vPLURI POTENT EMBRYONI C STEM CELLS OF OBTAIINI NG THEM

CROSS- REFWIHGZ070 RELATED APPLI CATI ¢ esent appl i cat iREIT/US98/25283t he
priority benefit of U S. provisional 'f)é?“ent S application No. 60/066, 890
filed Novenber 25, 1997, pending. The aforenentioned provi sZénMAY g

TEoH call EPRIROIERY, LRI PRIC ST L e ANDMETETODS OF DEFATHING,

medi cine. More 10 specifically, it rellHEM ¢ 5 novel non-mouse enbryoni c

stem (ES) cells and nmethods of obtaining these non-nouse ES cells.
BACKGROUND Ceneti cal | QJ . |y used in drug
devel opnment and 15 aﬁ%@ﬁ&b@f{) %[Enqoﬁg@ﬁﬁﬂﬁof t hese

transgeni ¢ aniiglgece f@gﬁ%ﬁhb% claffs 1R prld %B&r{%ﬁx %Wﬁ?gg?ﬁalﬁﬁ? model s

t hat have been genera usi'ng nouse enpryonic ste s. Briefly,
gsne t ar ggplicagon m&somblsgaﬁlea NdRnPHBEDS MO, pellingd Mheaftdmeniedbi nat i on
to disrupt or knock-out the function of a particular gene. (See, U.S.
Pat ent Npovidoupd appheation ig byreby incp@ated herimbiirdfersnee D5t endirety.echni ques
relating to nouse 20 enbryonic stemcells). There is a rapidly grow ng
nunber of nmouse nutants that have been created by inactivation of genes in
ES cells. The nutant mice are prqeg@ﬁgléthmeDstand the function of known
genes in vivo, to discover new g ate ani mal nodel s of human
di seases. (se&hirinyentidthisinkize ftldadf mdqléQd)bidbgy aidmsadidine] Moer et al .
(61§992) in POSTI MPLANTATI ON DEVELOPMENT | N THE MOUSE ( Chadwi ck and Marsh, 25
. JoBpe qaély & rejaies to pavelaiwnnapseambrppnio steond:s) cé&m ethgds of 1992)
Nature 3 devel opnment of nouse ES cells inaugurated
a new er§g ?%egéno@‘ 41%?‘% ‘E’\%ﬁ nouse ES cells have proven difficult to
I sol at e. Put at Ive ceI | I'ines have been derived from bl astocysts of hanster,
pi g and sheep. (see, Doetschman et al. (1988) 30 Devel op. Biol.
127:224 227; Notarianni et al. (19BACKIGREEMNIdA. Fertil. Suppl. 41:51-56;

L, "~ WO 99 a 2 ~ 2002 | 99 A
Repr od. Fertil engﬂﬁgfrmﬁagf;glé égatqwr)a%@%%ggm t%g‘l?‘g “rfj&‘ge é?‘g*é? %m\ﬁé er,
iffs these,g ﬁloldél %?erﬁsr of aff%g%%‘g%&ﬁ# $rand ﬁﬁv anfm8ls, g? ld’%‘:g d¢.Br ook

(1997) Int. v. BI o art e repo at| on of
human gouﬁmbtlpnemnnamsr are edldnfsefmmialaﬁrat hed beat gﬁrresated by using mouse embryomc
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stem (ES) cells. Briefly, gene targeting in ES cells uses the phenomenon of homologous
recombination to disrupt or knock-out the function of a particular gene. (See, U.S. Patent
Nos. 5,464,764, 5,487,992; 5,631,153 and 5,627,059 for techniques relating to mouse

20 embryonic stem cells). There is a rapidly growing number of mouse mutants that have
been created by inactivation of genes in ES cells. The mutant mice are produced to
understand the function of known genes in vivo, to discover new genes and to create
animal models of human diseases. (see, e.g., Chisaka et al. (1992) 355:516-520; Joyner et
al. (1992) in POSTIMPLANTATION DEVELOPMENT IN THE MOUSE (Chadwick and Marsh,

25 eds., John Wiley & Sons, United Kingdom) pp:277-297; Dorin et al. (1992) Nature
359:211-215).

Although the development of mouse ES cells inaugurated a new era for mouse

genetics, non-mouse ES cells have proven difficult to isolate. Putative cell lines have been
derived from blastocysts of hamster, pig and sheep. (see, Doewchmn etal. (1988)

30 Develop. Biol. 127:224-227; Notarianni ef al. (1990) J. Reprod. Fertil. Suppl. 41:51-56;

T

*G00002*



5 (See, Beardsley (1998) Scientific American, on line). Wen tTESe"tells
are inplanted into m ce‘.vﬂ th no functioning i mune tem they apparently
give rise to tunors contal ning various cell types. SH-?;i\fever, it is not clear

that these WQ8¥&H02& hurman cells are pluripotent ES cells. O RCH/YS983583
“interest in the transgenic field are rat pluripotent cells. &r i

rats offer several advantages over nouse nodels. First, rats a*tagacﬂ]@{ﬁo
whi ch nak js ] Lok B j nt
of mat or i ATt PLL BIERR5 P RGRoR G ippiC 08 2500 WO 8/ARR4). 3 Slor PERRT
that a | amgevewss, $f the «dils akasely pluripviait BStdells. (@8, d)gcGardaftemdiBrgdol (r997at

model s, especially in the areas of neurodegenerative disease,
car di ovasduf- dr Devdtak 4h:23pd4d)-abet es. No conpar abl e dat abase exists for

m ce. 15 Rats e.als he pr.ef.erred.ani nal del for drug devel o nt
nssays. Transgairban el SholiSuBinT b ARndeoniironrdiy ctly A RreR Bitkes: na
ar  not pqs&&,@&:dslbythW&)%‘i@rﬁifm/ﬁﬁeridéﬂ! ol HASP | WheP B 8815 Ate infRhrkte$ iRS
rats harboring human transgenes can offer pri'mate-specific analyses in a

non- pri nmatreicexyitr norfunctidning smemne systernthey apparenthyhgive higs tootuomys odntaiaing

al l ows production of transgenic . animal s whgse pheno es are useful 20 for
human di sSHERURERILIES-JHPVEveR His E%fﬁ%?r Hyt iese Safted Bliman GG amplunpeient

di sease phengfjupe. For exanpl e, a transgeni ¢ nodel of HLA-B27-associ ated
human aut oi mmune di sorders was first attenpted in mice, but no pat hol ogy

devel oped (TaurOfpaticalbr inferdSi88 theltransgenifitld atd lat $0r{potidt celly. Arasspehie
HLA- B27 rats, however, have pathol ogies that closely resenble the human

di Kease ( Hatsaffer sevesgl adyargages aver mogse modeds.1 irst) ratsgrgdargers whitdh maltdss 25

could be used t.o exploit all of e genefic, mani pul ations n ssi ble only
o ce. Irpigg eSCeuR o i ot % BN Kl el oA B RS StuRal be
i ntroducedaRfsB. tASedoRll albUIRARWIERt A TRAILARS exififlg IdRtaBMEI MR HAX ¥ T h
t he human transgenes, would provide a "humani zed" animal that could replace

t he pri matlasfbeen paryated fodtiratsmods, Esperiatiyriniticiadasnof rewpidege mpatoealisease, y et
succeeded in _deriving rat, ES cells. 30 Iannoccope et al. (11994) Devel op

Bi ol . 163:%@92@2“%5%@7%%@#M%?-oﬁ?fewpaﬁ%& %&h@e ?’éﬁé&?ref&‘%ol ation of
rajg enbryonic s i j j 2
W0 D01 20076 por ue Jubts MR G picEL R URE dUERoBiRl p&dyd Mafieehl
wer e cont amtswloedsophisticaed phydifogithl meashbingdtitsithat arglnot poskffle in teEgeip.

Biol. in press; Brenin et al. ( 1996) In: PHARM CEREBRAL | SCHEM A ( ed.
Kri egl st ei micendgppxamplechesanserafdheirsipe, spis harbognghugap tansgenss cammoffer  The

Pe oel | s BiTRbeSRecib hilhsiin offoR ritiale bllrildrifl kPl iR RgRERERuhEE Corl o)
nmay have bgigii ORxats|aflotrd produiibH bf RESsgehiei fmAls WHONS Shetlobyed aretuzeful 29
strain of nouse had been uséd for earlier teratocarcirlom work because of

i t 20 t endenfoy human diseasegnodals, avhilpamive catrying dhesame (ransgenethayenogliscass man (
1981 Nat ure 292:154-156;, Martin (. 1981 C t'1 Acad. Sci. .ZI SA
7. 7654 S caiRORpS, EBF EXABHlEA winsBesio dadel Ot T ACB2 Bt segiel ol
T . = ( . ST
cel | mass gfofdBisSw x ru@f;‘é.tiehfﬂiécﬂfn midedbit na%ﬁ&g%L%@@gas g&ﬁg%wal.t Qogdppt to

tissue culture. O {rarns, such as the e proven to be
mor e di f f i huwhiendlol4134020v30)i ‘DransgenicSHEA-B27 rats,howener, have/pathalegies thavelosey
germline conpetent C57BL/6 ES cell line reported (Ledermann et al . ( 1991

) Exp. ICe| resewble thohuman diseasg(Hammar ¢ als (150) QF”?@H&%}MH&I- Fows, et ESredlacy
| PRRTy onecdid b B0 ploR e b RS mblub s A pBSiER Gy T il R

lines has pPgegll t@hBoBiy Wefd!htailables Aull irfutatidAE cadld beGntrétRicE® U6 the rat
experinmental ly induced teratocarcinonmas in the rat usually derive fromthe

yol k sac rhomeloguésof funtam geaesnand in sombinetien with|the humamtransgenes, poulsht | but
rather retain,features,of the yolk s endoderm. This characteristic my
lead to thE'¥V#5i# W‘H‘H‘an ﬁﬁ“”c‘&?@é ’?ﬁ@?ﬁ g&f*@é?goww Sg‘ﬁﬁ%s rat strains -
of ES-like cell peghitdicdnfinhed AbGhpti IR yeAducredded i'érfving rat ES cells.
30 Iannoccone et al. (1994) Develop Biol. 163:288-292 (see, also WO 95/06716) originally

reported isolation of rat embryonic stem cells, but recently retracted this publication after
2
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20 endoderm cel l's. The esent invention provides the first pluripotent rat
+ES cells. In addition, the invention provides a met hod whi ch can be

uni ver sal IWORPPBTY7€d to the generation of ES cells fromall sPBEE{US98/25283
SUMVARY OF THE | NVENTI ON The present invention includes an 4sol tvd

"popul ati on of non-nobuse enbryonic stemcells. In one enbodi tth{ h2092I | s
are rat : he. ' ' : d of

obt ai pi e o el e eeh Mk 8RR Entarhiitol WAL kGAR, BSOS bl o

conpri si (997)eveivpc Bidl Lihi presse Brémin@phiai (10606 Ino PHARM3OEREBRAIOISCHEMIL (8 get
species with non-target enbryonic stemcells under _caonditions which favor

growt h ofKieglstoignMedpharm PeighfiticPublishersnStugathpRiéd5-Sdeki Hae prgsent( b)

i solating_the ES.' 2 4. Q2. cells from ety speci es. The
non- t ar gde g tsretore, GiaVidée e WGBS o o R A GUT T o & spec es
otyier than t hetk@ntSthatothe Fhifidl sustGh ofiSulfiitptthe Mtust EMEMafFRabEbéch dipn be
derived frominner cell masses (I CVMs) or can be prinordial germcells

(PGCs) . |parthntt hfortuitobo dicienof modse stain; tthe 129 steaib of owiuse badkbeenaised faf used .
in the co culture lack a positive s%l.ection mar ker. . '[Eglépositiv sel ecti on

mar ker c&ATISE tfal0SREINOMAY PrEcPes eIt disitendepey tavimd destiFular germucdhtbRetg HPRT
rest stangeed R & kahrbh (RY Mkt TAIU SIMNG: Mlkfin RTSYMOHLE PhCIILR k; Used

in the co-culture carry a negative sélection r - exanp

her pes silisi §8:76B4-7638)0\rbeticethiit plagipofeiBodlls)in tHblasioeyst nnek bell ambs yoite) | s
can be cultured on a feeder layer of cells. In one enbodinent the feeder
| Wer i s meRiculs/srainhave an|iphesensahility tovadant teissue chbiuigo Other grainsEsudead s

used in the = ture t hods a mtoti.cal ly.inactiwvat I et anot her
napect | (e CTBLL o Bt Brveie b i or PBSIANGR S pihMiBtn B0Es

cel | s. | Mool Hal Bbem LRE cSRBARACCITSH (IIOALIP NG RIPBIH:E CedefiBind bPAt OF 2
transgene. 1n anot her énbodi nent, the genetic nodification conprises

di srupt i (d99 Nebxipudet/iRes. 197:264e258). There ig@onast stdain thaf bas avendasydotdevelop

i nvention ipcludes a chineric enbryo contianingﬁéne I sol at.ed popul ation of

ES cel | s WBFUGHATASTAIOGRICINORING; AMdethe Easkafspeh a Firaip As Ike GaF REHS reaspas siibhrer i
embryo c ] . . e a
T2 o enant Rbfigadon he iy R £ RS irE Bl BEAShORI NG Alco. 3 cbirh 6 HHE

"~ that havemgesescéiperimentdiBdnfi®d tératodhingHastiiehd tapabuadly dekive fend theWslR sac
genes. In another aspect, the invention includes an ani nmal contw cells

ari si ng frather thanifeun gemal cellyp these t&ls ase nobplydpotEss, but rather petainga ithent ,

" th i mal t ai 1. ari si £ t. E |l s.that .h b
genet | car 19 RAOReRE o ThineharatiStsts ARk A8 T B iR Bt iom 1
ani mal - coplhgabeystsCot somedht sttalth JFENNikébelESvite bélss &Bﬁhoﬂ%ﬁ?@@d}@tﬂe%&hbl}é

nodi fied to di'srupt the function of one or nore genes. w | I becone
apPar ent , endiodéren cells. f eat ures and characteristics of one aspect of the

i nvention are li cabl.e tg any ot he ect,of the i tion.,.According to
'yetv anot her as’gﬁiépéesqnttlwnapegéméq%%ﬁ?ﬁ%fﬂnwéati@]%eﬁﬂw=Iaéddlél°HeIh~?'odgof
obt ai ni ng; e ; I

oo 1 5 Anseiof ofidk, EMAR Puhah Be hiTERaly BBELGP hOBlBhWbfES celly
of the tafrg@tallsspeciess Wi th non target enbryonic stemcells under conditions

whi ch favor growth of the enbryonic stem (ES) cells fromthe target
species; and (b) isolating the ES cells fromthe target species. According

t%anot her aspect of the presengi&pT@WEﬁ&\pvi ded a net hod

The present invention includes an isolated population of non-mouse embryonic

stem cells. In one embodiment, the cells are rat ES cells.
In another aspect, the invention provides a method of obtaining embryonic stem
cells from a target species, the method comprising: (a) co-culturing cells obtained from an
30 embryo of the target species with non-target embryonic stem cells under conditions which

favor growth of embryonic stem (ES) cells from the target species; and (b) isolating the ES
' 3



of preparing a mammalian pluripotent cell line derived froma bl astocyst
stage enbryo froma target mammal i an species, the nethod conprising: (a)
co-culturing cells obtained froma bl astocyst stage enbryo of the target
mammal i an species with pluripotent cells derived froma bl a8ty éﬁﬁpﬁ
"enbryo froma non-target species under conditions which favor growmh of the
pluripotent cells fromthe target nmammal i an speci es, wherein the
pluripotent cells fromthe target manmal i an speci es are derived; and (b)

i solating the pluripotent cells fromthe target nannalHi? SReci es fr?n1co

cul ture of stedls from) the Agrgst sperigs-+ bha/pan-tarast REPrYRYsm Gells yred i thegqreulture

I nvention t | | AL ESTN r.ej e
col |11 ne 1 org et a ol herdndibihe TRURCPRCILS, B Biho6E, | THo Bl RS Bl Dol
Accor di ng t obesddrivied roat inper aeblpeassesofl CMse opeanderirimordhgéeroncellk€P6Css

provi ded a non nouse pluripotent cell line wherein the cell line.is

Genet i cal |y nodi feAROter SO cibe opLarse) GRPry Bhic Emk P11 aiwﬁdpﬁae £e
further aspegfitudd 1dch@ pisasRMeldcAYE MR, TIREpARitive RIQYbA SthrRer®heda @bne
obtai ning enbryonic stemcells froma target species, the nethod

conpri si ng: ¢nepding-antibiatici 1esisiange orlal genobmgoding HRRMresistendsr (HPRF). t b yet

target species whic arr positive selection,marker wi.th (ii) a .
popul ati on o?noél?%reﬂl’)t)ﬁggn?#’e F & Sqrg)% F%ﬁl feg%kusﬁllén &fsﬁ'?‘f)gur% %fng%tai 58N ker
under condi t iePdtSiotthdiRer] EHO0sxaBpMVHIPRAT ort m%@nﬁim?om AnsthPm(dE® kdasd gi$vom
the target species; and (b) isolating the ES cells fromthe targets

speci es. Acc)diQniionallnghe wmbive kells eanple pulgired pa gFcedemlayemeieerlisonin erer e
' i ded : i ni : |
et ou. OE RS B (REelaabng S RUANR. SYEMSEL Gl A, H R e

cel I s obt ai nES célivusedin telebyoaltafe rhétRodsadre aiitosipailyi iasctivated. (11) a popul ation

of enbryonic stemcells which carry a negative selection marker der
condi ti ons whi ch Fav&rangtsiesresh t{mereé%rlwﬁﬂueng@@ﬁiﬂ@p@%@ﬂlvw&gﬁﬁ? {RE"

target speci gdusfd il InGleAnihbR, Fe ERACmbIMLINPSREAR iSRRI o

ccording to yet another aspect of the present invention, there is provided

a transgene. In another embodiment, the genetic modification comprises disrupting the
function of one or more genes.

In a further aspect, the invention includes a chimeric embryo contianing the
isolated population of ES cells or genetically modified ES cells. In one embodiment, the
chimeric embryo contains ES cells that have been genetically modified to include a
transgene. In another embodiment, the chimeric embryo contains ES cells that have
generically modified to disrupt the function of one or more genes.

In another aspect, the invention includes an animal containing cells arising from
an isolated population of target ES cells. In one embodiment, the animal contains cells
arising from rat ES cells that have been genetically modified to include a transgene. In
another embodiment, the animal contains cells arising from rat ES cells that have
genetically modified to disrupt the function of one or more genes.

As will become apparent, preferred features and characteristics of one aspect of
the invention are applicable to any other aspect of the invention.

According to yet another aspect of the present invention, there is provided a

method of obtaining embryonic stem cells from a target species, the method comprising:
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met hod of preparing a manmalian pluripotent cell line derived froma

bl ast ocyst stage enbryo froma target manmal i an species, the nethod
conprising: (a) co-culturing (i) cells obtained froma bl astocyst stage
enbryo of the target manmalian species which carry a positzqehmﬁybggggn
"marker with (ii) pluripotent cells derived froma bl astocyst stage ryo
whi ch | ack the positive selection marker under conditions which favor
grow h of the pluripotent cells fromthe target mamral i an speci es, wherein
the pluripotent cells fromthe target mral i an species are derived: and
() Psol ating t hetapl GrFibHsets Phemeddhmt A SHGBOT M SHCUEIE 80P om
co culture Ofyrsk BRbkydhic £GHEIMN Wifliel CorRfifidis vANOR BRLr BRRARbf Be Hie SR/

i nvention, there is provided a nethod of preparing a manmalian pluri potent

cell line detiS)edll{ fromthe target speeiest amsk age enbryo froma target mamali an
species, the neth Wri 1ng: (b)) co-culturing (i) cells obtained froma
bl astocyst stage Q’ ? ngftﬁetﬁgc?ljfr %‘P%?ﬁa%??%ﬁ%épeci es with (ii)
pluripotent cell sadesringdo bidiiRrasPbADE Be)Sibsei BNt e WPretided b myetRod
negati ve sel ecti on marker under conditions which favor growm h of the

pl uri pot ent e&preparingomapunalian plurinedentgril dine sgdvedFomy Blagiopy st [yiage embryo

pl uri pot ent | s, Ir tar | tes are derived; and (b)
i solating t hgrgllﬁllautfi{ggg{yél&#?aéltgﬁFge%iersg%%e%@?%ﬁﬁg%l i an species fromco
culture of step (@).coBRItFnPESIRIOBHIAN GomT HEbIANANLNSEgd embrio HfMAY 26

Figure 1, panels A through D, are half_ tone reproductions of photographs
showi ng rat BRE&baY speciespyigy pluripotantgsidenvsg ;@Iﬂﬁﬁﬂ#chﬁt%ﬁ,eﬂmﬁﬁgma

optics of noﬁém{aréé’ilgp&?es under conditions which favor growth of the pluripotent cells from the
target mammalian species, wherein the pluripotent cells from the target mammalian
species are derived; and

(b) isolating the pluripotent cells from the target mammalian species from co-
culture of step (a).

According to yet another aspect of the present invention there is provided a non-
mouse pluripotent cell line wherein the cell line is genetically modified to lack a positive
selection marker.

According to still another aspect of the present invention there is provided a non-
mouse pluripotent cell line wherein the cell line is genetically modified to carry a
negetive selection marker.

According to further aspect of the present invention, there is provided a method
of obtaining embryonic stem cells from a target species, the method comprising:

(a) co-culturing (i) cells obtained from an embryo of the target species which
carry a positive selection marker with (ii) a population of embryonic stem cells which
lack the positive selection marker

under conditions which favor growth of the embryonic stem (ES) cells from the
target species; and

(b) isolating the ES cells from the target species.

According to again another aspect of the present invention, there is provided a

method of obtaining embryonic stem cells from a target species, the method comprising:
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WO 997076 PCT/ US98/ 25283 2 ~ MAY 2002 bl astocysts fromthe Brown Norway
-strain; Figure 1 B shows 400 x magnification, Nomarski optics of rat

bl astocysts fromthe Fischer 344 strain where inplantation was del ayed 10
days. Figure 1 C shows 200 x nagnification, phase contrast Pt eMA?{oﬁ@[]Qf
del ayed rat bl astocysts fromthe Long Evans strain where inplantation was
del ayed 8 days. Figure 1 D blastocysts attached after 3 days in culture on
SNL 767 fibroblast feeder |layer. The inner cell mass (ICM is visible at

the center of the culture els A ou ,are half
reproductions of {68 Gﬂir‘ f)s%ohbmgﬁai?qu@g eﬂé’ ‘\/‘etgp‘? FadﬁqttSH%C“Fsd\’féltlg‘frBQat
bl ast 0cy St s. pdpulfoibf LA HRIARLAS anle ARRABMA Mty € of FRDB-1
cell Iine. T]h nor phol og co oni es reserr% | es nouse 10 ES cells at
this stage of derundst pmndltuﬁrsg\uhlehiﬁoslgmwtha)ftthe enibpasisagen dESE edlls fromdhe
BNRB-1. The col gnr es have a more epithelial norphology, typical of

endoder m Fr e 200 x magni fication, phase contrast m croscopy.

Figure 3, panels q{;)qm@iﬂghhﬁge@ummltﬁ@ﬁegerfgfwcgguct| ons of 200 x
e

magni fi cation of cul tur bl ast ocyst s ures 3A and 3C show al kal i ne
phosphat ase (AP) ét:errdmggtomfetuam@ﬁr aspee bl theapresent| invendigns therqifdprevidsd a

bl ast ocyst s, ﬁ,{%ﬁe% Idé/p%i’l%é% Ab%ﬁr%h%?gﬁg%%ﬂ{ &l ﬁh@ﬁér?‘%ésﬁoxﬁ%r$1X§9cﬁ? dta%l ‘h

(l'ine BNRB—I')ne ainex ai’ne

AP. Figure 3&n5ﬂy@\ﬂimﬁﬁ’taigétlrﬁarmﬁaﬁﬁi dpecies,ithd Mmethod eb@pyisidgr i ved from 9 day
Sprague Dawl ey enbryo. These cells may bhe derived fromprinoprdial germ

cells. Fi gur e 4A @hmuaumeélé Cé%f)btég{ed\,ff%aolrlaﬂ%%@t B3 &6 §MpEto %ﬂﬁ@t'@t&?’st
i | |
i nner celi 20 RS Sia6 sEMieLoblcR &Uﬂg}f&'E)ﬁﬁtlg@éeée;’ctfég%ﬁiﬁa@g%%mé gih]msﬂweint Rlgyre

4B shows fluorescence m croscopy ai ned
with anti SS#ekivkddrom h)bthytocy'stgtage edhBrywhwehish tavk dlee EeBSitoel selecséramadadr wi t h ant i

SSEA-1. SSEA-1 |s het er ogeneou ress ure .4D sho ol oni es from
The BNRBLL cel | | WHET congiaane whidh BSRRERwe! [ PIFriAgeRC e om the tRree

het er ogeneoulslafrﬁ&rah%'éﬁec;esl ahsleinde ﬁﬁlpﬁt&uéars%lﬁ RRWErgdt AHiniatias & éé?ésth"r@
simlar to mouse ES celliderived sinple enbryoid body, fornmed by

cell line afdatvedudndure in suspensr on. Figure 5B shows mor phol ogi cal

changes 10 L he TR RGO R o 0

rat enbryoni gulfrbophitpal. feeder layer. 30 Figure 6 panel s A through D are
hal f tone reproductions of 10Ox magnification, phase contrast phot ographs
showi ng t he nor phdreIgingstocsill arwhqmsmﬁtéﬁ the pF%‘?ntblné@%ttS)@yélieée gs pravided 3 4

MAY 2002 WO 7 E&lé I | CM
froma del ay%%ﬁ%gnog nlggr %@Q@ﬁﬁhﬁxgghﬂﬁﬂﬁ:ﬁ er l tFl ﬁ‘!r ggndéa m‘?a @A?tgﬁg %e
nouse AB-1 Eéinbxefblfrdrmedaafgetlmammahaih@ebﬁﬁﬂthcehﬂeﬂmki@omphsMg nouse ES cells,
and no differentiagti on I s .a rept., Figure 6B shows second passa
e ow by mechaniap-HEBE IR e ORIy AMARBRT SPRE IR BEfedaugeb
present on the 5 edqeénﬂml&h@peerépmtm) Bllﬁhbf)&nﬁgélﬁhﬁmed—ﬁoﬁ@é blabb ik ke 7
passages. The | CM expl ant -.
embryo which carry a negative selection marker
under conditions which favor growth of the pluripotent cells from the
target mammalian species, wherein the pluripotent cells from the target mammalian
species are derived; and

(b) isolating the pluripotent cells from the target mammalian species from co-

culture of step (a).

BRIEF DESCRIPTION OF THE DRAWINGS

4b



| ooks |'i ke nouse ES cells, but spherical cells are nmuch nore abundant.

- These fastgrowi ng spherical cells are believed to be endoderm After
several nore passages of the cells having ES norphol ogy, there were very
few al kal i ne phosphat ase (AP)-positive cells remaining. Euggmﬁﬁﬁgngﬂpws AP
“staining of an early passage rat ICM The spherical 10 endode I ke cells
are negative. Figure 7, panels A through C, are half tone reproductions of
phot ographs of rat prinordial germcells (PGC) in culture. Figure 7A shows

al Ox magnificatjon phase contras hot.ogr aph of PGC cul tyres derived by
di ssoci ating the ir:1‘ig}’lffgltatpa’t“?l% Emélgél&a{%l}#%ﬁogefqpa UetigRs ‘ﬂ‘%"gl[@%ﬁat enmbryo
and co-cul t ug 1 |4 rs 4000 e

passages (nnﬂgﬁﬂn E%EP?BE%ﬁ%Eﬁgﬁggf?ﬂ%ﬁg nDuséé%gﬂgﬁﬁﬁéﬁgg@%&fg%%%gﬁ by
negati ve selsmiiabrat The remmining rat cells were passaged once nore and the
cul ture exam ned at 17 days. Surviving rat cells are apparent. Figure 7B
shows a 20x magnification the cells in Figure 7A. Figure 7C shows the sane
colony as shown in Figures 7A and 7B stai ned for al kaline phosphatase (AP}
after 21 days in culture. The 20 norphol ogy and stai ning indicates that
these cells have properties of ES cells. MODES FOR CARRYI NG OQUT THE

I NVENTI ON Thr oughout this application, various publications, patents, and
publ i shed patent applications are referred to by an identifying citation.
The di scl osures of these 25 publications, patonts, and published patent
specifications referenced in this application are hereby incorporated by
reference into the present disclosure to nore fully describe the state of
the art to which this invention pertains. The present invention provides

pl uri potent enbryonic stem (ES) cells. The ES cells are typically not nouse
and, al though isolated rat ES cells are exenplified herein, the 30 clained
nmet hods can be applied to any species. In general, the invention provides
substantially purified popul ati ons of non-nouse, for exanple rat, ES cells.
The methods of 6 ~1 2 4 MAY 2002 WD 99127076 PCflUS98125283 produci ng
ES cells involve co-culturing enbryo cells froma target species (e.g.

inner cell masses (I CMs) from bl astocysts or prinordial germcells (PCCs))
with non-target ES cells. The non-target ES cells can be from any speci es,
for instance nouse. Preferably, the nontarget ES cells contain a negative
selection marker. 5 The practice of the present invention will enpl oy,

unl ess otherw se indicated, conventional techniques of nol ecul ar bi ol ogy,

m crobi ol ogy, cell biology and reconbi nant DNA, which are within the skil

of the art. See, e.g., Sanbrook, Fritsch, and Maniatis, MOLECULAR CLON NG
A LABORATORY MANUAL, 2nd edition (1989); CURRENT PROTOCOLS | N MOLECULAR

Bl OLOGY, (F.M Ausubel et al. eds., 1987); the series 10 METHODS I N
ENZYMOLOGY (Academic Press, Inc.); PCR 2: A PRACTI CAL APPROACH (M J.
McPherson, B.D. Hanmes and G R Taylor eds., 1995); AN MAL CELL CULTURE
(R1. Freshney. Ed., 1987); and ANTIBODI ES: A LABORATORY MANUAL (Harl ow et
al. eds., 1987). 15 Definitions As used herein, certain terns will have
specific meanings. The ternms "enbryonic stemcell™ or "ES cell"™ are used to
refer to cells of the early enbryo that can give rise to all differentiated
cells, including germline cells. Although not 20 yet isolated fromevery
species, all aninmals are believed to have ES cells. Muse enbryonic stem
cells (the nost well-characterized ES cell) are derived fromthe

pl uri pot ent
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i nner cell mass of blastgcysts, and their pluripotence can be maintai ned by
»an appropriate culture environment. Muse ES cells lines have been

est abl i sh&¥O9M2WA6t ur e usi ng feeder cells such as irradi at edPCTISIEMS28Y S OF
cultured in nedium conditioned by established 25 teratocar CI nona stem cel |
lines. Sone mouse ES cells can also be propagated without a flge

| ayer in enc differentiatiaqn in t|n CtIVIt | A) orUQ
| eukem ah&;ﬁ?ﬁ% ﬁ&%'&?ﬁ"“@ﬂ?f#‘jﬁyﬁr@% ?/Ehts gﬁ'ﬁ ﬁFéq%’ enti ation
of cells N&n@?ﬂ? ties of At bla%{o?y‘stsﬁe gﬁﬁmhexaﬁfh s&a?ﬁ re 15:%1&&51‘1&1 waler to

cells derive rom any ani nal an nouse. Pre erred non- nouse or
target cealelayedil® dags.. nghm YC@shows200- mageifitatich, phasseddntrasteffargrotpotel | s
derived fromany ani mal aother than the target species. Preferred non,

target E9elayed @taletwaeé’ronvthe Long Kyany sajn svhees toplanigtien pies delayed 8xhags
Wien the 1@1&% 1?@3 éﬁ%c{\é’d ﬁ?&ﬁ; &%ﬁﬁ}@ﬁ&ﬁ& 3n s'fﬁ 9€h'f§or86’1ﬁ£trf‘e£’détr §e9

formatio anlma germce I mera

cel | -derImqnnérheuqﬁéﬁmemglsaﬁslmféeatﬂ{vdzﬁfeaocﬁ{erdnﬁm genome of the ES Cel I's,
("germline transm ssion”). "Known" ES ' cells are those which have been

shown to be plKiguped, panclad themghlﬁ aechdlfrtome seprodudtibns 5f photiogriphk sloawingn t he
art and described h e|n nt cell Lines Limt d,to,
B st ooy Snltiiss deaued fraahe fobsiof Py Blisegbts. Figtess 2hendaBubobiolguics st the

in vitro

col I's. (oo OB AREE o FREP- fS%Eﬁ“é”‘"‘??é‘@%*%%égL% SR R o B

Ce0 | 10( 1BS &adlsat thisstage ofulierivafidn.) Figape 2Cehdwse third’Badsdgd/of281 )line BNRSB- Del S
can be easily manipul ated. They are useful as nodels for studies of

cel lul ar mequé%mhaé{p.adnoreﬁpehqlwémoypm&wusmf:ﬂefﬁaé@dﬁr@ tiigyrepPddt@ee and

secrete con of early enbryonic devel opnent in
Vi vo. |’%’§F§l§7&§§§ﬁnp8fl “‘é@‘%‘éfﬁ"é"%r boring foreign DNA can be used to
gener at e I | nespigfiret, pandl @@tﬂfdi‘aghtEﬁ'@%ﬁHfibﬁe FdBRicfiond B JDOOS nabniIRABH 6f
manl pul ation are known to thosé skilled in the art. 15 An "isol ated" or

"puri fi ecultprgdiblastocystsofFigutd $A|a9d§ﬂtﬁdabwrﬂlkaiide3plbsplmtasb (A@D stimng ofreter i al s
ure. subst ant| al | ee or

h whi ch d
ehho, ot hinass epfiRRa qatind 'nﬁgﬁqstqcaé%t EsResiivly égqssﬁﬁ oW Fat hlasteayst
cells, pr&frﬁrE@Péle (?{HSW égtoé‘%neqq’f/@n fg LAY sﬁ s 5 tﬁell\%ﬁ& jyen nore

preferably at | eas non- t ent E t hey

are assocwith &P. iFignet3B showd A Ppositivd cdlltswaﬁnma colzmlyldecxubd fiofi' 9 dey Spegrubi gher
eukaryotic cells grown or maintained in vitro, i s understood that the

descendarl?awigy ealhm | Thesg cElclﬁ mmébeé%vﬁf@w nrtmrfiméspnn gelifor phol ogy,
T sous” obt ai netleRt R shgi{ B8 sPhlest S of Pt of RSyt BRE S0

I R0t he coMAGRICKH) TGk fbe B1a9H BEREe sthifiin g P 4B.shbs f%réseéﬁdel i zed egg
cl eaves to forma mul berry-shaped cluster o | s called the "norul a.

Bet ween tmigrgscopydf the-cday cubineedd CM ndlmueewhmgfé‘o?f%h antibody." Bigawse 6Cyst "
- a nearl heri c £l uj d- fllled S er cellsg of the
bl ast ooy oS s sells e EanE SSEALE §eRA FisditFoecheusly Bepiretdand
other ext igaféhm Qi e&me& Hbfi%the ‘ﬂmmaenqmets%ﬁhﬁ {uith SSEA- uvq%e rhOfd €
"inner ce mass” or " " an accunul at1on of s at one pole of the '
30 bl ast oaiy(shetelﬁgbmouerfmmﬁ-d labelimge sources include del ayed bl astocysts
and prinordial_germcells. 8 2 4 MAY 2002 WO 991 27076 . PGI/ US98I 25283
25 Figure 5A shows a cystic structure, similar to mouse ES cell-derived simple
embryoid body, formed by BRNB-1 cell line after culture in suspension. Figure 5B shows
morphological changes in the BNRB-1 cell line grown on a rat embryonic fibroblast feeder
layer; Figure SC shows morphological changes in mouse ES cells grown on a rat
embryonic fibroblast feeder layer.
30 Figure 6, panels A through D, are half-tone reproductions of 10x magnification,

| phase contrast photographs showing the morphology of cell co-cultures of rat blastocysts
5



As described herein, the nmethods devel oped by the present inventor are
-equally applicable to al] species. The term "target..ani mal" y

species" refers to the species fromwhich the isol ated ES c%lqﬂl’ye\afr?'ﬁgz
present i WOARWI6are derived. Suitable species include, but PETAISAYR5283
“limted to, rat, human, bovine and sheep. S The term "sel ectabl e marker™
refers to a gene whose expression allows one to identify cells that have
been trangf a t i i O ene.
D OB Y el ISRl 1M RS BRI B B oAy
recessi veaftef thie@dags ofcuit@teesn hdusdABEES detl Redertidyed. TROBCOINGNdl6uk ke
product that enables only the cells that carry the gene to survive and/or
gr ow undemouserESirellsc andine differentiasionds apparent. Jigwre 6B0shems seenndeiassagk lof LEhat
express the introduced. ant,i biatic resistan enes. Non-l.imting exanpl es of
Sl t ot e ERICTh B EHROL plsRoctin o CosBh utpr R APYeCRLSelA Bt prRBE 1 0 o
confers r&pkshpiie®xpRnt FighRIBOY Bt O A0 91 gasdapsd. STRIRM

pur omyci n resi stanc’:‘g Anotgher pogﬁvﬁe sel ection r@?iggr S hypogg t“ﬂ? ne
phosphor i lookyliké mansd BS aekds, (biPsfijericaladells atdumuch arary abirelahiPRThege fist-gr ow i n

HAT (ammi opterin, hypoxanthine, 15 thym di ne) nmedium while cells that are
HPRT- negadtoyang spbrucsl (‘Gﬁé arerbaligyedriaubs erdoderiyy Aviey severad maze ppssagesafithe

o ool eotr Rty TS pREhe g SREREELARY PR Ao MRS (EPRRSRe IS

negative g@ladtihg ORigiee BBIsholvd ARISeIniGY §Bdn EdrliPhBRagéirhUITM NYTRE dptiegicki nase
(HSV-tk) and HP%'{T_. g’rcﬁgéijl s carrying tdr?gg HSV- t kmg)ﬂ:ane g‘gre killed V\%enl

gdfAcycl ovéndodemflike celly are negative. .
deoxy- 2-fl uoros{( 3- D rabi nof urangsyl ) - 5-i0douracil) is agdded and cells
carrying rramraﬂ(géfﬁe[)?’l?a&?]g “}ﬂfr%@’ ﬁs%’r‘fj‘%&ﬁ%mgg%ﬁpf HF&éot?%'B%@Qijr@el |'s
carrying .k r CEi hb 1 s i j.ne
(6TG. Q%@?oeig%ﬁgségﬁ(se )e(l;:}tf-J %1 ﬁjé@ngir%\ggér ZA%BO%VEQS&?%@?%HQHE%H;“ ve)

wi Il be kemtrastphotdpraph of \PGlecudtutes deFlosd by \déssoeigang the Iisdget tissueandef ers to
the process of selecting cells that carry a 25 DNA jnsert _integrated at a

speci fi c #iangis Bam »&8:01dsy L rtiembrye and er-cnlbwyngawih movge E8)csls faigwagai nst
cqlzls th y i i -t - omal site
(Regat vebusaishy Ay Moo bRAGEL: (A0RETEE G (thnfBeRal. hPLRAME B BRI OURRT

engi neer egenigVietdbly nepatdfd eictiod. The gemnsiningadak YeliN@ére passagdedbnddBhSre aAd the
“chinmeric enbryo"” is an enbryo that has popul ations of 30 cells wth

di f f er ent cyreexgreined hlisdays. tSumiyipawat celks aralepparerthibigure dBahprp @ 208ual | y

contains nmaterd al. fromat.|east eunrelat ed organi s such as fr.oma
virus, pl REStERion fgeft in Figtie PA° SHAEE yE Fon B RiaI S Mo iR

PCTI US98| Ensidd BOARRYB stdifed o Akalihd PR&GMELasé CARY SitdrQ 1 dap@invdilt&oThade from
one source that has been incorporated into genone of another organism The

t 128ns genemoaphdbegyoduidestaieingf indicates yhat these ecll§ bavei prepertieeof ES otllst ed from a
different organism species or synthetically produced. The transgene can be
a gene, gene fragnent or multiple genes. Suitable sizes of transgenes 5 can

be determ ned by net hoggbggvpb$ rtméﬁﬁ OWTQWENM ntion provi des

the first isolated pop —The invention

al so provides Thvaighoet thisdepplicatien, ivariogs fablivatibms, patentspamt pabliskedspeeerites. By
enpl oyi ng novel, culture conditions, the present_inventor has derived
i sol at ed pRRlifatenHE referred to by ap identifying eitation-y Bhe dis¢lpsigesof the®se novel

et ous: B iRlBhs hatkid BB bR bRchPiRSlngRBE: APl We B Bhion s,
anount  angéRby kdddepdihted vbg%&ré@@ti%&h@ﬁ&séﬁeﬂﬁloﬁeé tosmerddally desckibe it dedter e

medium No matter ‘what the nedium previous rat cells cannot be naintained
i n cul t ur of dietanototwhich this émtentivh pertaiifiese cultured rat cells are not .

erbr yoni ¢ cel | A IEITEFRITE BIovIeR TR S Bt i s PR Erels Sy owt b
factors augd @edRsicAs) he b B A ot B UL P clBIYRUORIOIE

»

undi fferenti at ed, I pot ent I ne: e present 1 nvention overcones this
pr3bl em bylaimed niethodsegn bbappli¢d ordny\spacies.Chi genensl tthe irviehtioproridesn- t ar get
ES cell line. Contact, with the ES cell line appears to support the jsol ated

enbr yoni c substantially purified prpylatipnsoknanymeusa, forexamplerat LS cells; Jhemetheds of
point, the rat ES cells will proliferateén their own 20 and maintain their
undi fferentiated, pluripotent phenotype. |. Sources of Pluripotent
Enbryonic Stem Cells Using the nethods descri bed herein, ES cells can be

i solated fromany species. 25 Exanpl es descri bed herein include ES cells
derived fromthe inbred line of Long Evans (LE) rats, available from
Simonsen (inbred for 16 generations) or from Sprague-Dawl ey rat strains. LE

. o o - . g, - o N o - o o



-~, 2 ~ MAY 2002 WD 99127076 PCT/ US98/ 25283 br eedi ng.age. in}il MUse
*'strains of rat vary great)y in timng of enbryonic :}rﬁ)l ant

reacts di WQPUHT¢ t o superovul ati on and del ayed i npl ant ati o?CﬁUSRS@éuﬁes
To the extent that these variations affect the present invention, they can
readily be determ ned by nethods known in the art. 5 Non-nouse, target ES

o o Brde S A Sl i ke R B g e R Bl
exper i mepiaabds(10R ) e bRslodyas oPpAmioadiSidih, celd (PECE)YWith n-EReES k]IS -

PGCs can be isolated fromvarious stages of enbryonic devel opnent, for
i nst ance Theage-tagetESrogtls caer¢ froumamsspecies, for mistancemduse: drefopabiy, dmenors and

el ecti ve abor can .be e 0 (f 10 Cells can al so be obtained from

ooy yos  FRERES GOy SHeID ATRERR R TIUPRATTHSE eonni ques. A Bl astocysts. and
d Bl ast I th

Dej aye as éﬁrﬁcmt eé&%éntq MRfon! wi e?ﬁ acr I‘?z}ﬁlé’&‘%th@ﬁ%z@ ﬂldlf(ﬁ%e{? in the

art. For exarrp s can I ced on out ay 4.5

af ter makcongentidayl t@clﬁnqﬁestdfenﬁﬂﬁéﬁlaﬂ@o&fgtyemldﬁblﬂﬁig?fn@u bislogyhhd sécoaitshgmtar e
collected fromthe uteri by the nethod described m ce, for exanple in

A. Bradl &NApwhigharowithin fienskd] afthemvBricent-&. Sqmhrock) Frigschy aphMEmiats,

ovar oot SAED ARG SRR, s AoxntoRneA B AR Snagn TREOTELERNELD 5°5™ ©

after maipkBFocOHLE B MOLRCUEAR PIULOGY] (VS ALBESY ¥E08ds Y 989); i & %0”5_ of
progesterone (5 ng/ani maUday, subcutaneous injection), as "described in

Bl hanan MEIIE®)S N ENZMMOIOG Fé€Atadehtic Préss 2IR8.); IR WAPRASTIIAL SPPROACHaDOIE 11
days | at bI ast t hat e.n ed are collected fromthe

ut er us u(i\fI Mh@é’“& EgédT?ﬁo’i?fgpdggg)( ANMAL GELICHHTWRE (Rlypr a) .

Del ayed r A d I ack

t he élona p@%bgiyédd ay ? B&gsl?ocys Z‘andgmﬁgywlﬁ f%%%‘?? gdr}ﬁy be

cul tured 1387described herein, preferably on feeder cells in individual
wells of a 24well plate. Errbryos produced by in vitro fertilization can be
cultured to the blastocyst stage for the isolation of ICVs. 11 2 4 MAY
2002 , ~o WD 99127876 B. Prinordial germcells PGIl US98/ 25283 Pri nordi al
germcells can be also be isolated fromenbryos. Although the stage of the
enbryo tissue pefimigionke! 1 eved to be critical, in an enbodinent directed to
production of 5 rat ES cells, tinmed mated femal es are sacrificed on

appr oxi mat el y Asysel Kereifi, gartagmtemnyg weill hagerbpegifec measrgst ed from

caui val ent 1 o ThieHHs cembryonis Sgaell eré@@”bliyaﬁép"é‘%dﬁp%%@? i Kl oF e el )
The Ca“daelmﬂrgg'ctjﬁﬁg c2h Pg}t%:nds%@ %M%ffe&hﬁ‘{t €4 @QH’ i FRIR e%gl?gl ceflS) mA‘ltﬁoﬁ%n %1% 59

all ant oi s socC into a single celT susp Wi § trypsi

a8l gent lyet isoldted Abimpgvery §1kbcitsniltﬁﬂmdh£irbfbehéx&d@ehh&ESeelilﬁ. dMeake for
instance into in 24-well dishes with or wi thout feeder cells as descri bed

bel ow. Atembwgnifftsm cellyfghamastewellsharetgtized §S seDaraderivedfram thegturipoeaiach

rat enbr yxgner cell rr?zlzjslst t b?as(f‘oocr)llgt'st and their pluripotence can be maintained by an appropriate

culture environment. Mouse ES cells lines have been established in culture using feeder
cells such as irradiated fibroblasts or cultured in medium conditionea by established
25 teratocarcinoma stem cell lines. Some mouse ES cells can also be propagated without a
feeder cell layer in the presence of differentiation inhibiting activity (DIA) or leukemia
inhibitory factor (LIF) which prevent spontaneous differentiation of cells in culture.
The terms “non-mouse” and “target” ES cells refer to cells derived from any animal
other than mouse. Preferred non-mouse or target cells are rat. The term “non-target” ES
30 cells refers to cells derived from any animal other than the target species. Preferred non-

. - target ES cells are mouse.



The present invention enploys culture conditions which pronote ES cell 15 '

- derivation. A Cultures @f Enbryo Tissue The pri rrary-\bl astorcz t Yo ich
the ES cel '\&ﬂ%éﬁ‘mg?” ved are grown in any appropriate mnediu Oﬁ E@?ﬁ%ﬂ
condi ti ons [ | ow for growmh and proliferation of the 2 .~ For

“instance, one suitable nediumis nouse ES nmedi um (DVMEM wi th gl utam ne and

hi gh gl ucose (G bco) supplemented with 15%fetal bovine serum (FBS:

Hyd one), 1 X nWheathépareddan 85 h6ks bldstotystd/ ES sellscaniriteitd @ fotmatigitof

antibiotics). Primary prinordial germcells (PGC) are preferably cultured
in nouse Echimstic aninsalsitand if thg gexn gelivefa ¢rimaraare £ eplledertved, thg affspring of-,

SCF and bFGF. . Other growth 25 f 0 i ¢h may. be used wiJj,l . kn to

Chose ski | VEghie etk se oname e ESicAts C 2aiiing rabiBihaon.  Kooiodeh .
factors c L Loy 1 W‘ll‘gﬁd‘ | t scribed .
her ei n, Zg%bdgéférm%gél W%q%?%&%n%t@h lté)CF 6 r%l}t%db%ghgﬁdg’éészsﬁ agg ng/ m. -
(Gefizyne) mettndb&aows hwtte arcardedesériteddilievein. Phuripddint celhlin¢shere et limitedto be -

cultured in ES cells prepared fromother species, for exanple ES cells
previ ous| yblaplepystigrived Hresgrecently areldinsithat ppssesses aplegstihe nvjsronbmptonses

PGT/ US98I 2 t I cul ia the
sane nedi uﬁs cé?sﬁ;&%?@érﬁ}'\iegc In?]épo Z’ggggﬁlgﬂé egr\?lvtqtﬁﬂg g%? gI?Ig?SBf%t. dr%’o@%g?)dg‘%{z

del ayed bl 2g:82¢383Y; Ktatsubl ki Hﬁhﬁ(l%%«zl&ﬁ%dl)ﬂm BukkMM.i(3997)Six3] EcBiResr

about three days of culture. The | are renoved under conditions that

m ni m ze c¥3:dM-387).on with other cell types, for exanple, after 5 about 3

to days in culture. |In one.enbodi nt,.the |CMj remgved usi a

m dPopi );;et te anhtst“r‘?ﬁﬁcm E%%fIXWIWﬁW&OTEW/@’?r‘?B@?ﬁS. nga%lsl W@‘i}gﬁ?gpersed
ith t i : oo i £ I d

sral T gr ouE IR RERRtAGGL PRENTLEN kallRifc REREEIAD plodulehd Nodte BT CE

wel I di sheinpstant fbrathe esnteul iof eady émbmoniedadeopareaeih titdvsGendticalde sel ect ed
by norphol ogical criteria, Exogenous growh factors (for 10 exa

l e, bFGF,
LI F, and SuEpipwgtehESsells harbering fraeizs DNAgon be ua%@ogeperafq#@eéwggtﬁgg@edmg

i onal | | . | i
m tot i cal | YeiER AR Mol celipicinbitoRth hERh BifSsc e TS
| eulserm a i nhi bi taaf Yisdlaeliobr {gurifiedapepslbesh eRdellsfiasitetan(ifiGHfree bPesiRandel | s

that induce differentiation (change in norphology, |oss of alkaline
phosphat assataR)s withiwhicksHduasdosisied be neyesd ByzsitstangallyCiiee or substantipllES cel | s
A critical _st. in derivin ryoni c stem cel i, culturning t enbr yvo
i Ssue i n PHETRS sdnfrdi atlens) B oY P8 ropEhER ik oo B LY Myl rePhghe
bound by o led 2 byl dt YRt 0% HRY df hoRiplassdid ES
because of Bge&{&g@;%tl?gﬁs eiﬂmgle%\%%tén%lgﬁrésf&aanlgl 20 because of gelﬁ}ﬁ%

condi ti oni eelloithwehichitheyare avsoliated irynd&Grecel | s. The present inventor noted

that purified groy fagtors are not .sufficient to provide optinal,
i 4 et o

f ]
enance of p‘)lyfeqqﬂmeer%éc Bire | denoteshigher gpkaryotiq eells grown or magntained | o

For nouse E s i i i f i Ry
mouse. £S. cdf P Tt R nd A0 LA of el maT R b AR AR AR
i mpor t ant | ynorphélogy bglpea\i;\gneﬂmymotdwparemw‘eﬂ. ES cells 25 differentiate
much nore easily and often en they were cultured at | ow densjty_rather

than hi gh densi tThe tgme Sembiyod refsrs tortissuecabtained fpmeanyistagend gn apinad)’s he

| ai med co-gcul t uri t hods. t ed h ti

From any sdtyeiebmsEiRr i, KA SEs AoRkRmaits Eieiiatialn AEWSRRGETE |
celyss are Ifivii-bd OPp DIRRvedqb | | aﬁful@@r}?fﬁaﬁé’@éu&bﬁéf 4% thied the “afphlaer

enbodi nent they aré prinordial germcells. In yet another enbodinment, they
are del aye®Bdivaet theydstand 164cell stege, the mmarunlatsaosforms indo aéblasiosysit ed ngadhou g
h ' 13

spherical, fluid-filled structure. The outer cells of the blastocyst are “trophectoderm” cells

and give rise to the placenta and other extraembryonic structures. The embryo itself is

derived from the “inner cell mass” or “ICM,” an accumulation of cells at one pole of the
30 blastocyst. Other embryonic tissue sources include delayed blastocysts and primordial

germ cells.



~'" 2 4 MAY 2002 WO 99/ Zzy076 PCT/ US98/ 25283 between 1 and qu @rvm y
ibet ween about 5 and 10 si)ngl e cells can al so be cont?hed | @t Asi

cul ture. WRINEWEct ed enbryo tissue cells) can be isol ated RET/VINBER83t el vy
co-cultured with , the non-target enbryonic stemcells. Preferably, the
enbryo tissue cells are cultured in 5 vitro for a short tinme before adding
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appr oxi ot el y 5 SAgHORY ferBh R ifcehadr Gbidfed B ¢ ipeeng vty ARE el
establ | s geliblenall fpecieadTHO i igbriial or ikl ueior Rl OBA, L e

primary enbryo tissue cultures can be cultured on a feeder |ayer of cells,
for i nst frooewBich the isoMted’BS teld$ bEthe phesutyinkersion ané deriyedt Ewitableispyaies c st em

cells cancge u%ed i n tﬂe,c -culture c nditioq. Al t hough potentially as few
as one EHCiEqe, bpbgrepat @q‘&&ﬁ%&aﬁ,-u@@ ving and sheeR nay be required, for
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required to deriv as too-nmany a non-tar get

may out ¢ EEIfE céleth@Eiuee dlebly trahsTu@iedttir Gadsfectet aVided vediGICddntai Rl it atker
cells. Perferably, the non-target ES 15 cells are nouse ES cells.

Pr ocedur geng.obele¢table suarkers ¢an be “pasitive” B8 negative handdompimantierseedsbive. Gsee,
.g., Magtin, 1981:. Led t,al., 1991.and l, et ., 1 992). |
o7 of er  ocPRTBYTIEHR AR TP Ghiena DT OFiE & Pt haf proBles oniyy ket °
cel s hayifiGady MRISdne S sHRARCARAIA S r IR Wi §Er QRAR coNBRRING! RO} Yxarkfl]6, pTRMISE ES

cells can be sel ec%ig vely renoved fromthe co-cultures. There are nunber of
ddi t abl e anéheina lwkels that égress thO introdhesdi angjbictorresistantpgeneiPROndimsitingy m di ne
ki nase. O her_ negat. \g,ie sel.ection marker genes wi|l be known to those

ski | | ed FRADRIES f fuitabie antiyelcresishnkaenss AiediromycHEreRisneaet) Whishe ES
ot oaeBeftrf b8 §BRbr RGP O T oRhGh e RAGHA Bl "ot v

nutation.” ( nes are’i rever
HPRT- pos tésig@de%dtﬁg%pﬁmm)sd@mmmr is Hypog@rnhink tpﬂbﬂﬂxo@i‘bbizg tfahSfetdshe 25
target species are HPRIT-positive and survive HAT treatnent. described in

t he ExamfHBRThelCels tha aanry the, HRBAtegheigroyy iorkl A Tr(amnigprerim dypoxanthineuse

Ils, did i, t t t .. ' t,.th
T ¢ ar gdiviiding) el while s ART BRty et AUERT. B AR ToRB o ac i on.
Anot her means dighiiafignink fidnt iR gESvE&lidcioh FAIk &M Sefe R 188l g 8RbSing & plaiudse,

as the 30 source of "the co-culture, blastocysts froma cross between
wi | d-t ypéhdteanbe inditced tmsklectivelyekitl thnadis that camp éheegenet MNot-limitageeranidesa

PO T e gative Seleation Markers sneluds horpes Situplon vird thymidineiase (HEV-) aad
HPRT. Cells carrying the HSV-tk gene are killed when gancyclovir or FIAU (1(1,2-

20 deoxy-2-fluoro-B-D-rabinofuranosyl)-5-iodouracil) is added and cells carrying mammalian
tk are killed using 5-bromodeoxyuridine (5BdU). Cells carrying the HPRT marker can be
selectively killed with 6-thioguanine (6TG). Other examples of selectable markers (both
positive and negative) will be known to those in the art.

“Positive-negative selection” refers to the process of selecting cells that carry a

25 DNA insert integrated at a specific targeted location (positive selection) and also selecting
against cells that carry a DNA insert integrated at a non-targeted chromosomal site
(negative selection).

A “transgenic animal” refers to a genetically engineered animal or offspring of
genetically engineered animals. A “chimeric embryo” is an embryo that has populations of

30 cells with different genotypes. Thus, a transgenic animal or chimeric embryo usually

contains material from at least one unrelated organism, such as from a virus, plant, or other
‘ 9
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. Bt . . . o
cappa. | anbsufud PSS cdlhy BRAMYAE/0; HE LR tabBr ERER A Tl BadefiTo

genes, as thebhlnas niddmay Noadakdng gheludium, pedviallrat ¢etlgicaind 8 Ssainthinght
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cl assi f i ednavltagrwithoutdiffeaergtating ddihese culturedorsat £ells arqnpictransmittedhintiethe gsrm he
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types. ES cells are nulti-|ayered and the enbryoid bodies which result from
t hé@e nul t3nd mgiatainithein undiffesantiated, oherinpientibengt¥Roder ral  and ect oder mal
tissues and 10 structures. In contrast, undifferentiated cells (non-ES)

have one epithelial |ayer and devel op enbryoi d bodi es conposed of a single
cell type, epithelial cells. For exanple, in nouse ES cells, it has been

denpnstrated that renoval of certain growth factors or treatnent wth
i nduci ng agent sl.SosmcesofiRiuiipotent XanbryanigStem fellybenzani de is frequently

acconpanied b e ner qti,on of..c | ex stoid enbryai d.bodies in which
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variety of cell, tyggs, i ncl udi ng ,spont aneous] y contractigig cardiac tissue.
See, for exasisrins. ERantshaveapprapriate goas oplorAblack, hopded)dfor ientitving eHmsFascenes

o S R SRt et Ly o e o s ubgcpe v
practice, BRBBNEhaveBRA dHIENSES frohi thisSianearihese cells adapt well to tissue culture

30 conditions. LE animals can also be time-mated by the supplier, reducing the size of the

animal colony that must be maintained and the time involved in raising animals to
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Wien the W0 | | s are derived fromthe Long Evans strai nPCHUBSES52$3 ed
host is the Fischer 344 strain, since this albino strain would all ow
assessnent of ES ceI | contri bution from LE ES cells by observing

pi gment aiLiin ry rehflOh & ai ns
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will be | cted st q nted strain, for exanple, Long
Evans or " Xbﬁgd hﬁmn‘%hb %%%%F%wnﬁ%ﬁ}?gag are a conveni ence rather than
a gnecessity, Ndif-MobR, ¢4 F&rm&ewse&nq%l detive@'fidin Ry @tﬁta@ret&ﬂ bYorRfif@ingreans.

There are two possible strategies for detecting cells: endogenous
i sozynme exampleeers ElastoeysksemensictayddR blastucysid wdwde pnplaaianon hagjbeent i c

T, R B RS D L 17,
establis h%‘ilat&? ﬁJaHi Wifons gﬁ?@s ge?rﬂ})rylosﬁ&?cﬁeé/ en?lfg ﬂ)stanét?&%%ﬁeb E ' Lque

t hat may nore gener al roduc I on ecu Rar ker s
i nto the Fobhaghhs cels thhinudcfroan@pommﬁnb fnd §lebvkatibrigis cahlbe%nﬁi%ye@e 10
created by int rodu0| ng 3-gal act osi dase or tyrosi nasemgl asm ds;

(Bl gal actGes gam alsp be @btasrad:om epybrsesprioduesd Binin vitre femiizatinrtachmiquesf

al l owi ng exam nation of chineras as enbryos. The tyrosinase gene woul d
convert the albino cells to cells capable of producing pignent, allow ng

direct visualization of coat color _chinerism Methods for ES cell
transfection dkdBlasoeystpand Ralayed Blagtogyetsknown in the art

Cavant age of _ dp BB Sal iNGRRANY MyIRERETAROG SILE 1y aBhR AT o
. bl ast ocy shatéP fdmalés e saerifid& &t a&m dﬁ:f}@@ amsr %htmge(dE}So 584t xﬁéﬂnﬁig”'a’ﬁe@d

The strength of ES cell technology is the abil to genetically nodif
- cH | s i nmnatinghrand tastdoysts armeol&f@tddsfrcbmrtm hterldmﬁhecmctm;ﬂdﬁsmbnd onmich dor

d I h | h ful
Fool ¢ hadBebieani’s eal ab. eheFoae b Efbabemip ERER ek b cat 1 ons
and for aRALYIAIIASPROAER @21 I%ggﬁg@n dgvebgped rapidly in the |ast several

years. Gene targeting strategies all'ow’i nactivation of specific genes by
honol ogous r edbafcraiﬂy,ltmd—ﬁmk&tknmﬂbsmbmmmmm&w}bnembdﬁ)seimpﬂﬂet o]
i nprove ideptification of rar rgeted evgnts and to |ntr?duce subtle
mut at i onV taseap@ogglmatﬂaéay raimng( Agenovariggione animplyreseiya daily) g

ot ¢ SRR et (S iRt M5 ok ha e @], ¥lcRerb D o

t hous andsmhaﬁdmges%o Rep¥d. Fepl. 19TV 83V Bteveerl abotit S 16fabbiitel Indys teise ES
cel I's described herein, known nethods of produci ng transgenic animals in

mouse carblastenysisythaschase pot iseplarted aregollepled ifeom themterus ugingiany purtiod
described in the art (e.g., A. Bradley, supra). Delayed blastocysts are usually larger than

normal blastocysts, and lack the zona pellucida layer. Blastocysts and delayed blastocysts
25 may be cultured as described herein, preferably on feeder cells in individual wells of a 24-
well plate.
Embryos produced by in vitro fertilization can be cultured to the blastocyst stage
for the isolation of ICMs.
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i ncluding one fromthe present inventor, ES cells werle used for produci ng
transgeni c WMPO¥M2Ybch express | arge genonic DNA fragments cl $I8/2528s t
-artificial chronosones (PACs). (See, e.g., Strauss et al. (1993) Science 5
259: 1904- 1907; Brinster (1988) Proc. Nat'l Acad. Sci. USA 85:836-40; Choi
et al. (1993) 4(2):117-23 and 4(3):320). The rationale for this technique
is the expectation that genom c transgenes which retain the content and
organi zati on of B, Peirthe¥dial @éren delish nore likely to be correctly expressed.
However, many genes exceed the cloning capacity of conventional plasm ds )
(1 ess than 80 kByimasdial geran ee¢lisianihsiadgo hedselated drom embryenedithoughythe stage of N
m croi nj ection.of 10 zygot .may . have.an, upper size linmtation because
of “t he. shele dze BRI a0t BEGVER i Rt CgR R D SEORT P R b FBRCKSIBat .
Thes YAC hag: £SCeA] fifled ARACI fotdbds Y SlcrifiI0P ok BoprbkEAS g OIS Prirandf\C
transfection of rat ES cells can be created using | uiown techni'ques.

Virtual | y amdembryesdmsedted fionr exptaechbupomgtifsSes elt thisages mbambsos ack atrstapet
using YACs. In the rat, genes involved in peurodegenerative di seases (e.qg.,
Al zhei mer’ &3,&%&&?@ tq thepppyseRntaysS.- ¢ (slege s defgimitiaddysemiteuabesle Hifd t he

i k d ' i ' : VL 4
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neurons in"culture, by manipulation of the culture conditions (e.g., adding

retlfnoi ¢ a€els areqiated.fgr instanee finto in Lfravelledishemwithrerwyithogt faglencells esibst r at a,
ddi ifi. wt h wt hinhi bi tion fact | | f | |
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enhances cghb@jd) kinds of differentiation, then treated with other 25
factors that enhance neuronal differentiation. To inprove the yield of

neur ons, neurob [ NEUr; can be selected fromother cell types by
first transfect ?ﬁ?%@re@%{éﬁﬁsvﬁth a transgene in which a neuron- or

neur obl ast - speciThiepréveffRiventich épRyS SHERE SoiitiGs whiskebRMALES B ker, a
novel cell surface macronol ecule, or a reporter gene (such as G een

FIl Uér escentletvattoni n or LacZ). In the case of cells transfected with a

sel ectabl e marker, 30 addition of a conpound to the culture medi umt hat
enables the cells that express the transgene, but not cells w thout the
transgene, to syl \ R ows the neurons 18 "~ 2 ~ NMAY Z002
WD 99/ Z7076 PGTlN)I(S\Q% ZS‘gaégjf%mEe co'[sleﬁeéct ed. In the case of cells trnasfected
with a novel -celThequinaydlatorystsdiaswhichgba &S ellparsikrived afe gronen moaey cel |

of moans | AEPRRRAG MBI UAdeT ARY CoRdtics VA By [ RO R he
trat Wl f . .
subgt rata %eﬁlﬁ BbPils Qg,rc?rg; Juﬂ%l‘é%fﬁ?glhgﬁeﬁaxﬁguéer}sé Hn%dﬁﬁ?ﬁ)lﬂ%l\? gja%lf%lutamme

transfecte a reporte gene, expr essi ng-t er gene

can be col lagé hizth gdhicdseC8ibdy) supplemerited atithOl3oagdtsl boameabimn (RBS:dPyClohe)] 17X om
other cells by density gradient centrifugation or by using_another

i ntrinsic poorsseniial aminageids, Adunbhmareaptocthasel, and antijeties). A gene

expression profide of the -deriv s can.be .made by.nmRNA detectj.on
et hods. 1 el udi AT HRAaEE For SR PO S Bt B il i R S SRedidh
pr ot ect i on coh@UfthS Bxdgenbhs Pafith Fadtors, fOEEk e NS X PR ESIRGPN OMidr Y Swill

m croarrays of expressed sequence tags (ESTs), oligonucleotides or cDNA

Bef2¥r e sucHfactomzlwisick mayHze wsetlavitlde Knowhito thoseskilled inctie apir dtheappiopribie a
linear anplication nethod. Genes that are expressed i,n neuro ut not in
their ES céppcwréeeﬂ%ﬁg'gleaﬁf%wg’aﬁaﬁoa%ﬁae efr Ff‘(swlf?&g’é’i ‘ﬁ?%e Sg‘?llfg‘ ipfheatts,

S L S0 L s Y A B

r "exanpl & genes known’ to be
i nvol ved i rpoAIg/mEN@en2$meNRaw 1828 Ishowin fo begftdctine pIrddditioni-theaselk eartibe
precursor protein ASI%?, can be "knocked out” by gene tar?eti ng through
honol ogous quittrediiniE ¢alls preparved fromeotlrs spetiess ferrexamipls B$ eclisnreviousppeepasyd

t he, gene can (ﬁe rﬁoegl fied by selecting for gene conversion events or by
tarﬂgti ng BASEESCHIRedhELeny n” ot her exanpl e, the same genes are nodified in
situ by "knock-in" methods such as the
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20 cre-lox procedure and the hit and run procedure. dificatj ein
~domai ns an\q, 5&1}%5 as we~as introduction of speciﬁec wtzlpmgpcﬁ;‘e
done with YR thods. In-a further exanple of genetic nanipﬂlnéﬁgls’aﬁnéf
the ES cells, genes are added, as cDNA constructs or as |arge genom c
transgenes (e.g., BACs and YACs fromgenomc libraries). Human genes are
added to the r gbcditySandub¥&]uenfPG culfiPes daitie cuftuted-in IREsaARNASdiuf G 25
nodified are not limted to AD-rel ated genes, but could include any. gene
that i s ofmedivnelaeking eXogermusignowtipfactoss. oim norofal hwd délayadeblastddyst adturdyaherade

ing, ) e, | bl ¢ | ysi s, , - di [ I
pol yacry | ndeelmesdCND oy e eRer aheak gupe davip ki B ICMS e arpayed
1 agment st RbiubiaCtifoblint SR Raoh TR Gt Rif ApE AT Gah i BB T

thgse 30 guifes tof5Qaysipoithie. BOENOEMBSiBRNEIThEFCHLis @érﬁ@vé@_dshxg@rﬁ@ﬂpi?@ﬁélsw
to identify drug candidates and to test hypothes es_ about the specific

i nt er act | ambthon digspeiated svin@L25Hgtrypain.olbe 1GM is dispepsed eivher to @GN Edf 27076 .
PGT/ US98/ 25283 .and pr ot ei F?S in neurons and in AD. Suct} C ”%1 can provide a
pi cture ofUSHERRORQLMEEERTSIErably. sEly 8 prodiceisallRIPYRTol cglls.cR @85 | s |

Testing C%m@%&i%e ,ﬁég&ieﬁl@.ﬁeé % LQurbd 3t 6 el fl@l?ég%ﬁ%@ﬂie@'aEi%ﬁxg'f}’erﬁftﬁeeCt
neurons can be tested In human and rat ES cell-derived neurons. e results
have preddispérged IGMue evill bk lseleotedbyanbiphobadical eritaria. Hxodermms gnciwihahctots (@orcal
trials. Drugs that work through other cell types can be tested by

cdéul t ur i expmple, WiChHJHinanbsSeE). alons onja gopbination, way he gided todhe palturesich as

astroglia, mcrpgli d i endr.oqgl J e faor co-cul.ture
are obt ai ned, bf&’?‘%i‘%ﬁ%‘, scq"? %r‘i‘ﬁgﬂ}‘%?ﬂﬁ?&%g?éré%féﬁ%ﬁ{ Wé@n%ﬁntﬂ cally
deri ving {daeivdte® BNLE/N U8Md) alEse de@ ling that Prodiicky ledkeslaUdBibRaR, ALRP (LIF) and
determ ned by using simlar cultures. The effects of drugs are assessed by
a vari et ystem cedisfagtor (S(cF)udiaeder ¢rlls thastinduaeidiferentiatids (cbaneeiin atqrphology,

i rmunochemi cal., .. Of. ne expressi.on .assa ES cell.s can be nodified

geneti cal FQS?SPsa@gﬂqgﬁépspﬁgg\%‘?@X@‘Bﬁ%ﬁfb%ﬁ?ﬁﬁ*gmi de pol ynor phi sns
(SNPS) or larger genetic differences on drug efficacy and direct 15
toxicity. The differentiated cells are included in nodels of the blood
brain barrier @EBER)-Cultaréewithill®cals ectiveness of drugs that nust cross the

BBB. C. ES-Derived Cells As Transplants For The Brain Anong the potenti al
uses of neur ond @uiticahstgp imderipgiembaronie siean erlls iy sultyringHho embrHmisSES i ke s

ST (i 4 by ive di hall T
2 oy, Prends By &ie e PR S RESH bR AR Y ¢ o
Par ki nson'sgentd thethe cﬁmt}lrer 12BfHod i@éff@étﬂjerbebﬁiﬂeflﬂ _%eltﬂ éﬂi&ﬂ&daehyeénﬁ@éﬂscand
stroke, and to brid sg[nql cord | esions. Additional uses include

t réfhspl anbegauseobsel hgebtheaplsresmediunnby ESaieHs.olhgpregentfinventard by:

- AD, i pher al -apat h S t ic lateral, scl. i d 25
other - nebPolsa b AHETRd s tcaciols Bt ot Sitictont P B Pioe R BI-D BlensPlf of,

di seases) téiick chﬁ? Pgmﬁerah%ﬂ%%ahﬁﬂfe‘?&da%al E@Efllh‘? YR AoREES cells to have a

1
neur on- supportive ce such as glira or fibroblasts, or conbinations of
cel | s t hathigluppbabilityesfipepmtiirie transmissiem spdusa ES eells Sushbe ehlhwred on feedpt ant
are genetically unchanged, or are nodifjed to lpr oduce, specific
S

neur ot r and#Wers, dyith sesyrnn Mest dppariantly, ths inpentopalsg patedithat meusgdES ¢ellst ors to
support. . d’i}’&c&&?ﬁg ?Au\éﬁ ndte c%iﬂ%ncf: gi‘ténSWhng they were cultured at low density rather

than high density. These observations led the present inventor to the claimed co-culturing

methods.
As noted above, the embryo tissue can come from any source, preferably a non-
mouse donor. In one embodiment, the embryo cells are ICMs from non-delayed or
30 delayed blastocysts. In another embodiment they are primordial germ cells. In yet another

embodiment, they are delayed blastocysts. At least one embryo tissue cell is used although
' 13
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Cells To reduce the chance of graft rej ection, theES celj.

geneti cal I‘yﬁr;mi"f,ked to express different HLA types, 'to exprgﬁa@&,ﬁ& es

that mask thé Cells fromthe host immune system and/ or by knoCking ou
antigeni c macronol ecul es. 5 The transgenic ES cells described herein can be
used for in vitro screening or testing of conpounds. In one aspect, the ES
cel | s expbaseemy andrids praferablydsttweencibogt Srand b kingly cels cim also baeombhizdgene,
can be used in determning the effects of conpounds on devel opnent and/ or
di f f er ent it pSiNglePWIERaby, the ES cells express the human p450 gene. 10

The geneticall | fJ |.bed. i sQ used to.
create ani mal  ABaariccish datry Bhoud RThn R s BaiRhedfndly BrethBied Pimn
t her apeut {Heshonfget 3MbIFIni BRI @116 APrdféiablydthe oMuFRG tissd cell#are cuRtiredtiner
comonl y used | aboratory t;‘fsfpem es). These humani zed" ani nal's are created
frém ES cuittosfonhishort tismebéfersadgingthe nantargetoambryenic stenc ealisyto thaneultuge fes

associ ated with_.di sease states, Such a generated.nodel 1 S animal is useful.
o ot Slings 631 SpBrompy § s it s FrEE0 st i dbe Poaae 1 The

t ol | ow . . > r at o .

L Shoup SEAATHEE Bofti e dicKrblyE ofifboid b diftlhlin®! Oriddfiallf, 36e Blimaf) GbLR"

EXAVPLES fixampeubuies cha bezultoredand feeder layer of cdRiat forimmanee BT oeSKIL  Rat
Strains A small colony of Brown Norway (BN, Charles River) rats of breeding
age was 286/deellol i shed. Approximately 40 BN rats were housed in

Ty or S0l ator Ga4aeAbTEBbARE AR o8 B B ELS MBH Iy EXBELIRT S, For

vel opnment of e pri germ cer procedures (See I med- mat ed

Sprague Dgyhdition. aASthoSEh pSleiRAlBEA) feWels @nb $8kel [ thaekt regliRed BddlBkifuré,add and

Long- Evans) froma local supplier (Sinonsen) were also used. The Long-Evans
strain fromySieroasized, fer exampdelbetween 19 hed 10¢ kivoprefesdsis b usskasdend c8ls 8BD%

white. Although traditjonal n outbred strain, Si en,animal s are

ot ot i veronugd b 68 2 e o9 iy SHsd woperelas COlIRY PhEpBFete
havi ng be j : j ; het.-.S| I ' r

b1 st acyo G SRS HIONEAMORinEta0520 84 lis RrfoniC bl FerRiH I IRA DBet D0

of15bl ast ocyldd &re e tBicdhss Pharedtred fatthaisolatibhef hidvide ESrcellsnhavecbdehe
Si mronsen LE rat produced . | arge nunbers of blastocysts 5 and worked well for

exper i mentdgierised Exgus-8 Marhp, |38 1a hedermanpgf &/ .ngP1 ispdéptsib ¢tigl y1992).

In a preferred embodiment, the non-target embryonic stem cells are mouse ES cells
having a negative selectable marker gene. Accordingly, the mouse ES cells can be
selectively removed from the co-cultures. There are number of suitable selectable markers,

20 including, for example HPRT and thymidine kinase. Other negative selection marker
genes will be known to those skilled in the art.

In a preferred embodiment, the non-target mouse ES cells are a cell line that lacks
HPRT, either by knock-out or by natural mutation. Suitable ES cell lines are incapable of
reverting to HPRT-positive (HAT-resistant) phenotype. The co-cultured cells from the

25 target species are HPRT-positive and survive HAT treatment. As described in the
Examples below, controls, containing only the HPRT-negative mouse cells, did not survive
HAT treatment. In yet another embodiment, the non-target ES cells have been mitotically
inactivated by gamma-irradiation.

Another means to identify the ES cells from the target species is to use, as the

30 source of the co-culture, blastocysts from a cross between wild-type female rats and a male

-transgenic, wherein the transgene is a reporter gene. For example, female Sprague-Dawley
14



pi g‘rrent ed, but provided the coat color markers requited f a S of
.chinmeras. As a host strain for blastocyst injecti on,ﬁt he %SMtArYaZﬁUgnd

AB2 rats WOW2PWsen since they are nonhooded al bi no strai nECTABIBR528hi nal s
~of these strains were npt commercially available in sufficient nunbers to
use forahe short termproject. Instead, the nmethods for 10 bl astocyst

Cni ect i ; i i b t
of adul ¢ TSRREBERIEAGH Ao Al Wring A nd aRAMENET SOHCTe
with LE hegRitddSLadZepoRértene itiics tHe'cdfirblNst ahmééllsthicint progiotet. AtHeqvicgasy

visualization of ES cell contribution in chinmeras. 15 B. Production of

bl ast ocy preteinrexpresaionris thusanducite by medtaldonreguehl as ginc or eatrotino nTld

bl ast ocyst s were .sel ect.ed estrus stage. Ta use the anjnmals npst

of 1 c1 entIBOHE SER Bom MesE oot ety o arifed ent SefiBlabia Arpiarae &5
prsesence oofis SRALMelEvel INHidEAE hAIddBnOthrgelES e, ilkd feneBint BAIGIGR  The
timng ofc ésevgﬁgg}'neentdviewlgﬁgi%N strai nnvvasg%detern‘i ned b;‘ flfl%shigr%nﬁﬁeri and
ovi duct s ifidumed 3o gxpregs 24tZoh clfturer egndastribed imhesEximplay bel8ws thedldimednd 5. 5
after mati ng. It was determ ned that, unlike the nouse, devel opnent of BN
rat enbr yehods repet in rgtnepulations thatagg blue (isy exresnled®Zds a day. In general,
early cl eavage stage enbryos were found in the oviducts on days 3 . ~ and
4.5, and norul ae and bl astocysts were in the uterus on days 4.5 and 5.5,

but in indivi dgfl CRiYacErEzatishof &5 ¢ found that ranged from zygote to
bl ast ocyst stage, 25 particularly with the F344 and LE rat strains. Aninmals

o these strai ki BsiABk i QastHa ek &h chroh § pped
8{1 the 3rd day%?ggélﬁsa%lgkggflggt%%g g(}ggl d be colcﬁgcgggég%%ggg%ﬁg 50%
of the F244 phenstypsidTgticaltceBGUfade mhrketstexprsseddry Bligells ibchide Alkaline 2 ~ MAY

zo0o2 WD 9927076 PGINS98/ 25283 C. Superovu] at,ion of rats In order to
super ovulPRogrhatase and apSRkA-d e&’é VeFsRRPSRNs Tk #@F@H@“%d‘smo'@ bpgly8)

Biol. Re - 395 - ) . [ were | npl ant ed
i th osmapiiagtfontred b9 alfiire B BRIy ORI AL B RalBleGAd T <

sti mul at iip@udtionrendeffdremiifition Fhe Ry f pankve BSadelistadaldape and the
animal s mated. This nethod provided nore predictable production of

blf&st ocy stemanstratgd by showing tha ability obsubgloses dastved feogn isplaged singlassts to
bl ast ocys for. injection of. ES cell candidates.if natural nati.ngs, of
o o ifterepfas bl piels affpel iy i A GEHE roRna g o B BRRBSRIS: 10
Enmbr yoni l?éneiﬁ! linld r el ¥ ' nouse
had beenc‘%r evi %gdylngeél%g%.ﬁ:mr}gt @%gggﬂﬁpﬁaﬁgﬁ%ﬁgﬁgiy?ﬁ %é\%gsri es at
day 2.5, when enbryos have travel ed down the oviducts, prevents
inpl antation after blastocyst devel opnment. The procedure had to be
consi der abl y raHistaghemisttyse i the rat. The original procedure did not

K in the ra I : [ 15 BN
%ml S ovari e%ﬁﬁﬂgggﬁggggggﬁg_eg s@?&@_gé«?ﬁ %ﬁgéé%%pér{gd %‘réarg ryos 3 to 6

days | at eiistoblecraithlly aétevted @sinp aaiibedies srawslokiméiic darumziinati eyassdisimed ssused
i mpl anted after ovariectony with m ni punps containi ng Depo-Provera, a

pr ogest erhereingam['angibadrefess taja projeingonsigingaf ene on mere polypentisleast ocyst s.
Th ful .net hod . ned i @ect d 3.5.with ily injecti
of - pr oge A EFUREATESRGARH PP rungHRLHEE AR of fraf e of infrRogbulp bHeEr
appears t'Ph@n%cSétlﬂ%ﬁ R¥inég1668iH %éheé ﬁfclddemge@p@a,sna@aﬁ,];al a, BAmBRY dilgd, germ

cells It was rece y reported that cells having all o he in vitro
p2dpert i espsiddn endd mineunstant mgiaregdnss,as ovell ds ¢thamyiied infuooglobulimvatiable ger m

cells of 8.5 day (Sfage 13) mce. ., emryos of the sang stage,(at 9.5
Gays) werSEI BNSS oL NG ARAIRS Sreiissiged a5 et REDIRqrdambaa. Hedy chains bre

classified as gamma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin

classes, IgG, IgM, IgA, IgD and IgE, respectively.
Monoclonal or polyclonal antibodies can be used to detect ES cell markers. The

30 anti-SSEA-1 recognizes a glycolipid on the surface of undifferentiated mouse stem cells.
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25 di ssected and di ssoci ated the caudal portion (posteriorato )
somte) and cultured themin nmedi um containing basic FG-, Ztlbrmgg IlZﬁQZCt or

and LIF (Matsui et al. , 1992) on SNL76/7 cell f eeden | ayers (see culture
condi ti onsW#25056 23 ;. ~ ~ 2 ~ MAY 2002 WD 991 27076 PGRCIHISNS25783 3
Example 2: Culture nmediumfor Rat Cells The culture medi um used in nost
experinments was based oxi nouse ES cell nedium and contained high glucose

nonessent | Atk BhSFRAREE Ablabafnyts Sdaoailen prrR i oo Gelfy Plastobyg
Condi t i oneghngPetitiayend BELRMse Fidured's B f7ahewrtRit rhi 1V /08/HGCE &Rbulnd§C) |
nouse AB-1 ES cells (provided by A Bradley), and a rat bl astocyst-derived

cel | |ine withdeoused$ qeBBRR- AP )positivd i(see Rigares 6Bdindi 765)e Bdih AP ahkayes and SSEAure
with the cell lipes, thenfi_llis.agrecl1 d frozen for future use. For
exper i nment $ anHPRAISSHE COMBITEIR IR e used at SO% mixed with fresh

medisum Exogenous growth factors used were | eukem a inhibitory -factor 10
(LI'F: 1000- 2000 U nL; G bcoBRL), basic fibroblast gromh factor (BFG:

20ng/ nL; Genzy nd fﬂt,ﬁmce” factor (SCF. 60ng/nmL; Genzyne). Normal and
del ayed bl astog%&n oditS i 4 1) were placed on fibrobiast feeder

| ayers made from L| F-produci ng mpuse fjbroblasts (SNL76/ 7). or enbryonic rat

fibrobl asts andPiumotgntEStogts gan differendiate inepitugsy infoemprygid bedie confgininghed

and in al . ' r i Sl bl < )
it ure- moliAe Erik et S ceft e chul 8 gl A AIONE R rdylrom,
di f f er encetliege ffufii-Rijeted dellesmEMEnd6dernal, Snesbaermsd Ahe ectdasinl ltiss@slahd Was
usual ly renmoved from each culture 3-S days after blastocyst culture,

di d9oci at estragteres.ubreintrasteundifietentiated rcells GrwaelS) ave ona epithelid tayeraatl um  The
secondar ul tures, al s,.cont ai ne ol onj es_ of varipus . no | ogy, .
o e SRS frRb i oSt 0L FDBIA Col B PPHBC IR SR, o Khiplss it
cells (Fig ‘?‘%ﬁ i = i at
resenbl ed E%)ugeeﬁﬁfscg\rfl\%re Ebgg%éﬁglt%%g éem%su gtc?(/ta Eé#e%r&%]%‘%g%%cﬁ%atpgd cells

wer e passedeaneat ovittl indueing ageassrsuckias tesinbic®sd ved-makatybetdzdmidmisfrequently
nondel ayed Br own Nort\é(\ﬁé bl ast ocyst (BNRB-1),. a Fischer 344 del ayed

bl ast ocyst ag¢ommanied by{he genesaiprtgomplexr aystoid zmbryeidibpdies 1pwhidendedermaly s

wer& used i NL 76 .S u ' ' as
Focer I ay o) Al RARAHRRE Buryin ol etiches Y TG L3 gt AR, 1S
are neomyc iplhr%%&in%é #YormatbrPfréf e nhbrkoRIrsbdyt cTPnfiedd tidsas wdiich spahtaRBUyP

fibroblasts (REF) were prepared fromrat e gﬁtrﬁ;os by a nmet hod used for nouse

enbryos angoufeasts inthelculfuge dishafgeinerallynthedi eallsrdgscrieddierein fo@symbryoihir yol
Exp. Mrph, 87:27-45. 30 The feeder cells were mtotically.inactivated by
t r eat ment J&"&‘ﬁs ﬁ?‘(‘%ﬁé’f‘ﬂ“ &lﬁFﬁ & ‘Hglfﬁmg SP°“taP‘-"~°“£'EY~?° "#‘“PEF@E“\?\%SS“C-
991 27076 P@E&H@?&a@aﬁﬁ&:ﬁxample 4, section B.2.

20

=3

VL Targeted Mutation of Genes Using ES Cells

In theory, any strain of a particular species could be used as a host blastocyst for
injection of ES cells of that species. In practice, however, experiments with mouse ES
cells have shown that some combinations do not work as well as others, and the choice of

25 host can be critical to obtaining germ-line transmissions. When the rat ES cells are derived

from the Long Evans strain, a preferred host is the Fischer 344 strain, since this albino
strain would allow assessment of ES cell contribution from LE ES cells by observing
pigmentation. Alternatively, ES cells derived from albino rat strains (e.g., Fischer 344)
can be injected into pigmented host strains. The Fischer 344 albino animal lacks coat color

30 markers to detect contribution of ES cells in a chimera when injected into an glbino host
' 16



C was toxic to the REF cells at the 10 ~glm concentratio S L
.cells, so the concentrati bn was reduced to 4 ~g/m, ahd t&%ﬁ@mﬁz
treated fwoOe9/zM6ter tine. Cells were cultured on feeder | BEESIBRSBIVe! |
or 24-well tissue culture plates, glass coverslips, or glass culture slides
(LabTek). Alternatively, feeder |ayers can be mtotically inactivated 5

w th gamg-irradi ation, (see, [Robertson,. sugra)..Prinordial .ger ell.s were
Ul t ur o lrRosh.50 pRSistESaUines sl issef i biastocy Sl of B piERped Arainy a <
f'rom Spr agpies c v TR Aol DT bl dbfor bt irsleia BELRATRCE RRRE:! o0
for nmouse, an t’gl%/% tah{g cul tur g#‘or AP as derscérlﬁbedahﬁgl OoW. %ESera rof

t he cul t uhas a hocdssity) athce BSoeulledernied cells sould bt dsteaied dy othdrimedas( Theredeg , and
are therefore ljkely 10 to bhe PGCs. A _Effect of culture conditions on rat

bl ast ocy stoRassiplestiagagnes for defegling ¢#Shh;°9ld€&$5@ruﬁ HoRYme QT Jplecalay rmrkersh f
cona 1 oI EngRY pEARRRR RHR S e, 500 ARl Rl PiBRE" 1,

enmbr yoni Cenzypieh aavd beehadarifRdifof mahy sthiifls bERYbAG cal e Ga163tad inZsifod Sand@Bl € 1. |
The extent of AP staining was estimated fox cultures shown in Figure 6

Medi um coerdiiopsieschy éstabbiphedterhniquesdser ergotRahestisom supfact on AP st ai ni ng in
the rat culturﬁsE. BRL cells produce LIF, SCF an(%af.th r.faators t hat
mai nt ai n nouse”Bethericphnigpe tiat maybempors generplly usgtul is thegntroductian ofym e ES

cel | conditi nd;ﬁ&g%l ct h I Lum
condi ti ogrgéle%ﬁﬁ. g eﬁ??&%@lsgﬂggﬁ% g{?{%%’é@@%&tgn{ ecerd g‘%gelﬁlteﬁgﬁ Q stain
i M0 cul t ur@eated by herciaomgBEhlattosidasesoragRsinasgpladiaids] pgaleidsidab@is produce
factors that cause themto differentiate or inhibit proliferation of

undi f f er edt¢csatdel by staining,@mdihigs themdyantage of alipwiag examination of timsgasgsnous

AP poer ¢ Gbigar; ThEBFosdudbebent Mouloging Shrbing SUF 3576 captbie S5R09uS0s
Table 1: BbhRat afbwild ditice visaRHatibA BF O cofr cRInfetishE VMt rvask é@NRB- 1)

cells Culture nedi unteeder | ayerAl kaline phosphatase stainsContro

medi unmSNLifdsTectiQhlRR: describel itsreineid meciknowrf DGR 8itl B-G@ralactosiidke arohyrdsimased
medi um (50% SNL76/ 7++Mouse, ES cel |l conditi oned nmedi um (509 SNL76/ 7+BRL c. m
+1BNRB- 1 Rlasmids 2epgompmercigliyngvadablecdhe adyaniags of ghis approggh i thateay animal

orcFRat | 1 E0B AR e Sred B oLy bR, AEhind A0Sk o S e B PR

shown in &iigiyaed6. Scores indicate the relative anmbunt of staining in the
culture. -1+ indicates that very little staining was detectable. 5 Exanple

3: Derivation @&he FagngtisofES cell techaologyilis theabitity fe genetisellypmodidy lcellsior e
derived by ,co-cul furi.,n he rat cell |ines . desgribed, above with use ES
col | o ¢ ayutfidsatalyse HEcbelys fof Bt cif e madiBfaiofio fish Bta GPaerier (RS sto
fogder | afgmsthe CENET TRV theAfiwerfil 1831 ehat FDcdbs ppeVille, M&nh6dsfof aftfdidutingt he
|CVs. 10 Before differentiation began (usually at about 4 days), the rat

| CMs wer egernetiednadifitatimns and for analyzing the ES cells have developed rapidly in the last

several years. Gene targeting strategies allow inactivation of specific genes by
homologous recombination. Selection techniques have been developed to improve
identification of rare targeted events and to introduce subtle mutations. (see, e.g., Hasty er
25 al. (1991) Nature 350:243-246; U.S. Patent No. 5,629,159). Efficient methods for ES cell
analysis, using microtiter plates and rapid DNA preparation techniques allow screening of
thousands of clones for extremely rare events. In view of the non-mouse ES cells
described herein, known methods of producing transgenic animals in mouse can readily be

applied to other species.

17



nouse ES cell line called Del 19.2. This line, which has a "knock-out" of
19.2 kb in the single (X-1inked) copy of the HPRT gene, d‘bmg{ gﬂﬂom
Dr. Allan Bradle Del 19.2 cells are HPRT- do not survi ve 'n um
and are i nd¥@4%? 76~f reverti ng to a HPRT+ phenotype. The rat PCTNSIRFRE ES
- cell co-cultures were passed when confluent at least 15 two tines, with
trypsin. After betvveen about 5 days and 2 weeks, HAT nedi um was added to

kill ‘the mouse felocfed ﬂsggglgﬁifaﬁgﬁgge&&ue&am bt it GG T HarRE

t hey are HPRT- p03| rviving co onir es wer
descri bed dnimdkfesédrcih eindhrectitoseposts AntIRdingRing fitunh G presehe ifveftor, HIIEdIROt ent
ES cells. 26 ~~ 2'+ MNAY 2002 99127076 PCTNS981 25283 Exanpl e 4:
Characteri vx@nemsm tar preducing transgenisrmaicarvhielf expressdarga genomicFRNAJgmenter e

h t t.hods both d af th ES
o ot bt th B R AT HIARD P YACSL 58P (£ SR ThioPbedibndy =,
t hes absenc,@sqnfgoaorw BifnSter (1938 176L. BarBLGdr S4NTs.4 8883840, Choi @m {g@@ ﬁese

| oose attachnent to the 5 substratum (Fig 2C). Unlike nousé ES cel

cel I s had 4@):11228 andd(®);3200. Thegragmtade fontlos teachhijue isuhe expec@atmnmlmtgeﬁogwe '
3B and 3D). This cell, Iine was exagﬂged for the presence of ey kers

that are cFRsgEResWhich retan the cendeandgrganizatiop of itheopworrs matt é’éﬂfﬁé
and the Stl?@@or?e%ﬂgl h;%sé‘eﬁb }{(ﬁﬂé&r aﬁl&h es Bxided the %igﬁmg%gﬁ‘%%g%gglm%?ﬁnal

(FRDB-1 ) forns € I €S W rec esive norpho

has been apladniide dlekothar @0kd) !t AidtheBialiRional rOhtetth $iaBSIPaBiS tHyYmicedihe i 6f
fixed with 4% par af or mal dehyde in PBS for AP or antibody stain. To detect
al k81 i ne m@mamsélaman upper DINA sizg lllmxtam:ebegmﬁerfédhwhdar forsessonsedittyi n AP

k h h
br esence of° béﬁéaﬁw g5 8 Pigtornigetdh PR ali: O PR YnEcabstE at aver
i nhibitiom ﬁ%ﬁ% lopaEnRt
Hybri doma Bank) ‘was ﬁ%@g%@%ﬁ%@%&?&&fﬁ%gcgk and@ét%rgl tﬁ?lﬁﬁ%%ﬂ}om
bi ndi ng watechkdtyeest Sdirtvaliyrahy geuee&nebammupmdnysmgdi&cbmmrltsamﬁmed lryddt Liemgt or

| abs). Cell sl%{grO\Nn on gl ass coverslips were viewed with Nomarski optics
(Ni kon Di aphéts) Ipherat.igenes wvebieddn PE%HOE‘%"E‘S%VF dispases &4-8.5 Algheimerey disease,

culjkure dig For a

AT o) ARG PUERHRG M ISR RIOBh PSR RO 1, |
2% par af or patidelaslgd@refamed. st ai ned in suspension with the AP reagent kit, and
counted in a henocytoneter. 1. Al kaline phosphatase 25 Al kali ne phosphat ase

(AP) activity is characteristic of prinordial germcells, blastocyst inner
cell mass) and ﬁ@l fgé(gqr The inner cell mass rat bl astocysts has
AP activity (Fi  3APa8fE8&Mhe 1 oM of mouse cultured under the same

condi tions (Fi 9A3Ci)denﬁﬁcm6ﬁ¥fgé’ném&géﬁhé KWy sARSAVE@ i A cul tures of

BNRB-1 cells (Fig 3B), but ~r N AY 2002 WO 9997076 PGINS98I 25283
onl2) in a small I-bnmmrmxilrahESfcelithmm mgde ifitenarablasts thapddfremials togeubyns

| evam sol e, ctor, Labs whi ¢ i nhi hited AP a IVI .n the control
ouee B9 ol Patre by aRPialeD 6 .S onditaB (8 ting retoRedd SpEaping
measure of sért]ﬁl P5ARAE MeBfin? changing culture substrata, adding specific growth or growth-

inhibition factors, or ligands for cell surface receptors). The cells can be made into

embryoid bodies, which enhances certain kinds of differentiation, then treated with other
25 factors that enhance neuronal differentiation. To improve the yield of neurons, neuroblasts
or neurons can be selected from other cell types by first transfecting the ES cells with a
transgene in which a neuron- or neuroblast-specific promoter drives expression of a
selectable marker, a novel cell surface macromolecule, or a reporter gene (such as Green
Fluorescent Protein or LacZ). In the case of cells transfected with a selectable marker,
30 addition of a compound to the culture medium that enables the cells that express the

transgene, but not cells without the transgene, to survive and/or grow, allows the neurons
' 18



AP-st ai ned cells. As sho in Table 2, after multiple pass S E
proportion of AP- 5 pos%"l ve cells in the BNRB-1 |i n@a vvasazﬁl M&%Zﬁﬂz
FRDB- 1 | i WO®#R703@pr oxi mately 50% positive. Muse ES cell md1/ussnsisiB- 1 )

‘were nore than 90% positive. Rat cells were analyzed after co-culture by
staining the colonies in the culture dish The proportion of AP positive

|1 d
Al kaline 8 ricaﬂéé’ I, of el SRl M6 sl b meetiolbemle. ol

li neP
cel | 120208 160 fi%‘g%’“t‘*5?’“3??*55%‘2‘%‘2é@%ﬁﬁm‘*mﬁéﬁé@%%&ﬁ of

i ndi cat orneni‘onsdiy a pimbepof raears includingdchmmst hmnmd)m mhabodyﬁﬂnang&dheklba tborm
enbryoi d bodi es conposed _of ltiple cell ty ‘81 nmbryoi d Bodi es from
Rat Cel | seueétrafa en%@ymwdwe a?ﬁeowet tagc &n ﬂ@ cﬁfq ce{lﬁt%%femd W8 aggBRer an
ab¢lity t | t of
plbsurl pgt oe 5'16 %Eﬁ?é,gﬁ “16%1\% IE‘; %er%g Hﬁu reec%m;jct y%'g‘ conlgglt“@ééngpt hat
pronot e didutelgs tat e b@EeﬁHﬁ&t&@ﬁEﬁl 6ttikd Gellis rbwleﬂs‘ﬂyr%(mléntttséﬁtrﬁa gatfdheor it

cells forned aggregates that devel oped into cyst-/Ii structures (Fig SA).
These st rmmmh@esmﬂﬂcepmh@%thapdlsﬂwm$m|tltbnbfrdme@-htrcn§liaed by endoderm

that forminitial I nause nl, i he npuse,c owever, the
ot erbr yol o cOeG GREFRIPN BRI Aotk -Svee b Gt Bede B RN gietion
PGTNS98R! ses the
cyor by ancihod R i ApliddolRb R BR BH3 i IOVASP Proroci 800 |

f é@der | aymrssriptienBEReamidr gINA dxpcbsmndnﬁjrsammtcrmys of exmressed sequaneyiapy oi d
cysts failed to dlfferentlate further when replated. This 5 to_be bounded

repl at ed @Gls)cHigope e‘?‘ﬁfés‘” CONA+ Befoar suchanatysis: the mBNAcesadiediraint i th
encoder mbREFAEPHERRLBLb iAot BRRELTIOHRR b Bk AS R pons

but not in their ES cell precursors are candidates for neuron-specific drug targets. Further

analysis of candidate genes is done by performing genetic manipulations of the precursor
15 ES cells. For example, genes known to be involved in AD, such as the preselinins,
apolipoprotein E, amyloid precursor protein (APP), can be "knocked out" by gene targeting
through homologous recombination. Since the ES cells are diploid, both copies of the
gene can be modified by selecting for gene conversion events or by targeting both alleles.
In another example, the same genes are modified in situ by “knock-in” methods such as the
20 cre-lox procedure and the hit and run procedure. Modification of protein domains and
"motifs", as well as introduction of specific mutations can be done with these methods. In-
a further example of genetic manipulation of the ES cells, genes are added, as cDNA
constructs or as large genomic transgenes (e.g., BACs and YACs from genomic libraries).
Human genes are added to the rat cells, as well as to the human cells. The genes to be
25 modified are not limited to AD-related genes, but could include any gene that is of interest.
A protein expression profile of the cells can be made using, for example,
immunoblot analysis, ELISA, two-dimentional polyacrylamide gel electrophoretic analysis
and histochemical analysis. Specific proteins that are of immediate interest with regard to
AD are fragments of APP such as soluble APP and A-beta amyloid. Cells expressing these
30 genes, for example, and other genes associated with AD can be used to identify drug

candidates and to test hypotheses about the specific interactions of genes, signaling factors,
; 19
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expresston assays. cells can be modified genetically to examine the effects of single

nucleotide polymorphisms (SNPS) or larger genetic differences on drug efficacy and direct

15 toxicity. The differentiated cells are included in models of the blood brain barrier (BBB),

to test the effectiveness of drugs that must cross the BBB.

C. ES-Derived Cells As Transplants For The Brain
Among the potential uses of neurons and neuron-associated cells derived from

20 human ES cells are repair of tissues damaged by neurodegenerative disease and injury.

- - — Among the current uses are striatal grafts of dopaminergic neurons for Parkinson's disease
(PD), repair of brain regions damaged by ischemic stroke, and to bridge spinal cord
lesions. Additional uses include transplantation of neurons into regions of the brain or
body affected by: AD, peripheral neuropathy, ALS (amyotrophic lateral sclerosis), and

25 other neurodegenerative diseases such as ataxias (trinucleotide-repeat diseases). The cells
to be transplanted include neurons and neuron-supportive cells, such as glia or fibroblasts,
or combinations of cells that support each other in a transplant.

Such cells for implant are genetically unchanged, or are modified to produce
specific neurotransmitters, such as dopamine for PD, or specific growth factors to support

30 themselves or other cells.
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procedures (see below), timed-mated Sprague Dawley rats (SD; Simonsen) were used.

Timed-mated animals (F344 and Long-Evans) from a local supplier (Simonsen) were also
used. The Long-Evans strain from Simonsen is a hooded rat that is about 50% black and

30 50% white. Although traditionally an outbred strain, Simonsen animals are effectively
21
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wherein the pluripotent cells species are derived; and

15 B. Production of blastocysts from natural matings

Females mated for production of blastocysts were selected by estrus stage. To use
the animals most efficiently, the vaginal plugs found on day 0.5 were checked for the
presence of sperm, allowing monitoring of the fertility of the males. The timing of
development in the BN strain was determined by flushing uteri and oviducts from a group

20 of 14 pregnant animals at days 3.5, 4.5, and 5.5 after mating. It was determined that,
unlike the mouse, development of BN rat embryos in individual animals varied by as much
as aday. In general, early cleavage stage embryos were found in the oviducts on days 3.5
and 4.5, and morulae and blastocysts were in the uterus on days 4.5 and 5.5, but in
individual animals embryos were found that ranged from zygote to blastocyst stage,

25 particularly with the F344 and LE rat strains. Animals of these strains could be time-
mated by the supplier (Simonsen) and shipped on the 3rd day after mating. Blastocysts

could be collected from about 50% of the F344 rats and about 80% of the LE rats on day

4.5. '
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embryos have traveled down the oviducts, prevents implantation after blastocyst

development. The procedure had to be considerably modified for use in the rat. The
original procedure did not work in the rat, and no delayed blastocysts were obtained from
15 BN animals ovariectomized on day 2.5 or 3.5, and examined for embryos 3 to 6 days later.
No embryos were obtained from 11 Sprague Dawley animals implanted after ovariectomy
with minipumps containing Depo-Provera, a progesterone analog used for delaying
implantation of mouse blastocysts. The successful method combined ovariectomy on day
3.5 with daily injections of progesterone (5 mg/animal/day, subcutaneous injection). The

20 method appears to be especially effective for Long-Evans rats.

E. Primordial éerm cells

It was recently reported that cells having all of the in vitro properties of embryonic
stem cells could be derived from primordial germ cells of 8.5 day (Stage 13) mice. Rat
embryos of the same stage (at 9.5 days) were obtained from BN, SD, F344, and LE rats.

25 dissected and dissociated the caudal portion (posterior to the last somite) and cultured them
in medium containing basic FGF, stem cell factor and LIF (Matsui ef al., 1992) on

SNL76/7 cell feeder layers (see culture conditions, below).
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35. The nethod according to claim 34, wherein the n gative_sel rker
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according to claim?20, wherein the a bryo cells fromthe target mammalian
speci es ar V@M2Wed on a feeder |ayer of cells. 37. The net hBET/HSERSE$Ng
to claim36, wherein the layer of cells is SNL 76/7. 35 2 4 MAY 2002 38.
The nmethod according to claim 20, wherein the target species are
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The enbryeidiu] &8 SottdinéL Righdilicbst DMEM gmi%o) WMppRAeneddowith 1 990 fehebEVIALP
consisting of rat, sheep, bovine, and 1 43. An isol ated popul ati on of

pl uri pot eseruoe(Hycléone) X nonessantial azmivo adids QGihno), land 2eméercaptoéthandadi(fnl 20M)44.
The, popul ati qn. of .pl uy.i potent cel acgor.dj Q cl ~ | ecies is
selkbtod tationed iR oumdrenns tohannagte Ly el ERh: ATETRRUE 1 om
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according'to claim 45, speci'es I's S€ romthe group consisting

rat, sheegBNRB-1) Mediumhwes cphditioped bn dxek bf tultiee whithrthe oell ligesg teh fllredd a
positive selection marker. cells fromthe non _a target species obtained 39,
wher ei n t 1had frozee forfyture usm F orgxperigents, ths conditiepedhgdiareere yseseat SOfeci es i s

target manmalian,speci es..ai m43, wherein the target of rat. .sh bavi ne,

and obt ai ABGCS B4R BrhgTE i EXogelase granh et ke wetisAnkemmid ot By

mogh fi ed {p1189000-20d0 MANL26Hc0/BRL), basic fibroblast growth factor (BFGF: 20ng/mL;
Genzyme), and stem cell factor (SCF: 60ng/mL; Genzyme).

Normal and delayed blastocysts (shown in Fig 1) were placed on fibroblast feeder
layers made from LIF-producing mouse fibroblasts (SNL76/7) or embryonic rat fibroblasts
and cultured for 3 to 7 days. All of the blastocysts attached and in almost all the inner celi

15 mass (ICM) was visible (Fig 1d). Culture medium (LIF; LIF and SCF, or LIF, SCF, and
bFGF) made no apparent difference in the early blastocyst culture. The center mass of
cells was usually removed from each culture 3-5 days after blastocyst culture, dissociated
and subcultured on the same feeder type in the same medium. The:secondary cultures
always contained colonies of various morphology, including some that resemble the

20 compact colony morphology of mouse ES cells (Fig 2). After about a week in secondary
cuit'lre, colonies that resembled ES cells were dissociated and subcultured. The
subcultured cells were passed once and then frozen. Cells lines were derived from a non-
delayed Brown Norway blastocyst (BNRB-1), a Fischer 344 delayed blastocyst (FRDB-1)
and a Long-Evans strain.

25 Two types of feeder layers were used for these experiments. SNL76/7 is a mouse
fibroblast line used as feeder layers for mouse AB-1 ES cells (Soriano ef al., 1991).
SNL76/7 cells are neomycin resistant and produce LIF and stem cq:ll factor. Rat embryo
fibroblasts (REF) were prepared from rat embryos by a method used for mouse embryos
and described, for example, in Doetschman et al. (1985) J. Embryol Exp. Morph. 87:27-45.

30 The feeder cells were mitotically inactivated by treatment with mitomycin C. Mitomycin
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48. ' The cell line according to claim47, wherein the-gel ect y
.group consi st n? of an antibiotic re resistance (HPRT)i gengq4MR¥]h%m’%ll
i ne accorVMPAY2{YB6c| ai m 48, wherein the HPRT gene. sitive sePEEUSHERRNBY ker

is ance gene or an HPRT ve selection marker is an 50. The cell line
according to claim47, wherein the ¢ 11 line is derived from an ani nal

sel ected | St i h . 51. A
mon- mouse- piEa VG SR R Pt & che B0 feh oqnoeitfiin L3R K} SNIRBRlsy TR
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o e e R ) S Alihal el e B it e e RENR TR on
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HPRT resistance (HPRT) gene. 56. The nethod according to claim55, wherein
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claim54, wherein the target species is non-nouse. 58. The nethod accordi ng
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(ii) a po ign of ewbryoni.c.stem.cel | i n ive se~ection
arker | THRloR b2k B eR A YambE BTk Bl RGP <RRkiok o SRR LY 07 B
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61. Th d i t | ai 59, wh I t t t i i
mon- mous eXleangn EonditiongPn BRT % hed goriotesable ofieet oS wadiine ol ey

; . o b SR . and
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20 on the rat cells. Medium conditioned by high density BNRB-1 cells appeared to decrease

-

the AP stain in cultures of the same cell line, suggesting that the cells may produce factors
that cause them to differentiate or inhibit proliferation of undifferentiated cells. Of the
conditions so far tested, only exogenous bFGF appeared to have a qualitative effect of

increasing the number of AP-positive cells.

25
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detectable.

Example 3: Derivation of Rat ES Cells in Co-Culture

Pluripotent ES cells were derived by co-culturi'ng the rat cell lines described above

with mouse ES cells. Rat ICMs for non-delayed blastocysts were cultured for 3 days on
STO feeder layers. After 3 days, approximately 20-50 cells were present in the ICMs.

10 Before differentiation began (usually at about 4 days), the rat ICMs were mixed with a
mouse ES cell line called Del 19.2. This line, which has a “knock-out” of 19.2 kb in the
single (X-linked) copy of the HPRT gene, was obtained from Dr. Allan Bradley. Del 19.2
célls are HPRT- do not survive in HAT medium and are incapable of reverting to a HPRT+
phenotype. The rat ICM:mouse ES cell co-cultures were passed when confluent at least

15 two times, with trypsin. After between about 5 days and 2 weeks, HAT medium was
added to kill the mouse Del 19.2 cells. The rat cells survive HAT treatment because they
are HPRT-positive. Hundreds of surviving colonies were obtained. As described in detail

below, these colonies maintained markers of pluripotent ES cells. |
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Cell line Passage # AP positive
BNRB-1 5 5 % (6/140)
FRDB-1 5 48% (91/191)
Mouse ES cell 12 92% (66/72)

B. Pluripotence of Rat cells

An important in vitro indicator of cell pluripotence is a demonstration that these

15 cells form embryoid bodies composed of multiple cell types.

1. Embryoid Bodies from Rat Cells Before Co-culture

The BNRB-1 cells prior to co-culture showed an ability to differentiate in vitro, but
they did not show the extent of pluripotence of mouse ES cells. When cultured under
20 conditions that promote differentiation of mouse ES cells into embryoid bodies, the rat
cells formed aggregates that developed into cyst-like structures (Fig 5A). These structures
resemble the simple embryoid bodies bounded by endoderm that form initially by mouse

ES cells; unlike the mouse cells, however, the rat embryoid cysts did not continue to
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(Fig 5B). Similar results were seen when the rat cells were culturg

induces differentiation in mouse ES lines (not shown).

15
2. Embryoid Bodies Formed After Co-Culture

After co-culture, the isolated and resuspended rat ES cells

number of morphologically different cell types, including a “beat]

20 cells.

These cells are then implanted into an immune deficient
or nude mice) to determine whether they formed teratomas. The
karyotyped and are injected into host blastocysts.

25 Example 5: Derivation of Rat ES Cells in Co-Culture

Sixteen blastocysts were obtained from PVG rats at day |
into a single organ culture dish in 1 m! of ES cell medium (same

with 20% fetal bovine serum) containing 2000U of mouse LIF.

bd in retinoic acid, which

differentiated into a

ng”’ mass of heart tissue.

The ability to form beating heart and other embryoid bodies is in{Ticative of pluripotent ES

ost animal (e.g., nude rats -

cells are subcloned and

after mating and plated

as described earlier but

The dish contained a

30

mitotically inactivated STO cell feeder layer. Blastocysts were ¢
clusters of ICM cells were evident. The ICM cells were remove

glass pipette, and incubated for 30 min. in a solution of calcium
29

bultured for 3 days, when
d from the dish with a

and magnesium-free PBS
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colonies of cells. One of the 6-wells (“A”) contained 38 colonig
20 100-500 cells; of these, three appeared to consist entirely of th
that has been previously described as “endoderm”, six colonies
cellular morphologies, and the remaining 29 consisted solely of
indistinguishable from mouse ES cells at the microscopic level
colonies; 7 were “endodermal”, three were mixed, and 20 consf
25 colonies were stained for AP, and all colonies containing ES-li
AP, showing that the rat cells not only looked like mouse ES
markers that identify mouse cells as ES cells (Figure 7).

To be certain that all mouse cells had been killed in the

xﬂlﬁé’ﬂ rh) - 8
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The expenmental culture, originally containing rat ICMk

, contained numerous

s containing an estimated

 differentiated cell type

consisted of mixtures of

"cells that looked

Well “B” contained 30

sted of ES-like cells. The
ke cells were positive for
11, but also exhibited

control culture, the medium

in that dish was exchanged for ES medium without HAT, and the culture was maintained

30 for 10 more days with daily medium changes. No ES cells app

ee_xred even after 10 days,

demonstrating the clearance of all of the mouse ES cells by HAT treatment.
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examined. The pup has patches of brown coat and eye color, indicating contribution from

the Long Evans ES cells.

As is apparent to one of skill in the art, various modification and variations of the
10 above embodiments can be made without departing from the spitit and scope of this

invention. These modifications and variations are within the scqpe of this invention.
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(b) isolating the ES cells from the target species.

2. The method according to claim 1, wherein the non-tar

step (a) are mouse.

3. The method according to claim 1, wherein the cells ¢

the target species of step (a) are derived from inner cell massg

4, The method according to claim 1, wherein the cells ¢

the target species of step (a) are primordial germ cells (PGCs

()-!

oet embryonic stem cells of

btained from an embryo of
s (ICMs).

btained from an embryo of

).

5. The method according to claim 1, wherein the target §pecies is non-mouse.

6. The method according to claim 5, wherein the target

group consisting of rat, sheep, bovine, and human.

species is selected from the

7. The method according to claim 6, wherein the target dpecies is rat.

8. The method according to claim 1, wherein the non-tay

step (a) lack a positive selection marker.
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1'109%%& ()- resistance (HPRT) gene.

10.  The method according to claim 9, wherein the posi
HPRT gene.

11.  The method according to claim 1, wherein the non-tar

step (a) carry a negative selection marker.

12.
HPRT or herpes simplex virus thymidine kinase (HSV-tk).

13.

species are cultured on a feeder layer of cells.
14.

15.

are mitotically inactivated.

The method according to claim 1, wherein the non-t

16.  The method according to claim 1, wherein the non-tar

step (a) are non-mouse.

17.  The method according to claim 6, wherein the target s
18.  The method according to claim 6, wherein the target s
19.
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ﬁ&]—%%%%?e or an HPRT
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ive selection marker is an
pet embryonic stem cells of

gative selection marker is

The method according to claim 1, wherein the embryo cells from the target

layer of cells is SNL 76/7.

arget embryonic stem cells

et embryonic stem cells of

pecies is sheep.

pecies is bovine.

The method according to claim 6, wherein the target species is human.
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(a) co-culturing cells obtained from a blastocyst stage embryo of the target
mammalian species with pluripotent cells derived from a blastocyst stage embryo from a
non-target species under conditions which favor growth of the pluripotent cells from the
target mammalian species, wherein the pluripotent cells ffom the target mammalian
species are derived; and

(b) isolating the pluripotent cells from the target mammalian species from co-

culture of step (a).

21.  The method according to claim 20, wherein the plunipotent cells from the non-

target species of step (a) are mouse.

22.  The method according to claim 20, wherein the plutipotent cells from the non-

target species of step (a) are non-mouse.

23.  The method according to claim 20, wherein the cell§ obtained from the embryo

of the target mammalian species of step (a) are derived from {nner cell masses (ICMs).

24, The method according to claim 20, wherein the cell§ obtained from the embryo

of the target mammalian species of step (a) are primordial gefm cells (PGCs).

25.  The method according to claim 20, wherein the target{mammalian species is non-

mousc.

26.  The method according to claim 25, wherein the target mammalian species is

selected from the group consisting of rat, sheep, bovine, and human.

27.  The method according to claim 26, wherein the target{mammalian species is rat.
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29.  The method according to claim 26, wherein the taj

bovine.

30.  The method according to claim 26, wherein the tag

sheep.

31.  The method according to claim 20, wherein the plur

target species of step (a) lack a positive selection marker.
32.  The method according to claim 31, wherein the pf
selected from the group consisting of an antibiotic resi

resistance (HPRT) gene.

33.  The method according to claim 32, wherein the posi
HPRT gene.

34.  The method according to claim 20, wherein the plur

target species of step (a) carry a negative selection marker.

35.  The method according to claim 34, wherein the ne

HPRT or herpes simplex virus thymidine kinase (HSV-tk).

36.  The method according to claim 20, wherein the enf

mammalian species are cultured on a feeder layer of cells.

37.  The method according to claim 36, wherein the feeder
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40.  The population of embryonic stem cells according to ¢laim 39, wherein the target

species is selected from the group consisting of rat, sheep, boyine, and human.

41.  An embryonic stem cell from a target species obtaingd according to the method

of claim 1.

42.  The embryonic stem cell according to claim 41, wherein the target species is

selected from the group consisting of rat, sheep, bovine, and human.

43.  An isolated population of pluripotent cells from a|target mammalian species

prepared according to the method of claim 20.

44.  The population of pluripotent cells according to claim 43, wherein the target
mammalian species is selected from the group consisting |of rat, sheep, bovine, and

human,

45. A pluripotent cell line from a target mammalian spgcies obtained according to

the method of claim 20.

46.  The pluripotent cell line according to claim 45, wherein the target mammalian

species is selected from the group consisting of rat, sheep, boyine, and human.

47. A non-mouse pluripotent cell line wherein the cell line is genetically modified to

lack a positive selection marker.
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48.  The cell line according to claim 47, wherein the po

selected from the group consisting of an antibiotic resis

resistance (HPRT) gene.

& ()-1" &k
[ 4@

" &k

0

hsitive selection marker is

tance gene or an HPRT

49.  The cell line according to claim 48, wherein the positive selection marker is an

HPRT gene.

50.  The cell line according to claim 47, wherein the cqg

animal selected from the group consisting of rat, sheep, boving, and human.

1l line is derived from an

51. A non-mouse pluripotent cell line wherein the cell ling is genetically modified to

carry a negative selection marker.

52.  The cell line according to claim 51, wherein the nd

HPRT or herpes simplex virus thymidine kinase (HSV-tk).

53.  The cell line according to claim 51, wherein the cg

gative selection marke

animal selected from the group consisting of rat, sheep, boving, and human.

54. A method of obtaining embryonic stem cells from a
comprising:

(a) co-culturing (i) cells obtained from an embryo ¢

r is

11 line is derived from an

target species, the method

f the target species which

carry a positive selection marker with (ii) a population of embryonic stem cells which

lack the positive selection marker

under conditions which favor growth of the embryonjc stem (ES) cells from the

target species; and

(b) isolating the ES cells from the target species.
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60.  The method according to claim 59, wherein the nc%gative selection marker is

HPRT or herpes simplex virus thymidine kinase (HSV-tk). |

61.  The method according to claim 59, wherein the target species is non-mouse.

62.  The method according to claim 61, wherein the target species is selected from
the group consisting of rat, sheep, bovine, and human. i
|
63. A method of preparing a mammalian pluripotent! cell line derived from a

blastocyst stage embryo from a target mammalian species, th4; method comprising:
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68. A method of preparing a mammalian pluripotent cell line derived from a
blastocyst stage embryo from a target mammalian species, the method comprising:

(a) co-culturing (i) cells obtained from a blastocyst stage embryo of the target
mammalian species with (ii) pluripotent cells derived from a blastocyst stage embryo
which carry a negative selection marker

under conditions which favor growth of the pluripotent cells from the target
mammalian species, wherein the pluripotent cells from the target mammalian species are

derived; and
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(b) isolating the pluripotent cells from the target mammalian species from co-

culture of step (a).

69.  The method according to claim 68, wherein the negative selection marker is

HPRT or herpes simplex virus thymidine kinase (HSV-tk).

70.  The method according to claim 68, wherein the target mammalian species is non-

mouse.

71.  The method according to claim 70, wherein the target mammalian species is

selected from the group consisting of rat, sheep, bovine, and human.
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