied on fhe X abtsrasssome, so a
single h&haldkus fetaibiasd SFbn hgﬁl i i | feldd | ion i
el reve’gl ed a rati oé%f 2})5% epge@gggééa%#%ﬁt%%gmg tgggogsgbfﬁmcuonm
. XY cellg | Iy wanans.innietionsoofibis geae ardfonad iropmtiews hiaing Lesch-Nyhan

syndror_ne, a neurological disorder. Cells which are deficient in HPRT activity can be selected

based on their resistance for 6-thioguanine ( also referred fo as 2-amino, 6 mercaptopurine) (6-
TG) (Sigma cat. No. A4660), and thus the frequency of homologous recombination events can be
directly estimated. It was these properties that led the HPRT gene to be used in the initial
development of homologous recombination techniques in mouse cells. Doetschman, Nature 330,
576-578 (1987). The HPRT-targeted vector used here contained a short homblogous arm (1.9kb)
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[ 000331 Another part of the experinmental work
descri bed targeted the. hypoxant hi ne -
hosphori bosyl transf erase gene HPRT. The HRPT gene is

WO p4/8123881 on the X chronpsome, so a singl e hon®CBEELH44/003581
reconbi nati on event disrupting this gene leads to
conplete loss of function in XY cells. In humans,

5* of exfd o grienghomplogowssim Q0kbY Binfexon Infithe hemanm ARG gene, this

eeombly R bR e AR s B S P 5 et BRI 2.
neomychassidtante tiette (NEOpwanmeertedbebréd 8 R0 hemolo )§@rms, and at the

eferred to as 2-am no, 6 nercaptopurine) (6- TG
end of t%ﬁsﬁ gramelggousgsm, Mwl}dln%mmfrgi)t graeryasqdéedy of

honol ‘ ' ' Lrectl.y . . .
(0003410  AroHe: pFGHIZbF E bl BUSRbirl el o PhbFHialidnisetoo cnvisioned
in the exgeneenta! vk destribed blewi. it gehe ety RlsaRBrodflase is used as a

%gggl %ﬂous .reconbi nati on techni ques in nouse cells. .
marker 195 SPRYASTRIC ReYiaRe Qthr markess foy gther v of Hneages are also envisioned

in the pidERE o used here contai ned a short
ephomloogg%g%ﬁn%ggi%) 9 WD 2004/ 072251

[00035]PCT]I UBZfﬁk)tbﬁlgﬁﬂﬁfdfthE'ﬁrgfpu?iﬁeﬁ cmrt]mﬁi oa’ggT&SssbﬁHﬁédgﬁQUﬁdiﬂ‘erenﬁated
ar " of. exon t he human} gene, this
cells frof B3 e bl gl figevelepmosns of fechniquestor ganerally sesesn sell
populatith 168808 88t LHEREE L A ey o BB st
‘will be transpérig 6ushainssrtedagmhetit cotstrucemd iofs dezirable thoraleafiallsr purified
ar the thym di ne-kjna ene was added. [00034] =
populat i D AP S deB e i oL GRS ch ar) Ao dingagenic. Thisis done
follow. f iRt RRifled iGRYE & ' i i -
s ollodh ARCAL 4t RSy ARG 908 gy s e et
that cultuseraye sutgedtoditooxpiodidieg stepus ebhrasterize savekod celhddsr markers specific to
cells of 89 ] nerg.h% ne§r ns. Qther, markers for other types of
UFES AP CARLE daRR MLy BiRber of WavRePy tcmest officiepigways currently
for doing BES 8ittby dIYRALHRPoaria) YeRS laxpm%i&%ahﬁ?gl- Aﬂdtléér &ha# Bfaysis of gene

fTirst Euri fied cultures of “successor neages o
expressig ($4¢EN The tasulizef that dnalysissElids the idmitificatimsaf setscofigeies which

R AT I e T —.
-about thitiset 6 ©he€ il handS R thdnGRcEfhedPo3MIS fd R85t RBRPtho¥d %égle?t%ne or more

transgenic for the inserted genetic construct a
genes (apd prederpblyheeetos fourasnes) svhieh expressicelliserfacquopukiesst i Kheexpression of

| i f S cel | cyl shi ch
ihos ool RSN b Tyl U EH o L0 0 Gl . Now on
transgenichalfuressdf BRiédlksicas b pouthiabd QN dieferéh@iates woth drR@RREBial tdiward the

) Iineagggiﬁs created, cells of that culture are
desired proggnydineags. o Thensthe rell purdacemeaskers cam he asedutoi sereen diven the mixture of
cifig .t ells qf.that J.in e. ..
cells to ffeey WGen T Biek e QR i o lcrbrolinpalf, B 60 rcation of
purified pégulaticastofselfsofdesiredplogeny Bicages ﬁ@gehbtaﬂg%hﬁ)lw b? B nethods
N croarray gene expression analysis and by seria
described hene, whether oot he eolls bave » genctis semstruct nserted inl themof
that analysis will be the identification of sets of
genes whi ch -

EXAMPLES
[00036] Targeting the Oct4 gene
100037] The gene targeting vector was constructed by insertion of an IRES-EGFP, an
IRES-NEQ, 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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are characteristic of cells that have commtted to

that specific lineage. Wth the information -about

that set of genes in hand, it then becones possible to
WOLPH4Y225 om t hose genes one or nore genes ( aRfel/US2004/003581

preferably three or four genes) which express cell
¢ et.surfgcghrmr ers. The expression of , those cel]| .
ATECUNG YFCHEL DTRPIOEPYS ¥ihinithed 16giondEie. d4)a The sesseiég is inserted at position
31392 liché 266%ibA hlRBerl ' ; '

ggul tures 1of ES Seszg@é‘? g‘:‘ﬁgg)rcrtna\lggeﬁdé? ?l:)h e&%n?gra %?rg% |t%1fl%‘?’equen°e
from 2§34 3139 (ghuiacchisim umiter A Q00604 The STHealloR AAA @Bitains the sequence

som 3 45D E8, Qe A OGO TE, e e iy ectr, th
hort atinld &f subatv@tedi ' | : bhF '

shor i sl £RB kb S 1195199970 L RO gos 2357
7337 mepsgicagerspion gamper AGAGESS). Bogenie hatrlojogona DINAI way obfathed by long

TR et S e et 5 ot
the mulipRO365ing 31tg 6f pPRreidipt SRIH H@Hellt{n%péﬂﬂnggﬂﬁ s&%{‘?asg cells were

argeting vector was constructed by insértion o
cultured pging rympn gy cell| medbungansisting of 8VDaltbecca’s modified Eagle’s medium

i ce . imtely.3.2
o Dy A KBy or RS it BB S b W osh ot e
- KNOCKONThSearnReflatdntent) UM Etathnifie 81 RSB ercdptbsthanol (Sigma), 1%
cassette is flapked in the 5 direction by a 6.3 Kb
: no.nessqqg FE1Lp$aben) apd 4 ng/mbhygarsbasis ﬁbroghet growth factor
| . ' [ 04/ 00358
oo OBl VL AOASLRRE 25 T RALET v
Dickinspf) epattin)Q ciiishes ambtifl redswith saurinetniry®as tibidblast sd@foned

 media GRS 4 PedHl et heablast BB beaear. -Fas pstopayation, cells vere
harvest@PHRE SbRELRUSEIRS g@@&@%o(gggﬁﬁ Yahhn £57PE SPABLE S Wodium,

sequence from 3 : e_accession’nu
and resyspeedd4n .5 mh coltwe aledbnn it 5-3ex16F gells).nPusy pE610H eldchBporation, 0.3

I R oA S
DNA wacsRal QI8 WhRetheARMEAIR) a si g&%@'\? W rbD¥ temperature

) was obtained by long distancé genoni
. using thg iHeRahEgne Rulseryd (bhicm gapayweint)s Celid weneincalsated for 10aiiautes at

. oo e o T o "oy BB 0 B,
aieose) s kAT YOG, g A Do O3Sl v

doubledq | Afis darer Stepls, SUrviving cdonilfgs ugmanammmdimlduewy by PORAGYMg
. i be R 1 ine, Q.1
primers 58 SRR SRR OETE) B PRIt o AR o

homolo gi:ﬁisdeg'bﬁ,&ie@ﬁibﬂ?) PERDoRitive/clinel WERETd@3bened b S8RINERE blot
ow h factor nvitrogen). One week before

analysis gy Bl diesind DOVA Rad bprobestutsdethortangeting acngtrhot.
[00038] ( BECUBBw oytometry

. [00039] Prior to flow cytometry, ES cell differentiation was induced by incubafing the

cells for five days in unconditioned medium on matrigel. ES cells were treated with
trypsin/EDTA and washed with PBS (both Invitrogen). Dead cells were excluded from analysis
by forward- and side-scatter gating. Samples were analyzed using a FACScan (Becton -
Dickinson). flow cytometer and Celiquest software (Becton Dickinson). A minimum of 50,000
events was acquired for each sample, -
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Di cki nson) coated 10 cm di shes and cultured wth
muri ne enbryonic fibroblast conditioned nedia
suppl enented 'with 4 ngfm basic fibroblast growh
WO 2084473251 For el ectroporation, cells were har VRE/B%2004/003581
with collagenase IV (1 ng/m, Invitrogen) for 7 mn at
37C, washed with nedium and resuspended in 0.5 ni
[00040] cul t Jsingrihds combibaeBoDselddion blylthd uselfihe (F418rantibiotic and the flow

|l ec orati.on, 0,.3. nj. osphate buffered saline .
°“°me“§’§§§§}5’?pr?&?feﬁ6‘§‘8n‘)‘““d By 'ﬁ?‘ﬂ géﬁwﬁ:& H“Pﬁ@g froma @ culiure containing both

undifferériatAideNs aN® 8 biik of BhKia1B ﬁiﬁé}gﬁi’atef@éqs.s MENfudi & ntiated cells were
exposed to a single 320"V, 200 gF pulse at room

then analysized nsing s DNAimigraamayBThResip@ssion Bfibeveral BEAés ibdicative of the

stotus of B oS 5U0 B, 5606 b Pl B Tt S ana
BMP4-RIElHdsg ﬁiarke@%l%r&ﬁét?:{i&@i@ﬁbl{r RRnfiHEdhs assba&{Aep[@ﬂﬁ gﬁlg&@ﬁs cells.

started 48 hours after electroporation. er
[00041] e e k Nest, mBtibodice fonthe identifiematenbivillibe Afcatad. tTheamtibodies will be

s ViaVi-ng col oni.es. were, anal yzed i.ndivjduyally . .
used o affiEpu i b h P b EOUR LT 4 rotied PR Iafiont dkedlf tethaintin
purified aulthrésof drderféeldbitdd ogme | ust downstream of 3’

honol ogous regi on, respectively. PCR positive clones

[00042] ey e Tesgoivgden B R EBeUt hern bl ot  anal ysi scusi ng
BantHk ¢ and a probe outside the targeting

[00043] cons%ﬁﬁ%@%ﬂ% Fl ow cytonetry [00039] Prior to :

[00044] f | owPeist exfiricrice B Silbstali fhbefor Rinah BR MRS tHe HECAEnBN1 reagents

) incubating the cells for five d@/‘? i n unconditioned
yield stablgfirugnselsCiahiertragsfectipmrates ofsbant 101 rsingdbevelebtroporation techniques

r [ with PBS (bot h.lnvitrogen). .
develope EEINES MG RO « Wl iR hemicat
transfectibndesgetits; Br@th S00 T%land FuGoadsI s WesdateAAd SHdsbloghuzd a -

CScan (Bectaon _Dickinson). flow cytoneter and

. FA '
recombinafion Gy aldhe R Elacne i mmay B cello rdlthoush G Fiandgancyclovir-

o 0050 5 A Sl g K v
were 6-TCorekistaat, imdicatingshhioedne@f theyciohes wisre tef rebiiies 6Fdinologous

.antibiotic and the flow cytometry for GFP expression,
mmb'%ﬁaw ere mesulis age E@ﬂ%@@é the pbareation,{bal transikotion ysing lipid and

A e
and that pleisical means oftihtroduring PNA &€ gestrally aaObbndidivoR Howblogous

ression of several genes indicative of the

bm‘éﬁe ex ,
recom R undifferentiated cells were identified, '
00045] | ncl ugé Behdalgdin fishuctedt : ; y

{ }Th‘ese ngrkers vvengeqa%%o?wp {e%l Ougregrﬂfdsgkgﬁﬁtlgg%gghﬁastthreeeans
(exon 7, dendexan Yovfithe HARThgene BY a¥EOstesis{aifdedshetiemider TK promoter

e, O B AR A e o
homologdtixtirnf 18 RNS ﬁ?ﬁﬁl F8L.12. Bdgilic AbniBiogots PAYA WS dWsin@ by long-

.~ cells to maintain
distance genomic PCR and subcloned. Human ES cells of line H1.1 were cultured using

- standard hES cell culture mefhodologies. One week before electroporation, cells were plated

T

onto Matrigel ™ and cultured under fibroblast conditioned medium. To remove clones as intact
clumps, human ES cell cultures were treated with collagenase IV (1 mg/ml, Fuvitrogen) 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 mi phosphate-buffered saline (PBS, Invitrogen) containing 40 pg:
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 [000431 HPRT knock-out.

0{%00441 Prior experience has suggested that for hunan
0YLREE the best chenmical reagents vyield sEGHUS2004/003581

drug-sel ectabl e transfection rates of about 1075.

the el ectroporation techni ques devel oped for
Vv, 200 rﬁg&e@srw temparaiprReping e Bmwelwfﬂulmréhfﬂ 4em gap cuvetie),

Cells v&e?é&@%b%%&%@@%ﬁjas af I[O%nsf ?rg n r éggtﬁgx Fﬁgh %ensn'y (one 10

asrre

cm cultum:dmlb)l mm/ﬂamgeevemssaecﬂohqswgﬁﬂl R&ﬁ:ﬁ) gefl) WHIRRt&ES hours after
ALt hough (418 and gancyclovir- resistant clones

electrofgpcTh AR 1 Hen G458 onacnasiimoRsRaublvcraod geRGslentore(l mM,
T
iomaRl 1, SO o €S PN o

using phivrend spgaiiis for ﬁxedm eadsetttandlioe i HPRIPIgkfe kupstream of 5
homol consi stent with i{é}bser vation that transfection
B IR reap%ﬁ#a'e Ye G Ipeitiy e elgass wore sesgraeaed hy Southern blot

analysi$ 0h$ P§t!-ﬁ[§est|39 TNRIAHS Jﬁ@&oﬂ‘tb#‘ ﬁ?ehNﬁﬁ dagse% 2§1§ 2

mammal i an cel | types physica
[00046] nt r odbie r¢sgltmﬂﬂuaamlgﬁmwamtﬂa§/aﬂmmnsfeaéhm¢m7fcells with the

nbi 00045] Th
T BN
gaﬂCYCl@hrIrBﬁsthﬂS ind, B 856 70REre a(s%)SQT‘GZ-csﬁalﬁ,ngl@%g%g?%gcgéssﬁlp €

HPRT gene by a NEO- resi st ance cassette
homologpysiwgeembinaiien. r elymeriise clis sattian, PER, land Seuthiom Blb#ing confirmed

et ol 51 80 o iR GTB) BB B 20l B
[00047honv| ThermesitAueassfabiratsfathalvn Lo chéihfc&?ﬂesgexﬁ@é}ﬂm ¢

PCR and subcl oned. Human ES cells of [ine HIT1 were

electroporgtion, asysumamagzedinably lbelew. cel | cul ture
rret ho f re ectr ora ion,. cell
[00043] %? bled deﬁﬂm%ﬁ,@gﬁ ogls Y gﬂf nseRtve Selection and

g targetedf e\f@ntshth ﬂmtﬂmﬂr@em Ioeasl(freasll 5w oﬁamgamtﬁﬁﬁﬁméens)

%rl nps, human ES cell cultures were treated 7
se 1V (1 nyExGenpfdi t Fogare)500or Electroppration -

@m;g‘led W|th nmedi um and resyspended | 5 nm cuylture
medi um (1. 5- 3. 0x107 cells). %st pri 299 %Sb
e ndgmewtloein, 0.3 M phogshat e- buffﬁred sal i ngp

rogen) containing 40 g Ilinearized o
égﬁgﬁé%ﬁ/ector DNA was add®d. Using Phe 7

[00049]e| ectheRehRL gq)(pn @eters nentioned above (standard
ES nedia, ES celfiﬁlél n clunps) human ES cells were then

[00050]exp osEytosipe hydiomylase (CH) is i riD-1RORERR2A04 in the synthesisof
do m@%ﬁZOOM 0%81 V, 200 F uI se }t room.tenperature

P It Onecq JB Fogt crimign aplers usgd SAnginesls neuvEs Altbough
TH is not specific for midbrain dopaminergic neurons, current ES cell differentiation protocols
that use'FGF8 and sonic hedgehog produce TH-positive neurons that are highly enriched for a

midbrain ventral specification. However, these procedures produce TH-positive dopaminergic

. cells mixed with other cell types. We, therefore, decided to use TH as 2 marker to purify human

ES cell-derived dopaminergic neurons from other cells in this mixed population of cells.

[00051] In order to achieve expression of both 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 L15440 (gene accession number
307071). The IRES-EGFP casseite (from Clonteck) and loxP-PGK-NEO cassetie (kindly
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e). Cells were incubated for 10 m nutes at room
temperature and were plated at high density (one 10
cmculture di'sh) on Matrigel. (418 selection (50
WO 2094/472251 nvi t rogen) was started 48 hours aft ePCT/US2004/003581
el ectroporation. After one week, (418 concentration
was doubl ed and 6-TG sel ection (1 mvi Sigma) was
provided iy d Fehlihg siniversity oflins Gesmany) v fiapked by mmmmmiogous arm 5’

vt outl o 4 b 8 SHES e

codon (BRELY OIS BhsePaildp "R LERLSIohRGIs ' ds%st%%ﬁmbg e%bn g?N{A arms were

PCR- positive cl ones were res
amplifiethuginglongdistange PR (Riiohedong DWM@RCE kp‘.) absi@iclavied tifie the

v A Bl b LA TB 6 B o kA s ot

usin thbh@smbﬂldtﬁ@fzyﬁfégshﬁ’%d‘}@b%ﬁ@a ﬁ@&ﬁﬂﬁm te of TH-AA. Th
& (418-resi stant cl ones were obtoal ned (E%Qfﬁhsége p50 ose

mmpu@ﬁﬁ@%/@eéhownmé‘lgsﬁant and, of these, 7 were al so 6- TG

h |
0005 5 S L BESRAL e AP BBt L i
Notl an®eliinbé irito bﬁ‘@iﬁ\ﬂi&]@mﬁbﬂ'&@ ThE WnghPADLASRE the gene codmg for

reconbl nati on had occurred in all the 6-TG resr st ant
thymidige kinase (TKobn npeative selastion ofirandoze ggsgramed; atdﬂs,fumnﬁactedmlones

oo o E DA GREGR Bt S HFBAL it v e

resistaned casdtRintifeddbd BétaRen Byo PP ditey ERiaifks aezﬁﬁts deict the important
sel ection and, targeted events in the HPRT géne | ocus

elements pf the, gens jargetingateeiosp diter e@cﬁmmwsc@lsm;ed dbove,cve wrre able to

ottain S FOAE IR 1 SHASRE S S GARE e GHAS o

selectio fc')ECﬂl&pﬁslﬁve éd@@ﬁéﬁ]mmo&mﬁi G4 O he nefAPRMelection marker TK
i ne hydroxylase (TH) is Vie rate-limting enzyne

r
mthgaq%c synt hesi s of dopam ne, and it is one of the

0003 o DO el i HARer R AR el a ARHA KPR e o

PGK prmmutennAs tiois caa‘sage iEStlH@h‘d;segi JthBdE biddkghlcens_rﬁi@ Eﬂfdtﬁl[d; alter the
that FGE c _he 0 roduce ositive
expressiga Jrish ot W ckil GPS PN ok BIGUERGF Taporier abha Fherefors,iti
- conmdeﬁéﬁ% b &tanARRAChH (defeft R belddRBE ¥Ssettd. hﬁ?ﬁ? B5 Q% Ei%ﬁlil% transfected two

produce TH-positive dopam nergic S mxe
of the THt-EGFP dobik-inymiklinedévitht hplashil @ntadeiop decpliage véenBih@e Cre under

the Gﬂn%n?g}?géﬁﬁ%ﬂg (Iﬂ:g'l)‘/ ﬁlﬁ%ﬁﬁ’%tqg\'el | - er| ved opam nergi Ccasset’te
After ﬁaﬁxﬁiehﬁ%ansﬁ‘&ﬁ% Lt i %%th grea&}%} %Xﬁre?@ﬁﬁ’é @eiﬁ'c%ﬂlcﬁ;e ek identified

EGFP; we c o ruct'e
by EGFP expression. Those EGFP-positive cells were punﬁed by flnorescence activated cell

sorting (FACS). Individual clones were analyzed for successful recombination of the two loxP
sites, and two clones were identified that had the NEO cassette excised.

[00054]  Weused embryoid bodies to differentiate human BS cells into neurons, Embryoid
- body formation and neural differentiation was performed according to the methods aiready

described in the scientific and patent literature. FHluman 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 insutin (25 mg/ml), transferrrin
(100 mg/ml), progesterone (20 NM), putrescine (60 mM), sodium selenite (30 mM), and heparin
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targeting vector that introduces an | RES-EGFP reporter
gene cassette into the 3 |ITTR region in the |ast
exon of the TH gene. Al further positions detail ed
bel ow are given relative to the position of the stop
codon of the TH gene in the DNA sequence L15440 (gene
accessi on nunber 307071). The | RES-EGFP cassette
(from d ontech) and | oxP- PGK- NEO cassette (kindly 13

(2 mg/ml) m&q&amzaaﬁsmlm h@ﬂ@ﬁﬁ@ Qﬂ&ﬁéd toPdt@¥h d¥He Biffdrentiating embryoid

n .. Universit Ger many s flanked by a
bodies (Eb§m o d %@%é@@glaég nal 8- 31) dayss and B%lfléméﬁﬂe(@klﬁ@ﬁy geparated

st AR RLPRIE ) o 208 PIRARENE Ty B
ro&mﬂbcmﬂsmstcﬁhﬂnwnquwmdﬁniH@ynsehmmoﬁEGEIGﬂ&ﬂgﬁﬁ)ﬂﬁ?ﬂ@ﬂﬁﬁﬂﬂg&nbemd
sonic hedgSii (440 He/iRD (€ st duidbrain. opivel dapemmperEisspuyaclihrentation
We conec{eﬁkeﬂwﬂi detbimihBeHRG K QPR Pﬁ;&e&&w}e%%ué p? FAGN Und the

SA) was cut out using ft restriction endzynes
: morpholoﬁa)ﬂ tha nellsdivad exandnal wnied thenfloorbdvenSamicrascbpe.of pT|+ AA.

foo0ss1 =3 Be B TRl s St i eataton

protocol, a@dlat e tﬁﬁe? +O¥ fakinghl A bxppadion! @P@&h‘o@ﬂ Fin, "o 08115 will be.

usin site. The long armfollows the gene
Sube-‘i'Gt@d tedthaY, andrsorted WﬁedlmeGEP iliores¢eRce intonsitye§anted/€FP-positive and -

negaiv o3 el AR SRR R RO om

population| Vil ddHRckd $or5idne expessibR PRSIRERIRE idsfiddeon of specific cell
resi stance cassette enbedded between two | oxP sites.

s“ffaceprqﬁ?% dINA micoarayapdSAGHE i nportant ' el enents of the
‘ gene targeting vector. After electroporation as
descri bed above, we were able to obtain five PCR and
sout hern-bl ot confirmed, honol ogous reconbi nant cl ones
. after double selection for the positive selection
‘marker NEO'with G418 and the negative sel ection marker
TK wth gancyclovir. [00053] The positive sel.ection
marker in this-experiment was a NEO cassette under the
-PCK pronoter. - As this cassette is still present .in the.
knock-in cells line, it could alter the expression
| 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.EGEP.
knock-in cell -lines wwth a plasnld cont ai ni ng the _
phage reconbi nase C'e under  “the-contiol of the EFIA
- pronoter... The cDNA of Oe\msfMImmdbyaanE}HFP
cassette. . After .transient. transfection with this
. plasni ¢;=#r e over - expressing‘celfs coul d.-be easily
identified by EGFP expression. Those EGFP-positive
" cells” wer e purlfled by quorescence activated ceII.
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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. [000541, W used enbryoid bodies to
differentiate human ES ceIIs %ﬂhﬁ gheurons. Enbryoid
body formati on and neur al erentiati on was
performed according to the nethods al ready described
in the scientific and patent literature. Human ES cel
colonies were released intact fromthe flask by

eXPOogUNRE plebhddl %g&%r&%glta?%t&i oliBlcafOnsd b huhhe embryomc stem (ES)

col oni es were wa , and “resuspended in ES cel

cmédﬂunnﬁhmkangphﬁﬁﬁhanmptoﬂtured for four days |n

suspepsi on. The ul ture was and

ot & ORI RO R RTINS aParath 2B pdupdot fftFiky eene and which has

@Dgg/ﬁé[ syRIefh &0t ifSend¥BbRoRIgBhLHith A i EV¥eldeRBKegibRs in the genome of the
MF12 suppl emented wth insulin (25 ng/nl

ESreels se that | gmo(ogg@s fﬁgpmbm)atmrpwdé esque betveccp zhe glmetlc construct and the

Ly s nite (30 My, and
ﬁg&té&%‘é Oﬂgﬂ%?g %%/% r ?Pﬁjl egepl)lrgesence of bFGF (4
ng/ meectadpbratidgothededpiesadt @ahgentbie ebinkiredteintd afein@ell in culture; and
enbryoi d_  bodies (Ebs) were cultured for an additiona
8- 10“1?89 ingGels mevighagontai theiegnetis) qoastayd separ at ed
fromthe surrounding flat cells by exposure to 0.1
ng/ M di spase. The resulting enriched neural rossette
- cel | 8. Averethddusstchedmed it ¢laitre tl wiheret the garetis enostruof inEkdds a marker gene.
(20 ng/mM ), FG8 (100 ng/m ) and sonic hedgehog (400
ng/m) to induce mdbrain, ventral dopanunergic neuron
di f f er it Ablaifd ﬁphlla%ﬁ%e?ﬁh ltlﬁar@ﬁqlogﬁ%ﬁl%{'@r BE4hd Rrker gene in
nunber of EGFP-positive cel by CS,
thetgepétisl cogstrest, thé ge@@blcgnmt beqmnseltﬂedimueﬁletﬂsecells in a location in the

fl uor epge croscape. [.00055]. The knqck:i.n | .
#1HE  Cb e FREFETET etk AP ERE oSSR ABp SE0e n a desired state of
difefdngri@sH. i ation protocol, and at the tine point of

maxi mal GFP expression for each cell line, the cells

will be. subjected to FACS, and sorted based on GFP

fluojfe [n St r Prpositi.ve a

nega I}\§/ é%?;lg%l as éld%ﬁ}edﬁé cgtﬁlgllf g%r o thE2 FIEdD grtlﬁ:gtbq %)t%glﬁﬁ d)romoter driving

thé @F{pﬁehseorﬁaﬁmlefmﬁk@'r @heiim tl‘(e‘%dheud'*’b&qsfrﬁanﬂiehﬁsue specific promoter being
pul ati on be col | ected for gene expression

‘ acﬁi’%f-’iﬂbﬁlﬁﬁelb‘i‘i& atqﬁ"élf‘?%i%i‘f? iof fidferendigtion. specific cel |
surface proteins (cDNA mcroarray and SAGE). 15 CLAI M5
1. A method of performng targeted nodifications of
human - enbryonic stem (ES) cells, the nethod
conprising the steps of obtaining copi es of a genetic
construct which includes a foreign gene and which has
regions at either of its ends honol ogous with a pair
of selected regions in the genone of the
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ES cells so that honol ogous reconbination will occur

bet ween the genetic construct and the selected

regi ons of the genonme of the stemcells;

el ectroporating the copies of the genetic construct

into stemcell in culture; and identifying cells

whi ch contain the genetic construct. 2. A nethod as
claimed in claim1 where the genetic construct

i nclldésnethod ok gurifange cells3of A deihdib tinese cr@n mattudes of human

laim 2 in there.is no pronpter on.the marker
crfuft SetUESS s e s P BRTSE PR SogBABt ¢ constr uct
bei n@tdimaerchpids ionho%ehaﬁ: Eoasedt! Whitk has kpealsi #Rithér dBs ends
genone of the ES cells wherein the narker%gene S
haslpgoys etittoal Bain Af celpgted regiensdiss heegenomar of B ES cells so that
h Jl&,%ﬁl@ DLt fion ‘bvill{%c'c'!ﬁlt B&q/eé‘? ftk‘fel Qérgﬁg cbﬁ]stl‘ﬁgfablm ale selected
erein there is a tissue specific pronoter driving
regions ek reassomon obihet dien welld ¢ie genetic constinet igelnding @ marker gene

struct, the tissue,s I i ronoter being active
W%ﬁ‘lqy 11? ﬁe resged Qply, in fEUs B@tge g?%%e@ IDPA8% tf erent i at i on.

16 Selechop@hinipdthefcopivs bf the tgné@Rl donstdfct antd efehinedls lih BeiAgS, and
fromcul tures_of human enbryonic stem (ES) cells, the .
idegtifying celbnpyhich sgreshdegpake Fmedpiths seegc copstwst gid purifying
th&enefld fom ¥Rt kdRt Which has regions at either of its

ends honol ogous with a pair of selected regions in

t he genone of the ES cells so that honol ogous

rec ination Wil occur t n the aenetic. construct

and % henepd d dyme e‘&iCEaﬁ%’bngﬂ’?e’ & 'GeRthE" &F1T 8 “g Sehpromoter
widell {sSictitde cgpeatd gne ofilstifi uels dffiied didireliagdr ker gene

which will be expressed only in cells of the defined

| i neage; electroporating the copies of the genetic

const WUGEhbAAOCIFIRA i Blalrd 51d? 6Ckihdrdth GfteOME cleb@Sddting'sRY, the

cells which express the marker gene in the genetic
EXceptls eresrmigied tpdiffefeptiatg  t hose cells from other cells.

6. A nethod as clainmed in claim5 wherein the marker

‘gene includes a pronoter which is active to express a

genad. aningthod - eldisied fin ahe ofle of chbing Sneaeheréin themirkadgene

as claiped in claim§b or S wherein after the |
| CXRICEEE AJBOFRET gout Bigdugipad thesideptifyingfod Fﬁ’é&ﬁ% fpperfogmed by
fludtehE 268 Rtivalcd celBsorfingiet hod as clainmed in any one of

claims 3 to 7 wherein the marker gene expresses a

fluorescent gene product and the identifying and

o | T ?% Hﬂethéd RS LGRS BMis bF YOREREANESeaBS deidld Frof Human
embryonic stem (ES) cells, the method comprising the steps of
purifying cells of the defined lineage by the method of claim 5;
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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9. A nethod for purifying cells of a defined |ineage
derived fromhuman enbryonic stem (ES) cells, the
nmet hod conprising the steps of purifying cells of the
defined |lineage by the nethod of claimb5; analyzing
t he gene expression pattern of the purified cells to
identify genes expressed in the cells of the defined
I i neage which are characteristic of that |ineage;
cul turing non-transfornmed ES cells so that the ES
cells initiate differentiation; and purifying the
cells of the defined |ineage based upon the expression
-of the genes identified in the analyzing step. 17 10.
A nmethod as claimed in claim9 wherein the defined )
| i ne@getti nethpdgiop eletprd dpedlaime| P s whaeineithe t fedingd nligeage s
unldfidtfatc@Lelld Ghbdeh B8MRAes EndA if@hddbdks F3GhOLSIular factors
CD124, CD113, FG--R c-Kit, and BMP-4, and wherein the
CBia4, f ¢ R4L3, ofGERe pe-Kdt, qudr Bhvddatd whesdin rthe qeirifatior step is

[ . east one sel ected fromthe
e SBRER 5L BaFE ol fof ERRseRh Ho16RE oREit QT i g roup
coBdRing; of CD 12Mu0PD1 3 AORYR)G-KitsirdBN®l4.s in culture, the
cells conprising in their genonme an inserted genetic
construct downstream of a native pronoter which
congr Hehak YRbSBRR StenfcdIRIiK ShlnFE Nhe LRHAELoni R0 tBir genome
the pronoter only when the human cells are ina
andesgrtp@gencte eenstrodt deivisiegasmef anative promeptettvarieti eonstrect expresses
2 ARS! LS L EQTREAASE (o pebbid S B, (RO £0%1:55h 8Ehe8le if Qltcsired
onol‘dgous reconbi na i PRunER” CeS T CUTE Ot &
stas ofCdiffiereadation andaivihertin thhebedtmict endiss htcith Qidatreziods selected
n ifferentiation i,.s an undifferentiated state. 13.
Oralﬂ%io@é‘ﬂ?o 03HP%-ure as clained in claim1l where
the inserted genetic construct conprises a narker

gene the expression of which can be observed visually.
18 12. Human cells in culture as claimed in claim 11 wherein the desired state of

differentiation is an undifferentiated state.

13. Human cells in culture as claimed in claim 11 where the inserted genetic

- construct comprises a marker gene the expression of which can be observed visually.
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