Agent Docket No. 14435.02 MESCDERM AND DEFI NI TI VE ENDODERM CELL POPULATI ONS
'CROSS- REFERENCE TO RELATED APPLI CATION This application clains the benefit

of U S Applicg £4d s. 60/381,617 filed May 17, 2002 and
60/ 444,851 fil e%flmlaﬂl%r uary43 2003, the disclosures of which are
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fates 1 and its derivatives, three distinct stages have been defined. The first is the induction of
20 mesoderm from cells within a structure known as the epiblast. The newly formed
mesoderm, also known as nascent mesoderm, migrates to different positions that will be
sites of future tissue development in the early embryo. This process, known as
patterning, entails some molecular changes that are likely reflective of the initial stages of
differentiation towards specific tissues. The final stage, known as specification, involves

25  the generation of distinct tissues from the patterned mesodermal subpopulations. Recent
studies have provided evidence which suggests that mesoderm is induced in successive
waves which represent subpopulations with distinct developmental potential. The
mesoderm that is formed first migrates to the extraembryonic region and gives rise to
hematopoietic and endothelial cells, whereas the next population migrates anteriorfy in
30  the developing embryo and contributes to the heart and cranial mesenchyme. These
lineage relationships were defined initially through histological analysis and have been

largely confirmed by cell tracing studies. While this segregation of developmental fates



Agent Docket No. 1443 5.02 is well accepted in the field of devel opnent al

bi ol ogy, to date, there are no available nethods of isolating nmesoderm and

endoderm pri OlxedPp&RNNA 1448942 t o these |ineages. The present invention
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defined her ei n°gItioRY: | e CARAPIeRf BRteraling, Mmesedagn ang\ mpspdery derayjives ipclpding
~in the presencergific dhd Eesl@itt madcle) VaicORH GinBeth Caindiel Ie@db%hehaﬁlearfaamm@oiﬁnc
generating lung cells, liver cells and pancreatic cells present

_invention al so*HFARIREY 38 3Bl fogel’%rﬁtf%t‘i"ﬁﬁd%lqndﬁaﬁﬂeﬁf‘ |d8ﬂ‘§"“§?'ﬁ iemdiag f or

- mesendoder m anghRBARAAN Phifcflalis cemnmég@del.m RO &S h&Bini o Rafh thatarSBdgder m
cells. 25 In another enbodi nent, resent invention provides nethods of

i denti fyi nkp ag®¥dt ¥hichatin he é&?selﬂ‘ﬁe%ld qrqngiptiqn dnduciap f oaritings, sart iapdle of
survival of thencg lh% RERIHcAAALRRIQh! hidSeid, nv&am]oemomﬁ\ ;H'@;cneodenaa‘nmfmﬁmtah&y' ng

genes involved in ce differentiation and devel opnent of  speci

| i neages and thosmiapsietis eplls.oapt op¢ dwdl. capaile trddg@sratlhatendp@@nf pich|epgoderm
recogni ze brac e}s are al so provided. The 30 antibodies are useful,
for exanple, for I1solating mnesendoderm and nesodermcell populations. In
anot her enbodi nent Tllehweq;cnewmtidnnﬁeﬁlbri pmvtdﬁs)vbldj@spdauimfs hbat :ircrengelmdrmri ng

fﬁlelr Zp;/n \Zlid: ro nd§ e%?l ceffs. lI:Snda(rieermucse gzli'rle ’def' 1od herefRy cells lfhat docn%lt exprcsp bracﬁ)rzrt}ar? t
: (brach’) and which, in the presence of differentiation-inducing conditions, are capable of
_ generating lung cells, liver cells and pancreatic cells.
The present invention also prov-ides methods of isolating cell populations enriched
for mesendoderm and mesoderm cells, and cell populations enriched for endoderm cells.
25  In another embodiment, the present invention provides methods of identifying agents that
affect the proliferation, differentiation or survival of the cell populations of the invention.
A method of identifying genes involved in cell differentiation and development of
specific lineages and tissues is also provided.
Antibodies that specifically recognize brach® cells are also provided. The
30 ' antibodies are useful, for example, for isolating mesendoderm and mesoderm cell
populations.

In another embodiment, the present invention provides a method for generating

cells in vitro. Such cells are useful, for example, for cell replacement therapy.



Agent Docket No. 14435.02 The present invention also provides a transgenic
non- human manmal having a genone in which DNA encoding a sel ectabl e marker
is present in uh&e WMACHY WaYys 0cus such that one brachyury allele is

i nactivated and the selectable nmarker is expressed in cells in which the

brachyury locus is transcribed. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. |

depi cts the schene e prlaﬁent/ﬁﬁzmronm Beidesd 4 abR@Y¥nit HBALhDAEN hﬁﬁﬁ%fl hBeng e
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cell sorting z:pﬂf he figure in Fig. 2A and the
hi st ogr ans | n F| g. 5)8 repr esentd\{?I ay o ﬁ@géﬂﬁﬁfer entiation. Figs. 3A-C
depi ct the devel oprEat hkie;pciséhﬁucabm@fof\thel vtCtoypaed airedst@FRy Brsgd ES targbting the 15

Fig. 3Ais a hjstogr ggﬁﬁo nt tential of day 6 EBs.
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Mx: multilineage oni e ri.m i id col onies ig.

~is a histogranf @bﬁl‘i&s @B%FIE éb%%ﬁgp“ftf)m %lftb"(‘%?f“%l%}?’essﬁ’&tdémﬁ'@ of
EBs. Fig. AC smomaegenmeofmaespb@meﬁaé 'fcﬁﬂlﬁlsfeﬂ;'tibh neTER RieV ¢ e kpiter ihe 0
wi | d-type and GFP-Br %F Nunbers at the top of the | anes represent day

of EB differ HP§UEEC %@F prpecssign, dgiepmingd g dlucreseees geivated sl seamg{FACSH i | e

- of EB fracti ongaiys®! atu%d)e%bbb@theh@ﬁ}esnwg GAPandthd histhBranOnid. B RpREdnk e of
GFP expression_ in day 3.5 EBs. | and represent the gates used to 1solate

_the GFV and Gy of ERcdiffasergiation.g. 4B dep| cts RT-PCR 25 expression analysis
of isolated fracti qf‘%:3ﬂ(9§eplc'§ﬁne9e€j§ Earl Btﬁntﬁarl‘S \'vﬁc?lygih;gdehﬁﬁﬁry ES cells.

characterization of P and pul a ons pI C
profiles akhd gaEeéAus@dhts@gtasbrsmveng Idevel@nntaltpmemnal of GFp+$ FiBs. - (MadBy:

Cepresent the Chrie AT TRPAREY mlt S stepdoc ML Rl el ity
(Blast) 30 ancErse@odesyrf EBfirfitiye pwthemd icells; (Mlxt maltiinédge roolvhieky Bigf:i imsitivei g.
ol the FHRRERPLANC AT 4B 2 o Hordgin bARAL BT (RS BSpe FIPIEACPRES, |
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2:17-25. %e d\%sﬁty})Q 3;1(51 %FIP%\Brcema.nehl'usmtye%Satot?lt %15] % lanReI:s_ represent day of EB

differentiation.

Figs. 4A and 4B depict the gene expression profile of EB fractions isolated on the
basis of GFP. Fig. 4A shows the profile of GFP expression in day 35EBs. 1and 2
represent the gates used to isolate the GFP” and GFP” fractions. Fig. 4B depicts RT-PCR

25  expression analysis of isolated fractions.

Figs. 5A-C demonstrate the isolation and characterization of GFP and Flk-1
populations.. Fig. 5A depicts the profiles and gates used to isolate the GFP/Flk-1",
GFP'/Flk-1" and GFP"/FIk-1" fractions from day 3.0 and 3.5 EBs Numbers next to the
gates represent the three different populations. Fig. 5B shows the Blast colony (Blast)

30 and secondary EB (2°) potential of the different fractions. Fig. 5C shows the expression
analysis of the isolated fractions. Expression shown in the top panel was evaluated using
a polyA" global amplification PCR method described by Brady et al. (1990) Meth. In
Mol. And Cell Bio. 2:17-25. The data in the lower panels was obtained by RT-PCR



Agent Docket No. 14435.02 anal ysis using gene specific oligonucleotides.
Nunmbers on the top of each row indicate the cell popul ation as desi gnated
in Fig. 5A. FiQy,. BpdeRkGhsnihe expression of GFP and Fl k-1 in isolated day
3 EB-derived fractions. The top row shows the expression profiles of the
three fractions prior to culture 5 (pre). The bottomrow indicates the

“profile of the5a98s Gakd geﬁ’n@ﬁf@cﬂ'ﬁd Aenkddckign rr%@&rmpfhé 1} okl wv@u{dﬁ)c%%r A
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expression of the isolate atrons prior to an
cul ture. In Fi dractions. Thestopoew ehrosvsahe expeestiot profiles péthethrd:edretch@sqmilok to culture

populatlon I i.s.¢th e +/Fk| n

CEP+/ Fl kel +51 1 ek oﬁh%ﬁ’ﬁ{sﬁ%f@%ﬁ% It{hlfr TaF gt ‘%e%' P°£H§P? e‘d H%‘é‘f’&&?t es
were t hen d| sbows af edltenad pastal )ﬂledlufrrbErsBieJ(@FGachDﬁbﬁleafnﬁlcSthG%ﬂ BIOCFCedrds
isolated fromday.3, 3.5 . é. 0 ow represents
G Frk- | e Pt st Py mieglit, Grdndi pet ASad Ehals b o eh
culture (pre).pa'mﬁmbﬁitom row shows the Fl k-1 expression pattern of the
sane fraction, foll u 0 Nunmbers above the bars_ represent
the percentage of HIES| r}% ‘”’d’gl JEPA g‘g%&ﬂﬁF%HB‘eﬂtB‘ gehokdt e atessiomes ths selated of
BMP-4  andif et adni ﬁ@:lufatxﬁ dMl'Br (6 as fdPIBWIrIghﬁ)thl‘%V gh qrﬁ)gzm&\t R ndAERE Y b3S

Fl k-1+ in/on da¥ rived cells under the ondi tions iIndicated at

the top of eaclf %tgtﬂéfg?%]rﬁomla@o" gBistap peesart. xjsrbe EiFBrkakfl Bragen andy4 imthe
Fl k-1 on cel |l gepyk@RlliGhsugENeeRd %grefd’uﬂﬂ?eﬁg) +éd EM?S Tind & %r%tré\gld ek ch%?thfeﬁr

20 hours under the indicated conditions. Fig. IS a sc
‘mesoder m f or madibwriated @nd peatyzeql dertBloRFCn DaBsare Slmv'gl fo1 celistisplated fiema@rpBe3§i on

of genes in ECBﬁ,d'ﬁo EBe H{ﬁge‘yﬁ;elhéiﬂ)gég@ g:@gs nt?bé‘?un ér %lilr’sf Eég?tg%?r m'dsay%.(ﬁraph

depi cting brachyury expression in nerate
condi tionsl5 Fi s and 4%E353Ehemtat:ul¢ﬂrdl(mg} aiths howerm gowmehown ale Bikfif epesstioat i on

is the presenc Si 0

genes in EBs i |nte ll%a‘ﬁ- g@g v(\:gg%gglgoq“l{m selg'lrjrr&’ 8?1?1hﬁ%‘ab?ﬁgﬁovgaﬁmte%ﬁ%ﬁpfeéenéer um
free conditionthe p&cgﬂagﬂ:&fﬁlkel/\&e@ene expression in EBs cultured in the
presence of bFGF. F 8% ,ﬂgé@ﬁ‘%ﬂ%ﬁ%ﬁéﬁg ﬁesc%s% -t4ta%[1 stal cglf seruxr %région Bry

cells cultured in t
the development of brachyury and Flk-1" infon day 3.0 EB derived cells under the

20 conditions indicated at the top of each histogram. Fig. 8B depicts expression of
brachyury and Flk-1 on cell populations generated from GFP+//Flk-1" cells cultured for
20 hours under the indicated conditions. _
Fig. 9 is a schematic model of mesoderm formation and specification in EBs.
Fig. 10 shows the expression of genes in EBs in the presence and absence of serum.
25 Fig. 11 is a graph depicting brachyury expression in EBs generated under different
conditions. o
Fig. 13 is a schematic diagram showing neuronal differentiation is the presence
and absence of serum,
Fig. 14 shows the expression of genes in EBs initiated for two days in serum and
30  then switched to serum free conditions.
Fig. 15 shows gene expression in EBs cultured in the presence of bFGF.
Fig. 16 shows gene expression patterns in Bry" and Bry cells cultured in the
presence of bFGF.



Agent Docket No. 14435.02 Fig. 17 is a diagram of the nesoderm and endoderm
popul ati ons of the present invention and the differentiation of these

‘popul ation to %éﬂrnjlyo@;ew@]&@_dz types. Fig. 18 depicts the kinetics of
expressi on of P (brachyury) and Flk-1 in EBs differentiated for 2.5,

3.0, 3.5 and 4.0 days. Arrows indicate the G-FP* popul ation isolated 5 used

for the anal yses i nFigubsaaueagrast sfthemesdden add estRBES! populitioRe e ippEast
and cardi ac potentj al ‘?&‘Ftdg% G-P+ popul ations, isolated fromthe four
i“OTt:

stages of EB dIPFfH8sp rensialiorsolithesrpeptation fadravilbiesel 86Fat ed by cel |

sorting, reaggr egatla%afsnaep% RUGRtBNEf ApRlsyigsdr GPP (BaPRLAIALEFICT 3B

cardiac potential. Data are indicated as blast colonies (hemangi obl ast)
per 1x105 cel | diffeeatated 825030 ohandfkl dayagdreyaindinatechy GEP epoprlation isplatedt of

aggregates ¢ haBseE%éﬁhJén%fé/is%s% 980@%411@&5&2545 masses indicative of cardiac

muscl e differentiation. . ovi des the RT -PCR expression anal ysis of
t he indi cated genesFig.nl% depicts thehe@mmpiotkBt dul ¢avdiat patitisl pbthelGIP populathmsber s

i ndi cate day o i iatlLo i ho F3 0, expression i

P+ popul at i clieea Sl B ¥Rl ok O 8 rerdh 0 Calion calp SUBE 533 Bflelc?

. cells prior tobysocel sargng, réaggmpated €drl Bt hdwad arekarabasd (o HeRtopdicht kndl catde +/ -
represents the P+ | k-1", ulatign, Figs..  22A.C denonstrate the effects
of activin on '%PSF ’f'l()p]ﬁ%ﬁ?redga%é%f?srﬁ%séfﬂﬂﬁesfQ‘E’Ea'@tﬂ%ﬂﬁﬁé’gf )" pelegeqovered | e
showi ng G-R) expeeshd aaggregatiay cbineBsr di tHeeYaiTtapeged Mat ghe ridé &S Basiag @kl 100

ng/ M of activin. B) Kipetics of GFP induction in cultures containing 20
100 ng/m of RESAIRdicHYERT eardigs muscly Aiflemnbpticker enti ated in the presence of

activin, closed sqyar@spravi@es s ri-PERI&PlebdreshalyRisaISR GRli@lcdaehésVinthe O
"RT-PCR expressjon anal ysis of indicated genes in de\?/ 6 EBs grown in the
presence (+ acloPRGhy Hh-debsd selts nopulatiens; Pﬂ)g-'méFfs ingigqateday of K entigtiell- cat e
day of EB dif figp ent bibisAINFIBAKpred3sh BNAFE SORMGLACIsEhlcE lof BT EQt
concentrations (é)f activin onBt hg_re 25 devel o %nglgﬁ@gg%nﬁ@ g%%‘ glEB&élﬂ ﬁ(? GFP
expr essi onldi n ERsy Fre ppsesents gellscpriar thsaiing o erstcellcbacemtesane 6F8 wfikatandin.

B) RT-PCR exprgsgiRberfipl @-E?B'gl'fg’ﬁ‘ag"ﬁs induced with different

concentrations of "activin. and B show the hemat opoietic
progeni tor content Feds. ERs-Cdiefrfonstente thatedldets phadtivm qr deyelopraerofof dEBS fie samin-

concentration f L ViyR. r paeni r ntial of ,d EBRs, ,Ep are
primtive. ersfgle?hcru gﬁ#'p‘r"@g@@sﬁ? {é’ﬂ Srﬂréﬁ%?'ﬁi%ee&eesgghfn %ag??’ %lgf F{:?;ge re"%afe§ !
henat opoi et i c the pgeentd off 190 nBjmiff ages.t By Kineti ot GRP infuctiayin Zulirtd stntriningluced

CB0 1 o1 979 N e RISy e IR PR BRSSP
100ng/ M of achiarésnare EBRdiffanehtialed® in alSech@ ofakevih.s Of) RITERCRExHaiod analysis of
indicated genes in day 6 EBs grown in the presence (+ activin} or absence (-activin) of
activin. Numbers indicate day of EB differentiation.
Figs. 23A and B show the effects of different concentrations of activin on the
25  developmental potential of EBs. A) GFP expression in day 7 EBs induced with different
concentrations of activin. B) RT-PCR expression analysis of day 7 EBs induced with
 different concentrations of activin. ' |
Figs. 24A and B show the hematopoietic progenitor content of EBs differentiated
~ in the presence of different concentrations of activin. A) Progenitor potential of day 7
30  EBs, Ep are primitive. erythroid progenitors, mac/mix represent definitive hematopoietic
progenitors. B) Progenitor potential of day 7 activin-induced EBs following 2.5 days of
exposure to serum.

Fig. 25 shows the development of albumin expressing cells from GFP* cells

induced with ether 3 or 100ng/ml of activin. GFP* and GFP" cells were isolated at day 6




5 Agent Docket No. 1443 5.02 of differentiation and cultured for a further
8 days in the conditions previously described to support hepatocyte
differentiatio 2 d B depict three-week old renal grafts of bry+
(Fig. 26A) andR nﬁig%kN°§ﬁ§ﬂ%) cel | populations. Fig. 26C depicts sections
of grafts of the bry+ and bry 5 populations. Fig. 27A is a FACS profile

i ndicating t heop&m{eﬁtlat‘@htaﬁd Gd’l‘u’i‘éd I%Pg ﬁg{ﬁéi"'éga)ks' ih tie c!on)htlo{lg ﬁgnblgsgédés?%t ed

fromdaythree serum sti nmul at ed nbers Tepresent rtion of
cells in each @fsupmﬂiﬁﬂrpa@ﬁﬁ@)ﬂéferﬁlﬂﬂ@loﬂZ?B shows expression anal ysis of each

Qortime T Lastl N Ry, 2BAL SRIBIERLOMAS b MAIHAHLIER 2 18 Yoo o 4o Wl

sorting. Day 15 10 Fepresents C popu at'ions ture

hepat ocyt e con¢fig.i 2689 . ceHi pppulaBonde pigt 26(& Xppigs staionanikiads of ofie bs'r’land bry
popul ati ons dercl) V&, :of rom EBs induced wth different concentrations of
activin. Nurrbe?s,p at °the top of the figure indicate activin concentration.
Nunbers at the bot tEig 2A ishzeFﬁ\iogqfref‘ kem:esmgttheabryéfskitﬁa{/e) aid b&c-kit (+/-)

.proportion of wi t.h sk t al cI e out 29 depicts

expr essi on anaE?Fi'Pgs d’f“"ﬁ?‘g r‘%‘?‘y f é‘?ﬁ F?ﬂ'l‘g Wf ?f?jeaﬁf‘r 0 Hl?ﬁsvferf?res?rﬁdﬂ'&ed
popul ations. Nuap&tien éﬁtcetlklﬁh dabtpoftthe fri@iohd. Jus.@ 7BREbCALSrAGbh Xda’f&sns of each of
concentration. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Duri ng nbryogene3| S,

the formation Of fReiigerliay & represents pellsanalyesd mmadiptely &altosing sostirgnt Day 15
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differentiation of embryonic stem (ES) cells in culture has been used to study
mesodermal-derived populations including hematopoietic, endothelial, cardiac and
skeletal muscle and adipocyte lineages. The in vitro model supports the induction and
25 specification of mesoderm, but these differentiation events take place in complex colonies
known as embryoid bodies (EBs) generated from ES cells. It would be advantageous to
isolate mesoderm cell populations from EBs as they are formed, in order i6 better
understand mesoderm formation and tissue development. However, it has not been
possible to isolate these populations by cell sorting using antibodies, because antibodies

30  specific for nascent mesoderm cell populations are not well-defined.
Brachyury (also known as T) is the founding member of a family of transcription
factors known as T-box genes and was first identified as a naturally occurring mutation in
mice. Papaioannou et al. (1998} Bioessays 20:9-19. Heterozygous mice are viable but

have a shorter tail than wild type animals. Homozygous mutants, which die at
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present invention. The cDNA encoding GFP is known in the art (and is commercially

available, for example as plasmid pEGFP.C1 from Clontech, Palo Alto, CA), and may be

25  targeted to the brachyury locus by constructing targeting vectors (GFP-Bry) by methods

known in the art. The vectors are preferably designed to replace approxnmately two-
thirds of the first exon of the brachyury gene with a GFP expression cassette, .

Brachyury genes from numerous species, including human and mouse, are known

in the art and reviewed, for example, by Smith (1997) Current Opinion in Genetics &

30  Development 7:474-480. The GFP expression cassette preferably contains GFP ¢cDNA

and one or more translational stop codons to prevent translation of downstream brachyury

exons. The cassette may further contain an exon encoding the SV40 polyadenylation

signal sequence to prevent transcription of downstream regions of the brachyury gene.
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t he presence o mesendoderm and nesoderm patterned to the hemat opoietic
and endot helial Ii Gelag:epulatémd thmnagerenciulhetdufoe mdskmdederiravnd in@odche qllgsance

of mesode p ed the ¢ ac d el etal e 30 |jneages. For
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i sol ating GFP Cul turi n the nce Qf ,serumis defined herein
as culturing Eﬁ g)ré%lﬁ? é?ﬁlkngg sorting ahd o ating GFP” cells, for example by flow

cytometry The cell population that is isolated contains at least about 50%, and preferably
at least about 75%, and more preferably at least about 90%, and most preferably at least
25  about 95% or at least about 99% mesendoderm and mesoderm cells. The relative
amounts of mesendoderm and mesoderm may be varied by adjusting the length of the
culture in serum, with shorter culture times favoring the presénce of mesendoderm and
mesoderm patterned to the hematopoietic and endothelial lineages, and longer culture
times favoring the presence of mesoderm patterned to the cardiac and skeletal muscle
30  lineages. For example, a cell population enriched for mesoderm may be obtained- by
culturing in serum for about 2.5 to 4.5 days, followed by sorting and isolating GFP" cells.
Culturing in the presence of serum is defined herein as culturing in media supplemented
with animal serum, for example fetal calf serum (FCS). In a preferred embodiment, the

media is supplemented with from about 5% to about 25% serum. The optimal



with animal serum for exanple fetal calf serum (FCS). In a preferred
enbodi nent, the nedia is supplenented with fromabout 5%to about 25%
serum The optigal pBkfLe M asdpcket No. 14435.02 concentration may be serum
batch dependent and can be determi ned by one of ordinary skill in the art.
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exanpl e by f'%‘éﬁls ‘It) 5y followed by culturing the GFP in the absence
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discovered that presence or absence of serum in the in vitro culture may be used to dictate
which lincage is generated from mesendoderm. In particular, a cell population that is
enriched for endoderm cells may be obtained by culturing GFP-Bry ES cells generated

25  from mouse ES cells in the presence of serum for about two to four days, sorting and

isolating GFP" cells, for example by flow cytometry, followed by culturing the GFP in

“the absence of serum for from about one to about ten days. The cell population that is

isolated contains at least 50%, and preferably at least about 75%, and more preferably at

| least about 90%, and most preferably at least about 95% or at least about 99% endoderm
30  cells, as defined hereinabove.

Cell populations that are enriched for endoderm cells may be obtained from GFP-

Bry ES cells generated from human ES cells by culturing the GFP-Bry ES cells in the

presence of serum for about 2 to 10 days, and then sorting and isolating GFP* cells



Bry ES cells generated fromhuman ES cells by culturing the GFP-Bry ES
cells in the presence of serumfor about 2 to 10 days, and then sorting
.and isolating @EBtp&ek hs 18:4gent Docket No. 14435.02 fol l owed by culturing
"t he GFP+ cells |n t he absence of serumfor fromabout | to about 15 days.
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proliferation, differe fla ion OF Survivarr
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cell popul ati hereln ove t he absence sence of an
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~obtained from ng/ml; grh }HF %?%gFﬁﬁOd‘B‘F"‘éh?c%@@Wt'? aghitip és abent 3 ng/ml.

The present invention further provides a method of identifying agents that affect

the proliferation, differentiation or survival of the cell populations described above. The

25  method comprises culturing cells from one of the cell populations described hereinabove
in the absencg and presence of an agent to be tested, and determining whether the agent

has an effect on proliferation, differentiation or survival of the cell population. The agent

to be tested may be natural or synthetic, one compound or a mixture, a small molecule or
polymer including polypeptides, polysaccharides, polynucleutides and the like, an

30  antibody or fragment thereof, a compound from a library of natural or synthetic
compounds, a compound obtained from rational drug design, or any agent the effect of
which on the celt population may be assessed using assays known in the art, for example

standard proliferation and differentiation assays as described in U.S. Patent No.

10
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anti bodi es may de by ﬁan jecting, an aninal with the cells

0
invention in a GGRitat PsTHRHAURY SIPreght INFoRAPLEt oy Inerefed ) %@PO iment,
~identifying cgj &rﬁar?alird(naﬁﬁs ABd kSdtRacivees®RHizhtbn@rPtsdaUb dfpaleh é%ne @?ﬁr&@nonand
maki ng anti bodi es agai nst 15 the nmarkers or fragnents thereof.
ant i bodi es maypl?@ %onocl onal or polyclonal, and nay be fragnents

geneti cal | ypengi neernegn@rmr'md%emsmag r%seﬁh%d%n{i’d?xt 'pmfaeggﬁet 50 pfiing

Anti bodi es may be nmade by net hods we nown 1n the art ch anti

- are useful foantibgdns itiay ireegerird blashwa)t positiver (@cﬂqh") cells butseat FbravhyvwrEsweaioder m

el L L @i?crlﬁrg%e jclbY&l%‘uB& ?s'rﬁggrobgrré?z}é‘e‘E??rpﬁmﬂgre,?ﬁlﬂg.a%n}gﬁaﬁ%élﬁtdfng

mamal i an cel | I'n one e i ment conpris
cul turing cel | thefingmtian azehli upmpndgamccfnnn eddsoc hetibotdims mdndmtkrm aaskifying

mesoderm cel | s der. condj ti ons FIRY; entl ti,on of.
mesoderm ot o el Sitnetitkart SRSl i FEF U auCfirh e ahd bRER moftadhed speins
henat opoi et$ ¢ telmskerConfildgnieatsshetdfe dhi aatifodies diaﬁ/fbernambclaﬁal @R polpélondl,hed
various cell t vitro are. known in the art. nanothr enbodi nent ,
Uhe mathod conBhY Befaenpitieniiegl Pemered aiodRE el Rt St PRI AR BhGR | n
endoder m cel | s AnfistRlics Gy et hadtbyehéheds wal-Eidivntih ehe £H. f SehentibafidsQife Bdeful
endoderminto Liver el s or%ﬁancre t'ljsrcel |ls.. Effective conditions for

such different f"éfqe&‘r‘l Hie@ng otRHng Rragth by fuch eHacssRARdEER singspderm.

i nsul in-produci ng paRGIr&Rh iGventioh @lso pRIides hSn@RRICIF b&R Mg GRineRh 3t180n AS
denonstrated in accordance with the present invention, brach+ cells

isolated 3d fyigm dp pie pehedimgidthemactind compriseserulsingiesls fepha qelh population
potentials. Braghild b kneseflddem A medatin das %na@i*U&ﬁdJ%%ﬁs rkbifeC R de

generate henotopoietic and endothelial |ineages, whil
differentiation of mesoderm into cardiac muscle, vascular smooth muscle, endothelium or

hematopoietic cells. Conditions effective for differentiation into the various cell types in
vitro are known in the art. In another embodiment, the method comprises culturing cells
25 from a cell population enriched in endoderm cells under conditions effective for the
differentiation of endoderm into liver cells or pancreatic cells. Effective conditions for
such differentiation are known in the art. The production of insulin-producing pancreatic
islet cells is specifically contemplated.
As demonstrated in accordance with the present invention, brach” cells isolated
30  from different aged EBs have different developmental potentials. Brach™/FIk™ cells from
about day 3 mouse EBs efficiently generate hemotopoietic and endothelial lineages, while
the cells from about day 3 to 10 EBs generate cells of cardiomyocyte lineages.
Accordingly, by adjusting the time of culture of the ES cells used for obtaining the cell

population enriched for mesendoderm and mesoderm, one of ordinary skill in the art can
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the cells fromabout day 3 to 10 EBs generate cells of cardionyocyte

li neages. Accordi ngI y, by adjusting the tinme of culture of the ES cells
used for obtai n %iJﬂgN%%h 0?opul ation enriched for nesendoderm and
mesoderm one o i nary SKi in the art can Il Agent Docket No. 14435.02
select for effici ent production of henotopoetic and endothelial |ineages
or cardi omyocytgject foPERER: prdifetior &t Heﬁtoﬁf Betit@ll @hdotiichhl 18%a08R o€ carfiiomy68td
repl acenent therapy for the treatnent di sorders that result from
destruction or lihgagesnction of a Ilmted nunber of cell types. 5 Such

di sorders include d'Sﬂﬁ‘?Ee@ﬁ aF@thsJefutl Uf%r exaln ?f"cr fcfr%leil 'r'é @acerﬁ@rﬁrtlﬁer;;f}' fbf"{h%’treatment
cardi ovascul ar and ot her vascul ar di sea muscul ar st rophy

ost eogenesi s i miaksbulstsghataerdlt fmdﬁSMSmtOr émﬁmn@n @Vd lyoited mheoﬂgce“ WPCS
transpl ant, fgoa%lg%ﬁi}g}d%ﬁs lgHb i?i‘l?eéé?)su e]?t%@'ﬂw%? ffalﬁﬁee ’hearpaa(i)]ltj C(Barmovﬁqcul’ar (1&9 01)

Stem Cel | s he ce I ons esen invention are

¢ useful for genenlmtrn{agpulal(lhsiasfet Enelntnna’s eviscdhil Sysanphyt iossogEsedfipimpefetta, and

ireplacenent the ability of .t ulatlons of. t

o Dsant T vent [RReEs realiBfe Rikohnd Maninfripliri o Satnrls OB B Spghtiad "Gee,
dranspl anting tddricetbd ., (2000 Sadh Cells rorhsk2040f  di sor ders that are associ at ed
with the destructiqn or dysflanctl o] a limted nunber Eetj &i%? For
exanpl e, the funmarVf atk FYEEFUANE ‘Eti:Ag'-?) HeFhic BP0 35% “d?fg 8% 1ghng
exanpl e by 1@ Onper8itiatld. cellParddliBOdy feafSefladopiént therdgif8, Themapiafadfabe bar ei n
by reference, provides a nodel for liver failure. FAH deficient m ce

suffer from pr qgpaatiany f |the, gresqyinvgpiéona g celb enlacenipnt| therapy ey Ji assaseasisby

treated wi th NIBGanibd-td CEiy ﬂt‘tc; rahnHaV%d?i@Et &Y bisorBG D 2R | are -adsodiated with the
cycl ohexedi one) or transplanted with nornal hepatocytes. These mice thus

“provide an i dalgstrustierelor f dysfupetiani aty at Heitpdtrambemlof okl cepdss  iof hexamp]e the

characteristic ogls,if or
transpl ant ati oﬁu@% ag%g%“g%%t Q?Hlﬁnt 0 Eﬁﬁnﬁ;@ﬁ??@%%ﬁﬁlﬁagkﬁﬁﬂelgo%\?eg%ﬂgm&N%BC
are known ila t {998 Gemasdk Bew ol ﬁ@&,dmfomporm@hmne bpyef@sraespravidesst madel for(1ve06)
Nature Genet. Lg; 266-20%. 4o NOLIBY;d! Gsug er fr‘d Ch}og&sén% L0 GabS z{n*ayreﬁédrt\(xbt{&} of

the mce, and may  al’'so be assessé serum asp
‘transam nase | emhgs pillas macatiad IwnlubNﬂ"BCev(ét(E-mtmn@trhmorbatemym beragyinorhéd

ALt o e AERSHETLE Tt Sh 0, BT hRLEHS, KB L BFRASEY
are known in t higabinbdel $orcibsting died sotemkiyl ficelld with yhalmmnsm df@pnﬁ&ﬁ@b&i)ambjﬂ&d’
SR SRR NS T Y TR T
marker is preseghoved fEMENTBACARY Uhidv MCHS % Widdikdleded BhteexamPlebyaCRydniry edall el e
-I s Inactivated (?9%%) %\Iggzres 8|er(1ae(t:tlaib2l6e6 Z%r l%\ﬁ)&mglsllv%;( urn%tslosneg nlt c:a(t:eeclI tLySsulnr/}va oif%]
mice, and may also be assessed by measuring serum aspartate transaminase levels, plasma
bilirubin levels, and by determining normal structure of the regenerated liver.
25 Animal models for other disorders that result from the destruction or dysfunction
of particular cells types are known in the art. Such models may similarly be used to
assess other cell populations of the present invention. | ’
The present invention also provides a transgenic non-human mammal in which
DNA encoding a selectable marker is present in the brachyury locus such that one
30  brachyury allele is inactivated and the selectable marker is expressed in cells in which
the brachyury locus is transcribed. In a preferred embodiment the mammal is a mouse
and the selectable marker is GFP. In particular, the transgenic mouse has a genome
comprising a transgene in which a DNA sequence encoding GFP is operably linked to

brachyury regulatory elements, and the transgene is expressed in cells that normally
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the brachyury locus is transcribed. In a preferred enbodi nent the mammal is
a nouse and the selectable marker is GFP. In particular, the transgenic

~“nouse has a ge Li,Sing a transgene in which a DNA sequence encodi ng
“GFP i s operabl %ﬁgﬁgegngéﬁé%@achyury regul atory el enents, and the transgene
is expressed in cells that normally 12 Agent Docket No. 14435.02 express

brachyury. The e{ 5B 3@RRISy MIHS Bakbanid foBRt AR bRndd Yy fiekdtg thOSFEHERy By ES
cell s descri beg Iflerei nabove i ntg Inellst (())c§st S, Wwhi ClFl arygﬁjicﬁie}% i mpl antr)é into

pseudopr egnant S¢lngleaxgibed hereigabrive prips blaptecystie nwvhich e drebythern eimpltemted- tiafol
phenot ype assqgi 1 ch = e gﬁw IFe! a I S:

" transgeni c ani Eﬁué;ﬁ?gg%i%g%?e@s %ésgg%l?g?)rq?%{fnggr ydeir%?&oés% r%%p\ﬁﬂfogweto

i sol at e nmesoderssptigtetavith dbeathit, amtlyr alacdar wlwhs.tmhn@nigadis apimalswe useful f

i nvention, and.fon,t iLdentification,..i.splation an characterizati,on o
any adul t cgl I fc%o({pbﬁalt“ta]tﬁg 8% %rﬁtérygseﬁ%?e‘ghsfc}} ﬁ’els%}?tﬁé?\?ﬁ%ynd ﬁ’g.usgﬁ%a%%rldf"éce nay
represent novebitht dm amdthodsopfll tati dnventiof | andefier ahe eidemificatbnh elselationar ghd :
incorporated herein in.their entirety. .10 The fol | ow xanpl es serve to
furchor 1T ust PSR RiGn g otk et mbpfions HRbsugress e dacdt A Pe ea St nEx Hods
ES cel | growt hmapekpiiséitapenicmtdenpopEtiong! | s were mai ntai ned on irradiated
enbryoni c feeder cel hs in Dul t()iecco' s Modified Eagle Medium (DVEM .
suppl emented 15 wi 21 refespaeaitad herin arg gepmpprateddpreinyia ey antirely. st r ept onyci n,
LI'F (1% congli ti onedrig@ilsiihg 8téhples2erve I hrhérMRGLRIIRAYCRTINentiMI G Si gna) .

Two days prior to the onset of differentiation, cells were transferred on
-'gelatinized plates in the sane nedia. FBxamplel generation of EBs, ES cells

were trypsinized and plated at varighg d&8Nshbi&fiod” differentiation
cultures. Differentiation of EBs was cgrirai eg outmlisn 60 mm petri grade 20

di shes in | VDM suppiereethtgrewihi ahd difsre@ition2 il cellgl weramaintaingdSiop ciorh@iRte) ,
transferrin (2 - b D4 j i

MIG.  Cul tures %&gél%%eﬁ%ra%ﬁlg [ Hﬂ%E u%%ﬁ??g%aéﬁa%mi(ﬁ%@/?@bfﬁ %ﬁtrem

m xt ur e at 187Cwitlséi%rfetrl @i skindi (FS), paoicili, Seeptortycdre LU % eenditaicd madiuen) us ed
in different pect he fal.l owin pk.es;, 1.1 MD suppl e ed w t
Knockout SR (Cfar%cggééﬂgﬁ h% %nr?g“%%q cﬁﬁ?ém@‘ﬁ% fﬁﬁ.f%‘ysl\@%i}g%‘f IOBT%SOE

Col ony Assay. dffelhidgioncalliorwees trabsderredhen grbmimizad iptatesoib the ashe aeli. Faolheni es

BL- CFC EB-.der i | |ated gt 0.5x -, 1.5 x 105 cells/m
CBL158 ot hot s PAE ot En B LS e e ettt Blfto R pars cikrips n

‘endot hel i al grdiffedentidtiag toaltured/EG¥fferentinghndf) EBE wii arried 06 i K8 :mr %etri grade

condi tioneg, medlumy Wik danemmda 3% 15% FCS, 2mM L-ghitamine (Gibco/BRL),
transferrin (200 ug/ml), 0.5mM 'ascorbic acid (Sigma), and 4.5 x 10* M MTG. Cultures
were maintained in a humidified chamber in a 5% CO-/air mixture at 37°C.

Serum Free Medium. Two different serum-free media were used in different
aspects of the following examples: IIMD supplemented with Knockout SR (Gibco BRL)

25  and StemPro 34 (Gibco BRL).

Methylcellulose Colony Assay. A) Blast colonies: For the generation of blast cell
colonies (BL-CFC assay), EB-derived cells were plated at 0.5x - 1.5 x 10° cells/ml in 1% _-
methylcellulose supplemented with 10% FCS (Hyclone), vascular endothelial growth
factor (VEGF; 5 ng/ml), c-kit ligand (KL; 1% conditioned medium), IL-6 (5ng/ml) and

30 25% DAT endothelial cell conditioned medium (Kennedy et al. (1997) Nature 386:488-
93). Transitional colonies were generated in the absence of VEGF. Colonies were scored
following four days of culture. B) Hematopoietic colonies: For the growth of primitive
and definitive hematopoietic colonies, cells were plated in 1% methylcellulose containing

10% plasma-derived serum (PDS; Antech), 5% protein-free hybridoma medium (PFHM-
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30 25% DAT endothelial cell conditioned nedium (Kennedy et al. (1997)
Nat ure 386:488- 93). Transitional colonies were generated in the absence of

- VEGF.  Col oni eg ey]\ﬁgog‘emoohgg ,followi ng four days of culture. B)
'Hematopmetlc Tol oni es or the growth of primtive and definitive
“hemat opoi etic colonies, cells were plated in |% nethyl cellul ose contai ni ng

10% pl asna- der nve;!)ce@mryb(@@% fomsm%g iB)tokineé QIkﬁtlﬁ?ﬁh‘ (Ifmeq Aﬂy&ghgﬁ PG LM
(PFHV 13 Agent Docket . 14435 G bco- oW ng
cyt oki nes: c¢- k?fﬁTthp@&ﬁﬂ (2 Ki/mDa b-Hotdi nefrebeld - réldh amdﬂloneﬂ yedivop oG- CSF(@

G CSF (30 ng/ iSO P bR AR SRRy rlfb ol i oo,
5ng/m). Cul Ing/rel. Gaitercsmiers mainBihcd at 37C, 5% GOPrimRivie rertthroél eﬂg&ﬁd‘srmrﬁ .
| oni e e o] t 6 of cul S Lhitive eryt I oi

?%FU— IE) > V\rrlgtﬁcr:r o% 'Zegea,rt %gﬁg 6 %?36%11%1;? n‘ééeg“’easc‘%hﬁ‘i" &s D&EP% @gﬁjﬁk—gd"%{@}‘ 34% 44y s
of cul ture. Ckiltilihtagandomas wder tovettd 4t 7oid dagsliod colaneli td-mnagartmywﬁ—l@mehl S
netitutey. Lo BB Rat pY ari el Hssmary Bl ket Res' jatl
nyel oma cel | s prodoeas epmdetwstlhstma)e@m-grwaexwtﬂm ﬂ&nlrhecﬁum\élaﬁﬁnoﬁwgsﬂm M 10
CSF, IL-6 %é% CtIVI n BWMP2, BMP4, bFG-, FG-8, and | hh were gurchased

from R&D syst 63 REyglgma galls trnstecied with @ veetar ppresenglledy VECEICM-COk1M5 per

m | VDM supplegent.ed, it hadRi Eﬂizﬁ @chm:@utmﬁﬁi) and Myvdre PhubthaEh Tom
(G bco/BRL), 0. 5mM ascorbic acid (Si gma), and 4.5 x 104 MMIG in 24-wel |

‘petri-grade plB&Bsystopese were 15 used to prevent adheS| on of the cells to

the bottom of the gLbareffodl %l{eﬂé%" @elﬂé%@éf/ésa%l?’a afehl1%° W IMPM

-reaggregated in | su ppl ement erum repl acerrent wen
hours | ater tfﬁéﬂﬁgg?l‘égbwléfslif%ﬂ:@sdm Kmmtlsﬂi)thMi-gihtamet(ﬁebco&Bm06mM

'96-wel | plate W%ﬂl t vell's
wer e pre-treata!e gt 3’5‘?& fl q"{a%?r’?ure L@?ﬁgfﬁﬁ%ﬂﬁﬁ?&ﬂ’%ﬁ Ip(?"}t? Fie'ere
devel oprenits ofusmomempbalcwmd‘@em‘ellbmaha IﬁtgtomedﬂtlmweBEatl ng cel S vvere

usual ly detected b of, culture. rker
st ai ni ng and FACS et;a 3?}(é|msusX tagsaaar(aﬁp R g '§Z‘§h§@ e'ft
cells.. Stai nezdtlslﬁ%@mm ocepdacemed. Twalty Eads ater thehAGOgaEs wde clilfiied |Dlv&4ms Begon,

S 25 Cene Captesnlon MMalyShe oIS ok PR A sl gL ee o
Reverse transwils plefeqic- trméd/wﬁh pélatin. 01rarad wekehngHioeaddil for O RvEIGFrhai BED as
desclr ! bed WI tt}t]e: gpggaran%)é %?Béaltlgg célp%eattlrr]lg céis%ré) tljslug]%p clije(itlacet}é?it tl)e(tjv\er}ee\rlxvadzsiyss2hz(l)nrdt6ened
to 5
of culture.
Cell surface markers staining and FACS analysis. Standard conditions were
used to stain the cells.. Stained suspensions were analyzed on a FACScan (Becton
Dickinson, CA).
25  Gene Expression Analysis For the poly A* RT-PCR analysis the method of
Brady et al. ((1990) Meth. in Mol. and Cell Bio. 2:17-25) was used. Reverse
‘transcription, poly-A tailing and PCR procedures were performed as described, with the
exception that the X-dT'  oligonucleotide @ was  shortened to  5°-
GTTAACTCGAGAATTC(T)24-3’. The amplified products from the PCR reaction were
30  separated on agarose gels and transferred to a Zeta-probe GT membrane (Biorad) or
transferred to the membrane with a slot blot apparatus (Schleicher & Schuell). The
resulting blots were hybridized with *’P randomly primed cDNA fragments (Ready-to-Go
Labelling, Pharmacia) corresponding to the 3’ region of the genes (for all except B-H1). A

B-Hl-specific probe was prepared by annealing two oligonucleotides, (5°-
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GITAACTCGAGAATTC(T) 24 -3'. The anplified products fromthe PCR reaction
were 30 separated on agarose gels and transferred to a Zeta-probe GT

“menbrane (Bior {Lanstgrred to the menbrane with a slot blot
appar at us (Sch%%%néﬁgec}m&ggcﬁugl ). The resulting blots were hybridized with

32P randomy prinmed cDNA fragments (Ready-to-Go Labelling, Pharnacia)

correspondi Ng G AETEAAKRHA GOGCA TCAE ATSAESCATOGEE! except [3-H1). AsRH
| -specific probe was 8repared by annealing two oligonucl eotides, (5 14

~ Agent Docket N&EAGHAGAC 6§GC?@@§@MMM¢W5@WIWW their 3’
CAGTACACTGGCAA %g;g-l‘.{\T Gp3! ' . I3 . '
termni. This - Hll' gg);ggﬁ?? %{f@&%ﬁ@{%ﬁ%ﬁﬁ%@éﬁgﬁ e?g%{alt ¥ %{g%bﬁvs@hén a
Kl enow fi || -i n reactierc Foogene FpacifigdiR, spalRINA svaPERracted i RNAsampde with Rixsesd

from each sanpl e _wi.th ;RNe . L K d A j se

(Q agen). T\%/:o m ll&%garngrﬁegéaié%%al{ﬂ%m%%)ﬁ ch(g}gegrﬁg)éﬁgP %@C%ﬁ% TTOH gﬁ@%

w t h random hexawree-ttasicrifiedinOniinA mith radddmidickanfd@usige A DmnifeGR R &it (Qapend

out using appr i ate oligonycl eotides..The .PCR reactigns e er forned

win 2 50U or TEE Bof et dentt et RBTRFlsp e ahs e BRI of

i 10 Toll oved By Ba eyl o ol A NI G dengur ot Lo Lat Lo .

.omn ol | owed _by 35 cycles_o ification, ( enaturatjopn for_ | mn,
60 C anneal i ng °f &%ch Rrimgr ﬁ’,"??"z"’&d gﬁ%ﬁggi"ﬁﬁ‘ﬁ CPB‘?‘&?“SM%S a?/\foﬁlﬂwé; SH ‘%éfor 3 min

i ncubation gt FRioweli®y 37 ey of BT iR (94CE Rhakiialbn B 1 heihOf) €larnéalfag!fbiS

Under appropriate conditions in culture, enbryonic stem (ES) cells wll 15
di fferentiate AminfBrn doncadorgiont rur)arith a Beal Bisplaiop Alolin GlSr éMit-yoi d bodi es
~(EBs) that contain devel oping cell pOka%bﬁﬁs froma broad spectrum of

| i neages. Smith (2001) Annu. Rev. Cell Dev. Biol. 17:435-62. Anpong these
"EB-derived popul ati ons, one can Gemeration ofdoogetedhBS G#ls i vati ves incl uding

~those of the henatopgiet | 0 -l ) j 3C e I | s
nmuscl e | i neages. ZOBP%C?O%%E?&P% Ecrgg%k&!tshle'{:gc%g{g?’ gp%@%dgﬁpi(ﬁgggghgnﬁmt o]

i sol ate cellbs ddferansiatatand dormt thies ddwensicaal argnigsH@moyn @e kmbiyet bales(EBs)thett ei n

(GFP) was targeted to the nachywry | S w..lhe targetd nst r-uc

contai ned the %"—ﬁmg e,IOPé%Q%I?E? |aél|¥5‘°] ﬁ?ﬁtargrﬁ?é]%%f\?%'%pég: 15 16%9' Z‘%ané]the ((:)813) and

a | oxP fl anked Anea RasSell tDevi Bid hE7:435¢62t  Among thesk EB-dddyddgiopdlationsf-ooge cah.

The thym dine, kinase, (T ene was,i.nclyded_at the 3 end of e targeting
Construtt o Sdrt e ARl TR E DS oL e femaigpe et G bl Brdy
was construct eghusde hidd kol mAsdRAeag@nNe carrying the entire nouse Brachyury

|(:3 lr)?/;r )g/e?ééﬁvg?rel Z;)lsf'{[e(?fg rbtéjtxiagkcg}aisq%régtgo %;?egoé)efrme}n E%ZS%/n tg‘ is%}art.eaéel s gprllgsg}lt?ng

this population, the green fluorescence protein (GFP) was targeted to the brachyury locus.
The targeting construct contained the GFP ¢DNA, and artificial intron, SV40 poly(A)
sequences and a loxP flanked neo cassette in the first exon and is depicted in Fig. 1. The
thymidine kinase (TK) gene was included at the 3 end of the targeting construct to select

25  against random integration. The targeting vector was constructed as follows.
A BAC clone carrying the entire mouse Brachyury (Bry) gene was isolated by
'PCR screening of a 129/0la strain genomic library (Genome Systems) with primers 5°-
AAGGAGCTAACT AACGAGATGAT-3’ and 5° -TACCTTCAGCACCGGGAACAT-
3’. These primers anneal within the first and second Bry exon, respectively, and amplify a
30 diagnostic band of ~ 600 bp. An approximately 3 kb long Pstl restriction fragment
carrying the 1 exon of the Bry gene along with more than 2 kb of 5° flanking region was
identified and subcloned from the BAC into plasmid pBSK (Strategene), resulting in
construct pBSK.Bry-5". Approximately 2 kb of the region immediately upstream of the
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AAGGAGCTAACT AACGAGATGAT-3' and 5' - TACCTTCAGCACCGGGAACAT- 3'. These
~primers anneal within the first and second Bry exon, respectively, and

-anplify a 30 diAaQDQB?s&gtgjo_t]gJ;gl_opf - 600 bp. An approximately 3 kb | ong Pstl

~ “restriction fraﬁrren carrying the 1 exon of the Bry gene along with nore

than 2 kb of 5 flanking region was identified and subcloned fromthe BAC
into plasm d pBgk (cdohaiEIehenct®Iy!iliddty | St B’ dieo
Approximately 2 kb of the rgﬁi %nr‘l: i m’reld‘l£ a?yelagprﬁgst rgﬁnﬁ)f&tﬁ%eﬁnggtﬁgef% the
Docket No. 14438nectianaftvedtordon were sequenced to identify appropriate
primer annealing si orss ther LAl of. vectors. O

D T AGET AT T oYY P s G IR e O FacadPReTaqaTCgA
GATCTTAATGAA BOCCA G 3' / 5’-
5TCGACTCCGGACG%%%§@ -3 i rted into.the

Pstl/ Sai | sist es of 'p m&&gﬁé}%@@ﬁﬁﬁe Sui tabpé?ppol yli nKer
with two succesSEIGACTCEGSIATIGORGACETAK 3r twdré GnsatteBintG @l Ce
site (construc ry-AA) . | asm EGFP. C1 Cl ont ech s .doubl e- di gest ed
with Nhel/Bgl | S‘P’E‘ﬁ‘ﬁ Sttﬁ’)e"‘F BEEI‘P'_Fi P\‘gsﬁdo FEBlp2 N npreagwéhlvéﬂgqlgzg@prnyztt@p

Wit hout stop cestesssi@srafiiansl ite odofiCandNMeifRghl3 spifdetsfs (QnstRBRYBAMMA).
resulting in construct Bri/-AB. An Xhol/Sall fragnment of plasmd =

pL2- Neo2 car r yPR§mY pRIIE-€1 fpleatgcherandonbledigssted ¥ith NhgtRellhand thezesvlting ~i nt o

- the Sall 3pt e768bpABIXN FABME ' i ] < Lk Lian of
EGFP and Neo in sgrre di rggcﬁcg%%%%%é%gg%&%%%&ngqoﬁﬁ%fﬁ%égg&ng%% E]géélgi ng
a consensus spFhifesef PBRO-ALY, tresultiag imcensiriei pliry-ABh tAnoXholgSadlpfragoeentiof plasrond

-site and a shofi,. i hG h NG o] YA Y, i . C )
exci sed from tE%z gé%ér@ﬁg#ge@%r%@%%ﬁ%ﬁg@ o‘lrf:g/lg‘%{%-gcé\gﬁ/E k‘%? r"}als? 'gégyeﬁe% &:e é%ﬁi S
fragment was i sitcenfipBdy-ilk to gpleasaitalplpBriy pBGF-AQ (rémsciipioh ofEGHP way Ned nesam¥énal

end was |igat i.:nt.o the BspEl site followi ng the | ast EG-P codon,
§ifecki )

whereas.the Mu engﬁ\'/vas 20 inserted along with oligos 5'-

CGCGTTACTAGT AAGACGTATF58 bp KnRl/MIUGoAGANt GGTHE RAGARGIAAPHE' doasr diteineitfidislt 0
the BspEl site.|ocated.|ust streamof .the |axP-.neqg-lQxP cassette.,
Resul ti ng consi"&rl%’t? Py 2K .L{BrAﬁ“e- " ak%‘on)ﬁ’ffﬁ' /eclyqing %&g%ﬁ? P B'Eifl?‘?ﬂj’“t he
HISIV thyn} di ne kiqnase \game;ci&z(s friomste tetimertiad ekpressiofhettos bBK-(Q?_IDVp(BhﬁtaQ&]ej.O

al | ow sel ection, .agai nst random integratio construct. pBry-AH). A

Not |/ Ecod71 11  DeiS ?ﬁaﬁfé‘ﬁ'gn‘faséﬂi%‘&ﬁ’ o ?’[‘?ém‘dsﬁghf&tf“gﬂwecff’“‘ﬁﬂﬁé MaYy el eads ed
from pBry- AF awss dateadsto tha\BspEI RRe NibvinaaRH A IEGFSEdd6s, verdaBiné-Mid dnd vaisve
rise to pI?sm',d pBr.y- Al e "lon ' ono y was excised from

y-Al. The "long ar of h | o ) €
pBry- AK wi tth Saprted rpdonenwith1ligos 0 -CREATFACACTA AT / 5-CCGGAGA
CGTCTTACTAGTAA-3’ as linkers into the BspEl site located just upstream of the loxP-
neo-loxP cassette. Resulting construct: pBry-AE. An ~1.9 kb Xhol/Sall fragment

encoding the HSV thymidine kinase gene was inserted into the Xhol site of pBry-AE to
allow selection against random integration (construct pBry-AH). A Notl/Eco47Ill
25  fragment encoding the “short arm” of homology was excised from pBry-AF and cloned
into the Notl/Eco471 sites of pBry-AH to give rise to plasmid pBry-Al. The “long arm”
of homology was excised from pBry-AK with Sall and inserted in the correct orientation

into the Sail site of pBry-Al to yield final targeting vector B.
Embryonic stem cells (E14. 1, 129/0la Hooper et al. (1987) Nature 326:292) were
30  electroporated with Notl-linearized targeting vector pBry-AM. Four dishes with
transfected cells were subjected to G418 single-and another four dishes to G418 +
Gancyclovir {Ganc) double-selection. Clones that had undergone a homologous
recombination event were identified by PCR with one primer (5~
CAGGTAGAACCCACAA CTCCGAC-3’) annealing to genomic sequences in the 5’
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into the Sail site of pBry-Al to yield final targeting vector B. Enbryonic
stemcells (E14. 1, 129/ O a Hooper et al. (1987) Nature 326:292) were 30

. electroporat ed W bRy NG sk foneari zed targeting vector pBry-AM Four dishes

W th transfected cells were subjected to (418 singl e-and anot her four
dishes to 418 + Gancyclovir (Ganc) doubl e-selectiaon. O ones that had
under gone a homi@getithe BroGRAR)I jnatdpafcady 8Nthe Welicet At df héheldgyy H(dheM tsh one
primer (5 - CAGGTAGAACCCACAA CICCGAC-3') annealing.to genom ¢ sequences in
the 5 16 AgenflSekefCRETOMMSET @ 0EH bip B %H@”mfyogéﬁ"’é? ([digrostipapdiam
of the "short apsmahaRem0aY). .CdheiPilissied 2lones WeldCASNARET G SIutiehtHiot3’ )
to the 5 porti%ﬁrfb(_)f aEg;rg §d?{)agnost_i:f:) bgi?:l: 0g?)sproxi r_mteuf 1.3 kg%
Correctly tar geradyisBenvasc olcwyndidatpelenesyvasdigeried ithHancll apddiyhrigized to a
genom ¢ DNA; of i e, &l i.ge i | hdiged to
a 5 probe I'rc))caf) gjggg%%%?doe&% ﬁ‘é’@@rﬁ%@% %BQ@SWS@? LFé‘?}."n‘gf#ed%?’g%Z% \F/ya{shg efived
fromthe Bry S5Hlahkiagkégnp ¢eddidrto(—2D8withoreseru® the Bry AgSpdast cadon) biePERy

ATS Start ooonL b P e N, 9 A 5B cancacrccer

CCTATCCCGAAGCT @ZT-BCTTGBATGLEIB CIIATYCETATRE CABA @A TEGCT-3Garsé4 ddUB| singe| andt ed

Corr espont ng. PECATE e RYERrARRIE b it i o B Radrotefe

cl ones wer ot r eisd wiftivy, dofraspehding &oa ik delin@effididndyi fd .03pRande AV TVs fositive
‘expression vector to renpve the neo gene. These target.ed clones are
referred to _heFlgv%aw%}ral&éenér#@gfvwésv“%mp@ef %F%E_?R%PEPSF SXRESTBIPB LB t0
‘transiently i nrganeliQPhdddecdhBs ThtdeNarcbied QRAGL ard FFGRAI 10 hefeiRfterl® GRPBESEEON
of genes that define the establishnent of the hematopoietic and endot heli al
| i neages. To d&&!srmi ne whet her G-P expression in G-P-Bry ES cells
-accurately refl ect sp, £xpreR3koHsLd tr&ﬁ}?eng{r RAVEMin S BRE wHlH iHeNGisdeBreceding the
devel opment, GFP expressi'on was assessed. A typical expression pattern
during a 61%ayemBesgion fof gemssi thati dgfing dhei esthblishmenbointhe hempigneieticoand ¢ndothelia
experinment, |lo el HBs G ol Rl

differentiati oﬁﬁéagispr%s%ift%n ms‘g&ﬁ’ﬁ}a%% egﬁrtee%%g\?grdﬂ%%yn%ei‘%llgg%}zaﬁ% r effels
per si st ed t hr oenghesdiay of the &ngthrihe gergtaluiinp EB deYedoppiopt, (G Piempigsséant wids| agsebssdel s

by d 6 of diff iathon. i of . SIS,
1 o o 911 ORI S SER o RORIETA 20y B0 LD, 0D

followed a simlar te . LowHd eve _
det ect ed as eaFigyredsA. daythi? egperishehf, dove idvichtdf owessayb merd daectddalvithin 28 384irsadf t he

D e e e T e SRRt B he B
dr opped shar pl ¥ aall ttRén dédhinsd phdrply tanchdbryctatdy lévelseby, dayf 6aofydiffeichtiationl GFPwer e
present. This éx%pésgiog,ea% Idie 1r%dibr)]r Fﬂz&)‘i analysis, followed a similar temporal pattern. Low levels
of GFP" cells (~5%) were detected as early as day 2 of differentiation. More than half
(65%) of the EB-derived cells expressed GFP at day 3 and almost all the cells were
25  positive at day 4 of differentiation. As observed by PCR, expression dropped sharply after
this point and by day 6 few, if any, GFP" cells were present. This rapid decline in GFP
- expression indicated that it did not persist within the cells for extended periods of time.’
The high proportion of GFP" cells at days 3 and 4 of differentiation suggests that
development of mesoderm within the EBs under these conditions is extensiw)e. Taken
30 together, these findings indicate that GFP expression accurately reflects expression of the
brachyury gene during EB development.
The possibility that inactivation of a single brachyury allele could have

detrimental effects on the in vitro developmental potential of the ES cells was assessed.

As indicated, heterozygous mice demonstrate a mild phenotype. To determine if the GFP-
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" “these condition

expression indicated that it did not persist within the cells for extended
periods of time: The high proportion of GFP+ cells at days 3 and 4 of
differentiatio devel opnent of mesodermwi thin the EBs under
&églrlg&%%(zr@?%. Taken 30 together, these findings indicate
that GFP expression accurately reflects expression of the brachyury gene
during EB develpppprgRtis diipRaynns Ablithbit Yefbhidin HeRRhbi¥at #QBlophed, BBOEHBrated
brachyury allel e could have detrinmental effects on the in vitro
devel opnent al  Fotmehem ayereamatyred oshepatproigiisPreysesaedplast gdonynigrmeiag eef! (BL-
het er ozygous W@anﬁaﬂ%&%@eﬁe Bigr (L BRSO The B0 4PFRLALBA Iy JaEER 17
Agent Docket No. 14435.02 Bry ES cells display any detectable defects iIn
hemat opoi eti c thay EFEdmeMS cdiBgenate canparablf momberh ofprimitvedFal’y anlddfmitive

hemat opoi etkc €Ul SO b . - f. i | ] Bl.; nt
and for genké e p&é;Ms?cC)?\Aaga ’eern ﬁz\%lngﬁéeﬁaé?%gl{c:Pr%qrgsérﬁeagdg&’ggg%&f“ﬁ%?@g%e
t hat GFP-Bry ESildaypescalen@erat expressigpapatiels (Rignkeei©) ahfipnddnthe ipweurséEmaBksisand

BL. GFC compar o4 SoMHTe M ansteeBnies B bnd aa pBabr GrF sht FEfhaTpbr B6 o

.30) confirmed tdR. podcitsSeEBNeHowel 2 deahisk mhRey. ) etpréssioflidvEethe fra Haiysedm

the EBs generated fromthe P-Bry and wild type ES cells, Bo sets of
EBs showed a dé@ﬁgﬁ’?@atf% Hex- 1'5e>?p¥ré%5§§"8ﬂ?“0\%1"rt‘ﬁ@ 3 Félire%se%dgis‘t‘:gfceﬁs and

differenti a§i oBowf8iaked Qs Ahdy an&ssd RIFPMihi@Gt ORdebat etl 8. 1IN PIRSEBlopMekeS
cells and 10 downreqgul ated as they undergo differentiation. Rogers et al.
(1991) Devel ophEh$l3-2h thguscling in fge! defotlpyied bnthrégpical fransieat vaveed 5gc e

~typical transi %ﬁ}es\é\ﬁﬂ‘%vh@éh AR Yrec&deR R SSHsQ b WA Ind oM dh MleedeveBpRERTES
‘the onset of genes involved in the devel opnent of the hematopoietic and

-endot hel i al | i pkhgdsmatppaetic and enpdetbgliablingageso£¥inb adeerntos taggenmkingse esfeptialt he
est abl i shnent oy 199 t :B276). 1S
15 expressed bﬁrm%gﬁﬁg@éh@%%gﬁéﬂ%? q{??%géﬁg}ﬁa?’%bgt %to%l.' %%ﬁ ',ﬁegﬁ%é% b
hemat opoi el ¢ expagssi bepvicnnay B and 6rof diffedentirtione st oh iadematpaidiid trangtrefdion
genes, fHJ an ].or e detec l o I day

differentiati oﬁa.c IIE”Exa(é(ri g’se\é\é:?r(')b%y%"?é %q#a%gltg’?aor?énsggv%% %)l?gratﬁa%g{"g&og’dw %?/g%teﬁtﬁdeatr{g%t
24 hours, refl ketls agday Heof difeaensibiion. dBxpressiomiofatl Dgened wisheprggulanddt dveethe next

erythroid line at this gevelo nment,al stage.. Palis..et al. é 999% .
bevel opent 1287 s i ina € BPaBliTLal s A e B e i FESERR et on
~ patterns obsery&dlobmeiithl stagex aPplie ensle (CI99% IR Elopmait t 126:507B 84 fThenprecursor
“previous studies and i Hg}iﬁcat e that, the nol ecul ar. prograns, | eading to the
N b R e T R e e e g
GFP-Bry ES cel {hse foxad il revioud Sediéd indninditate Blab@R)HG1YchldEPrdFandSleddingl € e ne
if brachyury+ cells could be isolated based on GFP expression, the
establishment of the hematopoietic system are intact in the targeted GFP-Bry ES cells.
Example 3
Isolation of Brachyury' Cells
25 To determine if brachyury® cells could be isolated based on GFP expression, the
GFP* population from day 3.5 EBs was sorted and analyzed for expression of appropriate
genes, Figure 4A shows the gates used for the isolation of the GFP positive (2) and
negative(1) populations. RT-PCR analysis revealed brachyury expression was restricted
to the GFP" fraction indicating that cell sorting based on GFP expression can be used to
30 isolate brachyury’ cells. Flk-1, one of the earliest makers of hematopoietic and
endothelial development, was present at higher levels in GFP” that in the GFP" fraction
indicating that it was expressed in at least a subpopulation of brachyury™ cells. In contrast

to brachyury and Fik-1, Pax-6, a gene involved in early neuronal development [79,80],

was expressed at higher levels in the GFP™ fraction consistent with precursors of this
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GFP+ popul ation fromday 3.5 EBs was sorted and anal yzed for expression of
. appropriate genes. Figure 4A shows the gates used for the isolation of the
" GFP positive (%éen?gogke”@oegﬁgg Me(l) populations. RT-PCR analysis reveal ed
brachyury expression was restricted to the GFP+ fraction indicating that
cell sorting based on GFP expression can be used to 30 isolate brachyury+
cells. Flk-1, @aR&gObehBdrRANIr) @8fativBKE eSe egu-mir%t@m&semiem@mte gidneds al
devel opnent, was present at” higher levels in GFP+ that in the " fraction
i ndi cati ng t haBFPungeisthe cqntel ebthe ibrackrury desys providan p apval sarksh fafthe salatigr y+
cells. In cont Eﬁa?ﬁcterfz?i?@ragg?%pry\gﬁ&goﬂr&h}m PaX Gomdegiene involved in early

neur onal devel opnment S expresseré at higher levels in the GFP-

fraction consi st ent This exenpiedemensiraesothatt GFR" els papebet isPateit dromiday 313 £B5 b2
lineage beipg b LUL Y Lve. T cel ) - + dices.. i ndj hat
expression gf c%ﬁ_%&%’zﬁ%ﬁ&féﬁ%ﬁ%&éﬁ O'r]oaP’g%?' 5t ?e'!h%?(glf:ﬁhy%?jy%f}:gcSlgj&béng\%hg‘ggsqg&
novel marker f brachyuey &x30dssibh erpregatch praiomenrnthatd tha pasidveniaritipoyl aafindimg which

brachyury+ cells,frromEBs. Thj xanpl e_depon t es. .t hat P+.cel | 5. can
e 1 ool at ed 1 S lagerainstras | e RARn R PR TP Eioks h s i diolpE <

- of the GFP} angraBhiiry posant iceliss lisduditien td Bitachyairg eeyraceptoe xypossskiki isedveigat es
"predominantly to the posjtive fraction, finding which clearl .
denonstrates t FIE fema P@sﬂa?rfdowdst@gl@%sw? I 3 p fekrCsged, g gy ey in the

i sol ating 1§r aghtileyihBP s teViRe@Rk! fPactibi) 18dGhirdsERX01 BRAPIYYS MarkbReTQEIGPL OF
tyrosine Flk-1"involved in early hematopoietic and endothelial devel opnent

is al so exprese@elean HidgReroseindeiny i etpeesd Fodba iGFRE fpgron-nThase fnddingsi ve
fraction. In cenfidRflte 38¥zpredRA oP@HPEn HBEHMREP 0Obra@BlilyYcan B8 LGB Se
neur oect oderm are expressed in the GFP- fraction. These findings
‘denonstrat e t heesadgypr Bemicoledesm. GFP in t he context of brachyury can be used
to separate nesoderm from ectoderm Ex ?f' e4 15 Separation of Brachyury
Positive Cells into Subpopul ati ons Base p@n Fl k-1 Expression Fl k-1 has
been shownlio be essential forSepimatiesbbBiachiumyRositive Cells henmat opoi etic and
endot helial |ineages in the I [ Nl S .on the earliest
precursors of these Iineéﬁ%’?’%ﬁ%‘ﬁﬂgf%gﬁ?ﬁguﬁqEﬁ%?ﬁ%ﬁ%&% et al. (2000)
Devel opnent 127: 193lk4 ks b2éh sHowarto thhiesseptial dorathe esthidishmera|ob ol bemthtopeiatial ar
devel opment, its, e ssi.on wi.thin the P+ ,popul ati,on,was ,hypot hesi zed to
define a  subpBRLAPACIEIT Hreagdh i ealty SHEPGANS 5 xestiet PR Mg dopi RRst

| i neages. To i meeslideggdseinthnding piesBLAURG [Frlobu et hle (20068 ewhipmeand 7y1H8t-41ht
several stages of devel o t. r.th resence of GEP and .Flk-1 positive
col Ts 1 2 cBiep ST medbl o loin blpd b B aasas 1 B sion iy OFF) B
popul ati on exppspuk@ien GFA2 hypothesized to define a subpopulation of mesoderm undergoing

specification to these lineages. To investigate this possibility further, EBs were analyzed

at several stages of development for the presence of GFP and FIk-1 posiﬁve cells. In the
experiment illustrated in Figure 5A, 4.8% of the day 3.0 EB population expressed GFP
25  but not Fik-1, whereas 1.2% of the cells expressed both markers. The size of both
fractions increased dramatically over the next 12 hours with the GFP'/FIk-1" and
GFP'/Flk-1" cells representing 52% and 26% of the total EB population, respectively. To
assess the developmental potential of the three populations defined by GFP and Flk-1
expression, GFP'/FIk-1" (fraction 2), GFP*/FIk-1" (fraction 3) and GFP*/Flk-1" (fraction
30  4)cells were isolated at both time points and analyzed for BL-CFC and 2° EB content and
for gene expression patterns. The potential of the fractions was compared to that of the
pre-sorted population (fraction 1). The majority of the BL-CFC were found in the
GFP*/FIk-1" fraction at both day 3.0 and 3.5 of differentiation (Figure 5B). This is not
surprising given that previous studies have shown that all BL-CFC express Flk-1. The 2°
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25 but not Fl k-1, whereas 1.2% of the cells expressed both markers. The
size of both fractions increased dramatically over the next 12 hours with
.the GFP+ /Fl k- Jﬁ'gergggtkeigﬁﬁﬂngj(-] + cells representing 52% and 26% of the
total EB popul ation, respectively. To assess the devel opnental potenti al
of the three popul ations defined by G-P and Fl k-1 expression, GFP-/Flk-1-

(fraction 2), G@Pwtlehbdtridied OIthaGEPANk-3) frfioh, GihdigRloksident (Jithasd f2enth&Gh
cells were isolated at both tine _points and anal yzed for BL-CFC and 2 EB

“content and f dlerigehemesgsidealsisiiTyetiaednkS colfeinbiearimay s the $ifadilk-dns
‘was conpared t Cfratcn@{ C&t%;erattéaefewp&ﬁérﬁ&r e ﬁ@%:élﬁ@;l%ﬁrk‘uséa R@ekO Bulkes. THE gene

majority of the BL were found I n the -1+ fraction at both day

3.0 and 3.5 of edpfesséanenndlesy oeveglpd giomes BByrestigi differenagst betwsaen pitie spemylagionsen

t hat previous ' . t - | -1. 9
hgent " Docket: NI SE s B PRI, Rt PR gkl S5 oo

a finding consile¥erieveli intih¢ GEPT thob it thatGRF Gyctiodeinidicatiry tha thessipdprahtions are
gener ated 1 ew BraRBLY Taaaddhe BaotiREY i et e e et B e
gene expressi @oindNdhy $évelsrappedhete higher innheGEBYFIRY ™ diahftier GREEEIkE fraetiun t he
o ke, v oxRUabEoT gy §SEER. RIS R oPe N e v pireaaas fese”®
fraction, ijpdi ¢aftd MstufeNaivardh @rtepaRpbisiid HuSenabtBeliall IAREEOIAR@xpected, Flk-1 was
differentiation. Brachyury. was exFr essed in the GFP+ fractions a% both tine
poi nts. The | ewdp&ssahpedpmingntheinyipg GEF /Fi-k rellaptheth ing peints; fgdna pplge-loop-

GFP+/ Fl k- 1+ fragki fihsciist@hah@st hiiaMedaniaPror bbBSprinfH @ISR defdithvB RbmhtbSoietic
-expression could be downregul ated as these 10 cells mature towards the

hemat opoi et i ¢ dnvlenmspt Gbivdasanj Fradod@%) Natre RpktiZed); aprrpmcte boestricieddp dhgsed
predom nantly 'd]:Pt'llFﬂ(-g:Pf'féclt:le 'éi?"—xilﬁﬁ},l $hl trzt?l%rrbtihh Mg, R i1, 36 uired for

hel i x-1 oop- helix transcription factor that Is essential for both primtive
and defi ni tlbve ekteblishwpdi @t the defioitied bpmatapoigtBhsysidms@Mangeet 2l (1996) B®S5) Napt ur e
373:432-4), ap . O Lest [l : Pt/ F_I;?fh_ir - | OR
Simlarly, t he%%rggﬁsscé'r ?3:;?:}461;‘9% {g(%{gn‘r%gt 'tﬁgcﬁg?{]&t?cegéuﬁnréﬁ glf: ‘1§'%g‘§“a§?‘ FShient
of the definitiswree Renxilt ©podssivn in thy SRPVFIRAfoacddn Bblated T@B6JayPt.0 EBs.Ndodal is
“Acad. Sci. 93:3444-9 st readil y detected in, GER+ [ElL k-1 + fraction.
There vas  sors R m LD FENSf TRAS bhaMEBiBR, AT detbih Pl
fromday 3.0 EBstheNoERIIFIk-3" frastjpmemped to be aighifidarftlydotviiothsn &t thd ayheB fiattions.
differentiation, At d 5, the levels, of expression. in the P+l El Kk -1+
fracti on noBeavads el Uik hrbeis PR HAR PREHE SPRSHOT PR PPERIndg
Wit 3a  and Wt 3alyShamedFR /FIRTR flélnyat betttimc baists pbiigem with ax@ireshésoderand
ints, consjstent

‘were found only in the GFP+/ FI k-F fraction at, both ti

with an early AESBIRRPHT P EFFIHFPStS’PiQf?“"?i‘ﬁetfﬁ%“@%g%%rﬁ“gﬁ e esyessed n
restricted nmar kethSGFP BMREoNESheda 'ENIPAL Yak founl QbddofiRntly Atk IGHPS/FINET &S,
BMP4 was found predomnantly in the GFP+/ Fl k-1+ cells, L
indicating that these ‘molecules play a role at distinct stages of development in this
25  system. The BL-CFC potential and gene expression pattern of the GFP'/Flk-1" cells
indicates that they are representative of the extraembryonic mesoderm found in the mouse

embryo. ' _
This example demonstrates that the brachyury fraction of day 3 and day 3.5 EBs
can be separated into two fractions based on Flk-1 expression: brachyury’® /Flk-1"
30 (GFP'/FIk-1) and brachyury'/Flk-1" (GFP'/FIk-1") (Figure 5A). Functional studies
demonstrated that precursors (BL-CFC) able to generate both hematopoietic and
endothelial cell segregated to the (GFP'/Flk-17) fraction, suggesting that upregulation of

FIk-1 is indicative of commitment to these lineages (Figure 5B). Gene expression studies
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i ndicating that these nolecules play a role at distinct stages of

devel opnent in this 25 system The BL-CFC potential and gene expression
pattern of the GERHlkENS-135s6L! s indicates that they are representative
"of the extraenbryonic nesodermfound in the nouse enbryo. This exanple
denonstrates that the brachyury fraction of day 3 and day 3.5 EBs can be

separat ed int o dei@ndifaiedtdiing dEreRaked Befwekn the X AIEHT Ofhd GEF ALY Updphilations
/[ Fl k-1- 30 (GFP+/Fl k-1) and brachyury +/ Fl k-1+ (G-P+ /Fl k-1+) (Figure 5A)

Functional st udF@¥red&donstrated that precursors (BL-CFC) able to generate
both henatopoi etic and endothelial cellg r‘gﬁ%ieegat ed to the (GFP+/Fl k -1+)
fraction, suggesting that upregulation o ' k-1 is indicative of
commitnent to these l.ineages (Fi gﬁeéelmeﬂfﬂd%@aféwpﬁessi on studies 20 Agent
Docket No. %4435.02 denonstrated lt&c& ]@FFaQ , between the
GFP+/ Fl k-1" "and GFP+/ Fl k- 1+ popu a ons |gure Exanpl e 5
Devel opnent al Rel at Tbﬂ@tqusroﬁpatmrsg)bsmc[ﬁ?ﬁg%tdﬁ aliércanmtm:wit]ﬁhl& jetcppressonon

patterns obser i 5 are c ent th the interpr i an hat
the three fr acﬁ%%e th gﬁr reagg%r{S “::prﬁse\'}efi r?i??f’gf] 8‘%&‘%"}’.‘&1&&{ b{h tilg Cﬁ@’ @P‘Ceﬁs

I Flk-1- cells gbiing tisg tbltlﬁaeGFD Y /Eikd” EHEWhnEH ki-thrh ghed fise tviieOBFIFIKUT BelBi VR
rise to the GFP+/FIk To determn |f thet?‘efractlons do

S.
represent specidfiFtmigs de}ée§e ?tfﬂ“ﬁdar%??ﬁ'btﬁp fIRAs SRR 2 PR drxalPPmental,
was isol atag f @tﬂivﬁy?})éaaa wBsisolatel thohfday’ PEBZLult@da Fordthduhed RertiR ¥z &
for GFP and Fl k expre55| on. BL-CEC and Er%qy‘-)CFC potential was detefm ned

for each of & (f)F banddlk-d exprsssion BLACEnand -SREmgteetiplvias deteriaed Hsleaghed

cells were cul Bpﬂﬁzd% latlgl?snﬁr'u;r'@san@ffoilﬁﬂé cuﬁﬁ%l PhSsodfe@alRS welk PRkidg G ade
24-vel | plates in the same nediumused for EB differentiation. Under these

.condi tions, thédensitics ef PES aells qrwg@régmt@-gmla 2favehh plates inghd japs medium pepdes
that appear togfqy &WeéanoH%n&é?Mﬁ%]@&%ﬁhﬁJ HRICOR o gﬂrkégglre hiklafid fo‘?%ﬂ?f%s' on
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‘generated a su antial population o
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Figure 6. The g‘ﬁange%to:@rﬁ p/Fecﬁrsor péﬁgﬁ Ollrl] \%ﬁ?eéa%%(gﬁsf"g}%ﬂvﬁmmﬂlflaflﬂ'é of
- changes in suGFRUEIkndrckis duringhke Gk’ duftule petid dfmaﬁﬁwmlk-uﬁpoﬂmbnlaﬁp&feure

gfef E)? g E)? ' g¢ ,E ef Olg%ﬁa%oﬁi%e I?IPT?{@U}%QS &%}:ﬁ%ﬁérﬁfoﬁg%egrthg IeangLreg%'t:l(c):n gu ture. Xesu ts are
shown in Figure 6. The changes in precursor potential were consistent with the changes in
surface markers. The GFP/Flk-1" fraction, the most immature of the three, contained an
undetectable number of BL-CFC and Ery’-CFC before or after culture. The GFP'/Flk-1"
fraction also contained few BL-CFC and Ery?-CFC prior to culture. However, following

25  culture, the BL-CFC potential increased dramatically, from 74 to 1564 per 10° cells,
consistent with the increase in Flk-1 expression. The frequency of EryP-CFC did not
‘change during the culture period. The GFP*/FIk-1" fraction contained BL-CFC but few
EryP-CFC prior to culture. No BL-CFC were detected following culture, however, the
‘population now contained Ery?-CFC. Together with the surface marker analysis, these

30  precursor data support a developmental progression from a pre-mesoderm (GFP/Flk-1)
to a mesoderm/pre-hemangioblast (BL-CFC) population (GFP'/Flk-1) to a
hemangioblast/pre-erythroid population (GFP*/Flk-1") to a post hemangioblast/erythroid
population (possibly GFP*/Flk-1'°). Not all the cells in a given population appear to
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fraction also contained few BL-CFC and EryP-CFC prior to culture. However,
followng 25 culture, the BL-CFC potential increased dramatically, from 74
to 1564 per 105.GebdcBa no.GRBSI;Stent with the increase in Flk-1 expression.
" The frequency 01g EryP-CFC did not change during the culture period. The
G-P+/ Fl k-1 + fraction contai ned BL-CFC but few EryP-CFC prior to culture.
No BL- CFdC wer edd&&@mhteoroﬂ@hhg)wﬁmﬁo-ﬁudrtwtem mmwerkccllst Mhltmwhmnghanm
cont ai ned EryP-CFC. Toget mar ker anal ysis, these 30

" precursor datapgrﬁ'ﬁtﬁgﬂ‘l% G%E\@Wd ﬁ'ié#'{:'ﬁf ?Fg'; gcr“gtgg??'on froma pre-nesoderm
(GFP'/Flk-T) to a mmsedsipl ﬁﬂf%aﬂé?ﬂﬁﬂﬁh@bﬂs@!ﬁt%d bRl-rebdtfaledOP2d-24 haRs, (& PaT
FlIk-1") to a henangiobl ast/pre-erythroid__popul ation (G-P+/ Fl k-1 ) to a

post hemangi obfgshieeporiztiond isofstsduTen fn3 EFssentmgd torbileemiate and in a pderng| |
the cells ig atrat M@Qaﬁ?%l %&@&p@%@ﬁgre%ﬂse%@aﬁgm nQ%k@&m*h'QumgﬁﬁéstQ%e

differentiate followng t hour cul ture erlo as cel
starting phenoGyBélkgeessiedisedo GRPYRs- 1C}:¢15/VF111¢41 in| turnzgaye Grerte/GHREIR-1". These

cultures. This ﬁﬁg&@lne%.{]mr @é%ﬁarsaaﬁsn\é@%e %%@J,t@ai Oy & géc&@r ggnéé%r in

20- 24 hours, ree ations Iso rom
~continued to ddévfekxpenmahtepawdtlaln a’lfhatteGEP /Hkilhat fragtiorc at e‘sntahnad t hiege

popul ati ons I’eﬁmfﬁ%r}ienl%feggmﬁ 12l {,Tr%nl}rg? rs f}ﬂf‘k pnor 10 culturg%to?lgé%g cu l'l_rfktll_—lfsf )

gave rise to gave Tis€ to

These cham@espieturs®@b wereUdeteard, dhﬁwamhﬁhﬁﬁﬁmgﬂmmaéQﬂﬁgﬁmﬁlaﬁﬁﬂomﬁtMchhe

- expected chang i devel opnment al. potenti a GFP+/ Fl k - fractio
cont ai ned 1 ow EReRenGONGR: BF GRUGHHER BVE JrEarHbr s ChL PRt o

cul ture. Fol | opidatheBallpbtengal. t hese 10 precursors were detected, clearly

denonstrating that the GFP+/Fl k-1" fraction fromday 3 EBs does cont ai n

. the potential to give rise to Flk-1+ ceExample 6 hemat opoi eti c and

~endothelial potential. Exanple 6 p,ﬁgﬁﬁﬂtofmlk@:@élgl k -1- Cells 15 The
‘foregoing exanpl es denmonstrated that GFP+/ -1 - cells isolated from day

3.0 EBs etficient|Thedersering @@Prr(ﬂﬁrs#ﬁlnpksttated ﬂtﬂéﬂFg /Bl pellsardatedsirem ey 8.0
over ni ght cul tEB?cffIQntl}d %fa’i@drtﬁ:}*"fﬂﬁ It SRt ﬁdﬁfs c@iqome&ﬁ%tdvaln ng@éulﬁzpee fic

to the GFP+/ Fl k fraction isolated at this stage of devel P+/
Fl k-1" cells quﬁmefrfélneme Blg & CARsenfiel wasaspseifie tb ﬂﬁngFPc/ﬂf&-l fmwn tsylated

CEC s most 1 ikl gt BBl CRIIR 1 bty dh RERE daka £ SEASLENE Rr 20
pot enti al declhelasbdit}dpgmtrlscw By I dayh@yibindfigute 7 Acthe wapagity tmrgcaﬂdtem
a1 oSt NONa@X! EEENkasRhold WMoy 0 md Wy B GERTFROPSIL, Al WBRIGHERD) olciRlyat o

G-P+ [ Fl k- %+ fraction Trom S 1 ncreaseéd over t
time, indicati dugrehktdtdratnitfcelhehy day BSrofwilerpmtiatoreaigl wes almost non-existent at day

4.0. The BL-CFC content of the freshly isolated GFP*/Fik-1" fraction from these same
EBs increased over this period of time, indicating that differentiation was progressing in a
normal fashion. The Flk-1 expression patterns in the reaggregated cultures from the
25  different staged EB cells were consistent with BL-CFC data. The cultures from the
reaggregated day 3.0 GFP'/FIk-1" cells contained a distinct Fik-1 fraction that represented
more than 40% of the total population (Figure 7B). Flk-1 expression in the'day 3.5 and
4.0 cultures was significantly lower and consisted of a shoulder of the total population
rather than a distinct peak.
30 Example 7
Cardiomyocyte Potential of GFP and Flk-1 Subpopulations
Given the sequence of events in the mouse embryo in which the development of
hematopoietic and endothelial mesoderm is followed by the development of cardiac and

cranial mesoderm, the cardiomyocyte potential of the isolated populations was
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normal fashion. The Flk-1 expression patterns in the reaggregated cultures
fromthe 25 different staged EB cells were consistent with BL-CFC data. The
~cultures fromt gaj,ed day 3.0 GFP+/Fl k-1" cells contained a

- distinct Fl k-1 Er%é%og]%ﬁcgg at represented nore than 40% of the total

popul ation (Figure 7B). Flk-1 expression in the day' 3.5 and 4.0
cultures was sygginfihc@ bt thid Qwsis,amggy@ggﬁg ifshehe Quitdres BO e ABfferoft gopalatiisal
popul ation rather than a distinct Eea . 30 Exanpl e 7 Cardi omyocyte
Potential of GEPredfdsterpdktomiSItis LAyt ip srumiecsefien ¢ BIOMEYEH{Y i n
the mouse embr deUﬂ}ﬁ‘@h&Jﬁ of Beufle el BRENtnALaivD SIBLaRABLIS. 2R 20ANLHR! | al
mesodermis foll owe y the devel opnent of cardiac and” cranial nesoderm

t he car di onyocytedknpwt émsupport dfe effirient develnpagnipdsartdiamypagiewasm Al magemteapdck et
No. 14435.02 determ ned. . F ' Sl s of
t he di ffere%t ﬁ%%‘u 5ta|"dﬁ%epgra%bg&%rﬁgﬂ@&éréfgae t@ %Q{%ﬁ%r@%{?iép étpgg&r) @gc\%’% fvli{rﬁllﬂat es
in serumfree thesi massasnch mapnisergatee group wah eragdereddotormivrosodpebg ales, nigred edrid

masses, indicative,of cardi onyogytes.. These.congiti ek
cupport the ef FPErLRr GEbEISHaR TRk ERang BRbrb T opdin s A Mubd el
cells. As an i rdepeanyied oané ifsundtto @on@ain Tlogorda Mdpwitive cytle imdidating that thdye
cells wthin these sses, aUr.e resent ative groug was tr.qr}ﬁfﬁarred to d
m croscope sl i H&E,capdigaypeyiss Vg ihiassaypthe CArqmyesys peteghal f dhe reaggregate
cardi ac- spegi f Gept/BRi10LAY CFFPTFPON LTS Abh dIFatitNg6€HBs waRskesmmeal Fared
were found to contain Troponin T positive cells indicatin t+has th‘fy wer e
car di onmyocyt esComRATse the Lﬁsca??te‘i‘tﬁéOfé’ﬁrféqsbl%y&??‘%%gt/@ﬂ‘ﬂ aelly and RE the
reaggr egat ed 10 (FRGIH IR ccBSHaFrRIEd K -1+ fractions fromdifferent

L .

staged EBs was_determn For conparison, _the Bl-CEC potential.of the
freshly isol ati@® G-P+/ FOEPLEkcel | s and of the culGREr &k GFP+/ Fl k-1 -cel | s
was anal yzed. Ii eGFP+ Kl k" GFP+ Fl k} Age BL-CFC [peating follow ng BL-CFG
beating follow follagwi ng cultureculturedirect jplatingculture 2. 75++
+- - +- BL-CFC beating  following | BL-CFC beating following
following culture |culture direct plating |{culture

2,75 + - + -

3.5 + ++ +H -

4.0 +- ++ +H+ -

Table I: BL-CFC, pre-BL-CFC and cardiomyocyte potential of the GFP+/Flk-1- and
15  GFP+/FIk-1+ fractions isolated from different staged EBs.

As shown in Table 1, the BL-CFC potential of the different fractions was similar
to that observed in previous experiments. The GFP'/Flk-1" cells isolated from the three
different EB populations generated BL-CFC, with the highest number found at day 3.5

~ and 4.0. The pre-BL-CFC potential in the GFP'/Flk-1" cells was greatest at day 2.75 and
20  decreased significantly at 3.5 and 4.0. The cardiomybcyté -potentia]'bf the fractions
showed a reverse pattern. A significant proportion (>80%) of the transferred aggregates

from day 3.5 and 4.0 GFP'/FIk-1" cells generated beating cardiomyocytes. No beating

cells were observed in the aggregates generated from the earliest (day 2.75) GFP'/Flk-1°

cells. Beating cells were not detected in aggregates generated from the GFP'/Flk-17 cells

25  isolated from EBs at any of the three stages of devclopment. The findings from this

analysis are consistent with the notion that GFP*/FIk-1" cells isolated at different stages
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3. 5++++++- 4.0+/-+++++- Table 1. BL-CFC, pre-BL-CFC and cardi onyocyte
potential of the GFP+ /Fl k-1- and 15 GFP+/Flk -1+ fractions isolated from
different staged EBs.. A4S 559 in Table 1, the BL-CFC potential of the
different fractions was simlar to that observed in previous experinents.
The GFP/Flk -1+ cells isolated fromthe three different EB popul ations

gener at ed BL- Cfye dffibint fRertihl NEifdse MalrBsVeldpQidng apeadiftyhade 2 heaflgidblfst fdige
pre-BL-CFC potential in the GFP+/ Flk -1- cells was, greatest (i;\ 2. 75 and

gre t d

20 decreased siwgaicrs dhase| Patadevsiop laty aengrateTths exdige Jifyassy AR pP(?ﬁ%%%’i%t CTof

the fractions FER ] L 90 hh b CiaQithddaedinid =303 of
AR L APyl pghgol gt o ion

the transferred aggregates from < ) - -1- cells

gener at ed beat iand) near ket ssyioiegtte she Remanwinblasy linesgss Sivesr bewpiudingsd thenearlye
aggregates gengrated fr Rocige (a2 afP)refehiby b FiK plehSink ®blast
Beati ng cel ?s \%E‘Fee()pr'\"dg[ (&d)%]t ggﬁéﬁﬁi F\iﬁrﬂgggl#(e]gat es aSQaneer at eg fror% t he G P :
*/Flk-1} cel | sn@Sodesoivaierds fhe prpEBionahataleyelerfs betvecen dpe 8. 5Sand gelsarp freferred to

devel opnment. The findi.ngs fromthis RYAY! L€ i i F

notion t hat G:IgSrPff'f‘i?“J-’T?m SRR ?('ﬁ g%y£8'§t§§%%§én? @‘%ﬁ’gg%"z‘@“ﬁ\g?ﬁ%cket
No. 1443 5.02 haweaditidserisnitepdioantiated stagel lds e(dayait0)denngdim primativey cappedr to
have a henmangi obl ast fate, . whereas (hose that devel o ater,.gener at e the
cardi ac | i neag®™gRH95HAIgHInE e QBRset O{J'Efﬁﬁ’foé?ﬂegﬁgqm [Ee'%lé’fle’#pﬁg(f?eebpme"ml
popul ati ong oap?@@ﬁtiél,qwem*ntmat* pbiRation itk REYO Ryds heRaigstldsamesodach.may  be
restricted to the hemangi obl ast |ineages. G ven these findi 9%3 thedeﬁaﬁl y 5
devel opi ng (day 2. 7Exanmgs o ¢ gemonsiratg that GFRF cellsiseipted gropy difigrent aged EBs

pre- hemangi obl asfe 4iffESRARVEDMAGESR BStchitd. AORYEAL ANhd pratioiessampRs, GERyrRIEN
day 3.5 and 4.0 are referred to as pre-cardi ac nmesoderm The day 3.0-3.5

GFP}/Fl k -1+ pdpeliafioandaygehds effieicmly greate hotehesstonoirys and susjoeliy] limeages:
jater stage EBsn(dadaithof AN AldtoRbdBkbYRes (RKIER) ds dRAGHIARE BF the lack
i ndi cating the onset of hematopoietic comiitnent. Gven this devel opnental
10 potentidb, bhbeaBRP<tFinlassts. Ipopotrast,i @GP icslly Bomrdepd ERs &%’eﬁéﬁéﬁé‘?"bglkakt

nesoder m - Bxanplgs,3 ANErE SRIRAS LOREE gfhk(}g;rggﬁﬁﬁﬁ ags' Aoweh S0k alcRAle LIRDE the

different aged "EBs havé ere ntal potential” As indicated in
the previous exadiphescteGrbagel Fhése findinge|dewonistrate) thatythg GRBS (bfathyaine hfiagtion

gener ot ot DR ROhCY A P Bl DO, ADERP BB 2
of beating cel Wifféaas develdpmearhfareas iin adeition todfid @nditions wheg and EBsntighs\observeske t o
e LI apoel e S el A Pl s, B P9R ot
denonstrat e t hagditilvg. G-P+ (brachyury) fraction isolated fromdifferent
aged EBs have becone patterned to disti %(;;mgg%ul ations with
Role of Serum-Derived Factors
To assess the role of serum in the development of brachyury” cells, EBs were
25  differentiated the absence of serum. EBs did develop under these conditions, although
they were somewhat smaller than those found in normal conditions. In the absence of
serum, no GFP" cells were detected within these EBs, indicating that mesoderm was not
induced under these conditions (Figure 8). Significant numbers of GFP'/FIk-1" and
GFP*/Flk-17 cells did develop when serum was added to the cuitures. These findings
30 clearly demonstrate that components found within serum are able to induce the
development and differentiation of brachyury” cells. As a first step in identifying factors
that might play a role in this process, BMP4 (20ng/ml) was added to the developing EBs
in the serum free cultures. At this concentration, BMP4 did induce a significant

population of brachyury” cells within 3 days of differentiation. However, in contrast to
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di fferent devel opmental fates. In addition to the conditions used and
potentials observed 20 in the foregoi ng exanpl es, other potentials may be
observed by alt prg%ﬁtggckgt%dlhhlsgps and additives. Exanple 8 Role of

Serum Deri ved ctors To assess the role of serumin the devel opnment of
brachyury+ cells, EBs were 25 differentiated the absence of serum EBs did
devel op under tth@%urﬁoﬂmﬂldﬁlﬁﬁot s@;ﬁﬁohﬁh@ﬂhvebﬁﬁ#ﬂtﬂﬁ]& Gpriavkat pGpli’(ﬁelﬂoﬁﬁn tmgan
those found in normal conditions. he absence of , ser,u %F

were detected vietind Af inesk ﬁ%@'m"lerfﬁﬁ% ‘i?tl’dtlﬂ‘?;f’tcer%?dg@‘r]rn’fﬂ%%%%g kllncfﬁ %d
under these Conﬁéttwa@m}l%é(ﬂw:ﬁe %)esen%b QRisdrhma o pEKDE Lansoh cleiBtattikm! EBANd
GFP+/Flk -1+ cells did devel op when serum was added to the cultures. These
findi ngs 30 cl ehff¢rgntiaeadoion three: days fathe PerseRsa @h seumo hhese wEHhIVere Seacaieeated imb) e
to 1nduce the fexsh gi%&ir?% pAhafhlh Sl t&%ﬁ@&kumfw.mﬁmxu,&mo%l ihhe B¥ed
first step in i ctors at m llay a role in this process,
BMP4 (20ng/ M) rowas F@jdaefd GFP®' Fhel dé!,seild)mtmig‘fiegmatmsnbsmmgalge\wmrf:aggegated in
cultures. At thjs _caonce ratl d.in S 48P io0n
of brachyury+ rc}h‘? PROEGEHiSEug 4 esxg%\)p %fsg}r"eﬁ)%ﬁ'gﬁ%gréeg%oifg\%g?}ge| n c}g.l"ﬂ ast
- to 24 Agent Dogkeptilafin w&éﬂ%urﬁﬂvdshﬂd&brwm cBluirds. diodsistent witipgor findings in the
ot or i e i £ ENPAREDGH HFFHce. <R FRMPI Loy i Gatp e g JeRpient pt

were induced i Rigdnif:af eI GFPYEKUMce NP Mekultired GEPVBlkvietetisi sol at ed
fromEBs differentiated for three days mé e[sence of . se These
cells were reaggreg&!ge?js‘imf“g’zﬁéﬂieﬁﬁg%ﬂ 19 eeso e]‘imrﬁg&‘? CRPRSRE PEP?"%BP‘{HT‘S]BFOWP'“'%

- medi um wi th BMY4am WA fePrebdh®s h&WBEm WS ald Patlefhis to@te/hbmbktopbietic
cells did not di ff@?eﬁ?ﬁat e E{Jbst ant i alrfng when reagegi egﬁgt ed in thepabsence

of serum As expdcendgthelitle (pserhempngibiast) i BiF- g¥pR ' dePrescItar Geciigion [ they +
popul ation V‘he'}leﬁﬁf P%ﬁ@&da&qgl‘ﬂeﬁa@ Lihdige L %t&ﬁr#%%ndqqqfﬁ%ékﬁman%iﬁg thlilfe pre-

findings in the mary differentiation cultures was unable to
i nduce the Ideve:btdpwe’att of 10 significant nunbers of GFP+/Flk -1+ cells
fromthe cultured GFP+ /FIk-1- cells. Fig, mrari zes the stages in

mesoder m devel opnent based upon the foregm r?g exanpl es. Step #1 represents
mesoder m i nducti on and pat t efsolatign aod £hpraetdrgntionpOEmtodermand endot hel i al

(pre-henangi obl ast) fate. Step #2 ification to the
hemat opoi etic and endothelial Ii né’rggéoé“‘ e?l ﬁﬁgf tloBSC#4 r epr esent

patterning to the pSedicisingmitidaicsybame sudﬁmrmalneplﬁ and debrafignhaxn duggested that
Characteri ZZ%t | %]esg err%ngr? ercin derm develop from a common precursor population known as
mesendoderm. To determine whether or not a mesendoderm stage of development does
exist in EBs, conditions for the development of the endoderm lineage were established.
As a first step in establishing culture conditions for the development of this lincage, the
amount of serum in the differentiation cultures was varied. EBs were generated in the
25  presence and absence of serum (SP34 and then IMDM plus SR) and assayed at different
stages for expression of genes associated with ectoderm, endoderm and mesoderm
development. For the ectoderm lineage, development of the neuronal lineage was
assessed analyzing expression of PAX6, Wntl, neruoD and neurofilament (NFL). These
genes are known to be expressed at different stages of neruonal development. The early
30  stages of endoderm development were monitored by expression of HNF3p. To evaluate
later stages of endoderm development and specification, genes involved in liver
development were analyzed. These included Hex, a-fetoprotein (AFP), HNF4, Albumin
(Alb), o—I-antittrypsin (AAT) and tyrosine aminotransferase (TAT). Mesoderm

development was monitored by expression of brachyury and GATA-1. In addition to
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Potential of Cell Popul ations Studi es using nodel systens such as Xenopus
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H -B-1ine).

Brachyury was nothedbseaes efgeivm digdaygd thigactimity fhigure 13). Takentogether, these findings
demonstrate the importance of culture conditions (serum) for the generation of specific

lineages. They also demonstrate that neither serum complete- nor serum-free- conditions

25  were optimal for endoderm development.

The strong upregulation of HNF3 in the early stage EBs generated in serum

suggested that serum might be important for the establishment, but not the' maturation of

the endoderm lineage. To test this possibility, EBs were initiated for 2 days in the

presence of serum and then switched to serum-free conditions (SR). As shown in Figure

30 14, EBs generated under these conditions (serum+/-) expressed HNF3§ between days 3

and 5 of differentiation. AFP was upregulated at day 5 of differentiation. GATA-1

expression levels were reduced compared to those found in serum-stimulated EBs. Next,

day 6 EBs generated under the serum-+/- conditions were plated in tissue culture grade

dishes (to allow them to adhere) in the presence of the growth factor bFGF. The dishes
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absence of serum (Figure 11,-H line). Hematopoietic precursor assays

-_.confirmed these findings. EBs generated in serum contai ned precursors

“(Figure 12, spe Kl 858 PRL haa35 Whereas those grown w thout serumdid not
(Figure 12, sol |% lg not v(}(ygl ble). Finally, 20 evaluation of neurite
potential of the EBs was consistent with these vari ous anal yses. None of

the EBs grown iwkrs&atéd GighaiiRt edamiesy ﬂnﬁlﬁéel th Mc@RMhE dSdubstBa e antyh%Qct on
- generated in the absence of serum di ség_ ayed this activity (Figure 13).
¥
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AFP was not eg%%éeﬂgﬁ §’d@é§g' ? ﬁ%addayq}g§ggém?ﬂég}g% (ng z?njed\‘r/heﬁ};s &e%ilssv)é%peslf(gﬁteg\e
upr egul at eth whesn deml2tUEBd biyreell sertipgetlane eoplﬂatbﬁﬁﬁremalmmueo rg@gagata aad

matrigel. Low cted at

expr ession i ncéruztégegcsi‘ % ](}IsﬁA malwa?)he Eki% a? %E)ﬁla Ve Wﬁd toﬁé‘? F%’He {"Qlﬁﬁ‘f prade

condi tions tesdigas lM‘Edmndwim'BF@rFrbr dldags ewar ef ls(eda)fsy)l IGené Bgprésdon analytis

culture step. The hes | s of ref B- der d cells

‘were 10 cul tur'® cate &ﬁt ¢ l? cCBPEPS ﬁ@é&l‘fﬁ %ﬁ@ﬂ’ ET ﬁ'df?"r#dg%ﬁ aart y

i ndi cate that 6. |wlth pm&sinbdwufcptlgegafeaﬁ& explrdssedolfl dehe ga{maﬁfrflml thﬂ@"{l’e and
ve rise to cells that

t hat unde e i on

express getfos b s R teefin die oAb ey Yoot PSRNG4 erprossed
“det ermi ned | f ih hidhen@sdtaasr poplatich.] SAEEVEERP AL B Elm“rmhmawbﬂéuznvtxﬁéssed in
“brachyury ced:ls. To agcdfeeés Ihis, question, GFP (Bry)+ and P (B

y)"
cel I's were isdiegvaiyes ¢ ﬁ?dﬁﬁct@%b‘EB?tb‘%/C@bP‘PP'%'Pﬁ E@’efa’f‘fﬂeg'%mﬁb%@]:é’tl ons
-were al | owed tRlls.ed0WRAGRLE FAXE and neuroD, markers of neuroectoderm, were found

predominantly in cells generated from the GFP" fraction. These findings indicate that the

25  endoderm lineage is established from a brachyury® population, which also gives rise to
the mesodermal lineage, and that these lineages derive from a common precursor, the
‘mesendoderm. '

To further evaluate the liver potential of the brachyury expressing cells, cell

populations derived from both the bry* and bry~ fractions were analyzed for expression
30  of genes representing early hepatocyte development such as a-fetoprotein (AFP), albumin
(ALB) and transthyretin (TTR) and genes indicative of maturation of the lineage
including alphal-antitrypsin (AAT), tyrosine aminotransferase (TAT) and carbamoyl

phosphate synthetase ! (CPase). B-actin expression was used as a control. Cells were
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cultured as clusters until day 6. On day 6, they were noved to the tissue
culture grade dishes in nediumw th bFG- for 4 days (total of 10 days).
Gene expression analysis., . indicated that cells, which express HNF3(3,
segregated to fqﬁe@%&]?ﬁéﬂé}?on (d2.5) (Figure 16). Wth time in culture,
this gene was expressed in cells generated fromthe GFP 20 fraction. This

likely reflects the fact that at.|ater stages of expression HNE30 i
expressed in FERZERGANSR SET™E BRDIORTSR © ARRne Ry AU PR ot |
expressed in Hefriaataime vefcohtids Gleferalia atlyizad, Ebpitssiv@tofiall of @hdse peeslvadsi ons

generated fromthe GFP- cells. In contrast, PAX6 and neuroD, narkers of
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mesoder mal $ineage, and that these |indagepldlyive froma comon precursor,

the mesendoderm To fuyther | uat e the | i ver tential .0 he brachyur
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1;] ractions vvgre analmeﬁrefiﬁhglnagxmirefﬁsianIysiBQie@d‘ribgen&sE){alﬁ%leESedﬁrﬁd‘r@rz&ad Idt}yat
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i ncl udi ng al ph@fined aBhpdraly BEhidn ( AATmord WeQBd &irAt ALK A0 Shewas ehd BHfamiand
car banoyl hosphat e synt het ase I_&@CPase). P- actin expression was used as
a control .lfgeweéfekﬂémémﬁ theg@RR Fiidc heteaRe, referad tasaspthe GRET porsdption) prpuasion

sorting and SURSQOMERYs 3.9 af®h bioPdiffeRhnRatnY(tightd shr Wh@ﬁ’i%%!laﬁ:&jiaﬁ@&aggr%%ﬂd
~liver and adult |iver controls were also anal yzed. Expression of ~alf of

these genes wathe daysi enddB-0 oGFRe freetions erneraiedd blastonsh rrelamiey +(ipdipadatas on,
indicating th i . : St G -

. brachyury ex p?iltiaeggalg %}é)ﬁlgg: #%ntlgggxﬁ%%gﬁltggi%ﬁg%eﬁf:{shéIS? ﬁ%ggggggr %ﬂﬁﬂ{éﬂ@ﬁggaer m

Devel opnent i nandBaddthediap cahinitineatr(figkieni®).i Thiamapyistion o SFFY | w8l displagodalide e 6

denonstr at that. s i .Of r i st | deve nt al

fates wer eﬁ’gen%P% 8 %qgé}h%@fp?’ﬂ%aat éﬁg%?%ﬁ t%\gﬁ%&gkg{ ér?@%’téh(ﬁgfsgllal?% om

ki neti ¢ anal ysday 3hoied shdweddsipafitantl Gedieed | RIpGEGt padntihl) buGerd-lekficient at

A > e
the day 2.5 and cardiorffdetes fahdtad dike goagtyabagndthiaBL-CBC) supgbsting ekey(inagbeat ed
22 ok obl ek oLent gl LD FLau Soda) el LepLsaenty e el eol
popul at i ompeof fHArtibne hdstysduidldRirefstiatet nOled SarC AMHrORYO G¥iven (tBABkraGFP
Pot et Al N s Higire 2001 Whlic Yome gencs were” exprossed in"all aopulations, others
showed intriguing differential patterns. Wnt3a, a gene thought to be important for
hematopotetic development and inhibitory for cardiac differentiation, was expressed in
the day 2.5 and 3.0 populations and down regulated in the day 3.5 and 4.0 cells, This
25  pattern is consistent with the change in developmental potential of these populations from
hematopoietic/vascular to cardiac muscle. A second pattern of interest is that of the gene
Mixl-l. This gene, which plays a role in the development of mesoderm and endodenn,
was expressed in the day 2.5 and 3.0 GFP populations but not in the day 3.5 and 4.0
fractions. Taken together, the findings of this example clearly demonstrate that
30 mesoderm populations with different developmental potential are generated in a defined
temporal pattern within the EBs. In addition, expression analysis of the
mesoderm/endoderm gene Mixl-1 indicates that cells with endoderm potential are also

generated at a specific time, namely between day 2.5 and 3.0 of differentiation.
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day 3.5 EBs showed significantly reduced BL-CFC potential, but were
efficient at differentiating into cardi onyocytes. GFP+ cells isolated from

- ..day 4 EBs did nQt.Bi¥&nti188s504 0 cardionyoctes and had little capacity to
" generate BL-CFC, suggesting they nay be fated to sonme other nesoder nal

- l'ineage. Cene expression analysis supported these 20 functional assays and

denonstrat ed nol eculrarfurttict freegipaRshdiahamReof dnldeddra WevdBittent, faFRC LEIRTRO Biyour e
others showe

"20). Wile songe{? 53 were expressed.in all popul ations

~intriguing dif 4P BBt (erRsisolaiggr and C‘é{“'é"éﬁé‘“@%oﬁfgﬁtt'o% B pippta dbr
for hemat opoi effiGedigie] mmbat m&hba!st ony shown GRIIELAE i Idrer et hipn,
was expressed in the day 2. popul ati ons and down regul ated in the

day 3.5 and 4. @sodasgd %Om’#ﬁﬁ %Oiﬁst rpqitﬁi%? Fromsdawﬁgh@ﬂaé'ﬁ@ engogdernt prientinbasglefingd
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Mxl-1. This gé}i’é’ powilagion pt @WC@CIP@II@ ¢fn1mmerlwiéwé¢mfm1ffer@inamOderm and
endoderm was expressed in the day 2. SN r? §IP GFP popul ations but not in
~the day 3.5 and 4.0 fractions. Taken toge ME&r, the findi ngs of this
~.exanmpl e cl early denonstr aDevdléahen3fl Rmaﬂdéom;Eb*mdpmatmns:m:tvdﬂ di fferent

devel opnment al poten | .are ted i.n a efJ e ral  patt vmthln
the EBs. In additi ot qﬁé%? &%P%ﬁ el dodsT Bg e'lt g F%s@@%ﬁp@}‘?ﬁfﬁe o
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a specific t| narres(}/ebetv\een day, 2.5 an differentiation. 28
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- hepat ocyt e- | i kkidngeyitl the grafk waswectiopegiagd, the spetions vemp stained | with aptibgdies; againstt ed
fromday 3.0 bgtpnaid Rppsﬁehf ATy Mlﬂ% nQarﬁ'ér%(f |h@}¥ﬁ&y?e§m%§nAP9tl§Qiﬂr§secﬁﬁ

defined 5 bé expression of HNF3P.” These findings’indicate that ‘endoderm
i s gener at &3 wiefHiitver ¢pdodegnpand igawaturg ethh ob the hepiieryid Jineager iSoteoff the pells

prior to day 4u.gfindht E&:‘ilgﬁ”s{a%li ?)Bsntl@( ?dmjlei)] w!['l%rggv de‘?%gﬁ@tlﬁlthepﬁélﬁﬁ bia#heOf

. GFP+ popul ations In vivo To f her eval uate the en ot ent

~ GFP+ popul at i oHepl @anandounﬂoo ermess AdRy Mo BerHlB or AEPT SCHNEW@EC fouhd inrtbelghair 14
day days under "R Fcyhe r.ent on and
then transpl antgﬁgﬁrﬁe?@hwﬁa\‘@ngﬁe@apsuggsu 8{8e0| p‘lyatéan (E Oﬁﬂbat hlth‘r"ﬁece.

"Several m ce wenltres aonditians edppartei @veloymimll dfosmtlln gvithh ehadraceemstid sastt meﬁravc

ki dney with.th aft wa oned the sections were stained with
ant i bodi esg%galﬁer?g{omﬁ%af geﬁz’ﬁégy SHgress OEgp]fl is a specific marker of
hepat ocyt es wher easWhifd-Rebestransplastatiadesiparidhént sl édmdnistraty &ee;ﬂelgad@rcm Ipslocyte-

. I mrature cel| Shl?ef cetlls in theeggﬁsa%eedlaltell)rf] ?(ﬂﬁ)wmgst?ar;rgplggtatgome it was ds fficult to monitor
the maturation of these populations over time, as the transplanted tissues generated
tumor-like masses known as teratomas. The teratomas likely develop from contaminating

25  undifferentiated ES cells or from GFP" primordial germ cells that are known to be of
mesodérm origin and to express brachyury.

Example 12
Induction of Mesoderm and Endoderm by Activin
To further enrich for cells with endodermal potential, the effects of growth factors

30  known to induce this cell population in other model systems were tested. Studies in
Xenopus have shown that activin will induce both mesoderm and endoderm from
ectoderm in culture. Of particular interest was the observation that activin behaved as a
morphogen in this model in that it induced different cell types at different concentrations

used. To determine if activin displayed similar potential in the ES/EB system, it was
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vicinity of the Hepl+ cells were found to express AFP. No Hepl+ or
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support the devel opment of cells with characteristics of immature 20
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potential in the ES/EB system it was 29 Agent Docke 14435. 02 added
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suppl ement ed wPankrege [dgyslomsmingc dHenes assosiatag fvrtbé)emamalea@tdewlwrmnt,asuch as
concentration @ATAQOaMH& m@@%n}é/e(;fenenﬂ)re(\!tg e(t)n?\ddlﬂ%regt'lafnfo asdﬁ)[/%

assayed for GFP+ expression an expre55| on genes |n icative o oderm
mesoderm &hd wducsddymetidv.el opment . shown in F| gure 22A,B this armunt

of activin-induced g)ertéq.gméqﬂ{ctﬁ,ﬁl W@%E&%ﬁ%ﬁ %ro{) SIBtlheeEé(dl%renF%twp

GFP i nducti on was deci are in ' Séerum
concentration mbdeiodlffwm cc(tnd:ntratm»sef the fixsdravee axidemmﬂheEB auftules.asbjitleyas 1

positive cellsé,% {2 gi fferentiaflon. 10ag/ble ul. ar anal ysi
i ndi cated that” val}Q\l/rll h%f’?\etﬁl Eo edrsgiong /ééjgélﬁe ot rp88'§até°;5'é(??’ Pﬁﬂ%/yéfosf
genes associ at edtuwi (FHigwaddddr nTTHe \felgogiee ndf GRE! ud'lsnglcrehli‘d’d—3fo M%! inlcuifox] 7,
Hex-1, an %f i%‘i i on. of 4 nt as this
gene is es ent%%ﬁrfujf?t “”C"Sé d ﬁ@%‘@#B[ﬁ‘Wéﬂﬂewl@@ g@atﬁ%éﬁ'&ﬁg o a%@n" Gene
hemat opoi eti c ekprsbiopamiisis FUldde populdadhdimdicard ha BIfefent BoticemtativRs & activin
-neur oect oder m .gl df rgrf’nttl atéon such as PAX6_were not
di uce different developmental programs. EB differentiated in the presence of 1 or 3
ng/ml of activin showed weak, if any, expression of the genes indicative of endoderm
development (Figure 23A). HNF3f, Sox17, Hex-1 were all induced in cultures stimulated
25 with 10, 30, or 100 ng/m! of activin. Pdx-1 expression required the highest amount of
activin and was induced best in EBs stimulated with 100ng/ml. Neither GATAI nor c-fins
was expressed at any concentration of activin. The pattern of PAX6 expression was the
reverse to that of the endoderm genes and was downregulated with increasing
concentrations of activin.
30 Activin-induced EBs did not express genes associated with hematopoietic
commitment indicating that this developmental program was not induced. To further
evaluate the hematopoietic potential of these EBs, they were analyzed for progenitor

potential. As expected from the molecular analysis, these EBs contained no appreciable

numbers of primitive (Ep) or definitive (mac/mix) hematopoietic progenitors (Figure
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popul ati on (estﬂi‘ﬂ?ﬂ?@oasétm%h%%”b Eﬁfﬁﬁ)syg%bra@%é@ah%tcﬂmmi@a g iy iedex |
. None of the ¢g&ldhSoden idictign: | Nduced EBs expressed these proteins. These
~findings clearly denonstrate that a substantial nunber of, cells within
these EBs @Pe of t hH thefrgerpnencratedds. thy semir-indhesed ibragbry g aglls reswited from

potential of t lﬂ?es}?reéﬁéé Yt &lﬁ%ﬂ?%&n‘p%w Alid Bﬁrb!eqﬁgt the activin induced cells may

represent a better source of progenitors for transplantation, as the germ-cell program may

not be induced under these conditions. To test this hypothesis, GFP* and GFP" cells were

isolated from EBs induced with 100 ng/m} of activin and cultured for 14 days to promote

25  the differentiation of hepatocyte-like cells. Following this culture period, the cells were

harvested and transplanted to the kidney capsule of recipient animals. Three weeks
following transplantation, the mice were sacrificed and the kidneys analyzed. Results are

shown in Figs. 26A-C. All mice engrafied with GFP" cells developed large, multilineage

teratomas, consisting of cells from all three germ layers. In contrast, no teratomas were

30  detected in the animals transplanted with GFP' cells. These cells give rise to

differentiated cell masses consisting of endodermal and mesodermal derived tissues

including gut epithelium, bone and skeletal muscle. In some instances, skin was also

observed in the graft from the GFP" cells, suggesting that this lineage might also develop

from a bry* cell. These findings indicate that it is possible to generate GFP* populations
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cells were isolated fromEBs stinulated wwth 3ng or 100ng and cul tured
further (14 day 15 total) in hepatocyte conductions. As shown in Figure

25, only cells fromt 0 cultures differentiated into cells that
expressed al bufﬂrﬁeﬁtégéﬁglg"s#é%{}gw th liver differentiation. Taken together,

the findings fromthese studies indicate that activin functions as a

nor phogen in t ANl - bl . ; fd sy o I for
endoder m i nduc'?r ?gﬁa%rggmﬁgsﬁ}ﬁgg ter ft[s El?%%amg@%eﬁr:g{b g%ﬁ}%ﬂ,t %%@E}é%rdﬂ*:n‘{ ﬁ’%ﬁ'ﬂé@ s
brachyury cel | that gsufisegd diffepmtiated Bsspe w#tbout éormiinggenatvoras fallowiertrans@hritajoni t i s

possi bl e that the activin induced cell }Zxrrag% [£present a better source of
progenitors for transplantation, as th 6 I!ﬁcell program may not be

i nduced under these congliytiogfental otk of BiyS/MPAAES) Fre-kFREIAND GFP”

cells were isolated fromEBs induced with"100 ng/m of activin and
cul tured fot 14 dayBretlgregeisgermplosclealy indiegte thahthe epatneyflingegsadevegnseirom ke

cells. Follown his culture riod, the, cell re harvested and
Cranspl ant ed b OpheRirgREY BanES S eEGIcEn ARt CHIRCRE) B e Snlaic the
ol no L1 anGphanka AR S8y RgFOERLE ERL AR SRS
cell's devel opekinisargli} (Fﬁahmiz’fmmgehétttbfsamqpnﬁﬁqn cansiiginétnijorafthese| dells ftliadm

all three germJayer.s,,.|l,n nirast . .no .Leratonas rre 30 detected i.n the
ani mal's transpPSReEd Wi CRmrRRiedf SHEEEHAIRR G0 Y oiGhhRer 1 de

di fferenti g edsegRihtidhRTSEP Wi BRioat A8 pREntRN BRHRLIR! (+8)hdBRFOdR R+ Al ved
ti ssues including gut epithelium bone and skel etal nmuscle. In sone

- instances, skifiomady 3| som-ghBdpigd EBs verhessgredffer hepaieryih @oepal. sl shewn in
suggesting that. thi.s_li e /M ght, al. so devel o froma, hry+. cell,. These
findings mndi cewe s HNEIPS ARpnt S Presting AR vesell Yokl Bom e 7esk it agant
Docket No. 144ghufddord.r Dasinfateithe GRlollermah@s@itibl JTEiD G8ctionHofiad Eells ke hlhted S
possi ble to generate GFP+ populations that give rise to differentiated

ti ssue wi t hout oMo ERFNtpveshng Wweeteined Wihamtibpdinio iRttt Gsater thap S0 of the
Devel opnental potential .of bry+/¢:kit" and bry+/c- Kkit+ I he

f or egoi ng xrrptll’)réjg/gé(l'tga(‘reluf/ e?‘?ﬁ%ﬁ%&ﬁ%a[’m?% ‘H%ﬁeéif d%‘c?ttha'} ﬁﬁ%’a@gﬁﬁgﬂ}tel‘%eﬁ%
from a bry+ ceksitiveoprdsatihd@ifgdifd@tatddat ddbierMBISRERNrEBthren Gotidrithpaiend i al .
Anal ysis of the _ bry+ fraction reveal ed that{ a subpopul ation of these cells
expressed the cr"é'&é‘BgdPatt‘&So%?H‘f@“o'kilﬁ Iy enrighed IfPrgﬁ‘?lg witnendodsrm potentigh o

popul ati on wasisélhtedn s¥cdellf b28U bhesRhpR hid thatexpR¥EHSAdesd kovkl stfflegy for
determine if c-kit expression could be a usef uF mar Ker for the 10

‘segregat i on ofth¢ispltioy efiendedesp PrREENIBBE-ential , bry' /c-kit- (+/-) and bry
+/c-Kit+ (5 +) cells fromday 3 ser un]gguing,éllqt ed EBs were assayed for

- hepatocyte potential. As shown in Figure 2713, HNF33 , AFP and ALB
expressing cells were all Bevydlepmentalgpotdntiphgfactikintinduced cells

The PCR analysis presented in Figure 23 indicates that different concentrations of
activin induce different developmental programs and that celis with endodermal potential
are induced with the highest levels of this factor. To quantify the differential response of

25  activin, cells stimulated with different concentrations of activin were adhered to
coverslips and stained with the anti-HNF3p antibody. More than 50% of the entire EB
population stimulated with 100ng/ml of activin expressed HNF33 whereas only 10% of
the cells stimulated with 3ng/ml were positive. Only background levels of staining were
observed in the non-stimulated population. These findings demonstrate that high

30  concentrations of activin can stimulate a robust endodermal program, representing a

significant portion of entire EB population.
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popul ation. To estinmate the endodermal potential of this fraction, sorted
cells were plated onto gI ass coverslips and stained wwth an anti body to

- HNF3B . Greater etn%q(e N Lhe 15 bry+/c-kit+ cells expressed HNF3P
Cprotein, wher ea&"1 858 th an * % bry +/c-kit- were positive. These findings
i ndi cate that endodermal progenitors express both brachyury and c-kit and

that this popul ati ofs izSrthehhdeSMbAChChef enﬁal bis avim et datsmappiee pigk al -
| sol ati on of cells based on brachyur kit expression provides a novel

- strategy for f‘ﬂﬁ@ﬂ*%@iﬂhtﬂltb?lpmené?l@l@&é?fﬁﬁl comeegemnﬁ of bis fpgopxerprpresfered to
Devel opment al &%lﬁr}éﬂl@e{rﬁﬁt ﬁig& &y hé}@%SQhe%%Je}éﬁteJ h‘;“r‘hgi%% gngaéo){&ihénspf pegnt ed

in Figure 23 indi cat erent concentrati ons trvin 1 nduce
di fferent devehditiomal 4ldaysr oy daysl 4aefcbulthiat the sblisirom tohcte grdupl ecrealiarysoted and al

are induced.wi th.t hi st | evel s sfactor ti t he
differential ros 38%§é°o$8§§x8’555‘°" a“ﬁ%séﬂ P S?'?r'm"gt"é'ﬁ‘gwq}dag‘ H%‘ealpg'ﬁtwere
concentr at i onsmohitceet fo\evaluate slelad merseld deeloperueksicsapsngaatadditbnalatesaddrn- t he
anti-111F3 0 antib Mor 50% o |reE ulatjo

o it od v cyEe et Srtodlafl mptent: SSELL I nkkpesthie SRBr WEL S 459 of

the cells sti nmhraéle«ir embdtnan:gifmrknaw th maiohlwefp(anﬁwjmekg@mmdml}egem of

stai ning were serv the non-stinul ated at These f| ndi ngs
denonstrat e th%ﬁ/ﬁn?f@‘ eletaﬂeﬁﬁe&m 5’6'%’%%%3-' lafcumf %}F 'es%wgb aiiitsias 188/Pdisfist

endoder mal 1(Pr Og§;dm arﬁetﬁfseéﬁ?%él&g was deletiBd b &anbroa@ rhrge Nofothct8NtdncentaBons.
popul ation. 32 Agent Dock No. 14435.02 As a further assessnment of the

. potential of a@tﬁf‘?ﬁﬁlﬁntoif batheggnesevps howayer.edopmeegubaterh at tbighask gonceptiagjen of
-presence of di Jcin%%ﬂéﬂngm? eé&lﬁfi‘&é SRR JiM Bwf a’i‘&}uﬁ{s O? | WL il Enited drGifps bP

serum repl acement medi days and then replate n hepat ocyte
condi tions forcedn Wlthdhh momhalogy 43faleﬁ9@al msclgaymiinpdtaiging tdgmenstr@hé thag these f r om

" each group wer arve. d d aQn _an

Expr essi on of %]P%X an ITre]EEIeIﬁCll et mirealétomn%%%g]%% ﬂhe%afeo %%(Elgfaet al
nmuscl e devEl opfiesele ﬁ@pgces (Eﬂhluaitgmadsf thel dirdpioctival offepladad rEBs ey genedtedi shelapk .
Surfactant protein C (SP- a i fic gene,. was ;included as

o ket of - endgUGE GHEPEIE e SOTEIT NN §eP6 TG AR Bl AP Sl i n
Fig. 28, Mf5Syvignslaskel gyl digfiyed thahi@t RbdteESas mudcle dkiddpitentis ddplcat ¢l
with as little_as |ngl[rr1 of .10 activin and this gxpressmn was detected

over a broad rA&g# of DeaePEssienReisny At thindree eadgdamal gepey difiged, figen et was,

however, downr@gd&f g6k ake tRBei GRSl SAREENNOALT WBreObxpra&dd Vit No! activin
OOng/ rﬂ) Cultures stinmulated with | ow amounts of acti VI n cont ai ned groups

of cells M t rongsatratinns gd oyl were sqedibedatected, d (culturesrstimwated i with ghe highest
demonstrat ed tdatentR&RE of B8 !AcorS ERpRSIGLAPANE &A&E}E&ﬁ&éd LA Pfftures and

cr-actinin, indicating that they are of the skeletal
those stimulated with low concentrations of factor. The findings from this analysis

confirm and extend those from Example 12 hereinabove in demonstrating that different

concentrations of activin induce different developmental programs, with low

25  concentration favoring a mesodermal fate and high concentrations an endoderm fate. In

addition, these results indicate that the endodermal cells induced by activin are able to
differentiate and give rise to cells with hepatocyte and lung characteristics.

Brachyury positive and negative populations isolated from EBs stimulated with

low and high concentrations of factor were also analyzed for expression of the skeletal

30 muscle and endodermn genes. As shown in Figure 29, both myf5 and skeletal aciin

+

expression were restricted to the population generated from the bry ™ population isolated

from EBs stimulated with 3ng/ml of activin. Similarly, the endoderm genes were

expressed in the brachyury+-derived cells isolated from EBs generated in the presence of
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15 muscl e Iineage. Evaluation of the proportion of replated EBs that
~ generated skeletal nuscle outgrowhs was consistent with the gene
. ..expression analysi a3, thosg stimulated with 3 and 10 ng/nl displayed the
nost robust ské%%%gT*%v%cPé(gevelopnent as depicted in Fig. 28. The
expression patterns of the three endodermal genes differed fromthat

observed for theomkel F FhctbS ClRsIERBHgs MHORr WVRABnEMRS B8RS AdtHAmesQUMACAHdVI N
20 concentrations and all were readily detected in cultures stinmulated with

the highest ceopsRRS adveRPIrof bradt§u @5.. Expression of PAX6 was
restricted to untreated cultures an those stinulated with | ow
concentrations of factor. The findings fromthis analysis confirm and
extend those from Exanpl e 12 herei nabove in denonstrating that different
concentrations of activin induce different devel opnental programs, with | ow
25 concentration favoring a nesodermal fate and high concentrations an
endoderm fate. In addition, these results indicate that the endodernal
cells induced by activin are able to differentiate and give rise to cells
with hepatocyte and lung characteristics. Brachyury positive and negative
.popul ations isolated fromEBs stinulated with |ow and hi gh concentrations
of factor were also anal yzed for expression of the skeletal 30 nmuscle and
endoderm genes. As shown in Figure 29, both nyf5 and skeletal actin

- expression were restricted to the popul ation generated fromthe bry+
popul ation isolated fromEBs stinulated wwth 3ng/m of activin. Simlarly,
the endoderm genes were expressed in the brachyury+-derived cells isolated
from EBs generated in the presence of 33 Agent Docket No. 14435.02 1OOng/ m
of factor. These findings further denonstrate that both nesoderm and
endoder m devel op from brachyury+ cells. 34 Agent Docket No. 14435.02 In
the clains: | . A cell population enriched for nesendoderm and nesoderm
cells. 2. The cell population of Claiml conprising at |east about 50%
mesendoderm and mnesodermcells. 5 3. The cell population of Caiml
conprising at |east about 75% nesendoderm and nesodermcells. 4. The cel
popul ation of Caiml conprising at |east about 90% nesendoderm and
mesodermcells. 5. The cell population of Claim1 obtained by culturing
enbryonic stemcells in the 10 presence of serumfor a tine sufficient to
obtain cells that express brachyury, and
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isolating said cells that express brachyury. 6. The cell popul ation of
Claim5 wherein said enbryonic stemcells are human enbryonic stemcells.
~ 7. The cell popul ation_of & im6 wherein said tine is about two to about
“eighteen 15 dA¥¥PE N EYHEd of isolating the cell population of Claiml
~conprising culturing enbryonic stemcells in the presence of serumfor a
time sufficient {0 gbtain cells that express brachyury, and isolating said
cells that express cbrachyury. 9. The nethod of Claim8 wherein a sel ectable
mar ker gene i s li nsenAtcet ppprtlgionigerictizd fdymaestndogeringod sesddegmicdlisenbr yoni ¢ st em

Chat “express tRo sotb bt nan BF CHipt 1 2hiigtigh RUERpYy SRR MO o7 <

sel ect abl e mar kesodesmecikanced green fluorescence protein. 11. A cell
popul ati on enriched éor endoger m

|s. 25 12. The cell ul ati of aim
P ot Lol S0t T edas CelbReRauORERBER shedfie & asb oy BBl andn
of daiml | cefsesdesho@lsat | east about 75% endodermcells. 14. The cell
- popul ation of Claim11 conprjsin t | east about 90% end rmcells. 5.
The cell popul 4ti onTot c& REPHIREPD g%&él“i‘li(’f"ﬁ'?"%’ﬂﬁ ?‘u‘f"?sh@boﬂhm “@%ﬁ}‘g‘?g‘?ﬂr’ca'étem
- cells in the prLRS&RER c&fs. serum for about two to about ten days, isolating

cells that express 30 brachyury, and culturing said cells that express
brachyury in tHe abSknhed repulaier oh Flavm 1 ghlgined By, sulfusing |sebtyopicisteabreligay the 16,

A method ofyyi Sp#e@édcg%ftéeﬂmp%# a RERULEGERR @ ofdiR! I tlat GRPRES BlaB9 k! didr | NG
human enbryonic stemcells In the presence of serumftor about two to about

ten days, isol &olatige $8d exdle that Expedsebrapayuryl 4435 . 02 cel l's that express

. brachyury, and_.cul t g i I . d u [ hsgnce
of serum for ag'out ?éléeg ]o ugaﬁﬁéﬁf#%l%gﬁg J‘g?é%r“?%j‘.‘ e%’g%?r}ét {% Cg%ﬁ %%al m ?6
wherei n a sel eembhosicyenketls.gene is inserted into the brachyury |ocus of

ol embryon! 75t el g ot Bk B EPLARASIERBU G Seyt el
of Caiml75whasein the selectable marker is enhanced green fluorescence
RN LA O M TR A SR S, R
the presence Ofemarfyamf:fs'te@i edils ianRepresenddofOdena® fdr\d fimt QuiifiidHC® obtain cells that
it lerentlatl on O Brehhy, asd Rofamg said Setls SafOpass brtnyan ' SO ating
9. The method of Claim 8 wherein a selectable marker gene is inserted into the
20  brachury locus of said embryonic stem cells, and cells that express brachury are isolated
by selecting for cells that express the selectable marker.
10.  The method of Claim 8 wherein the selectable marker is enhanced green
fluorescence protein. ‘
11. A cell population enriched for endoderm cells.
25 12.  The cell population of Claim 11 comprising at least about 50% endoderm cells.
13.  The cell population of Claim 11 comprising at least about 75% endoderm cells.
14. . The cell population of Claim 11 comprising at least about 90% eridoderm cells.
15.  The cell population of Claim 11 obtained by culturing human embryonic stem
cells in the presence of serum for about two to about ten days, isolating cells that express
30  brachyury, and culturing said cells that express brachyury in the absence of serum for
about one to about fifteen days.
16. A method of isolating the cell population of Claim 11 comprising culturing human

embryonic stem cells in the presence of serum for about two to about ten days, isolating
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cells that express brachyury. 20. A nethod of isolating a cell population
~enriched for nesodermcells conprising culturing enbryonic stemcells in
~the absence of serum and . h{m presence of activin in an anount

Csufficient to i‘HANEEKY f‘é{}é iation of enmbryonic stemcells to mesoderm
“but 15 insufficient to induce differentiation of enbryonic stens cells to

-endoderm and 'J%Q& l%'ét' f.P( rcsflﬁééh?glgg%fd é:%ié@lf%isﬁidt&mytté& resgt}achﬁj%é]&QQb%ce

identifying en ermal " ce ctioning as natufre epat ocyt es
conpri si ng i soldtemg fohabouieine tpadput Bfideodaysf C ai m 11, transplanting a

subpopul ati on of, sai.d popul.ation. iniqQ .an.ani mal .exhibitin d]
associ ated wt 720 hg'f)é’i‘egl&?jt %fl @51 ?%&]}eﬁeﬁn %rseI glt"%tﬁ%#@?‘l%ﬁ?&aﬁd‘mﬁ@gsﬁééh? or
liver function,budtgiel Rednof kdirepibeyvaitt stem deily,eandf cefic tthayrexpress bradhyamy red i1 s

indicative of the identification of endodernmal .cells capable of
functi oni ng"as ‘f’PE‘ltffE‘é“ﬁ' H‘E%@J{/ff‘g@.‘haﬁ?prﬁsﬁ CTEET eB’f’ﬁ‘@j'ai m 21 wherein said
animal is a fumaryl geetnaset af &Cigigf 12| wRdrein eI Selecttie 20arkd FREMMARLAS green

identifying an agent that affects the proliferation, differentiation or
survival of nedBRESEFEFHPAKH- mesoderm cel I's conprising culturing the cell

popul ation of |Gl ai | Inctddt reisPEGSL MRecdl péphlaeR ¥ ¢1ginPa | t @Aipfidin@dNWituring
conparing the proliferaton, differentiation or survival of said cells iIn
the presence arsihbaippisnsen etlisgnithe abgense of sanem enhin the grepsnes ehe suffigientipgnount

presence of,gsai ¢ ag,]g\ﬁ#;té? E’tﬁ‘."%ﬂgﬂf‘gﬁ’w%"% ftfyonfleidrh Tbiftlo! @Bofrma@R6Rfind hat

- 30 affects the pr erentiation or survival of said cells.
24. A net hod ofcelldtbattexprgssigachpurygent t hat affects the proliferation,

~differentiation,or ,Suryi . . > i S| I [ :
cel | “popul at i on%or & HER B ey 95N Porufloh SpAGER TrShMBadh CHE LR
_conparing the pobhrifgemdiryeoi; steh fctldy ierhé atistrea of serumiand iivthle podsemegiodl actedih 8t i n
the presence and absence.of .said a wher el.n differe I 6

Docket Nor - 14438 B9 iveny 35 ruPEBrentMFh SY Spobi BT E  refhR Bl
i.denti.fi catiison iguffarendgeintudehitfferaftfadot of dofiteyonis aémé ellate erdpddint het Boltiias i on
or survival of said cells. 21'-'31. A nmet hod of identifying genes involved in
cel | different i8S B7f BIRYAENYY- i ncubati ng enbryonic stem cel I's under

conditions to oftai A GRiHod dhRentEAEC&TodymEINYdIYaapatle iof FuRdtionPgt #40mature
popul ations of cells that express, hrachyury after t\/\?r{ﬂl fferent aErDunt s of
time in cul tur SSPURRFAr SURPrigEseiseRpredly R MoBYIptQs Of f-lag) d1¢ ignsplanting
popul ations, anghpopRikd by s43@ pefilatfont R aRhfmdNbGitHidg 8XdNoRRS Qekotifited with
- popul ation, wherein identification of a gene that is uniquely expressed in
a popul ati @8 i dicpateRvicadesiictim prdysimations psh agrYiag dendiven Mt g iseiget
differentiati OBmprovement in liver function in said animal is indicative of the identification of
endodermal cells capable of functioning as mature hepatocytes.
22.  The method of Claim 21 wherein said animal is a fumarylacetoacetate deficient
mouse.
25 23. A method of identifying an agent that affects the proliferation, differentiation or
survival of mesendoderm and mesoderm cells comprising culturing the cell pppulation of
Claim 1 in the presence of an agent to be tested and coniparing the proliferaton,
differentiation or survival of said cells in the presence and absence of said agent, wherein
a difference in the presence of said agent is indicative of the identification of an agent that
30  affects the proliferation, differentiation or survival of said cells.
24. A method of identifying an agent that affects the proliferation, differentiation or
survival of enoderm cells comprising culturing the cell population of Claim 11 in the
presence of an agent to be tested and comparing the proliferation, differentiation or

survival of said cells in the presence and absence of said agent, wherein a difference in
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10 26. A nethod of meking antibodies that recognize cells that express
brachyury but not cells that do not express brachyury conprising
inserting a selectable marker into the brachyury | ocus of enbryonic stem
.cells, cul turingmsRecks Beit4d3-0% sol ating cells that express brachyury by
"selecting for cells that express the sel ectable marker to provide an

| sol ated population of cells that expres r. |+ S
ant i bodi es agal ere§3?6d0¢%‘b4 ey ! (gc popu gi%ilg%?%ggﬁénfﬁgqr?%?hiwgﬁeﬁ Mem 26
wher ei n the anpidifghes, differentnidalopnabivalrof spotsilsl onal . 28. A nethod for

‘generating nma lian cells c ri.sing cul turi.ng, the cell ul at i on. of
Clai m | under ¢ondi £ B‘r‘?gmaf ‘Pfgd @U@‘Wgolge?eﬁemﬁ?ly ‘%er"én“teﬁafhiffgﬁegg%or%é%@'rsﬁqgi nt o
cardi ac nuscl e jpc¥Bamd leffbnoRRGtd BiIBGInGer hditbizabiobrireellh dratgpes dtdicbywel | S.

20 29. A nethod for generating nanmmljan cells conprising culturi h
cel | popul ati éwlagne & pARatONE AHERIS B G S EBP R Ry By @file'ielﬁ‘eé"r‘] nts'6

di fferentiati og,Qf i2RHARE" Pty deh WxpleslidsS pRifilRanckaat e pepulions3OandA
transgeni c non-hunman nammal having a genone conprising a transgene.in
whi ch DNA encodifentifyingsssnescthaiifire uriapabepxpressqsy is @gigpulptiony Wée'BP‘dgﬂg%W'qndlf&s

- ggd the 25 selgct @Bl e IRLES exhbsRd Bl 896 atidn i€ SAdiduib I8t idRNIIBRESH bF Rgheury.

involved in cell differentiation.

10 26. A method of making antibodies that recognize cells that express brachyury but not
cells that do not express brachyury comprising inserting a selectable marker into the
brachyury locus of embryonic stem cells, culturing said cells, isolating cells that express
brachyury by selecting for cells that express the selectable marker to provide an isolated
population of cells that express brachyury, and raising antibodies against said isolated

15  population.

27.  The method of Claim 26 wherein the antibodies are monoclonal or polyclonal.

28. A method for generating mammalian cells comprising culturing the cell
population of Claim 1 under conditions effective for the differentiation of mesoderm into
cardiac muscle, vascular smooth muscle, endothelium or hematopoietic cells.

20 29. A method for generating mammalian cells comprising culturing the cell
population of Claim 11 under conditions effective for the differentiation of endoderm into
liver cells or pancreatic cells.

30. A transgenic non-human mammal having a genome comprising a transgene in
which DNA encoding a selectable marker is present in the brachyury locus and the

25  selectable marker is expressed in cells that express brachyury.
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