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Field of the Invention The present invention relates generally to the

field of in vitro culture of undifferentiated 5 cells and nethods of
produci ng such cells. Mire specificaIIY, the invention relates to
met hods and conpositions for produci ng*human enbryonic germ (EG cells and

met hods of using such cells. The invention_ has applications in the
areas of cell By EMBRIQNIC GEW&EJ—&JHNE&AN&MEJS‘E@D&%H§§ y, and gene
t her apy. 2. Description of Related Art 10 Pl uri potent

enbryonic stemcells have traditionally been derived principally fromtwo

enbryoni ¢ sources. One tBACKGROUND OFTHRINVENTEON can be isolated in
culture from cells of the inner cell mass of a pre-inplantation enbryo

and are t@rned enbeldafithe §vemiion (ES) cells (Evans & Kauf man, Nature 292:
154- 156, 81). A. d f i.pot ent cell .. b
ool ated TPoResbEaRGS rdPheSerdl 5 Bra g BhALIRR biile RE ST BRcouRRE, ¢ o

genitalgri 8 prodling ER CelkOM e Fwiﬁ@hl MHeYinPertiod BRRsREEN
t er med %n%%%ﬁ?dg&sg%§gepﬁs(Eg)% (I\/atgui et aS Y Nal'?urg 35%:1750r- 751S, 1991,

Resni ck emmethods ad ontymisitioes {5 progscindBimaniggiryonio gamy (EGS:elipand methdls
5,453, 357) . Both t cel | are. pl.uripotent an nmonstrat e
oer i ne. GEHSRE Gt EBribe iterian pas SBuo%e AE HealBF g ERGR ] fie
pr opagat eﬁgﬁ%ﬂé{h&t{oﬁ’i,Hﬁig&é&%éﬂybﬁcﬁgeﬁéftﬂc@éﬁm|y to the formation of 20

chimeras, 1 ncluding’ gerniine chimeras. Inportantly, both of these cell

types can be genetically manipulated in vitro without |losing their
capacity to generate ger ige chi ner-as. Thus, ES and EG cells are
usef ul 4 n2met hodsPfSHPIIRR °4BRE1e44T6n of transgenic ani mal s. Such

met hodgg h@Ynggn&H Wy Hic 3UPLIRIBSe AEIBOANR1REn WekiPed BRI SANMEM bal 25

t echni ques I'ntroduci ng new genetic material into such animals, such as
zygote  embnyomit scamcesnOne ityrel ofimduse pluwipotet celt cant beeisglared infcultmedr@st can
be int roducﬁad %nd its . . .

cells of the 1nner cell mass of a pre-implantation embryo and are termed embryonic stem

(ES) cells (Evans & Kaufman, Nature 292: 154-156, 1981). A second type of mouse

pluripotent stem cell can be isolated from primordial germ cells (PGCs) located in the

15 mesenteric or genital ridges of days 8.5-12.5 post coitum mouse embryos and has been
termed embryonic germ cell (EG) (Matsui et al., Nature 353:750-751, 1991; Resnick et
al., Nature 359:550-551, 1992; Hogan, U.S. Patent No. 5,453,357). Both types of cells

are pluripotent and demonstrate germline genetic transmission in the mouse.

- ES and EG cells propagated in vitro can contribute efficiently to the formation of
20 chimeras, including germline chimeras. Importantly, both of these cell types can be
genetically manipulated in vifro without losing their capacity to generate germline

chimeras.

Thus, ES and EG cells are useful in methods for the generation of transgenic ‘animals.
Such methods have a number of advantages as compared with more conventional
25 techniques for introducing new genetic material into such animals, such as zygote '

injection and viral infection. First, the gene of interest can be introduced and its
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PCT/ US98/ 06550 i ntegration and expression characterized in vitro.
Second, thweoesssmses of the introduced gene on the ES or pEGU3pSIMEsED Can
be studied in vitro. Third, the characterized ES or EG cells having

t he novel genes can be efficiently .dntroduced into enbryos by bl astocyst

i njection or enbryo aggregation, and the consequences of the introduced
gene on the 5 devel opnent of the rest+ting transgenic chimeras nonitored
during prenatal or postnatal life. Fourth, the site in the ES or EG
genone atinvdpiraod diel éxpressidn whdragenieed int wgoaSerond,ahe effectiyd tpitiotiesd,

Do bneer | Saabonshe B v e A Sl L SRl ETBP, e
st udi ed tco A‘% it g}hx np%lg]g Etrﬁlﬁé feﬁh%nxg%%%&’ﬂl‘%o 'efhbé&sb 'axasceoegg@t o

cul tured eCl a I ons. Itirons inclu I'turi
cells nanfoeeﬂﬁryd @ggeégaﬁbnfé:ﬁrmblcaﬁseqw(mm:bf the imwoduced §d2 oekes, e. g.,
Martin & vans Proc. Nat|. Acad Sci. USA 72;:1441-1445, 1975) when

cul t ur &d davelopemenial dhsraruliingisansgenic chimegsyaenitosed lglr{gepralatak@aaﬁﬁﬂat@! Cot t on,

1087, oy AR ¢ S S aRPE ap O Bl e imadRil eckl Broprirea

(LI'F). Sushspeelfied, parmihgiibyétuest @nb\t@gb’tmg"lﬂﬁf génetxechélﬁ¢mQThd$tﬁas &
appropriate culture condi t1ons. However, the factors responsible for
mai nt ai ni Gapectie Cpll 311598t34Ac1P&H- ES and EG cells remain poorly
characterized and are often dependent upon the species from which the.
cell s have been harvested. In the absence of feeder cells, exogenous

| eukem a HoWewr! @ EG aCEDel( lihéy studied &rdult bhlgredinife sRg wnphsﬁots»pe BG cells
spont aneously differentiate into a wde vari ety of cell pes,

i ncl udllﬂngvztrelegr;nfcghmdnund@rae@nmalfComﬁéloeh%&épmimﬁé%@éh#dmw wringehe seldy m ger m

| ayers. a iffgrentiation
factors, ?fbev\éy élFr aézgrl S aft? k gggauﬁ%%ﬁ@}ﬁ%% eg%b ?‘d%&n ro@xarrpl e,
mouse ES xad EGd S LEm: gmelme 198$) when culfifred hemle&imi enitded Hy neage
invitro (Keller et al., Mdl. Cell. Biol. 13:473-486, 1993; 25 Palacios et

al ., Proccertain pellsfe goKsepman &aCotpomy £2p-Gakis4:2359242, RIS, Smitly &dHeepeas3- 472,

1995). Ad n vitro
cul tures %?Jel %n‘%neur ons’ul?gdE§r thie exg% & g&ﬂtl&?gﬁ E;QO gg@{l%(g’yé‘ 357,
1995; 15 aflgRnrShicBtcedlk .can be &olvn relatlvatyl mﬂé&uﬂ:QB usih@ khea 28§ opA R0 Tulture
cardi onyocytes (heart nuscle cells) {)KI ug et al., Am_J.

conditions. However, the factors responsible for maintaining the pluripotency of ES and

EG cells remain poorly characterized and are often dependent upen the species from

which the cells have been harvested.

In the absence of feeder cells, exogenous leukemia inhibitory factor (LIF), or conditioned

20 mediufn, ES or EG cells spontaneously differentiate into a wide variety of cell types,

including cells found in each of the endoderm, mesoderm, and ectoderm germ layers.

With the appropriate combinations of growth and differentiation factors, however, cell

. differentiation can be controlled. For example, mouse ES and EG cells can generate cells

of the hematopoietic lineage in vitro (Keller et al., Mol. Cell. Biol. 13:473-486, 1993;

25 Palacioset al., Proc. Natl. Acad. Sci. USA 92:7§30-7534, 1995; Rich, Blood 86:463-472,
1995). Additionally, mouse ES cells have been used to generate in vitro cultures of

neurons (Bain et al., Developmental Biology 168:342-357, 1995; Fraichard et al,, J. Cel]

Science 108:3161-3188, 1995), cardiomyocytes (heart muscle cells) (Klug et al., Am. J.
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Physi ol . A¥7%- H1921, 1995), skeletal nuscle cells (RohBETAISBO6HP. |
Dev. Biol. 164:87-101, 1994), and vascular cells (Wang et al. -
Devel opnent 114: 303-316, 1992). " Subsequent to the work with nouse
enbryos, several groups have attenpted,to devel op simlar enbryonic
stemcell lines fromsheep, pig, and cgw A cell line with enbryonic 5

ising - PluiekoB bRt e $058) ety motdecq i RAEERelar 4L pr 4Bl | cat | on
WB0/ 03432¢4.97. 10&"0%9@’4 aﬁ'&'va (fulﬁ'lceﬂs (]W%%%‘/pgdz’)f %’%ﬁm%%@@bi’: 3‘}% ?9612')}990

Pi edrahita et | ogeno tari anni
Proceedi ngs of the 4th W)rl d Oongr ess on Cenetics Applied to Livestock
Productions, 58, Edi nburgh July 1990). Clher groups have 10 devel-oped

avi an st enhbssayent it ar, Wéwpekwl(rmﬁevgfa gTouppaae #tsmpied toxdeyelppoe) .

ot hod | narub s HeiEh sl B4 2K il s ER, ARIRE Y ey 014*@!. nce

human 5 stefn o¢ll-Eke &pbéarhﬁd&eﬁasweplémhdp;ebea’ﬂ cefagecTiost peigiref erfbryby ubia
devel opnent, and the use of such_human EG cell |1 nes would enable the
devel opnefbltye canditions| fimilas ta srouss (Evansse| @ntBET dpplsatier XOH0/83432;

bi o- phar pr o] ed
Sensors. rTFﬁportan P%;osde?ﬁ Sg‘?ﬁcl)le%fr)ggﬁl O’P%redrghl&e n‘%l ?Jhgéo%efwf? n
cells hasz»hmnmleml Nmaﬁmm eBBD| Proabé éfhe M@Wxﬁﬁ@@ﬁ%@ﬁ & GeH&gdsances,
such as insulin or factor VIII which currently nust obt ai ned from

non- hunanApplie¢ d8 ldvestosioPsoductiony, i, eﬁm@hurgin Judy t1|98@l Qthse geaipsshavk as
Par ki 1503, b3 eHT i A5 bidigss P SEILARA0,L0 d5i936EN0

present i MéeRvehuRbs BSAed EG bellMifesdiie worbeen pdpsitedot ent germ cel | ~(EQ) -
i ne and a nmet hod of producing such cells. The invention also provides

met hods of using EG cells. 25 EG cells are derived from prinordi al

germ cel | ing' ggg@d tﬁaet wo%ki ﬁ%lwaﬁrgguctl%ﬁ Bf Bgrlngzg Eg W8S is desirable, since human

ES or EG cell lines would permit easier study of early human development, and the use

of such human EG cell lines would enable the development of cell cultures for
15 - transplantation, manufacture of bio-pharmaceutical products, and development of
biological-based sensors. Importantly, the ability to produce large quantities of human
cells has important working applications for the production of substances, such as insulin
or factor VIII which currently must be obtained from non-human sources or donors;
implantation to treat disease, such as Parkinson’s disease; tissue for grafting; and screens

20 for dﬁigs and toxins.

SUMMARY OF THE INVENTION
The present invention provides a human embryonic pluripotent germ cell (EG) line and
a method of producing such cells. The invention also provides methods of using EG

cells.

25 EG cells are derived from primordial germ cells (PGCs) cells isolated, according to one

embodiment, from gonadal tissues, genital ridges, mesenteries or embryonic yolk sacs



enbodi nent, from gonadal tissues, genital ridges, nesenteries or enbryonic

yol k sacs WD 98/ 43679 _

PCT/ US98/ w63833679 PCT/USR8/06550 ' of
human enbryos. The PGCs are cultured under conditions that allow derivation
of  EG cells. The present invention also provides cell culture nmedia for
long termcell culture (nore than 30 days) of the resulting EG cells.
The invention provides a cell line hatirng the characteristics of a human
enbryonic germ5 cell. In one aspect, the cells are cultured in a nmedium

i ncl udi ngf RurgHnEbryésathePGUs age qultured wraler eorfditinns thas sHoy detivationepftef (bFGF) .
I n anot her enbodinent, the cells are-cultured in. th f
cul ture melds dhedressnhiDHERLAR 92?? E@Wl‘@%cgh’ﬁ‘ah{re g@i fpﬁg’f’ggelﬁ g%ggﬁﬁﬁgt bi nds

to a receptor j ﬁ,ggeE@n L gl ycoprotein 130 (gpl30) or an
ant i body @R?tm%%ggaﬁﬁgf@?%%g t m‘jl ates gpl30; and a growth factor, which

in one enbodinent is bFGF. In 10 anot her enbodi ment, the EG cell culture
medi um of the invention can include forsk CAMP el evati ng

lin., th
conpound The invantiansevideyreedll Inerfiaving Bepp g“&‘lFrgm&‘f ?(%ﬁolir“ﬂgan eenr’b%'%lg HidPase
ROSI L ¥C oot N Gle ARRLNB AROSH it £ SRlnf FXRRDS BWWh MidReg. ant | gens

I anot her aspect, the EG cel express ce
surface ¥atic@®isblast grdwiatfaktbn@®@FER).inanbibboethbadimant, thg celeatsrouttireg in
specificity of nonocl onal antibodies TRA-1- 15 60 %A%I’CCIHB- 3783?0.@?
TRA- 1- 81 tiieyresencaisnitay medipeopiaming apeifertive apopntaf sithen 3 ligand that binds.

antigen SSEA- 3. . éi&'nﬁ W ' PLOYAtHRSy fhdiBidRd for -
screeni n%?&“‘?@%ﬂ%’?%"%{;aﬁ%%g‘ﬁds ngoﬁrgélda fe @%%g’ﬂ fun%:,ti on. In one
enbodi MeRY .ank REnB4EO 8pi30; labid @serowth faator,nghich ip one embodiment BrgftGBilng t he
conpound and at | east one_ EG cell under, condjtjons, suffi.ci entfo%aﬁ(oﬁl | ow 20

the cdfpcosderambodiment; beibl eslheulturemediya & the MVARHHAndRglEds Re

conpound on _an E A f j e af her pGNGRat L NGk et he -
presence °5foﬁﬁec&dr?pgbeﬁlg{ﬁ%cg@%ﬁ%nlgt%@Eﬁr% t Hat nayniég modul ated (e.g. ,
i nhi bi t echREplfHtdsAHositRd) Inbyet bhetheraaspecithe B belbeexprassitell surface antigensi ni t ed
to, differentiation, gene expression, production of gro h _factars,

response SSEA+langrSidr4 Hostbr anothea arsglthi FGeelly oxpeest cplb mippfagrantigens
biljty, i : i i . O\ ful
0 GO U B UST ese e oe

phar maceuti C pro S pro | i nes derived
from tise d8GATRIC HRATER) apd AFeAH] -8 INVASIEC &IB-4784)] Tieki cedjs cad dlso axptessalell | i nes

derived fromEG cell s_conprising one or nore genetic nodifications.
surface antigen SSEA-3.

In one aspect, the invention provides a method for screening to identify compounds that
affect EG cell function. In one embodiment, the method includes incubating components
comprising the compound and at least one EG cell under conditions sufficient to allow
20 the cofrfpound and cell to interact; and determining the effect of the compound on an EG
cell function before and after incubating in the presence of the compound. A cell function
that may be modulated (e.g., inhibited or stimulated) by the compound includes, but is
not limited to, differentiation, gene expression, production of growth factors, response
to growth factors and modulation of cell membrane permeability. In another aspect, the
25 present invention provides useful pharmaceutical products produced by the EG cells or
cell lines derived from the EG cells of the present invention, including cells and cell lines .

derived from EG cells comprising one or more genetic modifications.

-
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anot'her a¥ye8#4367he i nvention provi des a nethod of using anpﬁguégif/?és?(b

pr oduce restricted devel opnental |ineage cells. In one enbodi nent, an
EG cell is cultured under conditions effective to induce

differentiation ofthe EGcell to produce thereby a cell of restricted
devel opnental |ineage fromthe EG cel F3-In one enbodi nent, the agent is a

5 pol ypeptide inducibly or constitutively expressed froma stably
t r ansf ect &u anethenbipesantthe invepboy pralidestd tethad ehesimsan G celbde meadursl e, a

| Fnoage cammead TP HEFT: e baf rabadiTRThan SErICS ChORIERAG e

charact er 'céﬁdlﬁénsoéff&tﬁ/@% fddﬁ&@&'lffé?éﬁ?ih@&ﬂ@ﬂhé'l?d édl'Pt@QﬁodiRE thereby a celll 6F
anot her aspect, a selectable marker is expressed in restricted

devel oprrem¢s&ﬂ10tbdmba@epm6ntabhh¢age% ﬂ@sEGlccHehi Qi@\ﬁ@hbﬂdmmtathelagnHage cel |

contain eco § \F/nucl eot thriig en@i’?)ﬁ ?-QS& eI ec{g abl e

mar ker gué’ﬁ YPeRd etlﬁ oﬁlsémgi?’ﬁ ye‘?@é"t?s A St drecom nant

devel opme gpfynu&ba&@egﬁ e B SReebi é@@@@&&hbﬂm tél@ﬁleasetsequ@%y el igpent al
S may

lineage c e neuroepit I's (e.g., neuron or
‘epi t hel i alrestrddted Jdeoelopentul &inedge. cpll, thereby aragiuomg doyhexalized slkmriamt eéllsnuscl e

cells). Thus, in nmpodi nent, th nventi on i des a net hod of
using an bayiggithe ‘ﬁﬁfﬁﬁ?ﬂfﬂ%o Wé‘i‘j‘t‘:%ﬁ% dﬁ@? lgpgnta) ﬁ“e&ﬁgf‘ﬁ enbodi nent ,
the invention provides a nethod of using an EG cell to produce neuronus- .
cul ar junctions. I n anot her enbodi nent, the invention provides a

met hod f oiln anihrdriabpyecn@ selectabironmitet iakpressed dma resairsed deSetophientdl dineage
differentiate, In one enbodi ment of the pethod, conponents 20 including

the codPosrd Brrrestricesadavelopments! hgpagese qoaaalbsa% %OHWH@P" BebERYleQie
suff i eNlipdQrBbdWh B GANBMERE SR e Ui Alilicer FBpRllaiChoflfa fobicheamPOUNd

on the EG cel eterm ne ore an ating

presence dtvélbmmanaipiaeays cell kgecific prapyoear 'Ehmsmntedtdletmlnmnerﬁtabhrreagé cellst ed
devel opnment al, | i neage ﬁ i n(zl cates di fferent I ﬁ\?lé of the EG cell by
the conpoday, be nesognithelial grdls (@8 HEWRBHELA: PeeRITRGEGeYS) P BYPIES & et hod

for ident ichyiigiayét SRR OuMkrhiNBuscle o9 s Ml S Ebbalint, hEShidifoR

devel opnment a to provi e an
15 provides a method of using an EG cell to produce a neural network In another

embodiment, the invention provides a method of using an EG cell to produce neuromus-

cular junctions.

In another embodiment, the invention provides a method for identifying a compound that
can cause EG cells to differentiate. In one embodiment of the method, components
20 including tﬁe compound and at least one EG cell are incubated under conditions
sufficient to allow the components to interact. The effect of the compound on the EG cell
is determined before and after incubating in the presence of the compound. The
appearance in culture of a restricted developmental lineage cell indicates differentiation

of the EG cell by the compound.

25 In another embodiment, the invention provides a method for identifying a compound that
can de-differentiate a restricted developmental lineage cell to provide an EG cell. In one

embodiment of the method, components, including the compound and at least one



enbodi mrent of the method, conponents, including the conpound and at | east
one WD 98/ 43679 _ .
PCT/ US98/ 08013679 PCT/6S98/06550human
restricted devel opnental |ineage cell, are incubated under conditions
sufficient to allow the conponents to interact. The effect of the
conpound on the human restricted devel opnental |ineage cell is

determ ned before and after incubatingéin the presence of t he conpound.
The appearance in culture of a cell having the characteristics of an EG 5
cel | i ndi h@h&s rdshittabdeelvpthental ¢intfgetdell cart dndubslied @nderdnlftione piffidiehon of
the restricted devel opnental |ineage cell. WO 98/ 43679

PCT/ US98/ hedlsw the components to interact. The effect ofghe EpmprgdrinFtine Gumer reptiRtBRAW NGS

Figure 1 sh h m_cr ogra f. 1 enbr yoni c rm.cells (EGs).show ng
posi tive ‘T’vg?p%ng%’?%%mg%ea%;li lgggtte mgﬁ&l g‘gﬁ%{ T rTJ%p O§B}$3?§g’§.m%‘e pregelglcﬁéfe la
shows a ngie-deMpouad PKe Mpehragbinagiltard 6ftd cell onvifietle BRABGEHARY of BAEG 5
Figure 1b shows a migratory PGC with characteristic pseudopodal norphol ogy.

Fi gure 2 edlbingiqatrsttbaicompgin tsseféictive ta indund dy-differenfmtion of | the cestrinteds .

developmental lineage cell.



Fi gure 2a denonstrates a norphol ogy characteristic of a nmultilayer EG

col ony. Fi gure 2b denonstrates a norphol ogy characteristic of a
monol ayerWeEs 3 7dny . Figure 3 shows phot om crogr aphs FGT/PRIFEASSO
enbryonic germcell (EG colonies showi ng 10 positive i munohi stochem cal
staining for: (A) stage specific enbryonic antigen-1 (SSEA-1); (B)
stage specific enbryonic antigen-3 (SSEA-3); (C stage specific

enbryoni c antigen-4 (SSEA-4); (D) a ceft surface anti gen that binds with

t he anti body havi ng the binding specificity of the nonocl onal antibody
desi gnat ed TRA- 1- 60 ( BRIEF DESERIZTION OMHEERWHYGSace antigen that

bi nds with the_antibo havi n he hi ndin ecificity t he nonocl onal
ant i body guieg hataws t%ﬂ@iog?ﬁe@ﬁéﬂ%g ?C germ &?lié'aﬂ%t‘@ 38phat ase
activit y;zféggls histologi% S8nfh3FéPalkatine phosphatase.

PCT/ US98/ - 8-

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides
human EG cel | s and of nethods_of produci ng mai nt ai ni ng such human
EG cel | s Figuigpishows a Ranertdnf wab ﬁﬁécmﬂv&fppwdl%orph%lpm EG

cells can be efficiently pr oduced The devel opment of EG cell cultures that
can be 5 maintained as cell lines permts investigation of fundanental
quest i ansFig@gadbdhogs bhgigratory PGIT vithichatacrerigti c pdelidd pdalahogphbloggs of * t Hese
cells and the dynamics of interaction in their cellular and chem cal
environment. In addition, useful tissues and substances can be pr oduced

USi NGt N DUIBILEG SRl 3 BloctRs bMEAL] Bbiyonic gern 851 QGuEX 2Dl €. e EC.

cells of 't ventiron can nt ageous y 10 i ncorporate
geneti c sequences encodlng various redeptors Ilgands and

neurotransmtters, n‘? for use in the treatnent of subjects
with var |Esg%red’1a$frw@ﬁf§atmmwh chaagterisys ol B8lHERES w@ienysmal |

nol ecul es that interact with the genetically nodified cells or"the EG
cells thensel ves.

Figure 2b demonstrates a morphology characteristic of a monolayer EG colony.

Figure 3 shows photomicrographs of human embryonic germ cell (EG) colonies showing
10 positive immunohistochemical staining for: (A) stage specific embryonic antigen-1
(SSEA-1); (B) stage specific embryonic antigen-3 (SSEA-3); (C) stage specific
embryonic antigen-4 (SSEA-4); (D) a cell surface antigen that binds with the antibody
having the binding specificity of the monoclonal antibody designated TRA-1-60 (ATCC
HB-4783); (E) a cell surface antigen that binds with the antibody having the binding
15 specificity of the monoclonal antibody designated TRA-1-81 (ATCC HB-4784); (F)

alkaline phosphatase activity.



This invention is not limted to the cells, conpositions, reagents, nethods
or uses 15 described, as such cells, conpositions, reagents, nethods or

uses nay,wofogR9dsbse, vary. The term nol ogy used herei n PicT/dS98/0655¢

pur pose of describing particular enbodi nents only, and the term nol ogy
used herein is not intended to limt the scope of the present '

i nvention, which will only be limted by the appended cl ai ns. Al

references cited herein are hereby incgrporated by reference in their
entirety. Nothing 20 herein is to be construed as an adm ssion that the
invention is not entgtge £D PRSERIPEION OFUHE INVENFION by virtue of
prior invention. Throughout this description, the preferred enbodi nent
and exanpl es shown shoul d be consi dered as exenplars, rather than as

:ch_lr[} bggg?'ggg%ges%gte in%%reltsloerp E)révqgeesr]lgdrr?ar]ﬁ EG cells and of\/\gegx%/dsd'%?z)?oducing_ qu

Def i ni t| ORSintaining: Q%Hhﬁ%x{m?%ll& B Wl Ah aRindRE AR iAPeroA Y S8thuRLESS

ot herw se st at ed: her term nol ogy used herein wll be defined

wi t h r espBGtcetls cart be effmipntly prodveehdittei dewelapmant ofi G cell cultrirehithiat canebd ai ns
unl ess ot herw se_not ef, 5 An "anl.,agen" fjﬂsméhe rydi ment or t&le rinmordia
of an o gAintained as celf lipay permils inypstigdtion o TREZ}3h QUSFHIS 3ERATAIAS tised i n
this inveptl :] S 1 : I : : her eof ,
such ao. FOBLEiL G lcBiac TRl BRI 2Rs 231 UE dypifics of it GO thdif

det er m naegllularf amieetbedcal poilvirohmenstl Iroaddivom alsefnbtisses ahd ditstancencanebd ur t her

purified, faor .exanpl e, bi ndi to and elution froma matri x -to whi-ch
the pol yp@ianesd ‘@anéhggm%%’lﬁuﬁd?f%%ﬂﬁwnpﬁéfanti bodi es were raised is
bound. Those of skill in the art will know of vari ous techni ques comon
in the imunol ogy arts for purification and/ or concentration of

pol ycl onals amtidxashipks theaBGuerllls ofshermventiomedn aivintagetiusly feSesed te .stably

Coligan, et al., .Current Protocols in | m’run?_l ogy, WIley IntersCience,
cur r ent0 ettrprpgiate Eeﬁﬁt&ﬁﬁﬁ‘l‘%ﬁ?nﬁ?‘ﬁmg Vm%ﬁé?%ﬁ@é%.lgmpé@ DEWOHARTHYES: nmeans

an anti boghy LAMpIES fott udeChS theB Hehtmde¥t WEIsBBkets WS various disorders and for

identifying compounds and small molecules that interact with the genetically modified

cells or the EG cells themselves.

This invention is not limited to the cells, compositions, reagents, methods or uses
15 described, as such cells, compositions, reagents, methods or uses may, of course, vary.
The terminology used herein is for the purpose of describing particular embodiments
only, and the terminology used herein is not intended to limit the scope of the present

invention, which will only be limited by the appended claims.

All references cited herein are hereby incorporated by reference in their entirety. Nothing
20 herein is to be construed as an admission that the invention is not entitled to antedate
such disclosure by virtue of prior invention. Throughout this description, the preferred
embodiment and examples shown should be considered as exemplars, rather than as

limitations on the present invention.



15 fromproteins and naturally-occurring organic nolecules with which it

is.naturally associ ated. Preferably, the preparation is at | east 75%
nmore pref ¥OM46790% and nost preferably at |east 99%
anti body, e.g., an anti-SSEA-1 specific antibody. A purified antl body

may be obtained, for exanple, by affinity chromatography using
reconbi nantl y- produced protein or conserved notif peptides and standard
t echni ques. 20 The invention can enplo%-not only intact nonoclonal or

pol ycl onal anti bodi es, but al so an i mmunol ogi cal | y-active anti body
fragnment, Daﬁm’hoas a Fab, Fab or (Fab')[err] fragnents, or a

geneti cal | i neered Fv (Ladner, et al., U S Patent )

4, 946, 7887 %{e Tollowingfermpe il e flmeésasd%ﬂdﬁg%ﬁﬁﬁ gihepVise slated- tAc}[\Ii%wa dual
cells, c , detitnved,det MkSHs : rm "cell
i ne" ase%lgggf E@S’eﬁsg& Pgr;ég%\':s&ﬁf%e %%ﬁr?gn EI& cg‘[ﬁfcs or ZSE%gﬁhg?’agl;Ep\%re%ﬁtt erefrom
such as awhichut pertainsachléss otherwist motedul t ur e. WO 98/ 43679°

PCT/ US98/ 06550 -10- "EG

cul ture nmediunt or "EG growt h nedi unt means a suitabl e medi um capabl e of —_

supportd ng,g ‘Q’ééh”%tﬂé éi?omeepa[m&ﬁ%% t?ééhéé‘gﬂr) 5;”6 medi a

useful In acti ci ng I nvent1 orr ar e human EG
growt h nedi a prepared W th a base of Dul becco's m ni rral essentl al nedia
( DVEM sugg@/errented with 15%fetal 5 calf serum 2 mMglutanine, 1 nM

sodi um pyFo% & "artibadyc as aisethén HHo preatien Ancedes mtaﬁbmdqcelfsmﬁrmﬁltaabm

ol ut ar netagnite B SER AR b DS @, F7) bad B Bad g spite e s

aspar agi néstergdidit /€ negled] polyclonaliod monysloghl@tibbdies e, beﬁhﬁhéﬁ]ﬂmﬁ%ﬁr fore,
hi stidine, and aspartic acid (McKieman et al., Mblecular Reproduction
and Devel @gami@, mzzbm@sg 1@9nd191959m OB AABRTAP |vg}ruclﬂhepekzpﬁntu:hnhaape@t;dcont ai ns

commonj {65%91 tlgﬂlésu(ngreax% ? Hpa 3, THEof slfllna}ﬁ tgegﬁ&!vl&ll 0 ang '

strept onyci n. ve an‘oun C ors are en ad

ei t her of vdtﬁ@S&chﬁq&s%ﬁhlbﬁanﬂ&xet@nﬂmﬂ)@y@nh wrmmiﬁeatwrpamt’brmeﬂmi\m%oﬁ he
i nstant invention. The term"effective anount” as used herein is the

amount of O%B@MCIGE%lcﬂmibé@ieﬁa?ét‘M?n a%rrtoeoclonalrﬁ@rihwéiea(%énea, &odigamfdtaddt on
human EG conmon
to those gP %ﬁf%&o‘ﬂ e arl{%lgyt tllg{éﬁlfe:ﬁ%ég %grg%{t %gltﬂor?‘ 1ntL‘lzglg’co Eetﬁ%g
suppl i ed fef¢renee). "Purified 2atibodyt" |mmd aﬁadnwﬂy thaheaslem 60%4 by Wedighe el t hat
is further supplenmented by factors
15 from proteins and naturally-occurring organic molecules with which it is naturally
associated. Preferably, the preparation is at least 75%, more preferably 90%, and most
preferably at least 99%, by weight, antibody, e.g., an anti-SSEA-1 specific antibody. A
purified antibody may be obtained, for example, by affinity chromatography using
recorabinantly—pxoduced protein or conserved motif peptides and standard techniques.
20 The invention can employ not only intact monoclonal or polyclonal antibodies, but also

an immunologically-active antibody fragment;-such as a Fab, Fab' or (Fab'), fragments,
or a genetically engineered Fv fragment (Ladner et al., U.S. Patent No. 4,946,788).

The term “cell” as used herein also refers to individual cells, cell lines, or cultures
derived from such cells. The term “cell line” as used herein refers to human EG ceils or

25 cells derived therefrom such as are maintained in in vifro culture.



derived from nedi a obtai ned fron1cu|tures of feeder cells on which human EG
cells can be cul tured. 20 "Detectably-Iabeled" refers to any nmeans
for markKiwgesuas7é dentifying the presence of a cel | or PEFAUSPHSELS
i.e., an oligonucleotide probe or primer, an antibody or fragnent

thereof, a protein or fragment thereof, a gene or fragnent thereof, or a
cDNA m)l ecul e. Met hods for detect abI y-l abeling cells or nolecules are
well known in the art and include, -1Qgwithout |imtation, radioactive

| abeling (e.g., with an isotope such as [err]P or [err]S) and 25

nonr adi oagid \aith@BLAIAH (& BG gfAihitiimencatita hibeld mgdmfri cepabRCcent

| abel i ng, enzymatic reacti on products coded by genes, i.e., CAT).

WO 98/ 436GH@porting growth of human EG cells. Examples of suitable culture media useful in

CT/ US98/ 06550
'I':)Enb #J yoniR!a"g’gir}ﬂ thg presentdpvengien ags 4 wariefy of humpan Qi grovh med %68%5%1’%3‘ al germ

cells = 4 Sf@%?f)auﬂé&otselﬁmlmeﬁaemm fefR (DMEM) subsletefed Wathdesys e cel | s

of the present invention t hat exhibit an enbryonic pluripotent cell
phenot YpecalfTdeeurne? msM' glutaamine ntbnpd Isodnuglep)rmvate wedlicosgapd pbhesphatenlirseoni ¢

o Cel T Imadaieq RumaBuba o hEoRRLEaR) SRR Y hds T 67 By 0t pot ont
ermbr y oni G, SE e, RSN RENAS HA10 0PdNIceh HIche WolloWing aifiko Geidss ar e

capabl e rentiation into cel ect odermal , éndodernmal, and
mesoder medspgegine, Iglwmesgluﬁﬁlc acid, cpdtéine, dymnta Ipmilmese@:maﬂaﬁtdema, ze@lawﬁrtnche

b f d f t
et 1 11 ctbibMER e dhg Mt dregtadenan erd DT e it 2SS AERe k10 of
certaimp, r‘?}hﬁ@aﬁlg/ te E(friﬁ{éhlufrﬁ gdo pﬂnt&lﬁ@cm‘)rﬁﬁi&ngf ustd ﬂgéueguﬁlﬁre%ﬁﬁﬁﬁhes,ﬁﬂéﬂ bodi es.

" Epi t ope" any antigenic determ nant on an-antigen to which

par at ope azsfpemmlhn amlnsttnebtmkwcm npdseffeﬁpwe epioontieft factisae thenasided Idgalxztma st of
chem cal ly aC%Fl nol.ecul.es al?Ch as .amno _acids or

)

sugar si dathenefithes g?ﬁ? Sﬂﬁ‘ﬂa?qt?p%‘gvg umzn by eropvitymegia of thy iRstaay igyention.

St UC T ay e EfeivElobfohor B8 18I herdih iSBRGhIdult SRLH BeiibeNALARLSE St Cs.
"Gowh factor™ as used f he purposes of describing the present

i nvent i onperefies bereficéal effect&mﬂsnmEGtglmmh andefidllityi of duman gilo peliscusing: gr owt h

of hurrxalsn _]IIEI gecnellexlxtscc}nrl]r%%n Itg tk?oosté 0 SE&r in B¢ art of cell culturing and by the teachings

supplied herein.

“Conditioned medium” refers to a growth medium that is further supplemented by factors
derived from media obtained from cultures of feeder cells on which human EG cells can

be cultured.

20 "Detec“cably—labeled_" refers to any means for marking and identifying the presence of a
cell or part thereof, i.e., an oligonucleotide probe or primer, an antibody or fragment
thereof, a protein or fragment thereof, a gene or fragment thereqf, or a cDNA molecule.
Methods for detectably-labeling cells or molecules are well known in the art and include,
without limitation, radioactive labeling (e.g., with an isotope such as **P or**S) and

25 nonradioactive labeling (e.g., chemiluminescent labeling, fluorescent labeling, eriz'ymlatic ]

reaction products coded by genes, i.e., CAT).



a conponent of the growth medium Such substances include, but are not

limted to, cyt oki nes, chenokines, small nol ecul es, neutrali zi ngsg
ant i bodi e‘é’o W#d6Br ot eins. Growt h 20 factors al so include i nterUsi&Yer,
si gnal i ng pol ypepti des which control both the devel opnment and

mai nt enance of cells, and the formand function of tissues.
"Non-essential Am no acids" refers to the am no aci ds L-al ani ne,

L- aspar agi ne, L- aspartic acid, L- dl -utam c acid, glycine, L-proline,
and L-serine. _ The term i mor di al er mcel|s" (PGCs) is used to
descri be LEmbfyfoetcegerrat:@&”mbl’tfibﬁﬁléS”%Cgﬁé frierevedsiromarimendiabesrmecefier i od of

time post:f zatlpnfromanla n or fraomyolk .sa senteries,
gonadal qpégteé 'Ilfhe Fg?d§uselgé&§e%¥1§e P'ﬁlgs (gf(%? B@S‘%ﬁ e\ﬂﬁf”&h
\IQKC)T/QLBJ/SSg?%‘ ethblt an embryomc plunpotent cell phenotype. The terms “human embryomc ggrm

EG cel | s eerlb(E@)’l are’tbmi@poroc gems coll” kan be W@tnn@dnmgeahha@emratcsdescahe be
useful sources o “"Bluripotent" .refe cells.that retain
the devel ’blﬂﬁé%tcsfls ;ﬁx“éﬁ%%ﬁ theyeefs of é‘i‘%ﬂ%e?%% Seqify that exhihice P&‘Wé’éﬁ“&f cel |
l'i neages dé'ﬂﬁ’cdth%fe"rx‘}“’o By ol &
phenotypeézrﬂmr?}(.é&l‘idq H}%Hg%%g%tgﬁ% ke cell aleso are E%gd |l§tg}eerc gﬂag)zg |y

her ei n t odiffererimsion |ukte ceBd bBedtbdermal, endotitinhileamhinesddetmargtrmbagerarBG

plurlpotent cell d t hat ar capabl e of being visually distinguished
from ot hefelkcfan; a‘SlE‘bB‘F shagpctenize sbd egﬁ‘?sﬁ%ﬁe or absence P E‘atﬂéerrﬁﬁs%?’@eée‘fvl refers

to enbryo gp%}%?e ﬁieﬁﬁg &é}gm i | abl-e
and i ncl u eegﬂzd %%&%@%ﬁ t asdoﬂ CC CRL @1803?%'{ 1 %’r gﬁ?gtgﬁtagﬁﬁ\éﬁcl ude
cel | s Y0or ofttain mhrkesals identidled bytiediack sf bmdmgmépemnn estibodiasl t ur e

products derived fromEG cells that are grafted into a human host.
Specifically, a transplant is produced by mani pul ati ng EG cells, which

exhi b U 2 ggliiicP 6h &S oRFRAYRRICger B G lan i PRPROHRE thd Parkiobl B¢

pr oduce ECEH!J rdeved ste ?I#B ?e ?nérlsftﬂﬁ ctgdg ge oprreln- Par ob B 58
antibody binds. Epitopic determinants usually consist of chemically active surface
groupings of molecules such as amino acids or sugar side chains and usually have
specific three dimensional structural characteristics, as well as specific- charge

15 characteristics.

“Growth factor” as used for the purposes of describing the present invention refers to a
substance that is effective to promote the growth of human EG cells that is not otherwise
a component of the growth medium. Such substances include, but are not limited to,
cytokines, chemokines, small molecules, neutralizing antibodies, and proteins. Growth
20 factor‘s' also -include intercellular signaling polypeptides which control both the

development and maintenance of cells, and the form and function of tissues.

“Non-essential Amino acids™ refers to the amino acids L-alanine, L-asparagine, L-

aspartic acid, L-glutamic acid, glycine, L-proline, and L-serine.

The term "primordial germ cells" (PGCs) is used to describe undifferentiated embryonic
25 germ cells isolated over a period of time post-fertilization from anlagen or from yolk sac,

mesenteries, or gonadal ridges of human embryos/fetus. PGCs are the source from which



tal lineage. The term"restricted devel opnental |ineage" neans that the

prospective fate 15 of the stemcells derived fromthe EG cell is reduced
to a smal wexosmsgizer of possible hi st ot ypes after i nduct®@rUSB8/06550 '
differentiation. Methods of inducing in vitro differentiation of EG.
cells include using retinoic acid or the renoval of cell feeder |ayers or
condi ti oned nmedi a as described herein. The resulting stemcells of
restricted devel opnental |ineage <gn be further manipulated to include

exogenous genetic material such as a transgene. 20 Provided that the cell
expr essi ngAR1EGrP ABAGIY PR nbSy1&eiEhict dstivul artytigey higb €sh bOutdTal detleces of _
exogenous nmaterial, the resulting transplant can include exogenous nateri al
wi t hi n soR&Cs. but not all of its cells. Resulting transplant cell lines
of restricted devel opnental |i neage can be maintained or further

mani pul ated-as pure cell lines by techniques comon to those in the
art. 25“%ﬁ@6%@%amwr&hﬁ% Qéve%énfh?f PbleRBally kit ALidtgt 0 a
cell that becones part of the genone of the cell, cell line, tissue or
or gani sm @iwide ramget dferelldinebgey incitudige shegermrlirgs The terms "embipeniggitet 670

PCT/ US98/ 06550 | . . . . - 13-

stabl e @xPPERIYRSTORSAmYHe stemike SRlllie) apastd Birehrneeahly jhereg to, o
transgene e LA PG SRR U hhSarP Blurp¥teRf cePS hhd BlaY aledaBhink OgOUS
(i.e., fofiggaég cetllgltl-{éhgx‘égg ?ﬁor or ganiasrn?tolpv\ﬁ?{(r:% t he heterol gg@us gene
i s i ntrodefbeing ofsuathy diseppished froa gtheeadult ceipofthe gunsatiimahn endogenous gene
of the organism Included within this definitionis 5 a transgene created

a

by the providing of an RNA sequence that is transcribed i nto DNA and
then inco ed " RYFonic fib blast ol Bl dieRAS S8 Nofimd des any
t ransgeni @?éﬁngF%ﬁfgﬁft?ar tont“hcl)srg % n t%e egrtS wﬁll%cﬁﬁj(%énrg%pgduce an

or gani sm aeailable arel ihclodt thosedeppsitéd &§ AECCICRIsUB030r enbryo carrying_an
i ntroduced transgene or one in which an endogenous gene has been rendered
nonfunc- 10 tional or "knocked out."” A "transgenic" is an aninmal or any

part ther e?faﬁsgnggﬂf,ﬁ b&idde RUlls (or pAHRY tHeREY, icel Eﬁo?&c%, qg\%_ket? hqrcéﬂllt Hﬁlﬁﬁﬁo;

tissues whic es exogenous genetic nmateria Inits ce
Cel I's of tpheducty defivednfromnEGacedls Bhift ad depaftadointderhuar hdsesBpesifidatiycan

h Sl for . maki ) ) X
then be u%grclispiarﬁt % pr{g J‘a%& b?llmn;nip%lrlatgnog ég %Ealls, whm%%xhﬁ‘a% aaphcxgéorrcgrqtl e?nt?rgfgr?igl sm

germ cell phenotype, in vitro to produce EG derived stem cells of restricted developmen-
tal lineage. The term “restricted developmental lineage” means that the prospective fate
15 of the stem cells derived from the EG cell is reduced to a smaller number of possible
histotypes after induction of differentiation. Methods of inducing in vitro differentiation
of EG cells include using retinoic acid or the removal of cell feeder layers or conditioned
media as described herein. The resulting stem cells of restricted developmental lineage
can be‘fm'ther manipulated to include exogenous genetic material such as a transgene.
20 Provided that the cell expressing an EG phenotype is genetically manipulated to"include
exogenous material, the resulting transplant can include exogenous material within some,
but not all of its cells. Resulting transplant cell lines of restricted developmental lineage
can be maintained or further manipulated as pure cell lines by techniques common to

those in the art.

25 "Transgene" means any piece of DNA inserted by artifice into a cell that becomes part

of the genome of the cell, cell line, tissue or organism (i.e., either stably integrated or as



The term "gene knockout" as used herein, refers to the targeted disruption
of a gene with 15 either partial or conplete | oss of function achieved by
any transd¥@P#436&hnol ogy faniliar to those in the art. PESUSAE4wP e,
transgeni c cells having gene knockouts are those in whi ch the target-
gene has been rendered nonfunctional by an insertion targeted to the

gene to be rendered nonfunctional by honol ogous reconbi nati on.
"Transfected" neans a cell into which-tdr into an ancestor of which) has
been introduced, 20 by means of any reconbi nant nucleic acid techni ques
known to taistble extrathhemesomal element) w&atcérdgv@gmfsorn tledt 6bls Swch @ trapbgena nzay
"Fbterologo nucl ei c nce,.t hat

to d
ei t her orll’é‘i ?ésg?nFoWﬁ’zihdﬂPéFtyié’iﬁ?térgg’okﬂ'el{?rg 5 a J dfof?%ﬁme@u‘?‘ﬁéﬁgllﬂs

ori gi nal | ﬁgéhl Pl
Enbryoni ¢ “Cer| m ’ﬁboivhgﬁgth%é%%rgfsdgg?é éélyet E%(g{ ug)? I'n odr?le g%bolgfsr?g;\ta e

i nvent i on hormiogbas t@mmnd@ncm geslea)rﬁmeaorgmlsmdlnol‘udpd odin tigs definiSorchs cel | s.
'(A‘pit«:g; t Isnga trngsgernle\% - a'r(;lgg})\lllg%gtol} (k?\IIA seque ce fbap{slﬁqagg&}b%h lgte rﬂ?\lgel 's
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to th
i sol at ed %Sgrﬁpen mcorForgtegfmgboﬁgerbo weeks to about 11 weeks fromthe | ast
menstrual period - (LI\/P) (3 13 weeks post-fertilization), -fromenbryonic
yol k sac, nesenteries, anl agen, ri dges from hunman

enbr yos/ f §h§§erm“ifé‘i%§lﬂli° Cﬁudeﬁtﬁﬁ‘ﬁcﬁ‘Wé&e’l&ﬁ teF}é‘%%ggy a‘ml‘%‘stpl p¥eain e Afes can

al so provi ggﬁ ;m@fi P Q.%”.P,
mtotical |"§/lﬁ|lﬁac I ve{{&egﬂﬁ agftfr%lellc}]gﬁr(e %IIEJS%@E FPESH)% unde ﬁld,gondi tions
ef f ecti ve iht®oduced d@higeme DEBNe Iffmhrchsaulehdmnbwmeﬁi@s bedn mndiei'sdaﬁhhfhmfrur i ne

ES or EGceIIsm nmor phol ogy and, in blochemcal hi st ot ype.
resul t ilfg tiemaher kooekad aute %@Sgemc P88 2gipe aaaanhﬁﬁrﬁflmpédnﬂaﬁhnas byteast

several mpi bésuh&%& %tcleng cultures or tgs&;gwa# Benidae &%@%hg Eeﬂa%frtllctfggterlal

i nvention, 1f él1eve e use o eeder ce
extracel l u;ln&ﬁn mecellsx Odts bf/ﬂﬁ ifivenmioh eadkaved@NAsaddpd avihe@sand nikese cellddad

subst ances_, necessary pronote the grow h of EG cells and/or prevents
or i nhi bi ttéer’fll’f’euﬁeéﬁléa&WFH*@FI%%%? fopma lngaphg{gqgw UEMIEM. Such subst ances
are believed to include nenbrane-bound and/ or sol uble cell products

that are secreted into the surroundi ng nmedium by the cells. For exanple,
The term “gene knockout™ as used herein, refers to the targeted disruption of a gene with

15 either partial or complete loss of function achieved by any transgenic technology familiar
to those in the art. For example, transgenic cells having gene knockouts are those in
which the target gene has been rendered nonfunctional by an insertion targeted to the

gene to be rendered nonfunctional by homologous recombination.

"Transfected" means a cell into which (or into an ancestor of which) has been introduced,
20 by means of any recombinant nucleic acid techniques known to those in the art, a
heterologous nucleic acid molecule. “Heterologous nucleic acid” refers to a nucleic acid
sequence that either originates from another species or is modified from either its original

form or the form primarily expressed in a cell.

Embryonic Germ Ce#ls and Methods of Culture
25 In one embodiment, the invention provides human EG cells and a method of producing

such cells. A starting material for isolating the cells may be primordial germ cells (PGCs)



EG cells can be grown on a substrate selected fromthe group consisting of
nouse 15 enbryo fibroblast cells, STO cells, human fibroblasts, or human
epi t hel i unpogkissy Thus, those of skill in the art wi | | pCeasgsrdesso t hat
additional cell lines can be used with the cell culture nediumto
equi val-ent effect and that such additional cell lines can be identified
usi ng standard nmethods and materials. In addition, those of skill in the
art will also recogni ze that one.g@q.nore substances produced by the
feeder cells, or contained in the 20 extracellular matrix, can be

i dentifi q%lﬁ&ﬂo@siggga&@oftata@m%kel@% Lt 1 TRk oth thORst menst }(Féérioﬂ” to

obvi ate the need for such feeder cells and/or such extracellu matri X.
Usi ng t hLMR)H{B3dS weskspattefeitdizatioe)s &Dnmzdbﬂvemxelynlk faspmhsemeaniep,| gomiagalt ent i al

nmb | t d hE H and hEG GU, h
FSEAE SR FEING TR T ) N T
d df | tely 8
e 5 AP gmnaloaLanen RS, 1o0h Rkl wROCE SHRGANGIE oY

r especti eitytically inactivateNBitR8bld@@ERs (e.g., STO-—cells) under conditions effectwe to
PCT/ US98/ 06550
The EG i depharEGot ehte msulting lemﬂa@&rcp%aessvbleh@uapé%@é el qﬁbl.sk@r s

B! tlorthblbey and B Blcbhnfal hABbes' THE tiiflnd AlnbE FETRL LhEDY 1N

bi nding o ar anti I es, the a certain markers

t hat can passapelbadd mamthibgd fohatlbmke\mfalmcmhslg caftureert ai n anti bodi es. EG
cells also expresses cell surface antigens SSEA-1 and SSEA-4 and 5 express
cell surface antigens that bind to antibodi es having the binding

Tha 1. 01 1Ay e TR 88L RRLGR A Pl e e S KPR ol e 1 e

cel | 40r featscettlar gatixIefreddrom feeder cells @d@ihﬂesame oEﬁoﬁ!@kdbStaiib@lr{écéHé tively
for al kal i ne phosphat ase EIAP) ivity Culture Medi'a 10 The-
*i nvent i orf0 QEqMets dke gromith e B feds ﬁ%?raprewwnh%ﬁ theqate i diffasenfiptions or

+gr owi ng afdycp celgasmﬂuagaﬂce%}é lézecf’{o 1F<§u8§ eﬁlbrﬁg%omﬁﬁ Rt MLfgs for

the growth and .nmai ntenance celI's and can be use screen for
addi ti ona:leligﬂ@dﬂdﬁs thacarersscreted xmeﬁﬁkurroundm(gmd’imhlbgﬁﬁe odlisgFerétanipaet or s.

The abi| II:I,C¥ ceﬁs can \i'\:,eEg?ov%g IolnS aI srlllbgltra§£éJ Bgl;[sgcené Ifr((ﬂ)lmI %]C group consisting of mouse
15 embryo fibroblast cells, STO cells, human fibroblasts, or human epithelium cells. Thus, |

those of skill in the art will recognize that additional cell lines can be used with the cell

culture medium to equivalent effect and that such additional cell lines can be identified

using standard methods and materials. In addition, those of skill in the art will also

recognize that one or more substances produced by the feeder cells, or contained in the

20 extracellular matrix, can be identified and added to the cell culture medium of the

invention to obviate the need for such feeder cells and/or such extracellular matrix.

Using the methods and materials described herein, two human pluripotential embryonic
germ cell (EG) cultures, designated hEG-KH and hEG-GU, have been derived and
cultured. The hEG-KH and hEG-GU cell cultures were derived from the gonadal anlagen
25 and genital ridges of approximately 8 and 11-week last menstrual period (LMP) aborted

human fetal material, respectively.



undi fferentiated state using the cell culture nmedia, growh factors, and
nmet hods provided 15 herein provides inportant benefits inclugi ,
abitity tWOpRBé¥ite EG cell |ines having mul tiple genet#%g#%%?@l§gtions
havi ng i nmportant therapeutic applications as discussed bel ow. zThe
cell culture nedia may include a growh nmediumthat is effective to support
t he gromh of EGcells; a nutrient serumeffective to support the
grow h of EG cells; non- 20 essenti at land essential anmino acids, and a
pyruvate salt. Optionally, the cell culture nedia may al so include a

r educi ng Thgdiff is pluripoteThandyisheractesiaed y Ewrpressasaefenarkgrssassasted with

based.sol uti on .t hat lies . £ 1. i intain th

or owt . aRBetiSERaptGsitst taas e e fhiifad bP ¢ YiFRhE o birENI SuledallR ! 1 e

wi thout kﬁké%st%ﬁh&ef cdrBlinaBay iRt S&1 bdeRBRd By thef latlabs biabfngseoemainCS) . 25
npl e,

For exa e FBS may be provided in a concentration of between about 1%
and antibodieANEG8/eli8 6@ expresses cell surface antigens SSEA-1 and SSEA-4 and
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about 25%xPIess gei surneAntisersthapkinddy aptibodies haying thy binding, 8%?%?%{& & of

bet ween %%% ; g AR (A2R5€ HB P aRATTRA-MBNYATIEE FB-47849r € grown
in 15% FBS. Elonalmﬁ’r?g%}é% may be (dependentmp%Bz sone 'growt(h factors f42r

mai nt enaB@célls dfftiee invbmtiomeminsi st express thel asll snrfacerdntigémBPEAthe growt h factor
is basic fibroblast growth factor (bFGF). In another 5 enbodinent, a

| i gand which binds to a receptor on EG that can associate with

gl ycopr Otlﬁh&!diéiﬁxg, %(25%1%0nai'h%P%]ig%}eﬁ%ﬂalkéliﬁe%o%awé eaPpstiRityl n a nor-e

L4

parti cul ar ment , fgand is oncostatin-Mor |eukem a
inhibitory factor (LIF). In addition, .. an anti body that binds to, and
activates 130 directly can be used. - Agrowth factor may al so be
provi ded qeélg(g’slﬂréMq‘%’Ft he derivation and mai ntenance of 10 cultures of EG

cellspn ﬁe%ﬂbegﬁi%ﬂmitiﬁ&és\/c,ewwltﬁl]z@ﬁ@a&'fﬁi gosh BRI and BRSBTS SrbREnid

effective oncentrations of such growt actors can be determ ned using
t he net hedsinminidg sclturbedf EG celier Bienmedia psowndestfectheignowth dndonaintepandeose of
skill in otf hﬁGacl‘:e lsoéndC lcj;llrE re:i Qs%dC% lsgréenF%r additional growth factors and useful
combinations of growth factors. The ability to grow EG cells in a substantially
undifferentiated state using the cell culture media, growth factors, and methods provided
15 herein provides important benefits including the ability to produce EG cell lines having
multiple genetic modifications having important therapeutic applications as discussed

below.

The cell culture media may include a growth medium that is effective to support the
growth 'of EG cells; a nutrient serum effective to support the growth of EG cells; non-
20 essential and essential amino acids, and a pyruvate sait. Optionally, the cell culture media

may also include a reducing agent.

The growth medium can include any serum or serum-based solution that supplies
nutrients effective to maintain the growth and viability of EG cells. Examples of such
serum include, without limitation, fetal bovine serum (FBS) and fetal calf serum (FCS).

25 For example, the FBS may be provided in a concentration of between about 1% and.



exanpl e, one or nore of the follow ng factors can be used at the stated
final concentra- tion: forskolin ([3R-(3[err], 4[err], 5B, 6B, 6aa,
10[err], wOpwa3sfy 10[err])]-5-(acetyl oxy)-3- 15 et henyl dodé@'ﬁM‘#‘W@@ 10,
10b-tri hydr oxy-3, 4a, 7, 7, 10a-pentanethyl -1H napht ho[ 2,

1- b] pyran-1-one) at 10 [err]M cholera toxin at 10 [err] M

i sobut yl net hyl xant hi ne (1 BMX) at 0.1 mM dibutyrl adenosi ne cyclic
nonophosphate (dbcAMP) at 1 mM | n arét-her enbodi nent, the growth
factor is basic fibroblast growh factor (bFGF), nore specifically,
human r egio D% In fadéular tHeRBS may bg pamidedfinatconcetitrtidn) of betwedreabioange of 20
about 1-10 ng/m . The EG cells can be grown on the plate in addition
to the féé&(e&ndc%holuézo%l Ineomg gmbpdimenty g cells ”Fé%ﬂ@?lnclé/PEBgan be first grown

to confluence and then mtotically inactivated (e.g., by i rradiation)
to prevent further growth. Such an approach has the advantage of
si npl i f YITROEG mayte@lepatiaatesibsdineairowitefaclkd fof taintémnasintthe cdtired aef o U\:D y

one set of cells, the EG cells, 25 need only be nonitored.
98/ 43679In one embodiment the growth factor is basic fibroblast growth factor (bFGF) In another

,IZS(I)-{E S{ug.gg%pein& %rltﬁﬂ)P‘fln ‘#&8&1 blﬂ%ﬁ & léeae}?t? r?f’c%ﬁ}t tIHII?' §ar6fas?1°§ha§?1 ngFbr yonal

car ci nonBlycoprotdiFA30CAIP130) INimhRal incteatultxafddia. MUABRAONTERficlaEC cel | s
(ATCC accCéssi on nunber CRL 1973) are grown to confluence in DVEM

suppl e rreanb@thmcmhth;()xganétsamcemtin-bfémmﬂcemla idvibitasy facta LB Inrdditiongr own t o
confl uence i uppl ement ed wi %. al_calf .5 serum 2 nv :

gl ut ani n@?4 T&S’%%% 'ﬁo SSJEW%&?@% %reﬁg}ﬁ@s ‘bseﬁal |y over several
days, passed through a 0.22 mcron filter and frozen at -80[err]C. This

human EC or nouse ES "conditioned" nmedia is added to the EG grow h
medi a j nAegrpith fasidrymaterlep hierpzaivided to asststiint the desivptietyent! mpintéranes bBct on EG

Or OP* M. Bl E G Ealsin s bl R ARG BRI Yo The OGBSI MARELE 1 o1

gp130, egddeekitrdndbMAL grobdh fackds Bit B¢ détéralinbsaty e afethidsAs deskBedr

by binding directly to and activating gpl30. For exanple, human reconbi nant
| eukeni aherein of pinbiteabniguessnewn (o tRyse 2f skilbint the aoof puituring 290 For M or

oncost at | nan%lgt on%oor lIJn/ore of ﬁxeq‘ollowmgt}gctors cgn be used at the stated final concentra-

tion: forskolin ([3R-(3ax, 4af3, 5B, 6B, 6aa, 10«, 10af, 10be)]-5-(acetyloxy)-3-
15 ethenyldodecahydro-6, 10, 10b-trihydroxy-3, 4a, 7, 7, 10a-pentamethyl-1H-naphtho(2,
1-b]pyran-1-one) at 10 pM, cholera toxin at 10 pM, isobutylmethylxanthine (IBMX) at
0.1 mM, dibutyrladenosine cyclic monophosphate (dbcAMP) at 1 mM. In another

embodiment, the growth factor is basic fibroblast growth factor (bFGF), more
specifically, human recombinant basic fibroblast growth factor (bFGF), in the range of
20 about 1-10 ng/ml.

The EG cells can be grown on the plate in addition to the feeder cells. Alternatively, the
feeder cells can be first grown to confluence and then mitotically inactivated (e.g., by
irradiation) to prevent further growth. Such an approach has the advantage of simplifying
the management of the cell culture as the growth of only one set of cells, the EG cells,

25 need only be monitored.



" Once established, the EG cells can be cul tured under the above-descri bed

condi ti oned 15 rredl umusing a variety of techniques. In ong ﬁS
ﬁ%ﬁ‘l x of

cont-ai ner Meu18i36Meeder cells in a non-condi ti oned medi Yt
| ysed feeder cells is prepared using standard nmet hods. The EG cells to
be cultured are then added atop the matrix along with the condi ti oned

medium Alternatively, the EG cells can be grown on living feeder cells
usi ng met hods known in the art. The grbhh of the EG cells is then
nonitored to 20 determ ne the degree to which the cultured cells have
becone di tAnethenfacter éxgrowtimmeriarharvested from eyliaes ofduptrosprayensbcaainoba used

to ascert h cells have fere a suffici e t nunber
of cor s PCal i a PR RIaT SRR hTen NTHIA S RG FETHATGR Braisop fisiber

conf | uencmaiwh)?ﬁégr@wﬂw tdPRierde ih lm\mmmpfpﬁrn%mdamﬂ 105 fefal 62N sd¥m
passaged. The etermnation to passage the cells and the techni ques
for acconpt mehserkf salistarpgovagorgnieencain BY M sipplemdnted with 5% fetalradlf

};,g;—/h Blsg ?%@’é‘%{a 2 rrlﬁclo thamme hl%08 l}/ml LIF. Growth mV\Qla 1S 4xarvested daily ovegeveral e

of EG Cel lggy Ea]sg)sourcgh 9@% Tl PEAfIESind frozéﬁatcsdol°@ @ﬁlsmﬁa{?@@%ﬁ@en“ on

areaplentlf pl uri potent cel create ¢

l'i braries BSn‘d:dndltmmdésnéchn ispoldydrir ﬁ'&eEGImwthrmemaumnnipamﬂyebememmm a-
tion. For exa ured, in th esence of irradiated
nmouse STOATHUD |%§r185$eéJstP3é‘%ﬁ§%r8 Lﬁﬁ%&?"%&()‘é“a&&&r al steps are taken to
elimnate STO cells and STO*- cDNA. I n one enbodinent, STO cells -are -
renoved as follows. Approximately 10[err] EG cells grow ng on

i rradi at edn Sbther etmbodinzesit ﬁmgrewt}rmpcﬁ'a mcheds figandsriestesgaod eltht iaotivxte the

medi a. he re uspgnded ILLs Lated on a tissue culture dish and

al | oweé t STk trangauction gl cither B PIndE P AGEIaRIe thatgasooisies Wit BRIt s
adher e Whls Bidkda Qfédlel:ﬁ y #PalPdctivith %btlf’cﬁf&gmﬁﬁ' h@ma fecORBida¥: fRIYRd and
the platin procg ure is repeated Tw ce. This series of preferenti ai
bi ndi ngs aifisty faeioy(EIEhat\abeutﬂ(@OQQ%lbto X100 W/ahllos onddstatineMiedt A0 idfml, canEG
cells are_spun at 1000 rpmfor 5 mnutes, and the pellet is used to
generate RRASEd RNA and then cDNA The cDNA i s subj ected to several
rounds of subtraction using STO cell RNA, by a commnly descri bed

met hodol ogy (Mani atis, et al., Mdlecular 15 doning: 4 Laboratory Mnual,
Col d Spri fpceimstablishedh tredf Groglls Gul bt turadgurider therabove-desseibedrcorditianedr ent

editio i nc orated herei r ef rencelnlts entirety). This .
CerovedS TSR B EoBrED OIS 1o SPE Fe e g eORp ol eedfeaeln ¢ he
hunan aCMNASordi SieR &edlahpw ﬂﬁrsmf 158dd ﬁedévbeeus %z{r&@ﬁa s’c%ﬁ &ani ngs
can be enpl oyed on this cDNA librafy, as well as o tractions

commonl y keesheds, d hHE@e:ellm ta he c@lurediate @Mmdéﬁ;d stpp dhe alatrix albhgoxat}athe

d oni ng: %olﬂ 1?18{16 medium, XF erhatlvell ﬂ%) E ngells can %e grown on living feeder cells

using -methods l;n_own in the art, The growth of the EG cells is then monitored to
20 determine the degree to which the cultured cells have become differentiated. A marker

fer alkaline phosphatase can be used to ascertain which cells have differentiated. When

a sufficient number of cells have differentiated, or when the culture has grown to

confluence, at least a portion of the. undifferentiated cells can be passaged. The

determination to passage the cells and the techniques for accomplishing such passaglng

25 can be performed using standard techniques well known in the art.



Laboratory, Cold Spring Harbor, New York, current edition, incorporated
herei n by reference, inits entirety). Production of Imortalized
Human Di fy{iglhgrisrat ed Cel I's by Tel omerase Transfection PCRIUSO$1665A )
somatic living cells exhibit the Hayflick limt- a finite nunber of
replicati 25 ons after which the cells enter a senescent, nondividing
phase. The Hayflick limt results from progressive shortening of
telonere |l engths (chronosone tips) wid-each replicative di vi sion. The
enzynme tel omerase has been shown to restore the length of tel oneres, when-

t r ansf eﬂ@&%{@@c@@!ﬁ@h&%&é dpng Getdresand extends their replicative
in

lifespan i n Itely WO 98/ 43679

PCT/ US98/HXB5561s of the present invention are a plentiful source of pluripotent cell mRIN8-to

wi t hout causi Jgnant transformati.on (Bodnhar et .al, Science 79:
340 352, “Terens INATbAHF e MR ST ROIUBrESS S 1S AT PRE T ual | y
any cell ddh LR& B%éq}wsﬁmﬁﬂes are c@ib8d 1iAGhd biesORkBH iR Oh8EE STO

Al t hough human EG ¢ express telonerase activity, it nay be desirable to
enhanceé Hitsolslhstexpdesssbahativyet Sevesd steps am tafenEGebminate ST Qleetlhand STO

from ECe QRS bt o esins STTietiace Baere] i Ollany APoRgrt s iit Sl ar v,
tel omerasgya dwinfYor heldigad s EBAERE At FHRRiRaSAd Radstnda f%b{ ed

condi tions. e present invention incl'udes EGs transfecte h
t el omer asgedis. dklresusperaied celld e piatéed/aula tissmacslioie dishemdfatloved teEStdml | s. The

present invention further includes, 10 EG cells transfected with tel-onerase
that is iawgutilbheuor Lups Bis e STO fbrotiesteafhes P@ernggwmsi B‘P @%eneti c
Modi T i46aty; 08, ched cdlfs 48 ggx‘gﬁﬁgﬁ%\re& D& ﬂi’i%ﬂ@%% pgv.gfléldgﬂéliﬁ HBatB® i Re Ofrhishe

present invention are u roduce having nmultiple genetic
modi f i catsefiessof phdftrentid] dirgimpsteiffectatdereataven SOO0%ed1STQ eclls. Thdeghaiabige f or

many reasons, .such as proyjdin di.fied cells for.gene thera d 15
repl aceng® C£ii§ §T§’e°§’“f‘6’? 1§¥¢F&”P %@%F“‘i‘%ﬁ éﬂggﬁ Rset @.qﬁ?‘?tci %erﬁ%}ag%/ﬂgst
rej ecti on, R s GEh CBNA. The JﬂiN?A ﬂgﬁ’ﬂ)jhﬁé& {PRvERNRBALSEAb R BRdRIngOr tr eat
conti guous” gene di sorders, aneupl ol dy “or
STO cell RNA, by a commonly described methodology (Maniatis, et al., Molecular
15 Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, current edition, incorporated herein by reference in its entirety). This
removes STO and fibroblast cDNAs. The remaining cDNA is enriched for the human
cDNAs unique to pluripotent cells. Many cDNA library screenings can be employed on
this cDNA library, as well as other DNA subtractions commonly known to those in the
20 art (Maniatis, et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, current edition, incorporated herein by
reference, in its entirety).

Production of Immortalized Human Differentiated Cells by Telomerase Transfection

All normal somatic living cells exhibit the Hayflick limit- a finite number of replicati

25 ons after which the cells enter a senescent, nondividing phase. The Hayflick limit results
from progressive shortening of telomere lengths (chromosome tips) with each replicative -
division. The enzyme telomerase has been shown to restore the length of telomeres, when-

transfected into normal dividing cells and extends their replicative lifespan indefinitely



ot her | arge-scal e chronosomal phenonenon. I n anot her enbodi nent and
use of the invention, nultiple changes are nade to the EG genone using
t he. abovayvgegiscemned techni ques. Serial transgenic events uSCTIEPPPsBPent 20
drug sel ection genes in each construct, followed by appropriate drug

selection of the cells, can be used to acconplish this.

Large-scal e genetic mani pul ati on of the EG genone is another use of the

i nvention. Large (3-4cM chronosopsl regions can be del eted, inverted,
transl ocated, and duplicated using cre/LoxP nedi at ed chronosone

engi neer 'Mﬂmﬁ:ﬁééﬂsi maPdaft @insBbrmatidR (PBdnsk @: aB&eAt02 TH 849153251 998).

Honol ogous reconbi nati on or random insertional transgenesi s _techni ques

are used This seshnaldgy émblegreaedosimahortajizaetifteally emepelh in dravbedy without
WO 98/ 43679

PCT/ US98/aligBBgits normal physiology. - 20-
sites into an EG cell genone. The cells are then treated with cre protein
adm ni stered by | i pof ection or transient transfection. The EG cells can

then be naitidgihrieanimnEGreells express telonemsseactdity timey be dasitabletd enhance
differentiate as descrlb d Dbel Ssuy devel speC|f|c
expr es$§i GHClEXPEsEion by, taes %Bﬁﬁggps‘}?iela“ﬁ th@%’ﬁ?@“‘?’@éﬁr@%ﬁ%&ve B 1ERRet i ¢
constructy d%&?abiem) 9%@‘361!1%&1\/@@13%?1 E6s Bt ﬂlsgﬁfsgﬁg%léﬁde%e 2&Ri6 R
phosphat e, Foinj ection, |i pofectton, retroviral or other "vi raI or

m crobi al mmetphmtul@ﬂy,aélbmemmwny that c&ybdimlilgard ortsnppressed undertcontroledot
integrated into the EG genone or, sta |sorHa. These

|
const r ucteonditigns. Ihpy, mr‘é’;ﬁ’@t igyention ig u&%@%ﬁeﬁe{d&mw%&?@s Fre
constr UCt%é%‘il‘E aliLOYR O Qch BG §f9&£@ﬁ@ cﬁl [y eﬂr gt inRentdi ﬂl?tﬂ@rdrﬁ%cludeslo For

exanpl e ceI S are grown using the cu I a-and nmet hods descri bed
herei np EG cAld lrﬁr&fecmrmlth telahelasathht 1@|mehmfbld: tiesupptessiblef the cell culture
is nodified and fromthe resulting culture a first clone population-of
nodified EG cells is derived. The first clone popul ation is grown in

the cul t upe AN IMBiDIOeRH Modiftatorsecond gene in at |east
| In one aspéct, the methods and culture media of the present invention are used to produce
EG cells having multiple genetic modifications. Muitiple genetic alteration of cells is
desirable for many reasons, such as providing modified cells for gene therapy and
15 replacernent tissues for grafting or implantation (e.g., to avoid host rejection of the cells).
This application can be used to model or treat contiguous gene disorders, aneuploidy or

other large-scale chromosomal phenomenon.

In another embodiment and use of the invention, multiple changes are made to the EG
genome using the above mentioned techniques. Serial transgenic events using different
= 20 drug selection genes in each construct, followed by appropriate drug selection of the

cells, can be used to accomplish this.

Large-scale genetic manipulation of the EG genome is another use of the invention.

ILarge (3-4cM) chromosomal regions can be deleted, inverted, translocated, and

duplicated using cre/LoxP mediated chromosome engineering (Ramirez-Solis et al.,
25 - Nature, 378:720-724, 1995). Homologous recombination or random insertional

transgenesis techniques are used to serially integrate small genetic elements termed JoxP



one cell of the first clone population is nodified to produce a second
cl one popul ation 15 having nodified the first and second genes. The
met hods Wgs/i?’gwoerfor m the genetic nodifications to the cettmsssassise any

of those nown in the nol ecul ar biological arts for naking genetic .
alternations. Such net hods i ncl ude, but are not limted to, the use of
positive-negative selector vectors as descri bed in U S Patent Nos.

5,464,764, 5,487,992, 5,627,059, and %631, 153 to Capecchi, et al.; 20 and
U S. Patent Application Serial No. 08/781,559. In addition, yeast
artificial . C SO ( BEb{ C
modi 11 cadiesiite 38 SRRt qHage! TH cels BNt E R Al N .
08/ 597, 5326508397  tBhEiend Had§izctioh] ; THISEG7 6c156&4n then BS/mBaibtai®d; in08M 485, 505;
and 08/ 372,482. Furthernore, isog;ni,c DNA construct g n bela. used with

S ‘gpﬁ'vi

the EG cehdiffercntinted exlatasomallowid e rdiidersntialel agetessn fep#*the
present 25 inventi,on as descri. ' ) i I al No.
08/ 563, 1§8Y°1‘§%W?ﬁtalasnpﬁ‘é‘?‘° e"p‘esgrlr@? ﬁ%édg C%‘J“n% %Jggﬁ’? R%hseé%g g’?&?ﬁséﬁn?ﬁeu S. Patent

No. 5,591,625 to Gerson, et al. for the preparation stemcells capable
of augnented expression of certain gene products, signal .

98/ 43659 Genetic constructs are introduced into EG cells by electroporation, calcium phosphate,

PCT/ US98/ Q6550 . . . . , < v d oz 215

tr anjsduchlB‘}‘?th’é’Bu}lB%ﬁea&oé’l’ FeEY Flalaocreo%?rovtlreall cr’lgsmécﬁ%blflhvee 18 0_ or ?ntjeﬁrésr'apeut ic
appl i cat igQNfision, thd ReserRAlLhst iARgrapsliant tha Bl denaine onstablypropepatedasat ed
herein by reférence in their entirety and for_all purﬁoses,. - A

r eport er ageapésonzn Thess perstpets e 8 tmansienh elfeonoEGaellscARemptivelyt the s

functionally 5 coupled wi.th a ¢ f. jated with a particul ar
di sease $P t’élcfséreg%EOW-‘&comgra?eﬁS\{ﬁ%mg%g%q;‘g% rggeét cancer). In one

exanpl e, the reporter is sensitive to both transcrip- tion and
post-transcription events. The EGcells are allowed to differentiate such
t hat tlRe For exadiflé, ECeealisaregiopndingthe gelfire ediziand sprahedsesaived heredh.sease
gene/ reporter, construct. e t] o ' t#Qn can be
the inco cf&%ﬁ oW l&aQﬁgﬁsﬁ%? é’?léﬁeaé{ilﬁvﬁ/tgé %811 ggﬁu eggrﬁjli dg%é?'; od\iig.k)ﬁll the
Scr eensf QesufaidlotcultBreSHseclbAE p&fbation of niodified PG cekivis deivexh Tha fidstekomeof  t he

|

i nvention, EGcells are used to optimze the in )
population is grown in the culture media of the invention and a second gene in at least

one cell of the first clone population is modified to produce a second clone population

15 having modified the first and second genes.

The methods used to perform the genetic modifications to the cells can be any of those
known in the molecular biological arts for making genetic alternations. Such methods
include, but are not limited to, the use of positive-negative selector vectors as described
inU.S. 15atent Nos. 5,464,764; 5,487,992; 5,627,059; and 5,631,153 to Capecchi, et al.;
20 and U.S. Patent Application Serial No. 08/781,559. In addition, yeast artificial
chromosomes (YACS) can be employed to perform genetic modifications as described
in U.S. Patent Application Serial Nos. 08/597,532; 08/397,547; 08/187,161; 08/276,565;
08/375,482; 08/485,505; and 08/372,482. Furthermore, isogenic DNA constructs can be
used with the EG cells cultured using the methods and materials provided by the present .
25 invention as described in U.S. Patent Application Serial No. 08/563,138. Still other
methods include those described in U.S. Patent No. 5,591,625 to Gerson, et al. for the-

preparation stem cells capable of augmented expression of certain gene products, signal



vitro growh and culture conditions for undifferentiated EG and their

differentiating and differentiated derivatives. H gh-throu Ccreens
can -be esWai#8i434¢78d t o assess the 15 effects of nedia conp rﬁ%ﬁ 8°8§<5 genous
grow h factors, and attachnment substrates. These substrates include -

viabl e cell feeder |ayers, cell extracts, defined extracellular mat ri x

conponents, substrates which pronote three di nensi onal grow h such as
met hyl cel l ul ose and col I agen, novel célt attachment nol ecul es, and/or
matrices wth growm h factors or other signaling nolecul es enbedded
Wi t hin t hesmsdddtion maeculagmeuaurfamprom@s andohp dike tfqarethgrpa@m appHEEnEat i on

required for replication of if{e 0 ew, see
Sal't zrman Etesalpate%taﬁﬁl’ SeBLpERHaton: Srorgopori b ElelE) HiBishle ty Rt}
conmponent g, &%?355’% ed 0 quantify the effects of the experimental
treat rrent se I nc he al kal i ne phosphat ase activity of

undi fferentiated EG subst ances produced by differentiati ng or
differentiated derivatives qQrte e atives
gr adual | yAaQBQ}Ieftg&nééﬁ%é’ﬁ|1W%?tegﬂﬁ@ré‘ﬁiﬁ?érq]ﬁn£éecﬁg tgﬁ

condi tig0 upﬁ'é‘%l}m? g)degg 651&@@%thfé3€arh&ﬁaladﬂgea§@§g@r(e )B?R@A-lTh' S

al | ows tes I'ssoclation enzynes that allow erficient passage
but do no tHesdsk @Y breast @msaitih ahe exdrhpls the acporiepiseenditiee to both transcrip- WO

4367
|938C{|-/ fjggg | g post-transcription events. The EG cells are allowed to differentiate such thﬁihe In

anot her a(? Péntxa{eﬁe%regééﬁggch' JOKERM 'oﬂﬁ CEP}Q\SF RS AiSE4s€ 9BFe teBbrtelet Sistruy N9

grovvthfac onot e or t the differentiation of EG cells
in cul t ur girdraetiwigseReenetc manipulationsatbathedhtarporptias pitatoasrasartivity y

i ndi cates that the substance being tested is a growt h factor. 5 The

| evel ¥ @@}w@m@bow al kal i ne phosphat ase can be determ ned for each
group of cells exposed to a particular putative growh factor using the
met hods descri bed herein, and correlated with increased al kal i ne
phosphat aS&e@istﬁGﬁlthafzaﬂavmrso control cells not exposed to a
putative rowth factor. ne e di ment , nces found.t o produce an

i ncr ease Iemhé’d}fﬁ%p?‘? U5 8 P&%@P&n g; are ¥4 10 gBURHZE 84 R s

P A A 0 NG S S g
screen t odifferentiated denvatives. High-throughput screens can be established to assess the Y
15 effects of media components, exogenous growth factors, and attachment substrates.
These substrates include viable cell feeder layers, cell extracts, defined extracellular
matrix components, substrates which promote three-dimensional growth such as
methylcellulose and collagen, novel cell attachment molecules, and/or matrices with
growth factors or other signaling molecules embedded within them. This last approach
20 may 1-:>fovide. the spatial organization required for replication of complex organ
architecture (for review, see Saltzman et al., Nature Medicine, 4:272-273, 1998). A-.-
variety of components can be measured to quantify the effects of the experimental
treatment. These include the alkaline phosphatase activity of undifferentiated EG,
substances produced by differentiating or differentiated derivatives, or reporter
25 molecules. EG and derivatives gradually adapt to convenient or experimentally essential
growth conditions, such as reduced requirement for LIF and feeder layers. This allows
the testing of dissociation enzymes that allow efficient passage but do not destroy.

essential cell surface molecules.



determ ne the presence or absence of a correlation between exposure of the
cells to the substance and a parallel increase in the expression of
surface midkedigeASsoci ated with undi fferentiati on such PES/EBBAESH
SSEA-3, TRA-1 -60 (ATCC HB-4783) and TRA-1 -81 15 (ATCC HB-4784), and/or
t he expression of telonerase. The cells are cultured as descri bed
herein. The cells are then exposed to an anti body rai sed agai nst one or
nor e of the surface markers bei ng2gcreened, and/or the presence or
absence of tel onerase expression in the exposed cells is determned. In
sone enbogi e 1168 lorovidesaBiceROfb dsteATiBirigroNve factovd t h a
second ag@iaggt%é%sghgftgglﬁséstéﬁqgvﬁ%grpter such as a 20 fl ugggrrescent | abel so
that cel | fhagxpérastei ogirbilsit apdifferentiagon refi Bervedls nar pitureFee peseRscca

fluorescent. Labeled ce|lls, can then be,sqorted, and nt ed .usi dar d
met hods, wmcrgased alkaling Pt@ﬁpgét@éfhE‘ﬁl-vété'tlf’%‘ﬁ"l(‘)tgﬁﬁ’@élﬁfe %ug)?té‘gée ?7‘—%&% .gedﬁ?gdqnunber s
of | abel ed O%Hn}g aL&EUrabel ed cells can then be conpared to determ ne the
ef fect of e putative growth factor. Alternatively, fol |l ow ng exposure

to unl abel ed cell surface marker antibodies, the cells can be exposed 25 to
a second antibody that_ is _specific for the.cell surface rker antjpody in
2 ELISn The vl oxmression sk bR IFRIRRBPBL I SRCEIRT e e ooh BT CEI ¢ e
nunber of cel| kpg xtbcklﬁh@la%%d hRfhetHE FReR I8 akicEBAd R@Binbend

guanti t at &PCS 6‘??@3&'@%??@ lorg y ! gV\D 98/ 43679

PCT/ US98/ @§5&@ted with increased alkaline phosphatase expression relative to control ceplg not

nmeasur enment of fluorescence,” Stil] other t hods, of quantitati cells - -
expr essi ngxnoged ta@Peemtive gropithy fstor mnegglbpgﬁ?qqt, bi‘%‘l‘-‘t%ﬁg’g’éldﬁ%@f"@g"%ﬁ‘?|| in
the cell cultur i HRsdaR56S ARG 209488 cbfiphed GiBh
factors c%regfescgfag%xl eeE?%@%r‘?%%ﬁa?én (e.qg., conbi Ir)lati ons of two or
t hree spbsbmadas cdnsiddsidarowtiefattbes. presence of any synergistic 5 _
properties anong the gromh factors. In addition, substances that may

pronot e differentiation or retard the growth of undifferentiated cells
can be 'dﬁ%étgh@e@-id?ﬁ{fed as bStordfidagdhas Wikt 8dedondayhsicansss in
the growt N nedi um can be added to pr event t hose substances from

i nt eract i @gtewhing thdpreseick or hbsence afid ¢arredation between@xposrat pids colfs tathean EG

Cells 10 The net hodol ogy. and cell s _of the. refengi nvegti on ha a.tvari ety
of di ff er ewbstapseand priparallel pzease in the eypresaing of Surkacs ATKFTRANCSRFA 8B gi cal

devel 0Pl 4k fitATRL as St A84EA L] TRA-1IEDSATCCHBLAMI YRR AXNEDI t EC

cel | phenotype can be mani pul ated with detectably-

15 (ATCC HB-4784), and/or the expression of telomerase. The cells are cultured as
described herein. The cells are then exposed to an antibody raised against one or more
of the surface markers being screened, and/or the presence or absence of telomerase
expression in the exposed cells is determined. In some embodiments, the surface marker
antibodies are incubated with a second antibody coupled with a reporter such as a

20 ﬂuoreécent label so that cells expressing the appropriate antigenic marker are rendered
fluorescent. Labeled cells can then be sorted and counted using standard methods, e.g.,
a fluorescence-activated cell sorter (FACS). The numbers of labeled and unlabeled cells
can then be compared to determine the effect of the putative growth factor. Alternatively,
following exposure to unlabeled cell surface marker antibodies, the cells can be exposed

25 to a second antibody that is specific for the cell surface marker antibody in an ELISA _
(Enzyme-Linked ImmunoSorbent Assay) format from which the number of cells

expressing the desired surface antigen can be quantitated colorimetrically or by



| abel ed markers. The marked cells can then be inserted into blastocysts to

observe distribution and cell |ineages during devel opnent of the
enbryo. WA %/867 additi onal advantages of using the cell sPETUSAYS Y ent i on
whi ch exhibit a pl uri potent enbryonic germcell phenotype are as
follows: A transgene of interest i-s introduced into an EG cell or EG
cell line of the present invention by electroporation, cal ci um
phosphate, microinjection, |lipofectiod3-retro- or other viral or microbial
vect or or other means and its integration and expression characterized

i n Vit r omebheemtitef flusksdehes. 2611 biher methodsl ofjguaatitting kells expresting serfadsG cel |
is then studied in vitro. The sjte i _fhe EG cell genone at which the
i nt r oduc eatigemsevillhedamalias fo these bavang srdll i thessil selbgre ater gene targeti ng
and gene replacenent (Thomas & Capecci, Cell 51:503-512, 1987). The
EG cells of the invention can allow the sane types of powerful experinental

mani pul atTheg: bkt tonfiemad kabd grovith facrosisa £& badstEGircedhisinatioh @, aspect
of the 25 invention, stable genetic podifications are mage to the EG
genome. ©ambinaieps ef Hro phihyee substagoese e dFtepRing RESeRAR OF PAPMEIAFtiugh
ECC)[I!? ngg;f%&q%ﬁgs%%%tg' i grgmﬂaﬁcfgrs%eﬁgdition, substances that MQ/ %%14‘1_% 7?1 i

Cel | 51: {@@ehixionl 88 etardapecgbivth Of uadifererdidted dl88ah2A9?ideh8B8d. Beet schnan
et al., Nature, 330:576-578, /1987). DNA constructs_consisting of

human DN&xémplekdntiodipedirected to substapges in the gravth apadiie gan bepddedde praveghent ed,
or in any, ot her .wa | tered; .al i % : whi ch contains-the- -
altered r %ﬁegﬁg%ﬁbc\é mmﬂ?eg%c@ggﬂgl%}c&éosf thf(\:/uem(flehdd negative drug 5

sel ection expression cassettes is transferred to EG cells. This can be
done, e.g., by el ectroporation, . cal ci um phosphate, m-croinjection,
| i pof ect ibﬁmvaﬂwmfﬂmwbt?ﬁwlbi ral or m crobi al vector or other

. l.S, i ' . : 3| 0g
T ecom nate Bt B BRRLRY BT KEv PO orent uees AP 971

genom ¢ Seu bey Bt Weatd ktndy hndapemyrpicisel dbvalspni@adioreRample, the c¢ls & abl e
genetic nodification of the EG genone by the addition of honol ogous or

het er ol ogbudnysmtion svhink exkibitdipest! Rienethiee pay bamapipulatrdavindtediahly-
cont ai ni gggerl]eocf pnBalrlpr% The ma%{e}g'le?e%sféaﬁdthg&j B NnSa8 Snfdf blﬁQB%Pssﬂ)”gtsewg' ons,

or conbi ions 0 unan,
distribution and cell lineages during development of the embryo.

15 Some additional advantages of using the cells of the invention which exhibit a
pluripotent embryonic germ cell phenotype are as follows: A transgene of interest is
introduced into an EG cell or EG cell line of the present invention by electroporation,
calcium phosphate, microinjection, lipofection, retro- or other viral or microbial vector
or other mean;s and its integration and expression characterized in vitro. The effect of the

20 introduced gene on the transformed EG cell is then studied in vitro. The site in the EG
cell genome at which the introduced gene infegrates can then be manipulated, for gene

targeting and gene replacement (Thomas & Capecci, Cell 51:503-512, 1987).

The EG cells of the invention can allow the same types of powerful experimental
manipulation currently available with mouse ES and EG cells. In one aspect of the
25 invention, stable genetic modifications are made to the EG genome. One example of this

is gene replacement and repair through homologous recombination (Thomas & Capecci,



animal, and wholly artificial genes, along with genetic el enents which

al | ow propagation in a suitable bacterial, yeast, or animl cell
host are twapmdsgvaed to EG cells. This is done 15 by el pct/usyBa6as0 ON,
cal ci um phosphate, mcroinjection, |lipofection, retro- or other viral .
or microbial vector or other nmeans.. Cells in which the DNA construct(s)
have i ntegrated into the EG genone or are stably nmaintained as an
epi sone are detected using standard .24- t echni ques such as Sout hern
blotting and pol ynerase chain reaction (PCR). Yeast artificial

chr onpsong 4 YC)s0nBpihat gl idapedchl, B eRte, 24R0114801050f 1980 BB ERAAR 0 21
20 into nmouse ES cells is one exanple of the insertion of a |large

chr onosoni¥aruegBahS76538, 1987). DNA cpastmass Cormidtingtof duman NRINAr flanGargethecs,
5:22-30, 1993). O her vectars that be use to.add h gous or
het er ol 0gdtRCTDRR® ?aafeééﬁg?}?%a?mgd;ﬂ%anﬁr“?#efri“@iy&fter@%%ﬂ‘ﬁgw‘tg%g sones
(BAC), P1 %gﬁ YiftaiRt EHeHlt‘é%éél'regiBﬁ‘aﬁ@mﬁvhﬁmes R pBRifve ﬁwmgge or

pl asm ds, retroviral vector (Helgason et al., Blood, 87:2740-27
1996) . Forseleatige expressi@b casseftes mddinsfemed a6 HiNaello Thigemnbe doheinag, by

artificial chronpsones. (HACs) constr.ucted . ) of al pha satel]ite DNA,
tel omeric CWPP%HO’@W%RW%@%WFW@%”& h%ﬂf?‘fnoﬂafeﬁ'ri’é or other viral&net  cs,

]F-%T }362‘93/53%%%%?&@%9{6? oP B tHeP Y Qs iR Whhi & BDNS: constructs hév'e"l\{ffaegéfn_é:%?g

| n anot hethoemdioghuseretorahibatisre acdf isoleded anénieieoted Usinpastafdard ebdimiqres of

genetically . i pulated with constrycts conprised of reporter nol ecul es
such as [(g,epqmtga%;&eggkgggrgandpolmgﬁee €af{ole 1| or anpheni col acet yl
transferase (CAT). These constructs can include ti ssue- or

devel opnment al -speeific pronoters, so that aspects of differentiation can be
5 st udiléd.StiRdadenetin treghifidation «ff thprlBGogeaomedsy érehadiittor ef hormepagolie ror

(i Scover y TSR DR sgero S PbEL e v enion A RHEBHE CoRAORE gpmoal
CONSt 1 uCt g Whidinkd ﬁﬁfgﬁ? é@ﬁesd@rvﬁlr&ﬂﬁﬁﬂﬁal% 6hd, lof cobinaBs Bﬁf h'%r#lélda other

pronoters can be use trace the integration and surviva ’nmplanted EG

or di fahumnadrand athetly ertifidiaf genes along twithggedetic elamemte svhich dllbw fiopagatiohed
Differenti,ati on, of, Human EG Cel | s Gcells can ditferentjate jn vitro
Tt o a i 4% PTHb YA bRt gaimalicsl P SRR EC Celsatias iskBeni gh y
di ffer ggt 'b?te@é’cn%gb}atibiép&ﬁcimﬁq{ho%%? nfcrobfed o USo fEitiohefedidt bAbtheNvikd)

monol ayer culturés, EG cells are cultured for 2 weeks W thout passage onto
a fresh feederrobial vecmy er othdiomearduCelldinflacietheiRN A eonstruct{s)spen sitegraeed| t ur e,

the cells . are sed onto a 1 elatinized plate to .elimnate possible
cont am nathghbECrEapPEEIok efesably Fiamtaingd asan bRy are detected using standard

techniques such as Southern blotting and polymerase chain reaction (PCR). Yeast
artificial chromosome (Y AC) mediated insertion of a portion of human chromosome 21
20 into mouse ES cells is one example of the insertion of a large chromosomal regjon into
a geno;ne (Lamb et al., Nature Genetics, 5:22-30, 1993). Other vectors that can be used
to add homologous or heterologous DNA to a genome are bacterial artificial chromo-
somes (BAC), P1 derived artificial chromosomes (PAC), cosmids, bacteriophage or
plasmids, and retroviral vector (Helgason ef al., Blood, 87:2740-2749, 1996). For large-
25 scale addition of DNA to a genome, human artificial chromosomes (HACs) constructed
of alpha satellite DNA, telomeric DNA, and genomic DNA (Harrington et al., Nature
Genetics, 15:345-355,1997) can be introduced into EG cells. .



culture, colonies are gently dislodged fromthe plate and di saggr egat ed

after incubation in 0.25%trypsin-EDTA for 10-15 mn. P} %@%gf cells
are’ cul t W43 i crodrop of EG cul ture nedi um cont a| n| ng err]M
retinoic acid on a 35-nmm nonadhesi ve petridish. Suspension cultures are

nonitored daily for enbryoid body fTormation which is indicative 20 of a

differentiated phenotype. (Simlar ex%ri ments testing for differentiation
of attached EG cells are well knofm"to those in the art.) Cell culture
media is chan ed ever ot her gay._ . The EG cells of the . .invention
can be dilf fasohet i IpaRtoanfa pico 0k e IyeRtien. ciupatg £ Cilfﬂ pre geneticallys some

f which | 25
popul at ar?é%#'%%g@ﬂ??%ﬂ%@f@ PR R R A B B R0 0D B0, e Ve
the use @ficiferfR| br chloranipheficapaseiyl itenpler® (€A T Thebd gortraets eah dvledemar ker
gene (e.g., one(grow di ng resi stance to an otherw se toxic drug). Under

the appr tissucatoe dgvelppmentel-snecils promeiters.ciesthay aspests of differentiationyandies 3679
PCT/ US

s onae spflied Rangop integrarign pfpremoter oreopangerless reporier construpis into 1REEG, |

mar ker (lBAsRe fouoweadcssfcﬁﬁblagnétm eesdllonldididvesy @Fﬁd\nal&uxﬁﬂa) %@léﬁ)‘!‘d)rﬁﬁters
Neur oepi t'hel i al cel I n anot her exanple, neuroepithelial cells are

gener at edndnohansers. Rgpqmg genstruels widplisue orsle&eppree@témﬁ@t a5 \ponstituiess |

aut oi nmune di sor der ac ental .da n d| Mbuse ES
cel I's ca®™¥BOIH ﬁﬁé‘é}et BSC@I lqu gpes e l]rgg?%n aﬁg % ipal oft TR qggtegclzg o form
neuronal jademtidted oPdlﬁféltHnﬁQﬁ?g dépativésve for ast rocyte (GFAP) or

ol i godendrocyte (04 ) mar kers, then later into functional neurons

(Fraichard et aI . Cell Science 108:3161- 3188, 1995). Cells
transpl.a I NS r;yed innervating the host 10 striatum
(Deacgll 0”3'0 ed Jﬁ'l”%gﬁl? umﬂ’ﬁgaszée%l 1998). Human and nouse EC cel |
lines cap@bae é%hfdiﬁézeﬁﬁatawwrmh@tormrd@nranet(y’afetlaww@ lihcl@ding bmbryork '
Neur ol ogy, 144:92-97, 1997, Wbjcik et al., Proc. Nat|. Acad. Sci. USA,

90: 1305- B8daporrobighly differentiatedt celli opes. For sxamples ¢o n@iﬂcer@ffcrﬁn@atm 1
AL P S5 S AR BRI ISGHES R GH AT tcded 00V

layer. To induce differentiation in suspension culture, the cells are passed onto a

15 gelatinized plate to eliminate possible contamination by fibroblasts. After 4 to 7 days in

culture, colonies are gently dislodged from the plate and disaggregated after incubation

in 0.25% trypsin-EDTA for 10-15 min. Dissociated cells are cultured in a microdrop of

EG culture medium containing 0.3 uM retinoi'c acid on a 35-mm nonadhesive petridish.

Suspension cultures are monitored daily for embryoid body formation which is indicative

20 of adifferentiated phenotype (Similar experiments testing for differentiation of attached

EG cells are well known to those in the art. ) Cell culture media is changed every other

day.

The EG cells of the invention can be differentiated into various more differentated cell

types, some of which are listed below. A broadly applicable method of obtaining pure
25 populations of specific cell types during EG cell differentiation involves the use of a cell-

type specific promoter driving a selectable marker gene (e.g., one providing resistance -

to an otherwise toxic drug). Under the appropriate differentiation conditions, in the



15 1t has been denonstrated that expression of the SvV40 T antigen (Tag)
allows prolifera- tion of precursor cells, and that nornal _

di f f er ent Wax98@a67@an resume upon repression of Tag (Lei P&T/E398/0634|
Endocrinol. 6:703-712, 1992; Lew er al., Genes Dev. 7:683-693, 1993;
Alarid et al., Dev. 122:3319-3329,-1996). The use of inducible expression

systens (e.g., the tetracycline-inducible pronoter systen) or specific
del etion of the overexpression 20 congtbr-uct through a Cre/l ox reconbi nation
event woul d all ow resunption of the nornal differentiati on sequence

af t er appprepéncat f ®xphag anly diost kellneia capiativedtd dle plRtiblcsMiatker (those The
present invention provides for the nodification and/or differentiation of
EG cel | s perergoing thecdepireshididiereptialiqn) SBinal stem cel I's using the gene

nodi fication techni ques and strategi es descri bed above. Two overl appi ng
strategi es can be used to obtain expanded 25 popul ati ons of

neur oepi t hel i al m&ﬁuéﬁﬂ{eliaﬁdellls: (1) the use of culture conditions
effective to i nduce neuraqepithelial precursor cell formation from EG
cel I's, anth amtheyesample, neuroggipielalctels ategenprated a0 ged oaugmentorgeplace

gglj.; agp- } gegfg iggrlnagerd%%'ul[lrslgsrs,s dutoimmune disordé{'\g a%é/délx\?lglz?amage, or genetic Qiipfgler.

one "enmbodMuiRE ES bellNes bo tindudednb iddfferpiitite de virke Wibdgtiasid 4tkd € ifgdns t o
pr oduce neuroepithelial stemcells fromEG cells. Enbryoid bodies are
al | owed t beyreptizaand gligl precupset pasHY&frsfaskpsie €PRAP LA pligndendreeyta (OHTSN)

suppl enent L Um 3. . U i S el ti;ve b1y Bnducing. ronal -
G 11 er ont 1ot dl ored 91 st ot fbrons iRy, P, GOLSORNE B *1560).
These cel Bs8@r B9SY) CoNe trahplabed” tlagisit braidwefeasbservediinfrvating HeSlsgaei at ed
and reg{l}rgt ed into nedium containing basic fibroblast growh factor (bFGF).

Upon r éhostaiatuss (IPegeon g gk.ofw. Nawrodegyy 1 €528-4hdl W98). Jbaeandandapeess B eeléxpect ed

to form . _in siftuy. o Ll . sfe ' o3t '
enbr yoni chrs1 Sem %& #%Teé g%tebﬁeq?%ﬁﬁxghg @éﬁ%’ﬁ“@@% Jéip%rpdggﬁk{lw@%'gg'l theli al
precur sor 19t (weieild sraill ProaNdkiexpah ScDVSAAS0:d86513055d993). TRMSMhMEELY, t he
use of cell-type specific pronoters driving drug resistance genes allows
the sel ecofbpsearumpeiteratssuliested|te ceebrahigclicmia prameied ¢ desspr 9fg\ﬁm@tmnal

Accor di ng ' i f£fe b aLe oL e stably transfected
with a se%%g‘t/% I(%mrr%rﬁ(agrewguéc 'é’gwgl%g‘sﬁggﬁ(Fﬂlﬁrﬁg?@t er/ neo[err]construct,
the use of the culture conditions described above conbined with 15 drug

sel ection_can provide a significant enrichnoent for neuroepithelial cell
pr ecur $dr & has been demonstrated that expression of the SV40 T antigen (Tag) allows prolifera-

In

tion of precursor cells, and that normal differentiation can resume upon repression of Tag
(Lei et al., Mol. Endocrinol. 6:703-712, 1992; Lew et al., Genes Dev. 7:683-693, 1993;
Alarid et al., Dev. 122:3319-3329, 1996). The use of inducible expression systems (e.g.,
the tetracycline-inducible promoter system) or specific deletion of the overexpression
20 construct through a Cre/lox recombination event would allow resumption of the normal

differentiation sequence after appropriate expansion of the neuroepithelial precursors.

The present invention provides for the modification and/or differentiation of EG cells for
the production of neuronal stem cells using the gene modification techniques and
strategies described above. Two overlapping strategies can be used to obtain expanded
25 populations of neuroepithelial precursor cells: (1) the use of culture conditions effective .
to induce neuroepithelial precursor cell formation from EG cells, and (2) genetie

approaches to increasing the yield of neuroepithelial precursors.



Hemat opoi etic progenitor cells EG cultures can also give rise to

hemat opoi €} J enitor cells (Rich, Blood, 86: 463- 472, 1995).

EG deri ve&%gwg‘{sggoi etic cells can be generated and used toP§EGF§3WPgséP

repl ace cells danmaged by illness, genetic disorder, or as an alternative-to
the use of bone 20 nmarrow transpl antati on when indi cated. Muse ES cell
enbryoi d bodi es form bl ood i sl anc!sz,](_Doetschman et al., J. Enbryol. Exp.
Mor ph., 87:27-45, 1985) capable of thé generation of |ynphoid and

| oid m xed- | .. | ati Ch t al., P tl., . Acad,. Sci .
U5, 80: dluesnbodibeby (e Hier ot BT O RO SPRbe |
TR i e vl A P i L R e

nmouse E6. isilin-trarsfehianeienpmefibronectin AEFEN) spprdernertedmediumg ta m¢diymmshich Cel |
Biol., 13:473-486, 1993; Kennedy.gt al., Nature 386( 66 - 488493,
1997; Bi eisedfestivein I&ﬁPQIHHﬁ%TOPQrﬁ’é&‘HFB@%}%M‘z& F‘T‘%’Ef‘}?‘?ls?ar%@éﬁ‘ Fgﬁﬁlﬁ%"" ES
cells can r h L el 0 22!6-3 dabd¥h [tBE shme Sebdibber 1],
ookt roctl SRoWiEY" B PR G S SuRbe b TR shme Factibing

PCT/ US98/ gg&fiated and replated into medium containing basic fibroblast growth factor (RSF).

| i neage restricted marker negative (B-220, Mag-1, TEN 119, J%? . for

B- | ynpho- Upon respoal ohF&iEopaurons-weoetes, 2l pgodrpirgesdes 418 SxRecsaigif9m when
cul tured on; stromal cell line in the presence of IL-3, IL-6 and fetal
liver stromal cell line cultured supematant). In vitro hematopoiesis is
al so stinul ated by overexpression of HOXB4 (Palacios et al., 5 Proc Natl.
Acad Sci._ USA  _92:7530-7534,1995. Using.simlar nethods, human EG cells
can be i ndheahility t@ﬂ@@?@n‘tf{déﬂ?%’e%%“* W@W&?E‘Bo‘iegﬁ ORI % BFOCHE| | 5.

Car di ojyo - : [ s CAr gl es -are
Car O Y SBiiien o nblBARIIEI RARRL o WPREG Pl kB GRTAL oEORKA
di ]1: ]1: er ent paivéously, ?etusg ofgezﬂ-mpglgsﬂ!&lﬁc larouhmem (dmytrgsir(tg/!dﬁlsmnee gades allows .
Differentiation 48:173-182, 1991; Mltsev et al., .Mech. Dev. 44:.41-50,
1993; K utheeselegtion of spepjafized Fﬁlbs@r}nsg_ﬁt%ﬁeﬁzélgt{e?zﬂeﬂ%9‘_%552“‘#}%%1@53cel | -
derived cay dHQINOGYIEBE cgﬁ%@ﬁabﬁyﬂ%%%&m%{?fe&méﬂg&gi 'sﬁcmmeéesﬁgc' udi ng
sarconeri C rr_y03| n, esm n, osi n eavy_c al n, i an y_st I‘Ophl n_. i he

cel | s ar epfnfeérec@bhstructhp sslof the cultide sdralitienstdesomibed abortd @insbihgdowithl  of

Car i oy oSHESSIoGSR b1 Poyk PHEBRETA A THF (i GeCHR HiECE] SIPTPORSUS. | ong as
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Hematopoietic progenitor cells
EG cultures can also give rise to hematopoietic progenitor cells (Rich, Blood, 86: 463-
472, 1995). EG-derived hematopoietic cells can be generated and used to augment or
replace cells damaged by illness, genetic disorder, or as an alternative to the use of bone
20 marrc;\;v tranéplénﬁtion when indicated. Mouse ES cell embryoid bodies form blood
islands (Doetschman et al., J Embryol. Exp. Morph., 87:27-45, 1985) capable of the
generation of lymphoid and myeloid mixed-cell populations (Chen et al., Proc. Natl.
Acad. Sci, USA, 89:2541-2545, 1992). The in vitro derivation of hematopoietic cells from
mouse ES cells is enhanced by addition of stem cell factor (SCF), IL-3, IL-6, [L-11, GM,
25 CSF, EPO, M-CSF, G-CSF, LIF, and recapitulates mouse E6.5 to 7.5 hematopoetic
development (Keller et al.,, Mol. Cell Biol., 13:473-486, 1993; Kennedy e al., Nature, .
386(6624):488-493, 1997; Biesecker et al., Exp. Hematology, 21:774-778, 1993). Murin'e

ES cells can also generate hematopoietic stem cells (thyl*, SCA-T', c-kit receptdr ,



months in culture (Klug et al., J. din Invest., 98(1):216-224, 1996).

Spont aneous formati on of cardi onyocytes derived fromprimte ES cells
in vitrowasshen observed. EG cel | s of the inventi oRCE&IFIHRESSO
mai ntained in the undifferentiated state by culture on primry

enbryonic fibroblast feeder |ayers as described above. Using the nethods
and 20 materials described herein, conditions can be determ ned to induce
substantially specific differentizgion of the human EG cells of the

i nvention into cardi onyocytes. In one enbodi nent, to induce

car di ony gy g @thcRuanikat cphiivEE®-020,| Macl ETER130 h@k@mnﬁr@qﬁﬁpm- | ayers

and plated in suspension in bacteriol ogi cal culture plates in typical EG
medi um cytej myeloid, rgtbroid Diyshphwicstel resperhively) mhyn fuldtred onlgngieomal geh

C L e SERRe RN, B 5o S dE ARG 2 S e pgatag, ererver ¢
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suspensi on, the enbryoid bodies are r g ated onto tygl cal tissue culture

di shes5 afdoc Natl. Acid SuiedS4 §2863G534, Usimgoirsilgr roethodsa buinag EGeegllsns are
Lg?-? Iulsgs;:glgg dluggd %ncfi ffgrentlate and form hema\{\(%m%c proge%utor cells. - 20-

i sol ated, dissociated, and replated. In the nurine system these techniques
resulted in an overal |l cardionyocyte yield of 3-4% (Klug et al., J.
din. Invest. 9@@&&0@;&@3@24 1996) . Because EG cells reqw re feeder

| ayers f it bea nta ous.,to first allow enS|ve-
over gr ovvt(:f‘h %PO q{ee’ﬁ’@ﬁl& I ‘% eFafipmyogytes pte e%"spef%?dm

di menti Orealbr%bm&ts&aﬁt @SS céﬂ'@'&ﬂo‘ﬁé ixfau@eabwoa&lfemqh@s in V8D d yfeﬁhm ze and
replate t tain larger - yie cardi onyocyt es. EG deri ved
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with the [err]-MHC ned[err] construct, growi nbryoid bodi es
det ai | ed niy@sii, desmihemypsiaheayorhiam, 'an@éysﬁophmt "ﬁheecedﬂssi'aetﬂeamcally@oppkedence

of the drug ,418.. Under .t.hese di.tions €3 sent al | ul atl ons of

car di ony 88§ Y acton pafentials Ppyal BLatrinkirigiiar mnd Sipus ndepardiorieeyt

98(1) _lgl@h%gélear&i%%bcyt@ ¥&iibit Bsorditebhd dnd I‘Bythxmc contractions for as long as $11
months in culture (Klug et al.,, J Clin. Invest., 98(1):216-224, 1996). Spontaneous

formation of cardiomyocytes derived from primate ES cells in vitro has been observed.

EG cells of the invention can be maintained in the undifferentiated state by culture on
primary embryonic fibroblast feeder layers as described above. Using the methods and
20 materials described herein, conditions can be determined to induce substantially specific
differentiation of the human EG cells of the invention into cardiomyocytes. In one
embodiment, to induce cardiomyocyte differentiation, EG cells are detached from feeder
layers and plated in suspension in bacteriological culture plates in typical EG medium
in the absence of leukemia inhibitory factor. Under such conditions, the cells form three-
25 dimensional structures called embryoid bodies and begin to demonstrate the formation _
of multiple differentiated cell types (Doetschman, supra). After 3-7 days growth in
suspension, the embryoid bodies are replated onto typical tissue culture dishes and -

allowed to attach. Spontaneously contracting regions are readily identified and can be



nodi fy by transfection and expand undi fferentiated EG cells, large
quantities of pure, 15 fully functional cardionyocytes can be derived. In

addi ti on;WRi%8436718t types of c- ar di onyocyt es show di f f &IEFAYSBA8r ns of
gene expression (e.g., nyosin light chain (M.C) 2a is expressed in -
atrial but not ventricular cardi onyocytes; MC-2v has the conpl enent ary

pattern of expression (Klug et al., J. din. Invest., 98(1):216-224, 1996).
The use of a subtype-specific prom)te3'9dri ving a sel ectabl e marker gene can
allow the 20 isolation of pure popul ations of specific, cardi omyocytes.

Skel et al isvlesed, disseditted, and replatgdoinithe Hlélilaﬁﬁ}’%‘?m,stgéﬂeé%‘éml%%Eqsélt%dsml%‘ can be
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10[err] to 6[err]Mretenoic acid (Wbus et al., Roux 's Arch. Dev. Biol.

204: 36-45, 25 1994). The application of such conditions to EG cell culture
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whi ch has 't to i nduce nuscle gene expression in a variety of
cel | typegelddéfcardiamiyoeftesal ., Proc. Natl. Acad. Sci USA ~ - 86:5434-5438,

1989). It has been denonstrated that transfection of nurine ES cells with
MyoD1, coupled with culture as enbryoid bodies in the presence of DWVSO

results iqc.g:éi\ge?fc%ﬁfg@&oéy%@ﬁ ib)e Buﬁﬁe@ﬁﬂhefwth%@bfeca&@b@@ﬁ@ spdcifid -, Cel |

Transpl an 1996) . Thus, i nduction of skel étal nuscle by

r et enoi ¢ pr6indteds dtiWiegfaosetartabbnmeafkeh i@ nthE@-cardiac amtosis heawy abdin dMHHHC)

i nduci bl e MyoD1 construct allows .the growh of |grge quantities, of
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bel ow.1IO q%cﬂ%fegﬂﬁted E&ﬁ%@nﬁ%é&%@%& Neur onal net wor ks ’geri ved from
di ssoci atezgbryvidse désshieyaiked hevein, tbemplatedaintaltissue cultummidishee iretherppelenee r ays;

t hese networ ks can. show coordi nated and g{lﬁasi -periodic firin atterns
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modify by transfection and expand undifferentiated EG cells, large quantities of pure,

15 fully functional cardiomyocytes can be derived. In addition, distinct types of c-

ardiomyocytes show different patterns of gene expression (e.g., myosin light chain

(MLC) 2a is expressed in atrial but not ventricular cardiomyocytes; MLC-2v has the

complementary pattern of expression ( Klug ef al., J. Clin. Invest., 98(1):216-224, 1996).

The use of a subtype-specific promoter driving a selectable marker gene can allow the

20 isolation of pure populations of specific cardiomyocytes.

Skeletal muscle cells
In another example, skeletal muscle cells can be generated. Murine ES cells can be
induced to differentiate into skeletal muscle by culture as embryoid bodies in the
presence of 10°® to 6"M retenoic acid (Wobus et al., Roux s Arch. Dev. Biol. 204:36-45,
25 1994). The application of such conditions to EG cell culture allows derivation of skeletal -
muscle. Alternatively, using the methods and materials described herein, stably

transfected undifferentiated EG cells including an inducible MyoD1 construct can be



15 (Stockh) 116:690-696, 697-704, 1996). Murine ES cell-derived neurons
form hoth excitatory and inhibitory synapses in culture; these synapses
f or m spon{&neR3stoy upon differentiation (Okabe et al., muposvsiobssol ey et
al., J. Neurosci. 16:1056-1065, 1996). The hi gher the density, the nore
frequent the likelihood of synapse.formation. Usi ng t he

above- descri bed nethods for form ng neurons fromhuman EG cells, hunman 20
EG derived neurons can be coupl ed w thggyd croel ectrode arrays using standard
met hods and materials. The human EG derived neuronal cells are expected
to formf r o]
Sor con o A IALS) iss balPHOB o hARY b i WIHIRE S b e BRRLIL D
(usi ng, eggle emesetdnqalal warietycoffeet] tiies (Bl dirmtraud e @b CPrdeeName) Sci UsAand

di sease st at es. Neur omus uI a unctions The EG cells
provi ded B§3 ﬁ%SﬁSe%%S%) It hareheen grmansir eefign @fémém@pﬁ%mllsawth '
neur o1muS CkAR J, URGHES Widh LM SUE AR tns'oafes wafetﬂrggan&e of DRARS 84 ¢

PCT/ US98/ efile¥éht formation of skeletal muscle (Dinsmore et al., Cell Transplant 5:1331143,
bet ween ner ves and nuscl e fﬁj@hat results in efficient synapti c transm ssion.

Thi s $3%0i Hhus Apéncipn ahdelefal musele by referoie acid vé tedarmativa 0r5|hmg|E£él
t t
cnryme o CriT ehfiiREad MBI koD! cohdtfel afbuiEht ot WHIREL (BB e bE,

t he degr asleldtaimyicytebeThese celisrcan alsb be grovacht yosutatd wigh E%rﬁzé& néﬁrbﬁ@uat i ng
5 the stinulatjon of the nuscle by the nerve. The cells of the

neur orruscifl Hpv]dgrpgpqo&pscular@;gpﬁqﬂstas desssibedbtlevel ectri cal menbrane
potentials and depol ari zati on events which are extrenely sensitive to
perturbations in their mcro-environments. Using the nmethods and

materi & s pI’OVI deNezheﬁﬁﬁmemm&urormscul ar junctions that are uniform can be
produced | const ant. sup, wi_t hout -any substantial drift in

per f or nanl:\]é“ﬁoﬁ’&* FETTKS @F%‘éedofm%‘e%‘iotciaﬁq S}’Oui‘i) empgiog ge brery crgatedosn human
t h
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Thi s can patcdnme/hh;h rbk;ﬁ)ndacmlhdpresenoé offhaieatolegicslagbitt Y alte/b&E thdd
EG- deri ved neurons as descri bed above. Thus, the EG cells of the

i nventi ona’(’?BHt“ﬁF@@fié]ée frednesrekthe burst pptigms (Grnal %%’P‘Wf@%@-’ynxgéd
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excitatory and inhibitory synapses in culture; these synapses form spontaneously upon
differentiation (Okabe et al.,, supra, Finley et al., J. Neurosci. 16:1056-1065, 1996). The
higher the density, the more frequent the likelihood of synapse formation.

Using_'the above-described methods for forming neurons from human EG cells, human
20 EG-derived neurons can be coupled with microelectrode arrays using standard methods
and materials. The human EG-derived neuronal cglls are expected to form functioning
neural networks. Such networks can be used to screen for pharmacological agents, the
study of genetic conditions (using, e.g., genetically modifed EG cells as described above)

and disease states.

25 Neuromuscular junctions

The EG cells provided by the present invention are useful in the development of”

neuromuscular junctions. The neuromuscular junction is a specialized interaction



Bi osensors and net hods of screening I n anot her enbodi nent of the
invention, EGcells or their differentiating or differentiated

deri vat i wes ogaas7be used for toxicol ogical, nutagenic, and/ 8FTESPYPB3%nic in
vitro tests and bi osensors. These can repl ace various ani mal nodel s;
and form novel human based tests 20 and extrene environnent biosensors.

I n anot her enbodi nent or use -of the invention, EG cells or their
differentiating or differentiated3terivatives can be used to build
physi ol ogi cal bi osensors. These inpl anted bi o- el ectroni c devices could

functi on pafvden Mérves BAI hosdesotharaealinl irs effaitht aiyhsptic trandrhiskioni Tals
function, or as an interface between hunman and conputer. 25 | n anot her
enbodi nemspecialized pmersets Hp tasges of ehemical apd holpeiah toxansifurh 93 thgsathabexsdund

whi ch nodyul.at n . f.unctd j . .
differ engﬁ%{f Fﬁéﬁt% elfgﬁblt%n cé)f‘rtg{; F#%?%ﬁo%ﬁ, ;?rhggs&%?'?eo ;\Tﬂ%}t’é n?g@té or gorér#allgt her
pr ot ei ns re@BREbIE fRtIRSEgRAitionldfaheBélr6Hansmitter acetychQirQéi/t}ﬂe'iﬁﬁ&tt:geguating
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function. | ncubating includes conditions which allow contact between
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or neurons on chips would give a readout of the rate of contraction or
nurber oflaf junictieps which can be used, infer alia, to detect toxins, study diseases, and screen

15 for drugs.

Biosensors and methods of screening
In another embodiment of the invention, EG cells or their differentiating or differentiated
derivatives can be used for toxicological, mutagenic, and/or teratogenic in vitro tests and
biosensors. These can replace various animal models, and form novel human based tests

20 and extreme environment biosensors.

In another embodiment or use-of the invention, EG cells or their differentiating or
differentiated derivatives can be used to build physiological biosensors. These implanted
bio-electronic devices could function as in vivo monitors of metabolism and other

biological function, or as an interface between human and computer.

25 In another embodiment, the invention provides a method for identifying a compound
which modulates an EG function in some way (e.g., modulates differentiation, cell-

proliferation, production of factors or other proteins, gene expression). The method



respectively, in response to a conpound and for the detection of harnful or
at least 15 biologically active environnental agents. Neur onal

bi ol ogi caoyssesepat i bl e el ectrode arrays all ow t he stem cel »Gr/usssasksr go
further differentiation on the array itself. These arrays allow the.
measurenent of real tine changes in electrical activity in the

EG derived neurons in response to the presence of known or unidentified
agents. The electrical activity of caRdironyocytes can be 20 nonitored by
plating the cells on an array of extracellular mcroel ectrodes (Connolly et
al ., Bi 0sgRRide® 4)riasubabing 28mP8rentd dQMPrisiiy dhe edmpouskownd B ellfs) under
contractions, and the extracel | ul ar, signal ,recdqu g shrg)%qg%e fFec

rel at i onséunditiamsisuffrcagnsto allely thEAOMRPBERTS (& FTAY D ) SPE JPeatost
supra). This noni nvasiyv I iih 9hd PEsére dfshe

si npl er a?n%ﬁ’r‘?[ﬁpg’progﬂusop P‘Pg?ﬁ’h?%%cﬂae &c\%h%llgggtg;eﬁc{i%d;?gh cl a?rp' t echni ques.

25 The t egdmBRFROCHRpERYIsapitiagiect BG cbid fnctiomtrichuiepeptides) paptidemimetics,

screening a plurality of conmpounds, Co ds identified in the method
of the 3 npeljpaporesclremical pompYREKls ald bioiogin ABST L HeERNSER Ut BB EFFIESSIOD.

SeaUeNCed, o1f Bbnitind béificabiily) BrollithafiGh dhi Bt 1le Gh'tRIdeRiriihedby methods VIO
PCT/ US98/ P&rr@nly used in the art. The term “modulation” refers to inhibition, augmentati@8g or

to a solid support, by any nethod usually applied to the detection of a
speci fi c Bitaulation oégparicalas BErelJuption. o i goner restriction (Saiki et al .,
Bi o/ Technol ogy, 3:1008-1012," 1985), allele-specific oligonucleotide -
(ASO) probe analysis (Conner et al., Proc. Natl. Acad Sci. USA, 80:278,
1983), ol hﬂ;ﬁﬂétﬁl#ﬁ&lhd@s ¢dn@aton® Whadsdlosw édaitas petileamthegest compouand and the

Sci ence, 241:1077, 1988); and the |ike. Ml ecular techniques for

anal ysil@ Esveell or celecportasiingser be dangiures Rotbin yjiro angdp ¥oFOngiions Jor 37

1988) . I not her by i :
material s eé?f&?ﬂ?eﬂ g% 5rd%§1?a§’g%m et %ia%%’esgécgg)e%d?ﬁggﬁr}% l?g&}ldlgérlfeﬁ&n%rgﬁt ed to
support SyYirbRCATeWES ¢tibesh 4 0¢hipt eesthénselid suppoub Eocmxaeple, cardumeyaytespl e,

the cells are coupled with a substrate_such tgat e- ,10 | ect ropgﬁgi}lol ogi cal
changes i 1or néveonsein chipsivewd giesarepdpus of thealp of soTHEaCton APYFRPOL SEingY

e.g., for use as.a .high- u [Wop=You SIS The
cell's canTEPECtVely, ] r{g?pé)ép %gp g\:&? ﬁbgﬁﬁf{ ? ﬁ&]atfgr?g? ggftagt?édegglrlesseis,&ngfﬁm
knocks1§uthisipgelly sctigerasireim@edlagents.

Neuronal biologically compatible electrode arrays allow the stem cells to undergo further
differentiation on the array itself. These arrays allow the measurement of real time
changes in electrical activity in the EG-derived neurons in response to the presence of
known or unidentified agents. The electrical activity of cardiomyocytes can be
20 moni'téJred by plating the cells on an array of extracellular microelectrodes (Connolly et
al., Biosens. Biores. 5:223-234, 1990). The cells show regular contractions, and the
extracellular signal recorded showed a relationship to intracellular voltage recordings
(Connolly et al., supra). This noninvasive method allows long term monitoring and is

simpler and more robust than typical whole cell patch clamp techniques.

25 The test compound may optionally be a combinatorial library for screening a plurality
of compounds. Compounds identified in the method of the invention can be further

evaluated, detected, cloned, sequenced, and the like, either in solution or after binding



products in the cell. By providing such chip-nmunted cells coupled with
nmeasuri ng devi ces, such as a conputer, many conpounds can be screened
rapidly aW® ®Badén%atel y. 15 The bi osensor coul d al so be couptEniusas/dshss
measuring device in arrays for |arge-scale paral | el screening. .
The bi osensor provided by the present invention can al so be used to screen
for, or warn of , environnental toxins or exposure to dangerous

chemi cals. I n one enbodi nent, the -3%bove- descri bed bi osensor is exposed
to environnmental substances (e.g., air, water, soil), 20 or to sanples
derived tthersfidauppamdoyt fey method nsealtyf apphied It Hreedatentionof woipeeibicddNAI f a

Fecar ded spafbnce such s PSILOROmS! O ER BN CHRKich 8o AT A a 1008 S0k for
engr af ¢ ma b ol B8 gfhucleqie fRE probe analysts (Comer ef o AR C R at on
of tel onefcagdeScadiddyRD:278,11983) dlégonntleatidedigiionassays/€3LAs) (Lafdegremediaf.i ed EG
(o1 g Sheemmchodbl: WAT, HBB Aad Shediie, DADTRT R aNRS 107 BIVA Bestust BVl ¢ ur ed
SN & P Sheen eyiewed (LARUERRA'H YD Science, 242:229-237, 1988). Can

nmet hods and materials of the invention are stably transfected to express

t he conponents of tel onerase and _gl | owed to differentiate, or,

al t er nat ilnéingtber pspgele gellsocudtiurgdegranedifed usipg the meferigls apd methods srepdedyaught er
cells su opol.et i c. st I SE ot kon.

| nduct i oﬁogo?’%d etrtelglt9 %’gtdlno%!%cglﬁh@gaptgr%%mgdﬁ éfgge et’so(:%r ed? I‘gpfeo,%%‘%n

i ncl udi ngubghit@sagening &fahgls,i the tedlsi Aduamptbdl heatsubtiaa satle thases et i noi ¢
acid. The cells, ~may-carry additional genetic npdifications using the
net hodd Hegtwphysiategical G siik therells 1n responss ingrteplotgulictan hermeasuredor essi on

can be Spfghg;;rgxgée' % g?m?%}g{h?%x@ggt %bggeglergéagcaof%eL@ge&ﬁas. The LdiRtaB"Bd YTt her

cul turing nodi above. sease
nmodel s 1Qrdndfeatedt With DN@ diat tdrgets,nesgpnéssen) or EGoclesdis specifibelenes or gene
differentiating or differentiated derivatives, can pe used as in vitro

model s f drrofiesrain dnesl] Bxiprvidiag suckepfpimaounted pellsi Goupisd; Wie meaguiRgie t hen
the cel | Sde%ﬁceés?gulcﬂ\ﬁ@g c%&pq{eg,frﬁﬁrﬁnédrﬁﬁo%nd;- B& k?efgc?ecehéé)ap?cﬁy and accurately.

15 The biosensor could also be coupled to the measuring device in arrays for large-scale

parallel screening.

The biosensor provided by the present invention can also be used to screen for, or warn
of, environmental toxins or exposure to dangerous chemicals. In one embodiment, the
above-described biosensor is exposed to environmental substances (e.g., air, water, soil),
20 orto s\amples derived therefrom, and the response of the biosensor is monitored. If a
dangerous agent is detected, the response of the system to the agent can be recorded for
evaluation, a portion of the sample can be isolated for further study, and an alarm

sounded.

Stem cell engraftment potential of EG cells
25 In another aspect, the determination of telomerase activity in differentiated derivatives
ofa modified EG cell is used to determine the engraftment potential of EG cells cultured

using the methods and materials of the present invention. EG cells cultured using the



mani pul ati on can then be studied. These cells will be especially useful for
the study of . polygenic and contiguous gene disorders, where |arge-scale
or seri al wipdgi4akHoat i ons are 15 required. One exanpl e of ther/usostosssost udy
of hurman gl obi nopat hi es by introduction of nmut ati on then study of the
cells as they differentiate into hematopoietic cells. O her exanpl es
are the study of nuscul ar defects and neuronal defects. ' I n anot her
use of the invention, unnodified or gehetically nodified EG cells or their
differentiating or differentiated derivatives, are used for human

transpl a%feﬂdd@ﬁnd.ﬂxaie?ﬁls?&thé Rilbistionnewbably,transfeatad to ofprésd tensonzrbents adul t.
One exa e of this use is therapeutic supp| e nt t|o of net boI
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D sorders o nnective Tissue. 4th ed., St. 25 Louis, . ‘61 Tg/bcéﬁ;s
e
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al | ow expres§| onin red blood cells in order _to treat GPD WO
98/ 43679 tion or further culturing and/or modification as described above.
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deficiency (favism acute henolytic anemi a). Tr eatnents of sone di seases
require pr odl&fgaqglngyeg circulating factor. One exanple is the
production of [err]-antitrypsin in plasma to treat a deficiency, that

causesl0l ungamtelerr uset oHthe Enpnoml EG dells tasbtheis Aifpsriatng or di f@rﬁélfat@(arrpl es

of providing circul ating factors.are t e wth 5
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are used epal r or suppl enent damaged tissues or organs. This 1y

require tmatipE@tmnean thenf her sedied. {Theseenlls a’{IBdJeleﬁP@ﬁatnb’dlSPﬁ#l for the Study o

| i neage-restricted, stemce r.m r I One
exanpl e o?ﬁygﬁ“%c pd ﬁqr’glfg&f’quﬁt lls8ﬁ&5 v@%}% Pr%f% s{(/:glgé)g éﬁﬂg&ﬂ %UI%PnOgE he;nnel s,
then 1} ug6fed DHLHANPIOLT BiEBiiR edysf Antaraglbbinbpahielby ferddSctien bf

enbryol d bodi es have beéen shown to formvascul ar channel s _(Wang et al.

Devel opmemutatibs: Bed-sBuig, of the2slls amthey differpntipts ftq ihematopaigtr Gﬁ% r@thé’én be
enhanced wi t 8 angl adenl & JAGiRhR: AREL 35 ARR.EH dfecss.

In another use of the invention, unmodified or genetically modified EG cells or their
differentiating or differentiated derivatives, are used for human transplantation in the
20 fetus, r;ewborn, infant, children, and/or adult. One example of this use is therapeutic
supplementation of metabolic enzymes for the treatment of. autosomal recessive
disorders. Production of homogentisic acid oxidase by transplanted EG or differentiated
derivative cells into the liver could be used in the treatment of alkaptonuria (for review
of this disorder, see McKusick, Heritable Disorders of Connective Tissue. 4th ed., St.
25 Louis, C. V. Mosby Co., 1972). Likewise, ornithine transcarbarnylase expression ecould
be augmented to treat the disease caused by its deficiency. In another example, glucose- '
6-phosphate dehydrogenase expression could be augmented in erythrocyte precursors or

hematopoietic precursors to allow expression in red blood cells in order to treat G6PD



Hypertension, 22:618-629, 1993). One exanple of the use of genetic
mani pul ation on EGcells is the reduction or renoval 15 of cell-surface
mol ecul esWOP843A78i bl e for transplantation rejection in or dACHYSIGOREPat e
uni versal donor cells. The nouse Class | histoconpatibility (MHC) genes.can

be di sabl ed by targeted deletion or disruption of the
[err]-mcroglobulin gene (Zijlstra et_al., Nature, 342: 435-438, 1989).
This significantly inproves renal fundtion in nouse Ki dney al lografts

(Coffrman et al., J. Immwnol., 151:425-435, 1993) and al Igws i ndefinite 20
survi val deficienmyi (fevismneeutathemaliceenamniak Taeat@entyaiaomendiseasgs require

T | ant a 1992 1 ted
TSP okt SRR Tt O SR P G gt v
248: 1227, ) b 11 chae t
I e i o Sy s e

t ranspl arﬂltmrle@mnpllebmémmdmg deculatuig fn«;;or;@rmth@pmlcnomﬁhmgs growidn r ej ect
al I ogeni ¢ skin 25 grafts Proc. Natl. Acad. Sci. USA,

usb
90: 3911 - Jartors, bloedprotepps %/Sé%m regulﬁ&&l and Ii direct the intercellular__

trafficking of MHC class | and class Il nol ecul es, respectively (Toune
et al., Proc. Natl. Acad Sci. USA, 93:1464-1469, 1996) Renoval of
t hese t win anatheposet efitheriiventive EG or theirtiéffermpiiating or difirentiatad dqua'ﬁflwskl ng

4367
?é—srﬁ Egg 8?&6‘!?5@)"0 repair or sﬁlgngxént gm%ged tissues or organs. This may require thgyEGare |

provi de "iirgiecﬁﬁ@rekﬂat@&@Pﬁ%‘oQBtoellxﬂéEgél?ésﬁ'xété@ﬁéﬁ|c§ll‘§ GlteRRinkBY Bfffer@ifiatelS an .

alternative to a universal donor approach to histoconpatibility, genetic
mani pul atceln Onekample of sl is differenyetier et &G irtayassuiar MIE q:midmihadms thenmat ch

di vi dual d Th d t || d
{1 osuad et snein srta vHONaRY suter Mse B Pl At PGS hYSHER | Tt ey
be neces%ﬁB%Ptthﬁﬁﬁ%ﬁﬁfa? cRhndefAWEnLaldI - E‘é{’)élé}%‘ent 114@%518% n@dzqcaﬁdes on

donor transplantation cells or tissues that induce -or
rej ect i onhisTheitpr éseltprien eart boentencahpith segiogdnic fgtos tSChmmebné t hat

reduce or eli m g raft rejection when enploying cells, cell
lines (orfDagyepsien < 06£198 &rg gg?ﬁvati ves thereof) derived fromthe EG cells

of the present invention. These nol ecules, 10 termed HLA antigens in
humans, conprise MHC class | and Il nenbrane glycoproteins. For
non- hemat@uecdxetple cfeéhd ssearf@genétpomaspulatiompmEG asts orthe exfluctioer removelC cl ass

ey e ke, acoompll Shed Ry ASISSed kmackot oL LhE MumE
(Zi j I strqpiferdl dondRldils ETIRARNS Tidh3 Bhistb8&Patibility (MHC) genes can be disabled
by targeted deletion or disruption of the B-microglobulin gene (Zijlstra et al., Nature,
342:435-438, 1989). This significantly improves renal function in mouse kidney
allografts (Coffmz_m et al., J Immunol, 151:425-435, 1993) and allows indefinite
20 survi‘./él of murine pancreatic islet allografts (Markmann et al., Transplantation,
54:1085-1089, 1992). Mice with a deleted. or disrupted f-microglobulin gene develop
normally (Koller et al., Science, 248:1227-1_230, 1990). Deletion of the Class II MHC
genes (Cosgrove et al., Cell, 66:1051-1066, 1991) further improves the outcome of
transplantation. However, mice lacking both Class I and class II can reject allogenic skin
25 grafts (Grusby ef al., Proc. Natl. Acad. Sci. US4, 90:3911-3917, 1993). The molecules
TAP1? and Ii direct the intercellular trafficking 6f MHC class I and class I molecules,
respectively (Toume et al., Proc. Natl. Acad. Sci. USA, 93:1464-1469, 1996). Removal

of these two transporter molecules, or other MHC intracellular trafficking systems may



Non- hemat opoi etic cells do not normally produce MHC class Il nol ecul es. For
15 hematopoietic cells, the presence of MHC class Il glycoproteins may be
reduced owo9g/436li mi nated by targeted knockout of the HLA- DRCT/oS®o6ssed - DR
| oci, which are anal ogous to knockouts of the E and A loci in nouse.ES
cells (Cosgrove et al, Cell 66: 1051- 1066, 1991). I n anot her use
of the invention, EGcells or their differentiating or differentiated 20
derivatives are used for the generatidfh-of organs and tissues for

transpl antation. The conplexity of this use will likely require

conbi nat i QgspRlideenatins toesiute oatliminate transplantation rejetitivheAea alierhaive and
defined substrate utilizatioqn in order ]gﬁ generate t.helat.hree-lgibrren-

si onal artohiunietsal donos gpproach PJRStPGATRRALIEHIY. gepetcprnipyiaHon £ould bf Ixids c e ment
organ may reguire y I t i jents, renove waste
product s, PO&THEE icv%f’mpm?&?‘éﬂeg? @g@ﬂ\}ﬁ{ﬁﬁg@‘f{gﬁ%ci fic cell-cell contacts.
A diverse cell population will be required to carry out t hese and

ot her specialized functions, such as the cap%cl ty to rE&ol%JJS grehu%ar{ i neage

restri ct eFhesimented provides methods to pepengie zefbsand tissues from
PCT/ US98/ 06550 . . s 3 In
anot her> uE@sEEntafien Tayards fhsfhendzdS ey PenesesseiYd? B PR S, “ieﬁgﬁ(%fra"e
di fferentjahed moleefks WAt doms teaRiktaticiedelisoor tilmeg duerinticerorghn graft
I'n

non-cel lul'ar structures such as bone or cartila % repl atgerre ts.
anot her umgeatibnt Fbe ipnesent: inyantigrcereampgasyss allhgich mpdifigatans; thet wgues or

differentiated 5 derivati ves..ca I atd.on.t = hunan

i el o phnTRts ot SRk Wit WPy LITRE R dr Oyt artOBy

pur poses géx%vgﬁ{k% tlt]é}é‘df?&%'-ved from thé EGaclis be theybeseof intdreionn Ve inmolecultss, cel | s
|

or their ferentiating or differentiated derivatjves can be used as a
sour cel®f tegmedHLA antipensimhumaesh cermprisedVIEC clawsd and H mpgabrane glyepprattinsones,

i Br ar i oo an dOSFREHRIEr Py e rs Sugbn SEERARIGPRIVHE oBR L g
of - di {28 ig@ht@mplished by targeted knockout of the human B,-microglobulin gene,
as has been accomplished with mouse ES cells (Zijlstra e al, Nature 342:435-438, 1989).
Non-hematopoietic cells do not normally produce MHC class II molecules. For
15 hematopoietic cells, the presence of MHC class II glycoproteins may be reduced.or
eliminated by targeted knockout of the HLA-DP, -DQ, and -DR loci, which are

analogous to knockouts of the E and A loci in mouse ES cells (Cosgrove et al, Cell

66:1051-1066, 1991).

In another use of the invention, EG cells or their differentiating or differentiated
20 deriva{ives afe used for the generation of organs and tissues for transplantation. The
complexity of this use will likely require combinations of genetic modification, in vitro
differentiation, and defined substrate utilization in order to generate the three-dimen-
sional architecture required for functionality. For example, a replacement organ may
require vasculature to deliver nutrients, remove waste products, and deliver products, as
25 well as specific cell-cell contacts. A diverse cell population will be required to carry out
these and other specialized functions, such as the capacity to repopulate by lineage—.

restricted stem cells.

-



I n anot her use of the invention, EGcells or their differentiating or
differentiated derivatives can be used as a source of unnodified. or
genet i cal'MP 367 ed organel |l es such as nuclei and mit oRhBNGYY>S® 15
In anot her use of the invention, EGcells or their differentiating or -
differentiated derivatives canbe used as a source of cells to devel op
anti bodi es useful in the study of 3zz_irl y human devel opnent. Intact wld
type, genetically altered, physically”6r biochem - cally altered, or

differentiated cells or their nenprane extract an..be used.as | gen
for the florangthesusst ofhﬁwomvsm%lr%l ?’fﬁ& °rat&}F’ir b‘gﬁug’éeg“'f‘tb“gc &l %‘@‘HF‘%‘&%“O

nol ecules, . 20 1n,on i td b heBbnder cel |
li nes of fc&fwaf%%e& T ees%%%?g%eng%ngiﬁ%“ df ot celldtar i .

aradi e 1 nmunohi st ol ogi cal
i nvesti gagairtgggé)[fe BRem¥numan devel opnent by using nonocl onal ant i bodi es
specific for cel F sur.face glycolipids (Chiquoine, A D, Anat. Rec.,
118: 135- 146, 1954; Evans, MJ., and M H Kaufmn, Nature 292: 154- 156)

and ol yoopr oL ehiisuee of (Pl b coll orSnelP2bitentd P liehidde ol |

of the pré&s&if ese reagents are devel o by 1 muni zati on

of M ce WidraHPskS@n¥etishd it rdneplatteted @i mooruman-animals. If déiredg# b6 Hs
PCT/ US98/ 06550 : - 38-

cel | 1i nemay he gemsticalismodified fermiposss ohemGBERPHf monocl onal ant i bodi es
which bind to enbryonic cell surface epitopes have been produced in
this manner, and are inportant in the elucidation of glycosylation

pat hways gugjdtledaxeborR@ RivenibonoBGoadls antliehrodiffesentiatingvor atiffeientiated cel | -
surface glycolipids and glycoprotei ns have been used to study ggsﬁn 5
ger m cel | dérivatives carmbeuked asta sgurce gapaetipmaterial sushas guclgh ganomisdANAvt suj

et al., Nat ure 353: 750-.751 - R i al .,
Nat ur e 358BBRSSBES; %@5%;5’%\“" a?ﬁgbm%‘sgﬁ%ﬁ?%ﬁaggr&ﬁé’? SsBEAG cfflr B,
92: 7844y 78BBried 9 screening aFfayganed aoediicoven makersd bf phiripoyanel cameelof :
surface anti bodies, mce are i mmunized weekly with about 10[err] to
10[ err] Ediffegdntietiomnd tail-bled weekly to test for reactivity to EG 10
cells. After reactive sera is detected, hybridomas are produced as
descri bed (Andrews et al ., Hybridoma 3:347-361, 1984) or by standard
nmet hods. ResubthensdAahE GAvdntion, EG cells or their differentiating or differentiated

derivatives can be used as a source of unmodified or genetically modified organelles such

as nuclei and mitochondria.

15 In another use of the invention, EG cells or their differentiating or differentiated
derivatives can be used as a source of cells to develop antibodies useful in the study of
early human development. Intact wild type, genetically altered, physically or biochemi-
cally éliered, or differentiated cells or their membrane extracts can be used as immuogen

for the formation of mono- or polyclonal antibodies to cell surface molecules.

20 Inone aspect of the invention, the pluripotent EG cell lines offer a valuable paradigm for
the immunohistological investigation of early human development by using monoclonal
antibodies specific for cell surface glycolipids (Chiquoine, A.D., Anat. Rec., 118:135-
146, 1954; Evans, M.J., and M.H. Kaufman, Nature 292:154-156) and glycoproteins.
(Hogan, B.LM., U. S. Patent 5,453,357) of the cells of the present invention. These

25 reagents are developed by immunization of mice with mouse and human teratocarcinoma



anti bodi es are screened agai nst a panel of human cell |ines including EG
and EC, as well as tissue sections from a variety of germcell tunors
and nor maWhBA7% | ssues. Mbouse ES, EG and EC |ines armcuUss/oessani ned.
O her net hods of nmaking anti body fragnments 15 are known in the art. (See
for exanple, Harlow and Lane, Antibodies: A Laboratory Manual , Col d
Spring Harbor Laboratory, New York (current edition), incorporat ed

herein by reference). Anot her ud®-of EGis in the biosynthetic
production of macronol ecules. Non-limtin exanpl es_of products that
coul d be cpH tines; exiwelt as mbmmaeﬁn@mngﬁwasclogalamxmw whigh birdsto

cyt oki nes, enz ne eptors, .bindin rot nal tyransducti

nol ecul e$m ryomggq:}s &r@&@@o%?ﬁthia&%ﬁgeng@ﬁ ﬁlﬁpﬁ‘ﬂ" 'é{%ffsé@pof—‘% ors

produced ;h L&Qﬁ%ﬁﬁ &%ﬁ&hon path\%}fsfdﬁﬁﬁgﬁé\%‘ldﬁh%nt (Moﬁhcﬂérﬁll enitoiad EG
y SI ate

woul d clos he subt’l e fol di ng secondary processing of
nati ve husch biadtoeedl smrfadu gI@rdohmdS/andglycB\pmiyms hate beep useditotstugly humanby EG

I th t ul at I I h /
i T et Sniaern 98 apor LeBpdAhe Dieslapaiit oDl it R Rl nphat e
gr owt h "‘?GII 5%33%@%93@9 )andloﬂfef@ﬁeéﬂsvk@ﬂak Al cmw mdssm-m Rodpe cell

menbr ane, arveste ter cel |l disruption. Genetic nodification of
t he gene 'ﬁmhsbg ef ok, Arne NMml doaoSaiciS492:G8867MHd9RIhet i cal |y ' WO
98/ 43679 '

PCT/ US98/ 06550 - 39-

produced g atU%?rra‘hosy@&Y%renhE@mﬁQQ:Eﬂ%hﬁﬁéesidtﬁﬁdfe@ RlcdSre ifinRiiRRlgerment - of
enhance unct 1 ona way, novel anced- property

macr orml emdkdzgsmthmbbet D eal @’dEG cells aAd tdil-blod alekkly to hest ﬁﬁrcaehmy arEGel |

| i nes elnventlon are of RNA for th ction of early
devel AP FRERHYE 15715 A, Dhmciopa A Ryadaret et festREd EATd eI o5

Gene exprgss i eay n n cells
whi ch retcgl nH b%do?gs#ggj,%lhglgg?)r %?@?gﬁg{iaﬁ geegéﬁ:’%s:&c tﬁl{ogagtgﬂ%}y due to

t he scar cntihodiés are scrgpaed agaenst a parmll ef louraan daJI lres amlﬂch:sg EGeini £Grad wellssues.

Usi ng the techni ues f the, ent |nven e of .ordi nary skill in
the art IHiSHReTeE Maayag tFqu &HTe F%‘é“ﬁ?‘)rﬁé ﬂgguman “§5t“§§) 9’1‘3950| fic

human nucgtei %H?c TRLSSRULRS exsriinkd. &kﬁﬁ@&%d%ﬁn%ﬂ%ﬁ h 10
Phar maceutic I agnostics, or anti od| es In ufa tu I ng or
procedsSi rege kapwnalmstbe art (&eg‘duemhpl&higlm%& Late, t4mtibpdies estlaboregoryi on.
ExogenousML}%a RLE: Sprmg a?g(?rufaboratory, New York (current edition), incorporated

herein by reference).

Another use of EG is in the biosynthetic production of macromolecules. Non-limiting
examples of products that could be produced are blood proteins, hormones, growth
20 factoré, cytokines, enzymes, receptors, binding proteins, signal transduction molecules,
cell surface antigens, and structural molecules. Factors produced by undifferentiated,
differentiating, or differentiated EG would closely simulate the subtle folding and
secondary processing of native human factors produced in vivo. Biosynthetic production
by EG involves the genetic manipulation followed by in vitro growth and/or differentia-
25 tion. Biosynthetic products can be secreted into the growth media or produced
intracellutarly or contained within the cell membrane, and harvested after cell disruption.

Genetic modification of the gene coding for the macromolecule to be biosynthetically



is transferred to EG cells by el ectroporation, calcium phosphate,

m croi njection | i pofection, retro- or other viral or m I ctor
or ot her "MWAMM36The EG cells are screened for incorpora ?gﬁg('%@bﬁtsﬁfs
DNA, or are used in nuclear transfer systens. These 15 proteins or other
nol ecul es are harvested fromresulting cell cultures for further
purification. For exanple, human bl oo_cggc_l otting factors VIIl and | X may be
produced for treatment of henophilia. Non-limting exanpl es of
the foll ow ng pharnaceutjcal ., therapeytic. K NGl MBhUhRGLer i ng or
conposi t i BIeadRcssk eatk PRISEH I} a“%fylt%gﬁ%?% tljsglgcszlqﬁg %?ﬁ?g%ng%ﬁrgfni ncl ude: 20

bl ood progeins (€l 9} ti0gal afver shhdhédd-gofertymaconpleetientad beteasdor
conmponent Fcaona(l%é?r}loré 1gbia%’s or ot her bliﬁ’gg% proteins and the like); hornones
(insulin, growth hornone, t hyroi d hornone, gonadotrophins, PMSG

trophic hornones, prolactin, oxytocin . dopam ne,- M and the
like): gradditionally.ohe BGEepls P‘Iﬁ%fﬁw@'—df thenveRHOY Als @ s&ﬁ{:?&f; ; cy@f’nes
(interleukin G@AED TG Biifkn pilEpbeht mbabsictdteml dekeDNANzZy nes
25 (ti ssﬁ%nsgxiuggi?ng%ge gecvtell ator. strept gkﬁiggase, chg?est erol bjosynthetic
or degradgbiates. Gene expresivnhi dosing sheearlydssagesiof hukien deesopppris prbHl &dlser ases,

met hyl ases, de-nethyl ases, ehydr ogenasgs el l sSes, Ses,

[ pasce,  pihishpone pheesiendy.dnatadEoba e coppu: sl ERD gHHERTE. o
PCT/ US98/ 06550 ic aci ] 1 d tissues. Using the techniques of the pfédent
adenyl at epﬁligﬁﬁt rFy P\ 301gy%1f)§§léses’§ﬁés ﬁ\ell i ke); F?or none gr ot her receptors

(LDL, HDLjnvention, Gieesfirdinanyrskilinthe pewan desrcompithesodiffiedtienly sensratingnd t he
| i ke); binding proteins (st e_roi_g bi ngi n.g 1Prot&:i ns,. grrxangqr] hor mone or
growt h f actage sprcifen eman BIcleiR cigrpolequles;iceks, tissues and gepghic tnaleligle 1y o1 ot ei ns
(anti bodi es, SLA or MHC gene products); antigens (bacterial, 5
parasitic, viral, allergens, and the like); translation or transcription
factor 30 Pre@RicektRalsdiagnosticspsr aptiaddiespused pm oapnfasturing ok pIHCessHign ar e@@sei ns,
| act al bum ns, whey and _the |ike); .nmuscl e roteins (nyasin

t r opony os iprodugad using cpilxel)the present inveptionFxq ggﬁ?‘%ofgreé%rhffe#og%&Sgoqst%NA
transgene . SHCAQE, Ay r tionN&aRNGh SSHdsphate, midrbinfettighy

har vest ed I%{éﬁ%gttroa%;gggﬁ% reltggg soﬁ)lronédacel I ? orpcel | cul tﬁes of the
10  presenipoférGen] e~ oPotieevirhl gr, micxghislseictm cpfothienandansiBipeli@ dels are

i nduci bl e. "Alternatively, . .C s may be ,screened by.techni wel |
known to tsht¢§ée‘bf°réﬂ%ﬁfﬁéia§‘°% Rf this ﬁH‘AH?é ol yeeg n nucﬁear%aﬁ%; uf Stdngese
expres§ison, ofid6 LIRAPSHSREIRY ot haShelted AForR RERMSS fclll difttkdsnr el r om

purification. For example, human blood clotting factors VIII and IX may be produced for

treatment of hemophilia.

Non-limiting examples of the following pharmaceutical, therapeutic, processing,
manﬁfacturihg 6r .compositional proteins that may be produced in this manner include:
20 blood proteins (clotting factors VI and IX, complement factors or components,
hemoglobins or other blood proteins and the like); hormones (insulin, growth hormone,
thyroid hormone, gonadotrophins, PMSG, trophic hormones, prolactin, oxytocin,
dopamine, catecholamines and the like); growth factors (EGF, PDGF, NGF, IGF and the
like); cytokines (interleukins, CSF, GMCSF, TNF, TGFe, TGFf, and the like); enzymes
25 (tissue plasminogen activator, streptokinase, cholesterol biosynthetic or degradative,
digestive, steroidogenic, kinases, phosphodiesterases, methylases, de-methylase:s,

dehydrogenases, cellulases, proteases, lipases, phospholipases, aromatase, cytochromes



cell Iines. Production of differentiated cells for replacenent,

repair or augnentation of damaged, 15 nonfunctional, or inpaired cells
or tissueWwesasarvot her use provided by the present i NRETTUSABIDESS0
Exogenous foreign or honol ogous DNA is transferred to EG cells by -
el ectroporation, calcium phosphate, m croinjection, |ipofection, retro- or
ot her viral or m crobi al vector or other neans. The EG cells are

screened for incorporation for this -40- DNA or used in nuclear transfer
systens. These cells and/or tissues are harvested from 20 cell cultures,

or r eisul tidt?nlyraed or gltianylatel(‘j oyclassseandrthe die); hbm@mrormmmmp?g}s élillhle,fléllai., For
exanple, cells, cell produgts, tissues or t roducts of cell cultures may
be used i steroid, proteing peRptiis, Hpj Idres %‘P% aﬁﬁwﬁﬁ@gﬁlgiawé%@s &terggﬁj ects
who have &angilpgaﬁkg‘?eriﬁs %&3\9&1kh&{none or. %rrBW&pﬂct&OEiﬂdihlg{#Fﬁéins and the 1ik8l 1S,

tissues o Wit IT"exogenous naj hi st oconpat Ity or other toreign
or 25 enfp@enessteanpiogens(aatibédies, §Eresr MEA ganelprodiets);cmsigenss(becteridn by t he
host or%ani sm of t hese transpl anted materials, are produced hy neans

of the Sprpasesitic, vitek Allergens, st the like); translahon.or transermtion fact qgeorpggrqt@é%md gene

]I;aCTn} L}égg ?g%lgrgE?‘Jgr‘?c%pro'%é(iﬁg,Wﬁro&é?ﬁse&c%ir%r, lactalbumins, wh@?aﬁﬁ%%%gze_?ﬂyscle

honol ogougrokdils (nyosing B6p@nyesth,tand Bs liie))| phenot ype by el ectroporati on,
exposure to cal ci um phosphate, mcroinjection, |ipofection, retro- or
other viral or mcrobial vector, or other nmeans. The EG cells are

d i nCok ' £+ 1 hi ' | d
o S PGP o Oyl St 0 0,

prot ei ns, ukkiphdisly Harsstidsiroar@iantnsdeniv cistramfortret cells od ¢ell Tubnes nthest ed
fromcells, cell lines cell cu]tures for xenotranspl-antation. In this

manner 10 horesent ZaventieneRiefasebly pexpressies, of the tigaseene ixiadpcipleo ditematively |
conet {10 b 8 WS bahfld W) 5o R s DR ERRIAS

of the inventi C err erentiated

derivati veaegdne e dxpadsiba of theltfBisgedB By usigf iits agitebd fos testifly MRNWI Hivin
artificial Hclhrom)- 10 sones.
celr 1Ines.

Production of differentiated cells for replacement, repair or augmentation of damaged,

15 nonfunctional, or impaired cells or tissues are another use provided by the present
invention. Exogenous foreign or homologous DNA is transferred to EG cells by
electroporation, calcium phosphate, microinjection, lipofection, retro- or other viral or
microbial vector or other means. The EG cells are screened for incorporation for this
DNA or used in nuclear transfer systems. These cells and/or tissues are harvested from

20 cell cﬁltures, or resulting cell lines for use in repairing or augmenting a defect. For
~--- example, cells, cell products, tissues or the products of cell cultures may be used in
treating subjects having Parkinson’s disease or subjects who have had a heart attack or

spinal cord injury.

Cells, tissues or organs with exogenous major histocompatibility or other foreign or
25 endogenous antigens and/or genes that will decrease rejection by the host organism of .
these transplanted materials are produced by means of the present invention. For

example, members of the Fas ligand gene family can be used. Exogenous foreign or



EXAMPLES The follow ng exanples are intended to illustrate but not

limt the invention. Wile they are typical of those t .ght _he
used, ot h¥0 §8&%dures known to those skilled in the art %W%GSQ
alternatively be used. 15 EXAMPLE -1
COLLECTI ON OF HUVAN ' PRI MORDI AL GERM CELLS AND
DERI VATI ON OF EMBRYONI C GERM CELLS Gonadal anl agen or genital ridges

with mesenteries were dissected froni 811 Week LMP 20 (last nenstrual

d) h borted fetal mat |, Th
05 i pn%g&?a?@‘ébaﬁwiaigfa%gé& Gl aP PRI, ChRA S O PBS

0.21 g/ L KH2PO4 . h
pl aceg i rftstgn fh?Sp&aETSWI%PI?ﬂ)Sl n- Ul ;g,gmg{ehogg{ﬂ%\ég%ﬁ@g&ﬁ%g{g %0@ BRL) t aﬁg

was cut iftenesHdahs. (T1RSEG (cbidard somebeudrfy incbtpokation Hehis DNAhumqs'eSQmm t hen
further mnced with a fine forceps. The tissue was then repe gedl
pi pet t ed dfhardigshs,aused0nutuc]siap SENSTEH SYSEMSIOF BEQWRI 7 XHEh STE: oS

\é\gr?glsggf%g@%, cells, tissues, organs, fluids, or cell products are harvested from cells, cell l1nes The

tissue a”&llcé’\hiuréyﬁa?%ﬁb@ﬂasmﬁtahaﬁ Ulathidmadines, /ienardi£edf moleayplps, q:roﬁasmsel y 5
mn., th approximately 3.5 nm EG growth rredla(deflned as: D MEM

4500 my/ Lcdnsgieuqms@mts cell ooBUituepLsL tispNPSOEaAPDIBIAR BEPREEPIE150 ES qual i fi ed
fetal calf serum (BRL); 2 nM glutamne (BRL); 1 nmM Sodi um Pyruvate
(BRL); 1000-2000 U m human reconbinant 5 |eukem a inhibitory factor (LIF,

Cenzyne) ; Inlagotgl&/ e BETR iAREAOR] PeNtelRa6H their differdntiotngol differetthatédict or -

(bFGF, Genzyne and 10[err]M Forskolin in 10% DMVBO)) was added.
Appr oxi nedeiwatide@car bohsedre indhd canstrpesiosi aml tastingnfdumanarefeipl grome- wel | s
of a 96-wel |

10 somes.

EXAMPLES
The following examples are intended to illustrate but not limit the invention. While they
are typical of those that might be used, other procedures known to those skilled in the art

may alternatively be used.

15 EXAMPLE 1
COLLECTION OF HUMAN
PRIMORDIAL GERM CELLS AND
DERIVATION OF EMBRYONIC GERM CELLS

Gonadal anlagen or genital ridges with mesenteries were dissected from 8-11 week LMP
20 (last menstrual period) human aborted fetal material. The genital ridges were rinsed with
0.5 ml phosphate buffered saline solution or other isotonic buffer (PBS 0.21 g/L KH,PO,;
9 g/L NaCL; 0.726 g/L Na,HPO,7H,0), then placed into 0.1m] 0.05% trypsin-0.53 mM
Sodium EDTA solution (BRL) and was cut into small (less than 1 mm?®) chunks.” The-
chunks were then further minced with a fine forceps. The tissue was then repeatedly .

25 pipetted through a 100 ul pipet tip to further disaggregate the cells.

-




tissue culture plate previously prepared with a sub confluent |ayer of STO
use 10 fibroblasts that had been cultured for 3 days in a nodified EG
‘drowt h medS¥HAT® di d not contain LIF, bFGF or Forskol i RETAUR2§406550
{rradiated with 5000 rad of ganma irradiation. The human PGC cell s
and STO nouse fibroblasts were cultured for a first passage 7-10 days
in EGgromh nedia at 37[err]Cwith 5% CJéerr] at 90% humdity. Gowth

medi a was freshly prepared and refPaced daily. Aternatively,
subconfluent fibroblast cells can be 15 irradiated, then plated into tissue
cul ture plld tssueendoreth saspensiderwdsdperbated at 37°GHer approximatelye Stmippdhen zed as

d i bed here, d h | | d | 4-wel |
Cul tur o RO g1 BLog e i O A s s Bt AR B Peftit st s (o0
of t hf»zdzﬁklgg) il %opﬁx&bieﬁéﬂon%; ﬁse%ga Alifibd fM@aFubimt BBRLADENM

previ ously prepar irradi ated STO nouse fibrobl asts (19% of the
cells). glR@mirk@Ri 1 mMSpdiupuPyrurad (BRL) 106042000 Bpnblwnamtecombgraoit h

di til | r ph i t, W i EG cel |
Obser v e leuly i brdry ShS0h LR, GRpREy 3 2 Bkl Bhar felomrmi Hon « ne
age of thﬁbﬁob&%grot»&mcm'(sﬂgpr@e%%maq ORI 2biRRSin 0%, BIASOTPwias coul d

t ake one or nore” passages. t he day of culture (3 days ter

subcul t uraddeda subset of cells growing on the 96-well culture dish were
fixed and stained for the 25 presence of al kaline phosphatase by using a
commercially avail abl e diagnostic kit (Sigma Chem cal s, product nunber

86-R). Th w20 bl : M [ 43679
80 R) - o EpfiBlintartl§ 0% MRS o2 biFEidN Whs RRRARDELS of 16 wells of a 98P

buf f er ed sSsshenmithRBS)atd peaviduskyeprepared 30itls acsmbdeoniflnert layert of 8TOf mdhseri
citrate sol ution 8 mM sodi citrate, . sodi um chl ori de, pH 3.6),
65 . Hoohbm a%tﬁ@l%haﬁ besp caifurpd 905"43@? Hhf H@vafé%es@é\aﬁ&adwst%awggmﬁn
| ncubat eddf,; €3 1E! fhen irfadPhiE@ AR S00Y fad of 3111% Aliifrigihe cell's
are then ?dlnns}% ?vanﬁ dgéﬁorﬁgl?elgl wgrtler or 2 mn. ando fl ome%‘létgalgir{y. 5
Al kal i ne phosphatase positive PGC and EG cells stain red, while cells that
lack al k%e’fumdn PGEQ:%EE QI?J E’f 8 n?gt}sle 1lb}3%las%su\ggre%lsﬂtusrlé) fcﬁ%l Ilzrgf parsgané%|7?l OCI ear
| days in EG growth media at 37°C with 5% CO, at 90% humidity. Growth media was

freshly prepared and replaced daily. Alternatively, subconfluent fibroblast cells can be

15 irradiated, then plated into tissue culture plates to form a feeder layer.

The cells were trypsinized as described here, and each well was passaged to 1 well of a
24-well culture dish previously prepared with irradiated STO mouse fibroblasts (90% of
the cells) and to 1 well of a 96-well tissue culture plate previously prepared with

irradiated STO mouse fibroblasts (10% of the cells).

20 The cells were cultured with daily replacement of growth media until cells morphology
consistent with murine EG cells were observed, typically, 7-30 days with 1 to 4 passages.
Depending on the age of the tissue from which the PGCs were obtained, this process
could take one or more passages. On the 13th day of culture (3 days after subculture), a
subset of cells growing on the 96-well culture dish were fixed and stained for the .

25 presence of alkaline phosphatase by using a commercially available diagnostic kit (Sigma

Chemicals, product number 86-R). The cells were washed 2 times with phosphate



Cells growing on the 24-well|l plate were passaged four tinmes to expand cell
nunber s mul tiple frozen stocks from each passage red.
Celis vve?‘gp%%ofsographed t hroughout the initial 13 day}s’&@g?zﬂég@

usi ng phase contrast mcroscopy and selected 10 cells were processed for
al kal i ne phosphat ase stai ning as descri bed herein. In an alternate
approach, EG cells were isolated usi n% hyal uroni dase/ col | agenase/ DNase.
Gonadal anlagen or genital ridges with nesenteries were dissected from8-11

:Aﬁelégéwfhgﬁergc}g&a@ﬁﬁdﬁ@%dxed%tﬁo mat e 'algg’el.xpm 8’5&?"?8 ratt‘os%g tq%(rl% rinsed

hyal ur on} 43S 4iuap Bitdte, & N2 B dPRSSIdride) IJI%6)155919|a!céﬁﬁé‘§§&8trﬁp6f3’)‘"/o( al |
from sigma) prepared i'n EG growth nedia). Ti'sSsues were cut m nced

wth af lfmmmdxrhydps Fixtdaceﬂsratd theh assibétpd éf therdaddy fagrl Sphins tin é\lkﬁlm d}hen
transferred by et. to.a mcrofu t.ube d i_ncub ou

over ni ghinl’!}t?’@e~ F?}% %ﬁt‘@“}f‘@e&mm Jemql’ﬁedl‘:‘@t@‘i' e e aiaq%ﬁedtq added
and th ]?ﬁlﬂ@ gﬂ&ﬂ»g % SHUBRSGE gﬂd Wesces Hatd xfeH,g\%H'xle cells tﬁét lmoalkeﬁmef or 5

m n. |ssu s were then resuspended in 1-3 of EG growt h 20
medi a, a pHogphatassladtivitg, such s BfiDesells demhincdedrai ni ng a feeder | ayer as
described above. For subsequent passages, cells were rinsed in PBS
t hen HCD di gestion sol ution was added. Digestion tines ranged from 20

mn. To t.ernm ne
T o1 SRR A5 ST SR e ELOBEP By o oL i
appr oxi maduitipie J&zsenlsmams fttfm feacly passhpe weed prepered. dCklBdwerehshotogaptedand -
cells were 25 then renoved to_a tube and centrifuged at 500 rpmfor 5 mn.
The ti sstivougkpwdhe it ld days of cylape paiag PhesFOATAS) MEEsO§EQRN TR rﬁsmcﬁ: and

pl atedyi i @efe%?%&%g}fﬁggggl&%%ﬁﬁﬁg sfining as dSEM e as described

above.-
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EXAMPLE 2 ASSAGE OF PLURI POTENT CELLS EG

gr owt h néxumaaltﬁa@ter@ar%%cﬁ% a%llsyfversﬁﬁsolat%use@ hyalyepidass C@Mﬁg%&aseﬂ?m?-] C, 90%

relatlve 8 I r phol ogy
consi st e ?o mur é@ ne ééaéq g%% \{61{()}%%1;8\%%%?%%?% ?%&S%tg %eﬁeﬁ E %Hm%gr e
t rypsi ni hashadrahorted fathltrmatedalt Ohé peastal Mdgcs wepé eipseddd PES theh |plaﬁéd adonel |

pl at es W|th irradi ated feeder |ayer. 8 popul ati on_of thes
HCD digestion solution (0.017°% hyalurom ase type V, 0.002% DNase I, 0.1%

15 collagenase type IV (all from sigma) prepared in EG growth media). Tissues were cut

and minced with a fine forceps in a small glass (preferred) or plastic dish then transferred
by pipet to a microfuge tube and incubated 1 hour to overnight 37C. Approximately 1 ml
of EG growth media was then added, and the tissue and cell suspension was centrifuged
at 500.rpm for 5 min. The tissue and cells were then resuspended in 1-3 ml of EG growth
20 medie,' and plate-d into a recipient dish containing a feeder layer as described above.
For subsequent passages, cells were rinsed in PBS then HCD digestion solution was
added. Digestion times ranged from 20 min. To 2 hours, and were monitored microscopi-
cally to determine completion. Cells were pumped several times with a pipet, then
approximately 10 volumes of EG growth media were added. The tissue and cells were
25 then removed to a tube and centrifuged at 500 rpm for 5 min. The tissue and cells were .
then resuspended in EG growth media, and plated into a recipient dish containing a

feeder layer as described above.



‘dells were fixed and stained for al kaline phosphatase activity. These cells
“y\er e passaged at least 4 tinmes over a 40 day period, with continued
“denonst r a¥OA¥47%al kal i ne phosphat ase activity as denoREFHEB655)
jpositive staining. 10 After 1 to 3 passages (7 to 30 days) sone cells in
t he human PGC cul ture change from- i solated and solitary human PGCs,
readily identified only by al kaline phosphat ase stai ning or antibody
detection (see Figures la and 1b), 41 cell colonies with nmor phol ogy
consistent to nurine EG were observed (see Figures 2a and 2b). These )
col oni es can be recogni zed by quEMMﬁLE&opy. The human EG cells can be
character- 15 ized with ASUN J ﬁ&%hﬁgase activity, presence

of cell surface antigen A Fo-formteratocarci nonas

in SC D Hcgrowkien&d Gk M R%d\WRIE, dnaah@tdn were gdvaimut 3, 96% refativbe
cul ture using a cloning cyllnder,.ex?anQed t hr ough repeat ed pass%ge,
t hen chathaotiéity,Z86 G3, foefeiadays gatil cells with morphology gopsigientste murine EG-

t erat ogarci no fo tion i.n SCI D mce el l et cansistin f

appr ox rré‘feé?fga%"e‘go ,totgff ﬁ’f’@et € ¢ sw?rﬁﬁg@flgg‘e?r@g %g&lk‘ggdr ?9 sl e,
testis, %Eer%}eg@gxwéha&imﬁel%laﬁs%h irradidREeclefl1aS6. R sibpEpulffonef tese0 Weeks
of devel oprnent, the resulting tunors are fixed i n 4% par af or mal dehyde
and enbededisiwéra fiped afdfstained Tosalkalineahosphatase petivatya rhbasecells wete passagedandar d
hi st ol ogi c%l st ai.ni ng technj IHes and inggnohi.stgic eni c It.det ec %in of cell
surface ht'PhrsUHIRS Vehér i(g % PELOd, WHR Sopripied fietponsiatiqe, 8 ﬁﬁ Yfice of
cel IS 11 Qibiiara38a g tinoRAFASPS sV stisiggler M ger m | ayers indi cates
the cells are pluripofent EG cells. WO 98/ 43679
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EXAMPLE 3 TEST| NG HARVESTED CEL HOL

AND ALRAARE IPiacepasiaersf 1t 5?@{50’“3 celly nﬁ}ﬁ?{ﬂ%@f@&?@@&fﬁ%@%ﬁe Pa

pr ef err eds qoRadie iRy KN RGCIE RN iicntifRPCehly BY Salkaind hssHaesdel rom

nascent gonadal ridges since their early devel opnental age inhibits
subsequerstainiingf er entibedyi deteetih (seesFighrep| lar apdtldhcyntil cell colonies with

morphology consistent to murine EG were observed (see Figures 2a and 2b). These

colonies can be recognized by light microscopy. The human EG cells can be character--
15 ized with respect to alkaline phosphatase activity, presence of cell surface antigens,
and/or the ability to form teratocarcinomas in SCID mice. The EG colonies were isolated
from the rest of the culture using a cloning cylinder, expanded through repeated passage,

then characterized as separate cell lines.

To test for teratocarcinoma formation in SCID mice, a pellet consisting of approximately
20 500,0‘0‘0 EG ‘cells is injected into the rear leg muscle, testis, or kidney capsule of 8-15
week-old SCID mice. After 8-20 weeks of development, the resulting tumors are fixed
in 4% paraformaldehyde and embedded in paraffin. Tissue sections are examined using
standard histological staining techniques and immunohistochemical detection of cell
surface antigens and other epitopes as described herein. The presence of cells from the
25 endoderm, ectoderm, and mesoderm germ layers indicates the cells are pluripotent EG

cells.



To ascertain that harvested cells were of an appropriate devel oprrent al age,
har vest ed cells were tested for norphol ogical criteria used t

i dentify B’W AYF8 Al germcells that are pl uri pot ent (DEIEENSBF/O%H
McLaren, Exp. Cell. 142:476-482, 1982). To further 10 substantiate

pl uri potency a sanple of the extracted cells were subsequently tested for
al kal i ne phosphat ase (AP) activity. I\/ﬁgkers for pluripotent cells are often
useful to identify stemcells in‘cdlture. EG cells typically nmanifest

al kal i ne phosphat ase ( AP) acm AP positive cells are typically
pluripotent. AP activity is rapld L&At h differentiation of EG
cells in vitro. Aﬁ:%gfﬁéﬂ&ﬁ ? : eqy A D6 and ES - 15 |i ke

cells in the nous 0984: Pease et

al ., Dev. Bi o. 1AN1BAL NE;@_IQSPHMASEW(BI‘I\HH‘\GI , I\/bI Repr o.
Dev. 40:311-324, 1995), al bot _et al epr o
36: 139- 144S preyd@sly émné@ﬁw ?é’mféttre%@mh?dlme%PﬂmR@&f@em cells @&ﬁS)@e 35- 52,

pnat Rod Tt St FasUhEBoaar A SR el S Rbefciteptel Bl YRR
70: 841- 840ihsek8rt differeReistiorCanddbssdf pluyititericg. 359: 550- 551, 1992), and
cul tured avian enbryonic cells from chickens (Pain et al., Dev.

122:1996). In conjunction w th norphol ogi cal evaluation of - the EG cell

ol ur | pot ot ESRERCHRIb R BIR vt S AP AERbARE AERSEEA AT R g o1 1o
the EG cedelis vefasstéd ot sHogshomgicalcritéddied t8 idMptiey i 6dfee germ!6éIRGhATre | ght .

m croscopy, for the presence of norphol og ical criteria Indicative of

put at i ve magpotent (Dg 1@@df M@{m’@p@f@r i 14264762482, olfifd)-c eTpstusther ound

|1 h
ctai i etk ARSI o fihls of s SRHPREREE W PRI, B aer O |
cul ture, ﬂkélﬁﬂecﬂhdsph%sélgimr‘dc@?m?f I\E&eﬁ%ffbﬁﬁ@dteni:bél&t are Bteh usdfP o '

i ndi vi dual 8/ 43679
PCT/ US98/ igesEy stem cells in culture. EG cells typically manifest alkaline phosphatpge (AP) cel | s

col o o ST AAERT BFyRe SR SRRRLE PR o R ARy BRRERTR IR oy

The i ndi vdigl@htifRhloF EG cellf ui yigse mmseﬁnaﬁ@eaémnmréte@msraﬁ@wer r].
EG cultures were mai nt ai ned for g eater than 3 nont hs by passage every

4-10 ddy slikneddls ingbp mause (WVabegers:/ Cart3:2 b-ab1.d984; Reasheneln
[ Droblask; 1] 5842001 00 B CoNuihi YEGK M8 Repro, DIBIAAI311 39451065 pflgr med

col oni es Wt h arger dir a l"ayers. e cél'l
d}g:rmnslt r a(TatbotetdiQMAIyRegro sy, 86:139d 471993y arit €M (hIbRA PR Mgl Rep#8. ni scent
of early

Dev. 42:35-52, 1995). AP activity has also been detected in murine PGCs (Chiquoine,
Anat. Rec. 118:135-146, 1954), murine EG cells (Matsui ef al,, Cell 70:841-847, 1992;
20 Resnick et al, Nature 359:550-551, 1992), and cultured avian embryonic cells from
chickens (Paih et lalA., Dev. 122:1996). In conjunction with morphological evaluation of
the EG cell colony, AP expression therefore is a convenient marker to identify

pluripotent embryonic germ cells in culture.

Cell samples taken from the EG cell lines cultured as in Example 2 were assessed, using
25 light microscopy, for the presence of morphological criteria indicative of putative EGs.
The EGs first appeared either as round cells or round cells with two or more extended |
pseudopodia when visualized after staining for alkaline phosphatase (AP) activity. After
2-30 days in culture, multicellular colonies of EGs developed. First, 10 to 100 individual



;] assage nouse ES and EG cul tures. Subsequently, cells were tested for
~fl kal i ne phosphatase activity by fixing as described 10 in Exango and .
“st ai ni ng WhesIsapl oyi ng a protocol froman AP cytocheni st rl)’/C"R"UtS9 0655({ Sl gna
§Chemical Co., St. Louis, Md.). The results indicated that AP activity was
consi stently expressed in EGs and in primary cultures and subcul tures of EG
cells (see Figure 3F). The cells denpnstrated strong and convi nci ng

hi st ol ogi cal staining for al kal i-#6 -phosphat ase. Surroundi ng STO nouse
fibroblasts did not stain for al kaline 15 phosphatase. Theref ore cells
testing goBifoimed Musosbkytdssammm@ggn@avan érrsuteﬁwnhwsaaﬁs someqgal ‘PT\B‘F%y wer e

consi st ent W t h thos expe for EG celd.s cally
make up QEFABGYRERET é‘l‘ gﬂ °8@|PP§3 T?Wu%ﬁlul lﬁ%eﬁ]r a emgg\{ {h?aété:éfr?] s are
conplica 1) O ChedeO BB s, EBfeeultures were
EXAVPLE ﬁfg‘ng °°I%E%£§%Ta%$c§&o: EG DETERKT NED By ANTI BCDY STAI NI NG
Qt her i ngliaimkioes faf greater than Banaythe byipassags dyeryi i@ deyspente freshriveadéatedic| ude,

but are not I i.m d to,, the re n age speci FYQN C

ant i gehsm9ysh SIS @gﬁk s %J}W %?%sgﬁj %% M {"rl% e&ar;%@ Acad.
Sci . USA [ Saktd, but f »(zé%%enl rs. Bhe Rfls al .
Enbo J. g@éggg’?}?ﬁq?%%%ggﬁéﬂﬁﬁﬁ%% recognluze% by tﬁ%‘leZS ant i bodi es
TRA- 1- 60délﬂ3ﬁ§&d’tﬂ- 46gRily elnsteiERAnd r84dly AFGOngBadrpBalpey reminisoent obearly et
al ., Hybridoma 3:347-361 1984) and the ability of these cells to form
t er at oc apessegs.mouse EfhandEGcaluiems when injected into i mmuno- corrpr oni sed

(SCID) mce. WO 98/ 43679 )

PCT/ US98/ 06550 -47- EG
cul t ur es sgbsegternly, ptlswére testminfoe alkalinaigisplatase stavinehy ﬁxmg asdmnbccﬂ onal
anti bodi es to enbryonic cell s rface ant i %_P C?-. L nﬁled 2
ti mes1®i imEpamplsnhard paiieg them emp a}qgnaepr(olgggg? Ae#p

par af or lgggyeﬁeg,gg]lb@ BPHbSS, o ! OMelEHRATALIMEEY that AT Q@nﬁ%l Laswere

washed t mes I'n then incu inal:5to 1:25 dilutiion (in 5
PBS) of easdisteifitly éb@)rés@éd WEGg amrbmcprlma{ralcuhmts motisubsulbues of BGeellaifsee oom

t enperat ur e: RA-1-81 ( ATCC 4784) nd TRA-1-60 HB- 47
(suppl i eﬁl%l}?e BF)- @eeqells denmaﬁr?é stref}gefiq SPRYINGHRG hlsm‘g %C%ﬂmngséEA 1),
MC- 631 t

( gﬁ@‘s@%%ﬁas@nggﬁ;&?% mguﬁ%bra'?@%ﬁi Adt £t§1'ﬁ for 2f¥fafine

ant i bodi es Wer I ed vel oprment al St udi es
15 phosphatase. Therefore, cells testing positive for both morphological criteria and AP

activity were consistent with those expected for human EG cells. These cells typically
make up 10-50% of all harvested cells, although accurate cell counts are complicated by

the tight colonies formed.

. EXAMPLE 4
20 PLURIPOTENCY OF EG DETERMINED BY ANTIBODY STAINING

Other indicators of pluripotency can also be investigated. These include, but are not

limited to, the presence of stage specific embryonic antigens such as SSEA-1 (Solter, D.
and B. Knowles, Proc. Natl. Acad. Sci. USA 75: 5565-5569, 1978), SSEA-3, SSEA-4
(Kahnagi, R., ef al, Embo J. 2:2355-2361, 1983) and epitopes recognized by the
25 antibodies TRA-1-60 (ATCC HB-4783) and TRA-1-81 (ATCC HB-4784) (Andrews, P,
et al., Hybridoma 3:347-361, 1984), and the ability of these cells to form teratocarcino- .

mas or teratomas when injected into immuno-compromised (SCID) mice.



Hybri doma Bank, lowa Cty, |A). The cells were subsequently washed twice in
PBS. . 10 BLRilin ted anti-nouse i munogl obul in secondary angj d
horserad:sgﬁ)tk/%k’%eroxi dase-conj ugated strepavidin (Bi o@ne%égggy%%n, CA)
were used as recommended by the manufacturer. Anti bodies to
SSEA-1 and -4 antigens and TRA- 1-60 (ATCC HB-4783), and -81 (ATCC

HB-4784) reacted strongly to the EG cghls, while the antibody to SSEA-3
reacted weakly 15 (see Figures 3A-3E). The cells also reacted positively

for AP. Ee  HESHld SnfbS pRSRSHRbARE stides Wik a8 wEA ABhSbR hSpaiaect o

for huma 5
CULTURED (& ¢ DLIBRLAY e NORMNs. ICARY FRYPESsed 2 tirkes With phodphateidicher t he
i sol ate human EG cell |ines exhibited normal karyotypem~2 approxi mately

10- 20 netsaliba EBS) thge fixad ol Ypparalormaldelyds foc] T alinutes paopey empsetwe. by

exam ning.the cell's chr sgnes.f bgat h.st ural,. and,| L.cal,.

abnor mal i theekellspiere wasﬂecfg\})o E’@eﬁfﬁ ?Jgﬁegleﬁé?%l%%%?)}%?)}pgao é%?kﬁ“ﬁ@gf(ghnd to
be nor W'Pﬁ% SfeRBGE4S fMowing mERbABAA Bnfibeuitd fae3 %oﬁﬂhﬁﬁbﬁﬁteﬁ%&fﬁtﬁﬁp' at ed
and expanded two separate tinmes to generate EG | i nes. 25 Cells were

pl aced i ITRAvEBI (ATNCCUHB-4184hesd TR-& A0t (WI€:C Bbed Hi3g lsupphiedby Bl Petee nedi um
containin .02 Jo¥eE] ol err, i n, 5% tr], 95%
i ol Vindiavs shethely, SRUATE o R SRRE T bees e RiSEEs - A BG S

trypsi n- HlglAnf;08s 043 farffi- 981 & 2nBbodies were supplié%ﬁﬁ/e%@ﬁ;pmen}laé Studies

PCT/ US98/ 06550 39C,
removed diybriddentar Binkydavi Qityf IA)e Thecellosveat sBequently Washedetvacs ikBBSf or five

m nutes in cold rnQy's fixative :1 volu of sql ute t hano). .to
0l aci 9P hetinubted” aimguse, Sammutopik B, bR 1 BtRdke. S ot

resuspen 'Fgﬁgaﬁg d%gg,&m - EBIbGERL, VSan R|KAET CAYIWRPe Qfseld Ngs
resul tlngﬁg%%l susp ur%glfeon S tranngIerred on%no m cr o- g scopi csesl | des t hat
wer e pr ewasomemendddbyGhemansfabiuxert i ve. Slides were air dried, G ensa .

stained (@ BCO, BRL) and rinsed with tap water. After a second dryi ng,
slides were cover slipped and viewed under oil imrersion using |ight

M Cr 0SCOPY ot YSSEA-1 and -4 antigens and TRA-1-60 (ATCC HB-4783), and -81 (ATCC
HB-4784) reacted strongly to the EG cells, while the antibody to SSEA-3 reacted weakly

15 (see Figures 3A-3E). The cells also reacted positively for AP. The results are consistent

with the characteristics expected for human EG cells.

EXAMPLE S
CULTURED EG CELLS DISPLAY NORMAL KARYOTYPES
To determine whether the isolate human EG cell lines exhibited normal karyotype,
20 approkimately 10-20 metaphase stage karyotypes from each EG cell line were tested by
examining the cell’s chromosomes for both structural and numerical abnormalities. Five
(5) EG cultures were karyotyped and were found to be normal 46,XY and 46,XX.
Colonies from these cultures were isolated and expanded two separate times to generate

EG lines.

25 Cells were placed in 4-well culture dishes and cultured overnight in EG culture medium -
containing 0.02 ug/ml colcemid (GIBCO BRL) at 39°C in 5% CO,, 95% air. Cells were
subsequently washed in PBS, treated with 0.25% trypsin-EDTA for 10-15 minutes at




nagni fication. Al EG cell lines exam ned had a normal conpl enent of
Muman chronosones (i.e., 44 10 autosones and 2 sex chronpbsones). . _
Addi ti onaW9984367Dr eaks, del etions, additions or ot her BGHUBMIEF0 es i n
it he shape or nunber of chronosones were observed. Anong i sol ated EG.
cell lines, no obvious differences-were observed in norphol ogy,
proliferation and AP activity. After 8 to 12 passages, all 4 isol ated
EG cell lines, the two fromcell -#8ne hEG KH and the two fromcell line
hEG GU had a normal human conpl enent of 15 46 chronosones (44 autosones and
2 sex chri®i@stamesved ol einirifoged &yrfbrenminut¢seat 800g. Gellsi wergrisxedr fondivet i ons

are found in chro mes_from.i solated EG cel | s _as described . ove.
Tabl e 1. TeHEIS D P CRE0Y o IR Eotunt of Rl SnetERBLlo Eapial acdh?

Kar yot ypeeigy, HagRada 28S, sdnt@fuged as above, &Rl |ré’§x§%.dgd @0.5ml of Camoy’s
(2N) Nunber KH 9 week L

46, XX fixative. 24 pipette @@gp of the resulting £¢ll gpspensioPwas transferred onto micro-

ggT / i%é 3 /secggggjideg %at were prewasheé{\%it%%adfggyzsg fixative. Slides were air dried, (jipmsa

EXAMPLE Q4ained gGIBCO, BRL) and rinsed with tap wateCUbRbREsddbné E@rfiid lsRdes were! N 1 he
nmouse, pluripotent enbryonic stemcell's are derived principally fromtwo

sour ces. cover Blippsdbnrnd wetwed (UES)r o#l insmensiondesing dighf maierasbepyi andf0Kel | nass
of pre-inplantation 5 enbryos, while enbryonic germ (EG cells are derived

from pri FRAEREGUGRY m cel | s (PGCs) located in the genital ridge of day
8.5 to 12.5.post, coitum enbryo. Both types - of cells are pluripatent. and’
denonstrate gernine genetic transmi ssion in'the nouse. Mouse ES and EG

cel I s shakld EGecetl liesmaagpinet dgil ealormilaroamiemers tof baman chroasosbingh(ileg vl s
ol 1 B 1AesbIES PO iRt adtatioptils Feckake: Sartioks sduiaRgt ool | pi d
and gl ycoprQtBhBri@htRS 4h 88e shape or number of chromosomes were observed. Among '

isolated EG cell lines, no obvious differences were observed in morphology, proliferation

and AP activity. After 8 to 12 péssages, all 4 isolated EG cell lines, the two from cell

‘line hEG-KH and the two from cell line hEG-GU had a normal human complement of

15 46 chromosomes (44 autosomes and 2 sex chromosomes). No obvious abnormalities,
additions or deletions are found in chromosomes from isolated EG cells as described

above.

Table 1. Characteristics of human EG cell lines

hEG.'(\?ell L Karyotype Passage
20 Line Collected From (2N) Number
KH 9 week LMP : 46, XX 20

GU 11 week LMP 46, XY 30



Sone additional characteristics are a normal and stable karyotype and the

ability to be continuously passaged. Enbryonic stemcells that share
sone’ of tW&WB/4367Ar act eri stics have been derived from avRGHUSIES5s
m nk, hanster, pig, bovine and the rhesus nonkey. 15 When allowed .to

differentiate, nouse ES and EG cells will differentiate in vitro and in
vivo. Wth the proper conbinations of growh and differentiation factors,

t hey can generate cells ofthe herfftopoietic |ineage and cari donmyocyt es.
Addi tionally, nouse ES cells have been used to generate in vitro

cul tures of neurons, skeletal nusEXAMBLE 6 vascul ar endot hel i al cells.

When undifferentiated ES an rﬁ%b&%—med into mice 20

(i munoconpromn sed i f approprraters inoma fornms at the site.

These tu | aém use F)f?ﬁ’l?)@ieﬂt éf%&ﬁl@"séﬂi ééﬂs%?e &&1ve8 pAREIpATMIE tWalsoBEces.Of

differen ypes. Human pl uri potent stem cell cultures and
their i Eeﬂggomeﬁem c(ES)jcdlsrareaiEnvatfronuﬂxd inner qsdtmassi of fre-ipplantagivonas an
unlimted sourceo s and ti es. for transplantation, .bio-

manuf a&t GFIDRYLS. AR EWBBWE%PF&I Sseells ate d@%‘ﬁ hemnﬁﬁlﬁn [ial gTm 6HlSt hese

cells rm&éésffo%ﬁteﬁ%n% é&tﬂhﬁ%ﬁ‘f&f‘?{a i Pl U8 ?65@ cHiRlR e%ﬁ@@oﬁﬁgﬁé&acr‘es

In an effort ener at uripotent stemcells, we ha
initiatedfasils aﬂ&quanpmmzad dermnm;tme gefmlind genetic trnbmissios idahe weohsé.r om

h P . 4367 .. -y
p&n?asgggsmséis and EG celY\Osh%?e/ se%eGra?morphological characteristics such as highTevels

Met hods o ;{0Raf@br b Hgspﬁégé]&ffp%%o g, & § %/Hﬂ?%sd@act&d tﬁnttémﬂ ion

human errbryos wer e OCI at ed EDTA and nechani cal

di srupoi @GlonTeS$§t¢emtmcrreof spetifizl delt surfaeaiplycolenid™ anddglgedpsatainembleguleassaged,
on an irradi ated, nmouse STO,f | brobl ast ,I er 5in | suppl enent ed
with 15%5eRs, adgilipmal s@%ﬁtmtah@rewetﬂt@w} 41 FRb! B%PW o0 o I%'ﬁty(tﬁ el F)
human re af ftagh R sof R L RN olin.

For %ngﬂll ne p‘%gs at %@%ﬁ%ﬁe&%%c%ﬁon SOce Eﬁv:verce F)?g%ié;l%n 66%
acet one hadé&tblen metided from ahigdespedies) minkj hewlsted, tmg,ntapmtaol and fHe\thabisal i ne AP
substrate (Sigma). For immunocyt o- chem stry, cells were fixed in 3%

bufferedW&Yornal dehyde. Antibody detection was 10 done using
biotinylated anti-npuse antibodies, strepavidin conjugat ed hor ser adi sh

15 When allowed to differentiate, mouse ES and EG cells will differentiate i» vitro and in
vivo. With the proper combinations of growth and differentiation factors, they can
generate cells of the hematopoietic lineage and caridomyocytes. Additionally, mouse ES
cells have been used to generate in vitro cultures of neurons, skeletal muscle, and
vascular endothelial cells. When undifferentiated ES and EG cells are injected into mice

20 (lmmunocomprormsed if appropriate), a teratocarcinoma forms at the site. These tumors

contain undlfferentlated cells and a wide variety of differentiated cell types.

Human pluripotent stem cell cultures and their lineage restricted derivatives could
potentially be used as an unlimited source of cells and tissues for transplantation, bio-
manufacturing, and developmental research. Genetic manipulation of these cells may
25 provide suitable vectors for future gene therapy approaches. In an effort to generate
human pluripotent stem cells, we have initiated and characterized a number of cell

cultures derived from human PGCs.

-



per oxi dase, and AEC chromagen (Bi oGenex). Cells prepared for cytogenetic

anal ysi s were treated with 0.1ug/m Col ecind, 0.075M KO, then 3:1 .
met hanol weRfslsge7aci d fi x. Resul ts Pl uri pot ent entprcyrovsss/osisem cel |
| i nes have been derived fromcultures of nouse 15 prinordial germcells.
(PGCs), and have been referred to as EG (enbryonic germ cells. Wth
the goal of establishing human EG cell |ines, gonadal ridge and nesenteries
of 5-9 week postfertilization enbgyos (obtained as the result of
pregnancy term nation) were cultured on nouse STO fi brobl ast feeder

| ayers ig*%ttﬁgdé)resence of a variety of growth factors, including human
reconbi n kema inhibitory factor (hrLIF), human 20 reconbi nant basic

f i br obl aggomaaMibed asd aieséitelidsGhy S-9aweek postifettilizatiomhuman EnbrigsnyFEe

PGCs were visualized by al kal i ohosphat ase, AP) ..st ai-ni n o eriod
of 7- 21 disogaigd wibHGYe e BT AREBoR G GR it Sar e Bl e,
resenbl i ng,t hgse ,of, e iRY S 9TEeHYryKIRdt GectleLIvéES) cel |
col oni es.&W@L@Héﬂ?seﬁﬁéermg@%s&gié%ﬁ%peri %gdgﬁél W th sabsequ;nt rpﬁgssages,
the celsl spEMEMYRElct@nted vAR 1594 FBSy bumdineecombingnilBukesnie intlibitorydadter ve when
t est ed ag&?ﬁba panel of fivgg){cng%{a%ngé n ib?&iggﬁéié)s%%ésgaﬁn ForSSEA—3,
SSEA- 4, omaRTRCoN Al , S ngﬁg?@@ - 4 :
routinely,to. characterjze. Rl UL lis 66FNReoHE ¥ Wy efdrasldks have
been contqﬂﬁ’gmep?’“s“cbéﬁas#é&b‘g stgfaegeg&g’%ll?%ﬁ%@ tonggdk;ar;otypi cal l'y normal and

st abl e. B thek stdifled¥¥ith @bpthol / FRV-alkalidOAPSHubSETO(Sigma). For immunocyto-
PCT/ US98/ 06550 - 51

. _B1 - . XY
cel | cul tehesustnavellywers fowddn A butiered mrrafoamaldehyde, Antibody, detseial ¥3%q on

t he deri ved .h .cell . ' | Te W Way :

ol or § ok effines prife Qe isnGRg Sdrifofifes. i dpalfas SoREMEL AR,

cel | cul tyuregidase anBeEC ehioaiagesl(BidGeney)! Cetle preperctidar ¢idogenstic strdysid t he
nmor phol ogl cal , i mrunol ogi cal

d karyotypic characteristics deseribed. 1
or der t o woresieetedies . 188 Calrumad D Gh then S emelanelghie B Bt ol 1o

differentiate in vitro and in vivo nust be determ ned. During standard
culture, a small fraction of col oni es spontaneously differentiate into
struct ur epeduii@dt strongly resenbl e nouse enbryoi d bodi es (EB). Wen

anal yzed by electron nicroscopy, a wide variety, of cell 10 types were
i dent i fi eBluripatent @MRGYAHC S5 r?éﬂila}eSo‘E&"srgqea VEQV‘%‘?’P r@‘%ﬁﬁspgf Mo¥fy solid

core s primordial germ cells (PGCs), and have been referred to as EG (embryonic germ) cells.
With the goal of establishing human EG cell lines, gonadal ridge and mesenteries of 5-9
week postfertilization embryos (obtained as the result of pregnancy termination) were
cultured on mouse STO fibroblast feeder layers in the presence of a variety of growth
factors, including human recombinant leukemia inhibitory factor (hrLIF), human
20 recombinant basic. fibroblast growth factor (hrbFGF), and forskolin. Imitially, single
PGCs \lNere visualized by alkaline phosphatase (AP) staining. Over a period of 7-21
days, these PGCs gave rise to large multicellutar colonies resembling those of early
passage mouse EG and embryonic stem (ES) cell colonies. Throughout the culture
period and with subsequent passages, the cells continued to be AP positive. The cells
25 were also positive when tested against a panel of five monoclonal antibodies (SSEA-1,
SSEA-3, SSEA-4, TRA-1-60 (ATCC HB-4783), TRA-1-81 (ATCC HB-4784)) used
routinely to characterize pluripotent stem cells. The cultured cells have been continu- .

ously passaged and found to be karyotypically normal and stable. Both XX and XY cell



of fibroblasts, endothelial cells, and what appear to [err] red bl ood

cells. . TABLE 2

Ant i-body WO 98/43679 Reactivity PCT/US98/06550
Primate Mouse Name  Antigen Antigen
type human PGC deri ved hEC nES EC ES EG 15 MZ480 SSEA- 1
glycolipid (lacto) + - - + + +

MC63 1 SSEA-3 glycolipid (gl obo) -51- +/ - + +
MC813- 70 SSEA-4 gl ycolipid (gl obo) + + +/ -

TRA- 1- 60 XY cell cultgkyhoprtetrobtained. The properties so far characterized an the demved
TRA- 1- 81 gl ycoprotein I ¢ ,]: )
Ant i body huseast qe&lplape Q%‘S’ﬁﬁ“ﬁﬂﬂ% therg 2pticipated frp ‘Ilrﬂ??é"sn s'ﬁﬁb?e«g?l £35HP %r e as

follows: KQEC, human enbryonal carcinoma; nES, nonkey enbryonic stem
cell; EG“%nbryonic germcell. Al t hough the invention has been
described with reference to the presently preferred enbodi nent, it

houl d b d d th di f
depar ti ng éi{émiﬁli%&?@éc; e S BRSBTSl B TR B o
limte /%%éggﬁe ?‘phoqoél%ll, ﬂﬂ\fnﬂﬂolgéﬁblﬁnd karyotypic chX}QctgﬁétAc%@%?c_rg)fsl In

PCT/ US

CLAIMS  oféedo dosnpatefhesskeliScultures to ES or EG CClls"AthF:frlljotdmul mghfﬂalentiate in
characteristics of a human pl uripotent enbryonic germ (

cel|.  5vitro and in vivo mp¥ heofgterspined. o Dyring ReR; GhltoRR acmiﬂ ifactiongbl e of
different I t F n ﬁgﬁaﬁé’%}rﬁ@?g gg rentlate th structure§ la';a? sﬁroﬁgiy] szE&meeMSQf the

mesoder m “BRAGUEP M - Or
embryoid bodies (EB). When analyzed by electron microscopy, a wide variety of cell

10 types were identified, including an epithelial outer layer covering an partially solid core
of fibroblasts, endothelial cells, and what appear to beahveleated sed blood echle. i

TABLE 2
Antibody : Reactivity
Primate Mouse
Name Antigen Amntigen type human PGC derived | hEC mES | EC ES EG
15 | MC480 SSEA-1 glycolipid (lacto) + ] I
MC631  SSEA-3 glycolipid (globo) +- + + - - -
L MC813-70 SSEA-4 glycolipid (globo) + + + - +-  +
k TRA.-'I\ 60 . - -glycoprotein + + + - - -
TRA-1-81 glycoprotein + + + - - -

20 Antibody reactivity to primate and mouse cell lines. Abbreviations are as follows: hEC, human

embryonal carcinoma; mES, monkey embryonic stem cell; EG, embryonic germ cell.

Although the invention has been described with reference to the presently preferred
embodiment, it should be understood that various modifications can be made without

departing from the spirit of the invention. Accordingly, the invention is limited only by the

25 following claims.



3. The ceI | of claiml, wherein the cell is alkaline phosphatase

positive. The cell of claiml1, wherein the cell is
t el oner asgoRR 13, 5. The cell of claiml1, waanesssnosdse cell’
expresses cel surface antigens SSEA-1 and 10 SSEA- 4, and cel |

surface antigens which bind with anti bodi es having the binding
specificity of nonoclonal antibodies TRA-1- 60 (ATCC HB-4783) and TRA- 1-

gipggsrscecsHE_eIAfSQJrface an?i gen SSEA:I-Q)%2ce| | Of Cl o "”mmmmﬂm’mmﬁg! lm 1,

wher ei n t/&ﬁégﬁé isin fluid contact with an EGceII gr ofat

supporti and culture nedia containing an effective am)unt of :

(a) a lyygand cMinelidi nds to a receptor which can associate with

gl ycoprotein 130 (gp 130) or an antibody that bi nds
to and activates gpl30; -and (b) a growh factor

The cel | of cl h T
col | of chai m 7, heh BRARE R PR RRES pLERERRLBhaRb it brbrpl t%fm((EGe) ’
VO 98/ 43679 cell.

PCT/ US98/ 06550 - 53 -

10. The cell of claim7, wherein the growh factor is basic
- Fi- brobI ast G owt

claim? %herei n%?acyrq\ﬂ% ]umfetl?\%e Cel’ %:glals)lesoefldéfg rel,rgpaftirn ér%) ?Kﬁg&%ug@l o

into a cell from each of the mesoderm, endoderm, or ectoderm germ layers.

3. The cell of claim 1, wherein the cell is alkaline phosphatase posttive.

4. The cell of claim 1, wherein the cell is telomerase positive.

5. - The cell of claim 1, wherein the cell expresses cell surface antigens SSEA-1 and
10 ' SSEA-4, and cell surface antigens which bind with antibodies having the binding

specificity of monoclonal antibodies TRA-1- 60 (ATCC HB-4783) and TRA-1-
81 (ATCC HB-4784).

6. The cell of claim 5, wherein the cell expresses cell surface antigen SSEA-3.
7. The cell of claim 1, wherein the cell is in fluid contact with an EG cell growth
15 supportive cell and culture media containing an effective amount of:

(a) a ligand whiclibinds to a receptor which can associate with glycoprotein
130 (gp 130) or an antibody that binds to and activates gp130; and
(b)  a growth factor.

8. The cell of claim 7, wherein the ligand is oncostatin-M.

20 9. The cell of claim 7, wherein the ligand is leukemia inhibitory factor (LIF). -



group consisting of a STO ceI enbryonic lung fibroblast. 5

12. A net hod for ﬁ%j“%rl sing cul turing human pri nordi al
ger m cel 'YO 98/43679 * l presence of STO celBGE/PI3468| t ure
medi um cont ai ni ng an effect Ive anount of: -(a)

a ligand which binds to a receptor which can associate with glycoprotein
130 (gp 130) or an antibody that bi nds to and activates gpl 30; and 10

(b) a grow h factor. 13. The met hod of cI al m 12, wherein the
PCG are from gonadal ridge tissue. t hod of claim 13,
wherein tHe gonaddk cﬂldgelatm Iswberein Tb@BTOé’Gh&Ptg ip baSl‘BFlbeblaSt Growth Factqfeek s
post - fertlllzatlg.gla The nmet hod of claim 13, wherein the
gonadal ridge ti @F) s coI I ected 8 to 11 15 weeks post | ast
menstrual period. 16. The nethod of claim 12, wherein the
ligand is oncostatin-M 17. The method of claim 12, wherein the

li gand i sli.eukenihei cxil bf cleiny 7f adersin thel gpwth supporthe. cells is selquted forht of
claim12, wherein the growth asi ¢ fibroblast
factor (bFGF). EePP q@gsistngo ag%ﬁé’ehe% ‘HBa‘b?mbWQF’rﬁhﬂg ﬁ%ﬁg%{]n the culture

medi um further conprises a factor whi ch el evates
I ntracel | ul ar cAMP. WO 98/ 43679
PCT/ US38/ DE550 A method for producing EG, comprising culturing human primordial germ cells

(PCGs) in the presence of STO cells in a culture medium containing an effective
amount of: -
(a) a ligand which binds to a receptor which can associate with glycoprotein

130 (gp 130) or an antibody that binds to and activates gp130; and

10 (b)  agrowth factor.
13. " The method of claim 12, wherein the PCG are from gonadal ridge tissue.
14. The method of claim 13, wherein the gonadal ridge tissue is collected 3 to 13

weeks post-fertilization.

15. The method of claim 13, wherein the gonadal ridge tissue is collected 8 to 11
15 weeks post last menstrual period.
16.  The method of claim 12, wherein the ligand is oncostatin-M.
17. The method of claim 12, wherein the ligand is leukemia inhibitory factor (LIF).
18. The method of claim 12, wherein the growth factor is basic fibroblast growth
factor (bFGF). o
20 19. The method of claim 12, wherein the culture medium further comprises a factor

which elevates intracellular cAMP.



-54- im19, wherein the factor is sel ected
fromthe group consl mﬁ@” L’]i ﬂ E of forskolin, cholera toxin, _
il . ;

i sobut yl nmebhlbxzns hi e nosi ne cyclic PCT/US98/06550
nonophosphat e. A human EG cel | obtai ned using the nethod. of
claim12. 5 22. A nmethod for identifying a conmpound which

nodul ates EG cell function conpri si ng: (a)

i ncubati ng conmponents conpri sing the.ggnpound and at | east one EG
cell under conditions sufficient to allow the conponents to interact; and

(b)  detgy.m ni ngrHehetRéd SelaimiOhRnERIPAE Bkt @s MledER Bt thd 4B %b@ﬁklgﬁlf por e

and 10 after incubating in the presence of the conpound.

23. The netdf(fdrsbcblm; Icholarad@xinyisebusy methexantiint and diputydadenbsibe tydic of a
cell function. ory?xp The net hod of claim 22, wherein the

modul ating is sti®meR $hals a cell function. 25. The net hod of

claim?22, wherein the EG cell function is selected fromthe group
consisting of differentiation, gene expression, production of growth

factors, 2B A humiap Hibeedlottainert wsingthe andthodofatadmni®ul ati on of cel |
menbrane perneability. 26. A nmethod of using an EG cell to
produce restricted devel opmental |ineage cells, conpri si ng:

restricted devel opnenta neage” Cc omt The

met hod of clai m 20mpaisargei n t he agent is retinoic acid.

98/ 43679 . - )
PCT/ US98/ 06550 (@ mcubatmg components comprising the compound and at least one EG

contacty ngp the EG Gabinohi i ieliffiber #UbkBbhAT v nochiARkeBY BYPYRLNY
WO

cell under conditions sufficient to allow the components to interact; and

- (b)  determining the effect of the compound on an EG cell function before and

10 after incubating in the presence of the compound.
23. " The method of claim 22, wherein the modulating is inhibition of a cell function.
24, The method of claim 22, wherein the modulating is stimulation of a cell function.
25. The method of claim 22, wherein the EG cell function is selected from the group
consisting of differentiation, gene expression, production of growth factors,
15 response to growth factors and modulation of cell membrane permeability.
26. A method of using an EG cell to produce restricted developmental lineage cells,
comprising:

contacting the EG cell with a differentiation agent, thereby producing
restricted developmental lineage cells from the EG cell.

20 27. The method of claim 26, wherein the agent is retinoic acid.



E )55 - UHIHMMJmHM;ﬂmf cl ai m 26, furtge(r:I colrrpri si ng:
a expreSS|n a in arestricted deve neage
cel '% Y #herein the restricted developﬂgﬂﬁg%ﬁélﬁgage
ceII contalns a reconbi nant pol ynucl eoti de, and
wherein the reconbi nant pol ynucl eoti de encodes the 5

sel ectable marker in operable linkage with a restricted devel opnent al

| i neage cell specific pronoter; and -55- (b) sel ecting the
devel opnental |ineage cells that express the sel ectable

mar ker. 28. 29The method T glammt26e thrthier egrapmsie®s, wherein the restricted

devel opnent al age cells are, 10 t hel i cells

30. The metdhod GRTEFREASSSCRRISIP KT ipdeyBSET ARiePaeal e
lineage cells are wherein the restric®f deb@lbbﬁa'enﬁ?inlie“age cell contﬁilis arecombu-ﬂﬁ?

met hod of claim 26, wherein the restricted devel opnental |ineadge cells are
car di omyocyt es. 15 pﬂ&nucleoﬂde,z&ndmhemﬂnﬂfcrmrmtgm pmnudbbtldmmodcmhe an
imortalized human restric vel prent.a eage ce
conpri 3i ng: selecta!tﬂeg?arker Beprsrahle H&k%gedﬁv’ft rgﬁtpp 453‘{ @’gﬁﬁﬁf in an
EG cel |l thereby pr odugth%e cell spemﬁcpmmoter and restricted devel opnent al

| ineage cells fromthe (b) expr essi ng

reconbi nant tel ofdr aseeleahrigh‘élerm/telqpuwathldmcega)pdtsnﬂmt efpress the selectable

| i neage cell, thereby g oducing imortalized human cells having the
characteristics of a & ct ed devel opnental |ineage cell. WO
98/ 43679 . - :
PCT/ US98/ 06550 - 56 - 33.
A nmet hod 20or i defhe imeitingl &f odginp2éirwhendin thie restncrid fdbeslemhemtbelins@ge edllssare
10 neuroepithelial cells.
30. The method of claim 29, wherein the restricted developmental lineage cells are
" epithelial cells.
31. The method of claim 26, wherein the restricted developmental lineage cells are
cardiomyocytes.
15 32. A method of using an EG cell to produce an immortalized human restricted
developmental lineage cell, comprising:
(a)  generating a differentiation signal in an EG cell thereby producing
restricted developmental lineage cells from the EG cell; and
(b)  expressing recombinant telomerase in the restricted developmental
20 lineage cell, thereby producing immortalized human cells having the

characteristics of a restricted developmental lineage cell.



conpri si ng: _ (a) I ncubati ng conponents conprising the
conpound and an EG cel ﬂu““m“‘\lm“\; . conditions sufficient to
al | ow t hwoeamsersent s EX “‘“ oll UL, (b)  REEVHSMONY t he
effect of the conpound *ontthé EG cell wherein the -
appearance in culture of a restricted devel opnental |ineage cells indicates
differentiation of the EG cell.
_ -56-
33. A method for identifying a compound which can differentiate EG cells,
comprising:
(@)  incubating components comprising the compound arid an EG cell under
conditions sufficient to allow the components to interact; and
5 (b)  determining the effect of the compound on the EG cell wherein the
appearance in culture of a restricted developmental lineage cells indicates

differentiatios of the EG cell.



