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Heal th. The governnment nmay have certain ri ghts in t he invention. BACKGROUND
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three disti Lég{,erﬁ;l@fg% v RaVECeRER PightS {d tAe fwertfdg. first is the induction of 20
mesoderm fr cells within a structure known as the epiblast. The newy
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specific tissu f.inal sta as s ifi i nvol.ves 25 the
generation &PP ‘gl?t iol\ppggﬁse@'lr?%ﬁgr \gﬂ&iﬁs &ﬁgﬁmﬁégﬁ%‘gﬂﬁﬁ OCEHISBRI at i ons.
Recent st udk gastraRtien. PFellondigcastvilstincackpiinbry pega eall Rydripghera®sosiREif i S
i nduced in succes ive_ waves whi ch_represent sub Iat ons stinct
devel opnment 8ft %F‘Zﬂ?l?‘%mnsrﬂ&‘ tlsﬂ?éo&f??ﬁeﬁg’cve? use %Q’L‘d"m &]ft‘]laﬁeh% to the
ext r aenbysy OrvafdidcegHdORkefdtdl MiséRS ahd Sdipb&ytesh € DRARIE GEIntl@de&ﬁd% cagdes ek, al
cells, whereas the next population mgrates anteriorly in 30 the deveIOplng

enbryo and Jd8RIFIsEnd Besy ct?#ém (37 flseéﬂaleaeafﬁpe#ysm g pdadrengl{issues. | j neage
rel ationships werge gﬁtoega%@tlhgae ae‘eldpmeamﬁaﬂ%s@gérn%ﬂ%ﬁ% indO\dsymbigpiend have

been largely confirnmed by cell tracing studi es. his segre atlon of
devel oprrent aliff¢rentiation gteps, reﬂectmg complex molecular changes Wlth respect to mesoderm

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 fermed
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 anteriorly 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
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devel opnental biology, to date, there are no available nethods of isolating
mesoder m and endoderm prior to commtnent to these |lineages. The present
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20 endoderm cells. Endoderm cells are defined herein as cells that do not express brachyury

(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 provides 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.



WO 2004/ 098490 PCT/ US2003/ 015658 The present invention also provides a
transgeni ¢ non- hunman manmal havi ng a genone in which DNA encodi ng a _
sel ectabl e marker is present in the brachyury |Iocus such that one brachyury

al l el e i swomeihsgadeed and the sel ectable marker is expregsaddonoilsesd | s in
whi ch the brachyury locus is transcribed. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. | We B¥id L I ed for
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Fi ?_. 2{3 depiccﬂs'nm&qhkhm‘aélmdécumlraegqﬂbstsimo)n det gr mi nteﬁ b]%/_ fl uor_escle:_nce A
activated c S [ ers above the figure in Fig.
and the ﬁi s%&é‘l“‘g bé‘#(#g#gé%ﬁﬁm%y of EB differentiation. Figs.

3A- C depict the ﬁigvelcmpi&erthﬁlsclﬁmbmﬂtharecﬂfr emiiltllile Etyamgyand(li &E]I:Ialgétjﬁgﬁﬁecel | s.

15 Fig. 3A is a_histogram show eve nmental potential o ay 6 EBs.

(Mac/ Ery:  E5eBAeescs cerpa%tﬁlagﬁ%‘égg%Maacz@f'?mlf-ve erythroid cells; Mac: pure
nmacrophage col onggs. 2A Bh B depietnihe expressitf bNGFPVRdeSrXdhugi & @eblbgmg!\/l X:

mul tilineage colonies; EryP. primtive erythroid colonies. Fi ? 3B is a

hi st ogr am de&pibetoidpdiss 48BS)c &g A4 depietrithigkinatics of mrchypey)expysstien flefesmingd Eps .
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of EB fracti 1S e j ki file of
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of isolated fractions. ~F gs,,,5A C denpnstr at. he, .i.sol ati n

characteri zati on%gf‘%s dﬁﬂlﬁt%ﬂqv%°p38ﬁt@1sp§ﬁn§ﬁ§%“§fi& P"?Rdg'ggr@ gstcﬁlés‘pr ofiles
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Lhree dif 1 erOmmicnBhardioREe ind dsrishe SRTHad Rt Mag<pure BROnpRErIgie 30 and

secondary EBryZ)obfice bt définitfe ér?ﬁmqti &8y BMt: rinilfiiAdad Solotiey) Erp Coshine t he

expression analysis of the_ isolated fractions. Exg)resa on shown in the top

panel was evaYRidsploanissngie 3B ot hisegmalsaictingplestcploay-fosmimnecll ek £56)

descri bed bypoRhaslYor&iBsal Fig (IO MHwsMehé mgi;éh%%erﬁ@sguﬁ@ EB Refblopfieht/ fof > The

data in the |l ower panels was obtai ned
20  wild-type and GFP-Bry cells. Numbers at the top of the lanes 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 3.5 EBs. 1 and 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*/Flk-1" fractions from day 3.0 and 3.5 EBs Numbers next to the
gates represent the three different populations. Fig. SB 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



WD 2004/ 098490 PCT/ US2003/ 015658 anal ysis using gene specific

ol i gonucl eoti des. Nunbers on the top of each row indicate the cell

popul ati on as designated in Fig. 5A. Fig. 6 depicts the expression of GFP
and F1k- lyighohsiedssoed day 3 EB-derived fractions. The popusmes/sisess the
expression profiles of the three fractions prior to culture 5 (pre). The

bottom row i_pgi.E€ i S I | at.l i ng 20
hour s of cula?%#'{é?‘%sg%s%#g S%@"n‘ﬂ%ﬁ@%’?ﬁ%ﬁo%&%ﬁ Oir)lrtgé)l&;ﬁe&iteh I cg{@hﬂfﬁg BL- CFC"
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FI k-1 expressi onF{éf gt#(?wfss ﬁglgss‘%&céw aB%Jﬂf'gt’? d??iaq%q' &‘J’c}'r 9:[]:% 'g?{ﬂ' ®fol | owi ng
cul ture. |n ffactipns.7Bhe o @ow v Ithe expresdien frofileoof the thfeefraktiodspeioctdlchiture

populatign: 1 is_th resort{,. 3 is the GFP+/ Fl k-1- fractj.on d4is the
GrP+/ 1 k31 PehoTho Rotkoes Favs iisetes S MARIBPF s sogp %Y opulatipny f?‘ﬂwa@&ﬁegat es
were then Qo QFi cultafé @aﬁ).anaﬂemmefsoﬂelﬁeﬁcpmﬁét MAdieste O BMICFOrangel | s
isolated fromday 3, 3. %?d 4.0 EBs. In Fig.” 7B, the top row represents
GFP+/ Fl k- 1- Pei@iths erythreid dBryf 1(8iQ) ceptentalo(preeursears spep def10; . eplispated); ofr each cul tur e
(pre). The gfgf,&lamn(ow shows the Fl k-1 expression pattern of the sane
fraction, following culture (post). Nunbers above the bars represent the
per cent age of Fl kFigs. Teands/B dupapt thedl -6 Rd petentink padElk rleexprestien efitheiselgtedt BMVP- 4

Gay 3.0 - Gl POt piok s SIRRAASHRLAE TR i D, MBRBIEDARE pily 0 o

each hi st ogrrefier toRthe celB Bopldqtiont  iethe rpesert, isathe IGFRORIkel Vraatich &idk4 is tha cel |

popul ati ons ated from CEP+/ /[ Fl k-1" ce cultyred for . 20 hours under
t he indi cat e(%q’gfgh(dft O oS V6T %ulitgregcffc’fe%?‘?‘gs’r?ﬂgé © BYETYRRLES YT Ry mmt i on
and speci fi aidsooited shdEBalyzedHogBLAFCS Mous ark BBRovak fof esiBiisulatedf frgeidey 3j 15 EBs i n

t he presence sence erum 1 25 Fi |.S raph _depj cting
brachyury efﬁaggsﬁgsn%‘%‘@%é’ ﬁ@%@f"e‘&prﬁ%ﬂférﬁ%&vﬁkéi{é’ Sg?:‘@%@lﬁf"in 3%ig. 13
is a schemat3 s afli 49" EW9 gﬁ&wwm%wy.almeltfo&&h%w shbiw®Tihd BiklingxpRésgisgnce and
absence of serum Fig. 14 shows the expression_of genes in EBs initiated for
two days i n PaderyRf thesamgfragtioanfollqingicalinre (posdr Dgmpers abevsilg barviepresety. 15
shows gene e?c%ﬁfa?@oﬁ“lk—_@@ell@.ul tured in the presence of bFG-. Fig. 16 shows

gene expression patterns in Bry+ and Bry cells cultured in-the presence of
bFGF. Figs. 8A and 8B demonstrate the effects of BMP-4 and fetal calf serum (FCS) on

the development of brachyury and Flk-1" in/on 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 depﬁcting brachyury expression in EBs generated under different
conditions.
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.



4 WD 2004/ 098490 PCT/ US2003/015658 Fig. 17 is a diagram of the nesoderm and
endoder m popul ati ons of the present invention and the differentiation of
t hese popul ation to derivative cell types. Fig. 18 depicts the kinetics of
expr essi onwohoéddgs{obr achyury) and Fl k-1 in EBs differenpcptsmiodonsesd. 5, 3.0,
3.5 and 4.0 days. Arrows indicate the GFP+ population isolated 5 used for

the anal yses in 1%&!3 and
cardi ac potenti alsf*f% E%%“qgggﬁ’ﬁig*g?%‘]ﬁﬁdg%?&%}@ p#)Plﬁ t e@?{oué}k {ages of
EB differ entmmntlomand}bb ﬂﬁfefmbaﬂoeaéthe&mgelamte dms@tla@e&iltypﬁ} cell sorting,
reaggregated for 0 Y. rgi
potential. Data aPr% 1% &I gﬁf@% kmeﬁ't%log‘:’e p%gfogn(ﬁggﬁ? C%&‘I" S’%%Pg@?(?l gleﬁﬁslxl%
cells rec ovedlﬁ“dreﬁﬁhtédfom 5 820, BeSaeqd Aedgray's. odrrand indicste the GIP' tphpuldfionfisckget egat es
“that gave_rise cell mass S i ndi cative of cardiac nuscle

beat
di f f erent1 at P%ﬁ%orﬁcganaflffgﬁ PGB! SHECRT_ PCR expression anal ysis of the

indicated genes img.!9edepfcRlihe %ﬁ’dngBBiadtemd\bemI&qiokeﬁuﬂQﬁuhaGth§opul£ﬁ6§@r S
i ndicate day, of EB differentiatign @%e hows HNF3 expression in G-P+

popul at i ons isdlBiedfom the Sor gtagesofdB 4 2?“63“0!25 Gels fromy @Gh étﬁg%‘é’%fﬁtlio lated | s
prior to sorgd pg| sdréﬂlﬁ %a%g&@it&cﬁ f&@@th(ﬂi%pa{rﬂsa% Qedqu h%at%%)&eﬂc aadcardibe

represents.the GFP+ &opul ation. Figs. -C enons te the effects of
activin on dpeterntighnidae arsfingieated as blast mhmﬁrSr(b@nmnobwtéﬁer Il0 r9sp¥sired e

showi ng P g f.y‘/% gl f

100- ngf i of o i eBBgyaoft Biuf bR, e 25 OF ARG Mt vt fife RLESEREER 5 20
100 ng/ m of masses mduqatl@oémrémmhwchff@e&latlmffer entiated in the presence of
activin, closed f at S f activin. O

RT- PCR expr essi onﬁgufq' §??’@éso?lgﬁgdljféae?é%&%élnaenggls 5%36 gﬁ&gteﬁ lE')\R/nmi ° t he
presence (+ &uk GFPhEBdemdd&elﬂmp(ﬂaﬁnm Wumbers indicatetday bflEB Niff%msndmdi cate day

concent rat1 oR- 81 Shots TVES Brepirasioint (EScruphirsrofet I 4V o e8d0 o) e
e;<pr essicgﬂ I EB@laPre%elﬁB@ntsméubqﬁcbfr\t% §dtinh, £F Qﬂ’e%ﬂds th@toéxfpd waéh ﬁ@g&?ﬂw FO&1 asd i vin.

B) RT-P expressmn an $i Q / 7 EBs induced wt i fferent
concentrat i oﬁsr?PFesﬁ‘Hﬂh\? ﬁ‘g]sP ﬁ%\m}and B show t he hemat opoi eti c progenitor

content of EBs dififeneatd aéxﬂ&strat@tﬁeft@fe&é BERRNR &Id&brbﬁﬁérﬁr&mmeématl ons
of activin. A Progenlto otential of I}/ 7 30 EBs, e(”EBare primtive

erythroi d pr 8gepyltusss A Srpsefileeppwing fFFuetprassion reday aﬁef&éﬁtnrleted in
progeni tors. ﬂﬁzgr?é&g%ﬂéﬂghﬂpcsﬁ@ﬁ\hﬁl BYKindf of GRPliddfctior ALURRE, | owi ng
2.5 days of osure to serum Fi 5s evel opnent o a mn

expressi 2§ céf @g/mt ofractiyip+Oper ¢1g:1es are EB differentiated in the presence of activin, closed
squares are EBs differentiated in absence of activin. C) RT-PCR expression 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



i nduced with ether 3 or .100ng/m of activin. GFP+ and GFP- cells were
isolated at day 6 5 WD 2004/ 098490 PCT/ US2003/ 015658 of differentiation
and cultured for a further 8 days in the conditions previously described to

support headoepovs®odi fferentiation. Figs. 26A and B deppetrusbiosersseek ol d
renal grafts of bry+ (Fig 26A) and bry (Fig. 26B) cell populations. Fig.
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cultured_for 15 days in hepatocyte conditions. Fig. 28 depi cts expression

anal ysi s° of PP8latioRsopul ati ons derived from EBs i nduced with different

concentrations qfig agial i &FA&ETH&%@ nﬂicaﬁnligtethkq)?yw kith@/-hl Sy ki q@l-p activin

concentration. Nurrbers at the bottom of flgure represent an estinmate of

the propor ﬁﬁcélﬁnﬂ)flsomd \ﬁ!’oﬁh day ethese aferymirstémwatedt fBow Numbers repigsenpdhejepi ct s

expression t duced
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been used t eondénidiion. TEGGAIREITRL titke bbtioat oPQW'f%hfeOfbﬁrdséiﬁWﬁbﬁmdﬂ@fwttﬂ@m etic,
endot helial, cardiac _and  skeletal nuscle_ and adi pocyte |ineages. The in

vitro nodel Proposiion piERsmith skglgtel mpseleqierowthsneci fi cati on of mesoderm but

these differ entlﬁgm@%m résﬁ&?mﬁ'lﬁﬁ%f‘b?acﬁﬁﬁ?'ﬁ%u&ﬁ'lwﬁté‘&fro}ﬁ%%nas
enbryoi d bodi es (EBs) generated from ES cel | woul d be advant dageous to

i sol ate nes @éeqeﬁxp@mhtlom)plﬂmabqrwéhert%@ﬁ tEEﬁngS “ldh?é‘f agliin pesicaRiERtionn or der to

better undgg Wbﬂ ‘l‘fﬂi‘ﬂWN’i‘i ue devel oprment. However, it
has not been p033|b e to isolate these populations by cell sorting using
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mesoderm formation, however, are poorly defined. A model system based upon the

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 to 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



m ce. Papai oannou et al. (1998) Bioessays 20:9-19. Heterozygous nmice are
viabl e but have a shorter tail than wild type aninmals. Honbzygous mutants,
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present inventio | ced een f.luore rotein P or GFP).
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vectors (GFP-Bry) by net known in the art. vectors are preferably
desi gned to br@bmeoaﬁm(&@chﬁtceﬂs}/frqm\BBs end mgebmhetlsréattqmag@ chagasterigtionhe

brachyury. 9oSeitbdliofF i SHARSRN ) HRSRRUE wliARiHL ienes from nuner ous

species, inc uman and nouse, are and revi ewed, for
exanpl e, 2oy Smi t Th¢ $9&TIblcOnankerexerdplifivd om ac;mrmeavnlcﬁle&resaﬁ indentidnoip thent

o mor e tr anSTAEFORT DiaERRs et PR, e R B e e,
brachyury facilitate cell sorting are known to those of ordinary skill in the art and may be used in the
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 approximately 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.



exons. The cassette may further contain an exon .encodi ng the SV40
pol yadenyl ati on signal sequence to prevent transcription of downstream
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presence of nesen oder and nesoder, tterne o the he topo tic and
endot helial i neﬁ%b?"p gftpnp Shag e (?HII“ER‘?E or ﬂeﬁﬁs‘-‘g "%eé‘%}o?‘“idn’@e efte of
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i solating Gl &6d fo? mouse cells, and sorting and isolating 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 presence 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



Culturing in the presence of serumis defined herein as culturing in nedia
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lineages. It is defeqtable, f@?\hé? ik L c el ey tbﬁalflelﬁ}f’ége'?i’cgowc}émcés“éﬁ serum
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en ogerm and mesoderm and their corresponding lineages. It has been further
discovered that presence or absence of serum in the in vitro culture may be used to dictate
which lineage 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



Cell populations that are enriched for endodermcells may be obtained from
GFP- 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"
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pol ysacchar pol ynucl'euti des and t ke, an 30 antibody or fragnment
t hereof , a deveispumant. f Inoarprgfenied embydioienty Sheugaabentratiany o 4eivincis less than 30

ng/ml. In another preferred embodiment the concentration of activin is about 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 absence 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 cell 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



conmpounds, a conpound obtained fromrational drug design, or any agent the
effect of which on the cell population nmay be assessed using assays known
inthe art, for exanple standard proliferation and differentiation assays

as descri bgd20d3/09849¢ Patent No. 10 WO 2004/ 098490 PCT/ UgZR6So6skn86s3
6,110, 739. Such agents are useful for the control of cell growth and
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cel |'s under ecdnantfacemarkers present/ia GEF buheot GHE eellsesnd; makikganiibodiessagaistn i nt o |
cardi ac 'ﬂ’sqfh maVREH 12, H?Qﬁelf’eo@u?‘ﬁé S‘ntlb'c’c'ﬁgsoxﬁlé&eh d HBARonal f}@ﬂ)‘ﬂhleﬁﬁcf‘ cell's.

Condi ti ons ective fo ferentiation into the various types in
vitro are knoanbe ufraglh@tsargcneumilyamgmmed antibodiesysingle chain antihiodiss, andrspronses
culturing ce I under
condi ti ons e?‘*‘ Ot%ﬁ q?éﬁlg bg'dge?l?og%g&nel% \?Qnﬁﬂ% @ nc?aﬁlg%ﬁn%?%%ﬁlgéefrﬁl cells
or pancreat i for mcbhhfsfmglihd esolatmgbredﬁdeltmmbusfrmsendsdm agd ffesodent.i ati on are

known in the art...,The pr.aduct.i i ulin duci n anc islet
el 1o Speerti I e RAOERD fad broiiRtia litlh MGk SRR RERR Rt e A ¢ e
present ROVewntbOn ofi¢ ambodiett] the nfecHodtoemhpritd cﬁlttﬁi’ﬂgdieﬁsf ﬁbxﬁratceagﬁ;@uﬁfa@n have
di fferent deve] Bg nt al EdOt entials. Brach+/ rl cel | n%f

enric in mesehdoderm and mesoderm cells under con mons effective for the

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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about day 3 nouse EBs efficiently generate henotopoietic and endot heli al
| i neages, while the cells fromabout day 3 to 10 EBs generate cells of
cardi onyocyte |ineages. Accordingly, by adjusting the tinme of culture of

the ES celiosobp@sesobor obtaining the cell popul ation engifbedolfsess
mesendoder m and nesoderm one of ordinary skill in the art can it

2004/ 098490 PCT/ US2Q03/ 015658 | ect duct f
henot opoet |SElP r*jﬂ" %ﬁ%‘fﬁtlﬂm pefjon of ﬁ%ﬁ%&%" }3? a‘&‘g?‘ti*’@h@%i‘g}‘?r & C}Jrlccﬁrlélgogl@psocy%uch cells

are useful  linkges.exanpl e, for cell replacenent therapy for the treatment of

di sorders that result fromdestruction or dysfunction of .a |imted nunmber of
cell types. 5 Sucdncells awsusefils i‘?rr?é?‘&ﬂ& for 8‘?35%8@°W¥ &‘F‘@Ey fqrithefreatment i ¢

heart fail lUf%soﬁ@Js%aQYe%m@ bR deaRRio Hedysimstion &a 1&5@@%&%@@9@%&
muscul ar dystrophy, osteogenesis inperfecta, -and disorders treéatable by

bone mars ovuch dtssqdb!anncludecﬁlat@wamﬂlléuﬂ, divricfailbrs, heat faiherni @Sdlo‘@é@lar agdori co et
al ., (2001) PrEgent
i nvention arﬂe%ﬁ}sggegﬁll' d?(%grsggéﬁ%rea I ng E'%ba‘?dﬂ)ﬁr@ﬁﬁhb tgg qh P anad a?ll ssues for

cel | repl acksvedsts ttdamble[by done o transplant, foryexafple hmkenias andempmiaat Sesms of t he

present inv t|o | t herapy nmay be assessed by

transpl anti fg"“{;?u% i @P@ﬁ Sﬁ%éékqﬁagg%ﬁel s of disorders that are associ ated
with the destrtmélwn populhtivhai nsft then prekera ldveﬁttoﬁdanaunMI @dr gederatingpes. For
exanpl e fumaryl acet gacet ate (FAR) defi ci ent i.scl

exanpl emoy YrRsiatedice a“d1!§s‘{eig‘§ﬁﬁ gmentricrapies. é’u‘t"f ga?’a‘lehd her ei n

by ref er enGRpulbtichy¥ ctqRe presel fivedt®dn for ¥EI replabstt Qherfﬁ)@"fn@ef)é Qisesied wyce suffer
fromprogressive liver failure and renal tubular danage unless treated with

NTBC ( 2- ( 2-tranenlanting ithe pellsointsnanimgl models «of | disarders that g assesiater Gvith) ther
transpl ant egd i fith %ﬁrmmaﬁﬂa&f‘ay@rﬁﬁe }t}&‘xﬁé‘r gf%ﬁattg&ét erF&V'egzﬁn thedeal

nodel for testlngt e ‘potentia cells wt |st|cso |mmture
hepat ocyt esfumerygieﬂeacaﬂmd(FM-B ndeffiBient mibudeodisclosed for exegypleahy girompe ot al.

hepat 00y e 4k Bfalh BEl 1088 il RIBN B L ISR SO e 2t

and dISC 0S e
12: 266- 273. failiﬁe rmHAHIldeﬁcxeﬁtunrcblsnffen ﬁomnpibgmsm Iiwer Fhiture \aadi reﬁal ttiﬂmlarm ce, and

o s bi 1SRN iy o et TR AR 4 B e ke Dor e

r egener at ectytlodéediond) o{-‘\wa@lantwebﬁthsn&rmal Répamcytel. SDiede hficel thad proeilah from t he
destruction or dysfunctjon Bartlcul ar. cells types.,are known in the art.

Such nodel sld?ﬁapwé?lr?m tg§ting ﬂlﬁ’é’OEFé‘ iy of gellswidpeharagierigics OB IPmABSBEBAIPDIE of the

presentag NVRRLhLEH f:roﬂifEBsP 'i\/fe'ilf‘d&& fdr %ﬁ‘dﬁdn&ﬁo@bﬁﬁb %@fésqﬁ% M GHRRELRAIE _
non- human mamal in which DNA encoding a sel ecta |l e marker is present in

t he br achyuemoveddiom NIBE ar¢ lspovania the art and disclosed for example by Oversturf et al.
(1996) Nature Genet. 12:266-273. Normal liver function is indicated by survival of the

- 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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30 brachyury allele is inactivated and the sel ectable marker is expressed in
cells in which the brachywy | ocus is transcribed. In a preferred enbodi nent
the manmal is a nouse and the selectable marker is GFP. In particular, the
transgeni avorRese9gigs a genome conprising a transgene i POWUIS2003A15358
sequence encoding GFP is operably linked to braclryw regulatory el enents,
and the trans expr ssed | S t l.y. 4/ 8490
PCTI US2003/ GTEE g’ré"% °§?‘§§h‘{}%§§l_’ieﬁwr°§ﬁ“gﬁegﬁ‘ ‘Mjﬁ%til“? ﬂm}gp %éy gt ai ned
by i nj ecti ngelishedesfrbedr )helEﬁabml ligto dblstocystsd Whicki ambalhen |1mptantekiaantocyst S,
whi ch are then H&Bl ant?d iinto seudopre ps are

i dentified tﬂ?‘id empalgsy }Sﬁ’g?‘%flﬂ? élps ab‘}c?fltét? g%j(/\nmeh-gﬁ’%;{ﬁl P 7’“0 %nd by

nol ecul ar  angdoyiated withsthchi-+/2 A BNinoleaulirmmblysifr Sudhg@hsfend ahidfalsaht aiefilng early
enbryos fromwhich to isolate gesodermto be used in accordance wth the
met hods of tiAeORtHBIBACRARH embrygs 1o/ Whigh [yispletermesadarmfo beispdin askordpse

char act eri za}ionn®f meMydAbf! theC GhventR@PUARL I16NShé NRAEntEICRAGS slsslaﬁorma%ahyur y
gene. Such cells may represent novel stemcell populations. Al references

ci ted her ei rehameeterization plornatadelt PFé'rI@pNa‘iIQﬂSﬂtﬂé@fpr@ﬁtherbé@ﬁﬁyuwaﬂmeSuPlebvm ng
exanpl es ser he present invention. Exanple 1
Materi al s an‘%ﬁl\/gé}ﬁgeg{ﬁdé@“é é@ g@ltaﬁo gnd differentiation. ES' cells were
nai nt ai ned on i r Adidefetendes oaatnd)he,rcmam lﬂceawmtediwtdlmmthelflntin@y;co s Modified

Eagl e Megdi um ( enent 5% al r um ( FCS),

poni ci | T1the "t r et bRy v epb B wrda B hibeledh e AL Fo8 ™, o2

nonot hi ogl yc_er ol (MIG Sigma). Two dzEySmprellor to the onset of

differentiation, cells were tran (ﬂg[%a,gatlmzed plates in the sane
media. For the generation of EB “é? ® trypsinized and plated at

various densiti egsi gell didwiRr st uﬂferéﬁﬁaﬁbﬂ tEg Rslls Wefel RammiireatdnOfradfatddBs was
carried out in 60 mnmpetri grade 20 dishes in |INMDM s éfl enented with 15%

FCS, 2nmM L- (fmhrygmicnise @%%PEWPGOCO@MM@W# Mzéwmu MEM) seppismgntedcor bi ¢
aci d (Si gyra) ‘ﬁlﬂ?‘ A»feté if tuth (ﬁ'M'JMT feniditih! éﬁreﬁl%myc‘!ﬁrﬁFgﬁ“r e UoRAiAGHd 'rﬂ'ég

hum di fi ed in a 5% [alT mxture at um Free Me
di f f erent seandnH rXeéO né/ﬁﬂ@mrémlmgeh (MKGeliSigms).e hwo cmfpewstmﬂletqneetmﬂ I own ng

exanpl es: L1 Y] Pro 34
(G oo ar) AePHPRRE Tl S5x ko Rl bt e Bspme SR BBV
gener ati on ofentrhtimt of dEBs, E®|whs errd &ypmﬁébchsséyplatediat deriovse derssities sinwer e

pl ated at O. -. 1. 105 ceIIuI se suppl enent ed
b Eh* 0% FoshpRsaiebng o eyes e ialan of £y e oue i 60 Em®pRR| SR
20 dishes in IMDM supplemented with 15% FCS, 2mM L-glutamine (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 0.5 x - 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 (Sng/ml) and
30 25% DA4T 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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factor (VEGF, 5 ng/m), c-kit ligand (KL; 1% conditioned nediunm, IL-6
(5ng/ M) and 30 25% DAT endot helial cell conditioned nedium (Kennedy et al.
(1997) Nature 386:488- 93). Transitional colonies were generated in the

absence ofyo\Ygbdnessssl oni es were scored follow ng four dpypuSiesuiskssy €. B)
Hemat opoi eti c coI oni es: For the growth of primtive and definitive

h t i et I t ed 1% pet hyl . ul t
1006 pl narra. o BOHRLE Pl e soowiie Badhifts Sk et WRE 1Y abiaber BEakNea: um
(PFHM 13 VIBRAR4iRR T Ofinf TTLIUT2O ABhD] SESE(1% ¢ond@o@@dom&muh) II}MSCSm@

foll t ok Ki € d % condi t
cr'yt hr opoi A B-GaRED pgimih N AS nglphil]-6 Gineimi sof LEmBREPSHR PR U

GV CSF (3 syy/uth) Cuﬁu@&rekgﬁalﬁ'ﬁ{n@a 3 3™ dS. Bghihe eryﬂifm@ coRnegMmte and
t hronmbopoi etin (TPQ Cul tures were mai ntainéd at 37C, 5% C02.

Primtive esopredrasiday Sef Qgpld@rw@rf@s detnitive amthiei¢ (BFE-B)f magiophage, anher eas
definitive x‘;ﬁl)i'gﬂé&gé @ol@ﬁ wF‘%e coﬁﬁt‘é%%fi%@eda SBf curfii. tb'l&ﬂ“ﬁ%ﬂﬁ will RAL&S were
- ys

counted at ur e. and was derive from nmedi a
condi ti onedfrby nBid@ caiditionéd by <THER tcelth tnsfectél vethpKb ssxpssiaregtotor (klaidhd| y

provi ded by Cene LSS sti.t tained from dlu i tioned
by X63 ACEPTRNEE ‘fwy% Cisniles ﬁ%i“%%)r e f%aér@%‘%ﬁ% fFom, Regiad F°‘L§‘ slby X631
VEGF, GV CSKG8Md51 thyelona chlls-teansfetted ith avedton expiBbdit ILEBVPUEGEH MCS‘&G}K& and | hh

ol ur ob) o Col Tbe Pl Tt RN, SO RO B G brpofobl et pUFbLIRBLL SRy

2mM L- gl ut apkmesyétemCcoBRL) , 0. 5mM ascorbic acid (Sigma), and 4.5 x 104 M
MIG in 24-wel | petrl grade(g‘l’at es. These were 15 used fo prevent adhesion
of the cells to Resgersgationm Gultwrese (elly weear ehltiednat P 0asstym! BEPM cel | s

wer e reaggr QQE% fdntbd whilVi0d, %‘d@%ﬂgﬁ&&ﬂ Sg‘j"' in}ilvljf.I5 ?uﬁﬁ‘n dé’(bfb% z’W%hM Twenty

hours | ater aggregat es were ture e|t
96-wel | pl atseorbiv achSigmad,and @ x &0 M Nﬁi@} mcZneelt pf(tsfgrasﬂmplatael'hesa were wel | s

wer e pr?r%tr%%{1 d vvlt dggséé‘ar ec(gﬂs#o"{% Efth ngf‘ored daily for the

devel opient 0 ce o g ce Beating cells were
usual | y detect echlﬂtaNamdiaassayE GRE' &lls Mere:tehggre@tedﬁalnvﬂmarshﬁﬂanm&er S

t d. | d d ta st th
cel | o Ot aniibasTseBrdhimer PR o Bier i Saireiias uort Bfocen el B neon,
CA). ' 25 Geiter E&m essd-well plaed MSIi\/ﬂ)MﬁihtH e Reruin PplabdmenCRemrRfrde) The he
nmet hod of Brady et al é 1990) Meth. in Mol. and Cell Bio, % 17-25

used. Rever Wells Were peeciyeptsd wafh gelgtin-f-ultured werefponiiorpd sexty for Bredqyplennepte

perfornmpgl agedpsarahestbetingRefid) Beating cells were usually detected between days 2 and 6
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  oligonucleotidle @ was  shortened to  5°-
GTTAACTCGAGAATTC(T),4-3’. 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 p-H1). A
B-Hl-specific probe was prepared by annealing two oligonucleotides, (5°-
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exception that the X-dT oligonucl eotide was shortened to 5'-
GITAACTCGAGAATTC(T) 24-3'. The anplified products fromthe PCR reaction were
30 separated on agarose gels and transferred to a Zeta-probe GI nenbrane
(Bi orad) oWO2004€0984%rred to the nenbrane with a sl ot bl oPCHPRZ03013658
(Schlei cher & Schnell). The resulting blots were hybridized wth 32P

randonly prifgedAGPNA AAGY mAggcﬁqu@g)’el | ing, Pharmacia) ;

corresponding to the 3 re i on of genes (for all except (3-Hl). A

O H -speci fi Aﬁ%@é%%ﬁ@%ﬁ@?%h@mh arevas basgchomolagytat desir 3(5' - 14

WO 2004/ 0984, W@g@%ﬁf AW 5'-
CAGTACACT %{#ﬁgé%ﬁ\%}é@ﬁn ar e an ase W at ;Eﬁgﬁlﬁ i%3
termni. Thi sac(t@nl-mr gpmmpémﬁc BER gotalRNAovas dxtracted frombesck damyple witB RNeasyi ng a

Kl enow fi i fA.C total racted
from eac hg saW‘ftﬂ 5“\/\5“% agﬁ%e ﬁggsr%q‘rece at%é Q\l ﬁ%{‘{o 16 qwm“%z%g 4DNase
(Q Sgen%} Tweversestrageribed afto bDNAIwnEH%nRT doashexamerarsing atOmiiseipt E’@dhtl(@fag%rt)DNA with
random exa usi i script t carried out

Lol ng DT opPUB L BsSOFATHeh el S50 HPRTOPHHIE SHERRRassorTbe \RAIE TefrBPRh PR wi ¢ h
2.5 U of Taqp@fmiéiews 2.5 (PoOnRGlymdiisR(bhésy), P@&ﬁéﬂd\&mg f@é@ﬂ%wf each

primer and 0 2mMVl dNTP. Cycling conditjons were as foll ows for mn 10

fol | oned by obeash primer apd | NP Gysking cpnditioprewere @ £allogis: $7C forr min 60 C
anneal i ngof Ofolloévecﬁbyfbs é%lerP&RﬂHﬁ&ﬁdmﬁ RV d&na&?r&%g%rtlhnﬁ 60 @Lnﬂeﬁﬁng% Ion at
72 Cfor 7 mn. Gener at1 on of | s Under appropriate

conditions i hmmﬁ?u@élonsaﬂ@nf@rilmmiwéhﬁ@li@)m #tion a2 1C for 8 minf f er enti at e and
form three di mensional colonies knowyga al ry0| d bodies (EBs) that contain
devel opi ng cell popul ations froma broa spect rum of |ineages. Smith (2001)
Annu. Rev. Cell Dev. Biol. 17Gk35raﬁ|Bnoﬂﬁmggteﬂis(éelEB-deri ved popul ati ons,

one can detect (rlipslgf)derna dterl i tl vVes |n l_lgbthose of ﬁ oi etic,
endot helial, car & WPORIEC 1987 éf‘a?u SC? W‘?rﬂcéaséeé% ‘f r to

tr aCIk t hes Onﬂﬁfereﬁﬁatéfﬁﬁ?fiﬁhmma dﬁ%s@mﬂl cblonies Qxhcﬁirﬁasc‘dﬁiﬂrﬁold B@dl%@]ﬂs} gt this
opul ation, the gree uor.escenge ot ei.n 1o

Ergchyury | ofRngain deys Ping 58t RORY! aews%%etbr PSRRI oF eeoes grm%aoa
artificial i %ﬁl@rRCVS&élpmpl Bio17: 43?-@2'9%%%&56% EBL(R%BCJ b@pﬁk&ﬁnmﬁe gassette
inthe first exon and is depicted in Fi hym di ne kinase (TK) gene

was i ncl udeddefect imesodgrmad NG“W‘V?%'@CIP@?‘@&OF%@f e h@mtawetlcoe@@thébq capdjacagai nst

random i nt eghﬁ%dlﬁ&d sEEai AhQRlinBgeyect or was constructed as fol lows. A BAC
clone carrying t entire nouse rachyury (Bry) gene was isolated by
20 In order to track the onset of mesoderm in EBs and to isolate cells representing

this population, the green fluorescence protein (GFP) was targeted to the brachyury locus.
The targeting construct contained the GFP ¢cDNA, 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 129/0Ola 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’ ﬂénking 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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PCR screening of a 129/ a strain genomc |ibrary (Genone Systens) with
priners 5' - AAGGAGCTAACT AACGAGATGAT-3' and 5' - TACCTTCAGCACCGGGAACAT- 3'.
These primers anneal within the first and second Bry exon, respectively, and

anplify av@9odiosg@n@sti c band of - 600 bp. An approxi mateeiryuslodswiseang Pst |
restriction fragnent carrying the 1 exon of the Bry gene along with nore

than 2 kb g gné% éfﬁha@ﬁ %gﬁe%géf% ‘r{‘%zlhif;)“ bprlate Gridd aﬁﬁl&ﬁ&%@ﬁé’s %rogqet he BAC

into pI asm gene), gin onstruct SK. Bry-
Appr oxi mat e:b;rstlacmccffvedtm region i medi ately upstreamof the 15 WO

appropr i at e pri SRS LRGP SO PATERRS Tl rdct s AR arA Yo i gos

5' - CCTACCTAAKGRNIAGBTGCAL3 id GATCTGGATCCA  TTAGCTAGCTGCA- 3' and 55~ 5

m%%ﬁqg&gﬁéerted i n(t}é t he Pstll / Sal |

sites of pImoeﬂcm@@@d&cm@@mcamemmm&mewee& itisérfedeintoMhe h T wo
successive transl ati onal stop codons and an artificial 3'  splice site

(const ruct sBSpll sitgs of plagmidi Eﬁ%ﬁ@flﬁr"@? 3 apennwEnyuiRble rebtlisker withdwped with
Nhel / Bgl I'| sﬁ&gssti\}é%ar ? Sfitinh Q&bh o sﬁ%pan%&&l@g@% sﬁ@% étﬂﬁt F#yEA xq. t hout

stop codon was cloned into t el /B Sit résul |ng in

const r uct d&syud\BEGEhCXNGIOh@ah)IWdSr(b)gHEﬁtgesﬁ:d pdltaé‘thHBgHblLa@d meo@suiang ying a

| oxP-f I gnk ite of
e y- At o SOEBH ARSI BPO IR Rob BRENAS oloflfinld Ve Mietpalt C 7
same di r ecitenof) pBRB-AN, 5Emting xxmmuBrym mnmdéﬁaﬂyfrawleat obplasmidus splice
donor site, tificial tro | i ce acceptor sit rt exon
el ud ng. H NG eiue Adart il nesB isfiaic e dos fisted iy e vaf

commer ci al sg¥pf MQJltngi‘(c‘eh(iB’et@ﬁKsrﬁWMB SACairageigtion of EGFB ahd Ne6'BI Yaméas

inserted into plasmd pBry-ACin the follow ng way: the Xmal end was
| i gat ed i ntdresting)- BspEI site foIIovvl ng the | ast EG-P codon, whereas the Mu

end was;s20 i nsent &g RaghdnBOfrymg {ddniehd: %Wﬁaﬁﬁcm
5' - CCGGAGA CGICTTA AGTAA—3 as Ilnkers into the Bs site | ocated just

upst r eam ofintrei 3 gplipe apeeptor it apd astopteexordnelpding, ghec gﬂé@rmixadelp@tvnAE An

-1.9 kb Xh Hg;g &m,agﬁ_
inserted i %tcééﬂ%é v&}%%?g&?tﬁemg?&%gry Acgi%x ovsmgg ectl on agal gst random
integrati on’f‘lﬁs:fsagmqnuo;\ias pBerted Akfp. PIMMPBVYEt@M the1follewing agprethe Xondaidng t he
"short arnt e Quak he
Not | / Eco47|v{f1 g%kgﬁr?r{t?%gﬁﬁ,ﬂ?‘é%ﬁow%&?%%o P ag’nqlghcf%a%ﬂl q\ﬂd pn%lhe S ong
arm’ 20 inserted along with oligos 5 -CGCGTI‘ACTAGTAAGACGTCT-S’ / 5’-CCGGAGA
' CGTCTTACTAGTAA-3’ as linkers into the BspEI 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/Eco471ll
25 fragment encoding the “short arm” of homology was excised from pBry-AF and cloned
into the Notl/Eco4711I 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 identifitd by PCR with one primer (5-
CAGGTAGAACCCACAA CTCCGAC-3’) annealing to genomic sequences in the 5’
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of honol ogy was excised frompBry-AK with Sall and inserted in the correct
orientation into the Sail site of pBry-Al to yield final targeting vector
B. Enbryonic stemcells (E14. 1, 129/A a Hooper et al. (1987) Nature

326: 292) we0@00489818b ect roporated with Notl-linearized t agets2065/018680r"
pBry-AM Four dishes with transfected cells were subjected to (418
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are referred to hereinafter,as GFP-Bry ES cells rachyury i ssed
ranst ent |y TEROUOR A Bl e eRe otonts e P Rt G BIPESSSr on of
genes that dgfis.ne the establishment of the hematopoietic and endot heli al

| i neages. To determ.ne whet her GFP expression in GFP-Bry ES cells accurately
reflects expr esﬁ’?ﬁ#yﬂ?‘%%reﬁﬁeﬁgﬁmggb e'emngﬁ&sﬁﬁh&w&sﬁmﬁélpg%ﬁp

expressi g Vig3rRgareSites that deine Fhe EXbIiSHRne Of RRtHeRadpLiid Bl ehddrdRM EB
differentiation period is shown in Figure 2A. In this experinment, |ow

| evel s of ndinsages. We deterneinewhather (FRPHgxpressiomim GEP-Bry Eeelliapquastelsiretlecison.
Expr essi on 3 e t I t h day 4
and thon dectPreaiuE bty Sen AR RAL dcfiobiBit QrERGhRk bt ad il

di fferentiation. AQypicalesrpression pattermalurig f ioriayl BBy diffr@8iatiom pgriddsis slianl ioned a
simlar te | ~Ra 4 evel 0 4 - 500 .er. ecgted as
early as dg&q é& 81‘2 RdH ﬁ‘éslr]eexﬁ %ﬁ%ﬁl nllt’olé.%l erlse&:t%%a e;‘%‘ré ﬁ?té%%/%ot%tzﬁeh%%-og{eri ved
cel | s expr esdifferefitlaRomtExpeeysich waschpadgniatetl oxér the hext & hdwss, \persistedFhmpogh dayve at

day 4 of i fferentlalin, A5 APRCLYRLRNC SR BIREFISLORAIRRG. ShE P!y

expression, as defined by FACS 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 extensive. 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 brachywry 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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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 tine. The high proportion of G-P+ cells at

days 3 an@oé@mmﬂ!l pf erentiation suggests that devel opnpaiySicosmasesier m
Wi thin the S under these conditions is extensive. Taken 30 together, these
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EBs gener at eliffdréntiatidnl eReicPisBay trascription dfactpp ethétSis exréssed RotES ells and EBs
showed decline in Rex-1 expressi over the first f

di f f er entfi atiPBRreeRRigd A they, 4@55?58&%5?’}/1 Ypng agif’é?rstﬁ’iaf’i- ?@éi&&ﬁ&‘g@ﬁe‘}tn ES

cel I's and 1Q188Y5p£IMheAleCltheas RENEYs foNENREDIY Wk bpRiabitdrsithi Wive JROBRAPwPt Al .
(1991) Devel opnent 113:815-24. The decline in Rex-1 is faollowed by the
typical trafSpresHonwyeh imadiaielnpigesres fienat of genegimoly e it develPpmiitecedes
the onset ofpf %rl{%ﬁma{oﬁiéﬁlgzt:id@{% ekgothcﬁfal A5e48dsO PPN re@btol BRoMRIBAAL RLRhtiaf and

endot hel i al 11ineages. receptor tyrosine kindse essential for the

est abl i sheder e esablisment of fese (limprges {§hatabyaet. al( (H095) NasrerF63526) 62-6) i s
15 exprggsed, \/ | fferent igti - opoi etic
transcr ﬁgt i %ﬁprg#sggp%‘r”’?&adﬁg 3?&@ 62) rt;‘l?ﬁfflegénnlfuég@h g;[ ‘{%3 uil’ ? %Sﬁg)@%\}e%cetﬁ%g%} 1 and
fimaj or, werfectateiredheembryodiomd ddeltglabiregendpHa aod Setiybf, evazea ti¢tettédoat low

Expression qof all .3 es was.uprequl at e ver the next hout s

Fof) oot ng ot S RerRaP ISR SHTOr Al henbl o BB MR b g
aL this de%lhom@&aﬂ&ﬁu@ﬂlagyg)anﬁédﬁlﬁlrﬁﬁtumﬁon c(fil&ﬂﬁ)mifb&/@irthﬂﬁ&hﬁea@e?ﬁ;ﬁ@m- ﬁ4.
The precursor 20 nunbers and.the g ression t served in this
exanpl e are dr@lﬁeﬁ@?’%ef‘ {1285t R’al‘ﬁ ﬁbgle%?%)aﬁé)%v Omﬁiﬁggbz{'g‘gi gﬁ‘eaﬁfa"“ir?ﬁ’ﬂi cate

t hat t heonolRGEBeE and iRPeA Bxprésich Poitdres dU3erved fif AR dxaMPRMYre Bdnsiskeft with

hemat opoi etic systemare intact in the targeted GFP-Bry ES cells. Exanple 3

| sol ati on ofthase Feud n previoss studies and indicate thaf the molecular programs leading to 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 indica.ting that cell sorting based on GFP expression can be used to
30 isolate brachyury® cells. FIk-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 Flk-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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25 To determne if brachyury+ cells could be isolated based on GFP
expression, the G-P+ population fromday 3.5 EBs was sorted and anal yzed .
for expression of appropriate genes. Figure 4A shows the gates used for the

i sol ati on w0 200309830 positive (2) and negative(l) popul HiE/G$2903/HF6BCR

anal ysis reveal ed brachyury expression was restricted to the G-P+ fraction
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ect oderm andxnmdesme!ﬂ:ctrmelmdamare expressed in the GFP- fraction. These
findings denobnstrate that expressio OW in the context of brachyury can
be used to separate nesodermfrome Exanpl e 4 15 Separati on of

Brachyurys Positive Cells i nkgpaPhiiitsiBrathyais PRMRACHRON FI k 1 Expression
FI k-1 has been shown to_be essential for the establishnent of the

henat opoi etic and endofeSphponuiations Based Upondlk-d Bxprespighyo and i s expressed

on the earliest pesRh$BLH s%wn ws&esséﬁtﬁ?ﬁﬂ% estabRisHittnD Of ﬁ@%ﬁ&mﬁ&d Fal oon
et al. (2000) Devel opnent 127 % G ven this pivotal e 1 n blood

and vascul ar arxdeﬂnétptb?mbhneag%tl%ﬂ@ﬁprﬂseg‘s 50 awl lﬁﬁxmeqswbordwwhvbwwa@qr@nf was
hypot hesi zed egiif i cation
o These. |1 e R B O TS B oAl 1 o)

anal yzed20 at Gsrewénsaqutalaglesn blbwmde{agqmﬂmudbveﬂqpmenhas prpesssine witbin tIBFGFBIN I k- |
positive cel]s

pulalaon t\pa% 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 Flk-1 positive cells. In the
experiment illustrated in Figure 5A, 4.8% of the day 3.0 EB population expressed GFP
25 but not Flk-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*/Flk-1" and
GFP'/FIk-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/Flk-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*/Flk-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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experinment illustrated in Figure 5A, 4.8%of the day 3.0 EB popul ation
expressed GFP 25 but not Fl k-1, whereas 1.2% of the cells expressed both
mar kers. The size of both fractions increased dramatically over the next 12°

hours w th(f DRybdsloy FI k-1 and GFP+/Fl k-1+ cells repr e§%g;dsgﬁ)3§)gs/§5§md 26%
of the total EB popul ation, respectively. To assess the devel opnent al
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of Ilneage expresse
both GFP" fractions whereas BMP4 was found prcdomlnantly in the GFP'/Flk-1" cells,
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*/FIk-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" /FIk-1"

30 . (GFP*/Flk-17) and brachyury'/Flk-1* (GFP*/Flk-1") (Figure 5A). Functional studies

demonstrated that precursors (BL-CFC) able to generate both hemetopoietic and

endothelial cell segregated to the (GFP*/FIk-1*) fraction, suggesting that upregulation of

Flk-1 is indicative of commitment to these lineages (Figure 5B). Gene expression studies
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both GFP+ fractions whereas BMP4 was found predom nantly in the GFP+/ Fl k- 1+
cells, indicating that these nolecules play a role at distinct stages of
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20 to lose some GFP and Flk-1 expression following the reaggregation culture. Results 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 EryP-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 Ery?-CFC did not
change during the culture period. The GFP*/Flk-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-17)
to a mesoderm/pre-hemangioblast (BL-CFC) population (GFP'/Flk-1) to a
hemangioblast/pre-erythroid population (GFP'/FIk-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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undet ect abl e nunber of BL-CFC and EryP-CFC before or after culture. The
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culture. However, following 25 culture, the BL-CFC potential increased
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GFP+/ Fl k- 1+ fraction fromthese sane
decreased dramatically by day 3.5 of differentiation and was 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'/Flk-1" cells contained a distinct Flk-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 Fik-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

22



EBs increased over this period of time, indicating that differentiation was
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Table I: BL-CFC, pre-BL-CFC and cardiomyocyte potential of the GFP+/Flk-1- and
15  GFP+/Flk-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 cardiomyocyte potential of 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-1" cells

25 isolated from EBs at any of the three stages of development. The findings from this
analysis are consistent with the notion that GFP*/Flk-1 cells isolated at different stages
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As shown in Table 1, the BL-CFC potential of the different fractions was
simlar to that observed in previous experinents. The G-P+/ Fl k- 1+ cells
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other potentials may be observed by altering conditions and additives.
Exanpl e S additives.

Example 8
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*/Flk-1" and
GFP'/Flk-1" cells did develop when serum was added to the cultures. 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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Rol e of Serum Derived Factors To assess the role of serumin the devel opnent
of brachyury' cells, EBs were 25 differentiated the absence of serum EBs
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Popul ati ons Studi es using nodel systens such as Xenopus and Zebrafish have
suggest ed that 20 mesoder m an&§oRHYSE Cell ¥epwlationst r om a common precur sor
popul ati on known Sﬁﬁlws'ﬁﬁﬁ@ﬁf&ﬁéﬁ%ﬁbmg SucH @b KeMdpus ald 2Edisish Havd RiggRtedrBLNdoder m

stage of devel opnent does
20 mesoderm and endoderm 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 lineage, 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
devclopmént. 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-l-antittrypsin (AAT) and tyrosine aminotransferase (TAT). Mesoderm
development was monitored by expression of brachyury and GATA-1. In addition to
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visible). F%nqgé Ab\éence of serum displayed this activity (Figure 13). Taken together, 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 HNF3f 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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20 evaluation of neurite potential of the EBs was consistent with these
various anal yses. None of the EBs grown in serum generated neurites. In
contrast, 85% of those generated in the absence of serumdisplayed this
activity (W0 wressrd) . Taken together, these findings deeEIIEG0a56EHe

i nportance of culture conditions (serun) for the generation of specific
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cells. In contrast, PAX6 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 précursor, 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 I (CPase). f-actin expression was used as a control. Cells were
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16). Wth tinme in culture, this gene was expressed in cells generated from
the GFP" 20 fraction. This likely reflects the fact that at |ater stages of
expression HNF30 is expressed in non-endodermal popul ation. AFP, HEX ALB
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and 4.0 of differentiation gare I sol ated and readgregated, the
day 2. 5léndc@dlommue (tardiec)i mtmtlge he¢ca1tres! tpthe sarlycGFR* celis, thoseisolpied Bogat ed as

hemangi obl a r r ages of
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fractions (Figure 20). While some genes were expressed in all populations, others

showed intriguing differential patterns. Wnt3a, a gene thought to be important for
hematopoietic 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-1. This gene, which plays a role in the development of mesoderm and endoderm,
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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vici nity 9f that Dhsddimbd FeSs 6fQWpd. t 0 express AFP. No Hepl + or AFP+
cells were foét}ﬁdocildﬁ the gr alf%’t%of the GFP- negative cells. These findings
support PCR dat a While theseoiransplantation [gaperinppatsedemonstrate the presence of hepatocyte-

like cells in the grafts immediately following transplantation, it was difficult 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
mesoderm 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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the EB 5(5’” t Hfrrﬁﬁatedb’%iﬂll Bﬁélﬁ?axﬁ%egched plateau levels of greater than 50% at 30ng/ml. Gene

expression analysis of these populations indicated that different concentrations of activin

0

did induce 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). HNF3p, Sox17, Hex-1 were all induced in cultures stimulated

25  with 10, 30, or 100 ng/ml of activin. Pdx-I 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 concentrétion 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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ng/ M of activin induced GFP+ expression (10% of the total population) by 7
days of culture (Figure 23A). The frequency of GFP+ cells increased to 40%
in cultures 20 stinulated with 3ng/mM and reached plateau | evel s of greater
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expression ST as 5 other genes known to be involved in endoderm
di fferentiation. Tbofubthért @vestigdte it poténkial ofpthegeoictiviarindiced popistionsy| GFP*
progenitors in the actiyin-induced EBs,. cells fromcultures sti ated with
00ng/ m act iU retsaeted HPRI SR IaRR, Vb e 1005 piad cotfpedauetiva (FBse. © EBs
from un-indushl &Wepatb@se vaHdactibhEd AASsheRRtih Figurd AS! mgy Rells frénSh&M0bgcant
portion of the act]vin induced popul ation (estimted at 50-60% of total)
expressed botufurssrdiffsregtizfed oinfgegells Nbafe expressad albpmin jcgngigient yWithndiifed EBs

expressed t hgaEeRidbf! Maked R isRGRes fbfmhk IO il Atk
substantial nunber o? ggfsb(%%t&ﬁf’n tﬁgsegsEBs ar eééogﬁﬁxﬁsg ecﬁ%gtaetr%llvﬁneage.
To further ifwgions gae morphoggoindhe ESEBGysteapé that highicondentiativadrersguirestt i ons,
GFP+ cells LSOl romElls stinulated wwth 3ng or 100ng and

cul tured furﬁé@o?%§%®q° [5 total) in hepatocyte conductions. As shown in
Figure 2% only dékestefatonras tgkmerd€D by the setunr-imduatd fHrahgurt! e¢llscresutted froml | s t hat

expressed al gl)]g rprergelﬁ:g %?Ipxs‘l}n%p&ialvgc}ntl] cLllls\,/ ?tris possible that 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/ml 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 engrafted 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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differentiation. Taken together, the findings fromthese studies indicate
that activin functions as a norphogen in the ES/ EB system and that high
concentration are required for endoderminduction. 20 If the teratomas

gener at ed obDeossRr UM i nduced brachyury+ cells resulte presence
of pri rmrg@/ﬁ germcells, it is possible that the acti v?ﬁ%{[ﬁ%mﬂg;ggb%égl | s may

represent a _better, squrce of pr oglgni tors_ for 'Eﬁiégnspl ant aﬁ%ﬁp, as .t he
ger m cel | pierg ey rsll- These figdings, {e&la thah it &t PASHIBISO EBRFR'E PShsPOPRFIPRSt ¢ hi s
hypot hesi s, i B §¥tErentRed thsiMithout f6RNiAE BFatbmA FoliBFin RabpREtatbd.h 100
ng/mM of activin and cultured .for 14 days to pronote 25 the differentiation

of hepatocyte-like cells. Follow ngEx#mpledd|ture period, the cells were
harvested and transpl anted to the kidney, capsul e of, recipient aninmals. Three
-weeks following tr g’ﬁ%‘gﬂﬁﬂ‘i‘ﬁiﬁiQS’H’,"“PLW?&'%%‘?BQ'C/‘?’E\%cgﬂﬁand t he ki dneys
anal yzeds Resul tThedb@goifidMipléstldarly Sndica2Ah4t thethdpattcyte liaeuge dbietsps ol G-P'
cells devel oped large, nultilineage teratonmas, consisting of cells fromall
"three germ & bryéresll pbpulationtthadias botly mesndeno awdsendedearm3®tantisle cAwdysisroftthee ani mal s

transplanted with GFP+ cells. These cells give rise to differentiated cell
masses consP@t ifiagtionsresaled deat genbropwiatinncal dasseraelisrapresssd the recaptos tyrpsieg udi ng

gut epi t hel hﬂﬁ\é cggggptig?d PShA |a‘ﬁ&%a|grﬂﬁ(§:galoﬁ.\slaﬁdh SAMRisHAR HRRE $ose TEANHUAS al so

observed int romthe G-P+ « .suggesting that this |ineage
m ght al so chkpvessedpFlk{ly o aleterpine dE kit eRpressiorf could hgsa seflil omarkert foatthd t i s

possi bl e to generat P+ popyl atjons ., 3 2004/ 09849Q , PCT/ US2003/ 015658

from a i‘? y E"gfeg‘i‘tlo?r?gggf\"}ﬂi‘\g‘?‘ﬁg?’qamt%‘&?le&‘ﬁ'%gfk‘r 1%' F)sanﬁég'gr(%\“él Q"’g“g)d@ rate

GFP" popul afb@nfy 3tRAim-Sinv@ated EBs bredistdyd %}tﬂe?{l@%é pSteatRl. WAl RBekm fror m ng
e %

teratomas follow ng transplantation. Exanpl 3 el opnental potential of
bry+/ c- ki t - Figme 25By HNEF3 R i, tAFPcank | ALFS exXpinassifig celtsoiverg ab depivedsframh beytiozkithdi cat e

t hat the hepat ocyte |ineage, devel ops from bry+ cell | ati on that has
both mesodePRIEHUcFREAh o LRSFER PolARR L LS et Sl Petria |
reveal ed thgfto glaw&ﬁeia sodnd Qhirl withemeanBiBddySto XK 3PS SGRateP thah 80 e t YT OSi ne
ki nase c-kit (Figure 27A) and that this popul ation was distinct fromthose

cell's thft beXjordddsedls ipredsed HNESE proteiny evhiefeas -lésis tthax po% sty bo-kitowete be a
useful mar ker,forTghe 18, Se r,e%a ion.of cell with endod%r | potentjal,
bry+/ c- ki t - P¢SIVey) 18558 fig ‘935/‘8‘-1'& ¢ ateﬁi‘ﬁgr‘{e“&glﬂr%geﬂ‘\‘?%ﬁ’fﬂﬂ%sg? Qtﬂg’&"gi’fi’%f“i‘ | at ed
EBs were asgiiemdfit Mappspatribe i Mgt blched ForS BNwith endddekh otehtial. HNF3R

AFP and ALB expressing cells were. all derived frompbry+/c-kit+ population.
To esti mat elsplBorepfaesdla bassf op drashyyry podye-kit iexpressionchrpydes apovieb siratesy| far wer e

pl ated ont g.U.Bgs gpéﬁ%&%ﬂﬁx@gggito};.ai ned with an antibody to HNF3(3.
G eater than 80% o? the 15 bry+/c-kit+ cells expressed HNF3(3 protein,

wher eas20ess than 10% bry+/ c-kit- wExample 14
Developmental potential of activin-induced cells

The PCR analysis presented in Figure 23 indicates that different concentrations of

activin induce different developmental programs and that cells 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 HNF3( 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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positive. These findings indicate that endodermal progenitors express both
brachyury and c-kit and that this population is highly enriched for cells
wi th endoderm potential. |Isolation of cells based on brachyury and c-kit

expr essi ORyHheMIo6as & novel strategy for the isolation gt/ edeiases!
progenitors. 20 Exanple 14 Devel opnental potential of acti vi n-induced cells

The PCR anal ysi s pre ted in Figu 23 indjcates .t nt
concentrations of* ?\‘ﬁt T AS5ePiFee © fj%fef B?t%rﬁiai 82\?&“6{535‘3%3 1§ Fo‘%\yaﬁsE%d t hat
celI's with engee@ialin BRigR&EARIof diffefent dstdxu&mdtlmstdmlmcwr glepstankeMed o Of this
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days. At dayg %%sﬁifm ©H 'bbtwg%nest\b@,r A&ker, fdwmegaadad at aiénngwstecdﬁaénﬁﬁﬁ&@éf and 5

subj ected to PCR ex&gesm on anal ysis. Expression of and skeletal actin

were noni t oEHiIn(:0Gag/mly, a@'étusqéérl@v&red Mididpw ageyals @ﬁ@ﬁéwm qogfsined gruphef an
addi ti onal nEHOQGHThe Hx%FdhXFogy{J gi; g&m mu§éié.f g‘#sta?ﬁlgé éxﬂorﬁgéﬁ’thg theék

| ung-specific gene, was | nc as a nar er erm erentiation in
addition to cHPexmehsel i®th skeletah mynsin andric-gotindg indlwﬁgsﬂahthe}smméﬂalskdctai n were

expressed.in cu ress tha little as Jd of 1 tivin and
TS oxpi bsomiitio i ExlaRoud 4 bipBlion ol yBedf ERRhE e Bimed kel ons
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skel etal nyosin and a-actinin, indicating that they are of the skeletal 15

muscl e | i neaghserved douhe owelstel tlwclsr 86Tt | Blenef were pexpressedERS leWagctyéer at ed

skel et al 5o MUSHLERIHER! At 01 'détE Vbt ?térgﬁ Sh
anal ysis, as those stinulate WI (gjﬁ locnlla?rs] [ sgﬁ%aye ﬁﬁ 1g'lt[:)bst r obust
skel et al nusedneeniratierisw therfacters Eg;gpssgqngﬂ PAX6 was restrlcted to untreated cultures and

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 endoderm genes. As shown in Figure 29, both myf5 and skeletal actin

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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Fig. 28. The expression patterns of the three endodernmal genes differed from
that observed for the skeletal nuscle genes. None were expressed at | ow
activin 20 concentrations and all were readily detected in cultures

stinulateq, obdDodls hi ghest concentrations of the factgg sskon of
004/0 T,
PAX6 was r((a)\gt ril)cte to untreated cultures and those stinula egﬁivﬁk | ow

concentratiopns of factor. The finding romthis anal ysi confirm and

ext end thosé&Fg@HlﬁgéﬂﬁWé f?“ﬁeb@ﬂﬁﬁb eq eﬂ%ﬁﬂﬂ@t&@%%ﬁ% et gy ent
concentrations of activin induce different devel opnental prograns, with |ow
25 concent r §24odsm dayelep fgmbraphEwte cf¥Y fate and high concentrations an
endoderm fate. In addition, these results indicate that the endodernmal
cells induced by activin are able to differentiate and give rise to cells
‘Wi th hepatocyte and |ung characteristics. Brachyury positive and negative
popul ations isolated fromEBs stinmulated with |ow and high concentrations
of factor were al so anal yzed for expression of the skeletal 30 nuscle 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 stinmulated with 3ng/m of activin. Simlarly,

t he endoderm genes were expressed in the brachyury +-derived cells isolated
from EBs generated in the presence of 33 WO 2004/098490 PCT/ US2003/ 015658
100ng/ m of factor. These findings further denonstrate that both nesoderm
and endoderm devel op from brachyury+ cells. 34 WO 2004/ 098490

PCT/ US2003/ 015658 In the clains: 1. A cell population enriched for
mesendoder m and nmesodermcells. 2. The cell population of Caim1l conprising
at | east about 50% nmesendoderm and nesodermcells. 5 3. The cell popul ation
of Caiml conprising at |east about 75% nesendoderm and nesodermcells. 4.
The cell population of Claiml conprising at |east about 90%
mesendoderm ' and nesodermcells. 5. The cell population of Cdaim1l obtained
by culturing enbryonic stemcells in the 10 presence of serumfor a tine
sufficient to obtain cells that express brachyury, and isolating said cells
t hat express brachyury. 6. The cell population of Caim5 wherein said
enbryonic stemcells are human enbryonic stemcells.
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7. The cell population of Claim6 wherein said tinme is about two to about
eighteen 15 days. S. A nethod of isolating the cell population of Claiml
conprising culturing enbryonic stemcells in the. presence of serumfora
time suffi uEmospaasbt ain cells that express brachyury, pentis26i3lodtessg sai d
cells that express brachyury. 9. The nmethod of Caim8 wherein a selectable
mar ker gene Ls_inserted into the 20 brachury |ocus of said enbryonic stem
cells, and c!'”lée e express brachury are isolated by selecting for cells
that expressithe aekkpbmidtion emicked for iBsendbdermetdmesodérmn{Zells.m 8 wherein the
sel ectabl e rker_js enhanced en _fluorescence protgin. 11. cel |

popul ati on gﬁri ch']é%e‘f pOQ%%‘%rrfﬁE‘& ! §9m2"§‘¥2§?elaﬁte QR fd°b31ﬁﬁﬁn§? TRV daim
11 conpri si nghedddeladls. about 50% endoderm cells. 13. The cell popul ation of
Claim 11 conprising at |east about 75% endodermcells. 14. The cell

popul ati of of- C aﬂ%ﬁ qell papwiationsoffefaint | remprsing Jeasorhope e mssepdedarmand 15, The
cel | popul at i,QQ.ffm i m 11 obtained by culturing human enbryonic stem
cells in the presence of serum for about two to about ten days, isolating
cel | s that edpres$he gdl populetignuefClaizmt comprising at deastabouc 0% mesdndodemuands s
brachyury inr&e@?de s8fce of serum for about one to about fifteen days. 16.
A method of isolating the cell population of Claim1l conprising culturing
human enbrydni ¢ FTheoligwphlatiomoft Cleinpt ebteinedbyfultieing embryoniabteut cellsvin the about
ten days,, .isolating,. 35 2004/ 098490 PCT/.11S2003/.015658 ells tha
express BPacHEraFe ﬁnﬁf%%'\??ru?iwé fenelo & Mfﬂwﬁﬁgﬁ:ﬁrﬁr@ﬂw%@ t he
absence of sy EAd ca@ut expitds bAchput fifteen days. 17. The nethod of
Claim 16 wherein a selectabl e marker %ene iis inserted into the brachyury

| ocus of sai & enbAYoaslk Peruation Of |(daimqgp, yhegein said gmbryonis, gy cpllspmghympngre” 5

i sol at ed by sglbefohicinf Qiiscells that express the selectable marker. 18. The
met hod of C aim™7 wherein the sel ectable nmarker is enhanced green

f | uor escence 7pr ot &h¢cellpopulatioieefelding 6 Wherslinasaidhtime fivabont twoteabputtaighteest C ai m
11 conprigi nggul turing enbryonic stemcells in the absence of serumand in
the presence of a sufficient anobunt 10 of activin to induce differentiation
of enbryoni c 8t emAcelettmdt of isoldtinge they cedln dopudationt ofnGlaing €l lcempriising ewlprings
brachyury. 20. .A net hod dsolatin cell .popul atian. enri ched for soderm
cells conpri sem?éy Ongﬁt?%F?lﬁfdnz%oPS?%q?ecgfsfe% gglqoémf ﬁuﬁ'ﬁlgnaﬁgsogﬂa&'éc%lg tg rum and

in the presengpressbravhiury) aadlisdlating said cells that express brachyury.

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% endoderm 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

35



an amount sufficient to induce differentiation of enbryonic stemcells to
mesoder m but 15 insufficient to induce differentiation of enbryonic stens
cells to endoderm and isolating cells that express brachyury. 25 21. A
met hod of wdeo4ibg49mg an agent that affects the proliferptT/A82003/015658
differentiation or survival of nmesendoderm and nesoderm cells conprising
cul turing thgnGeht exprRBbradny@y, A culritigthidl cbifs tht@xPeRHRAEFurd in A8 _aﬁélﬁ&t to be
tested and conparing the proliferaton, differentiation or survival of said
celI's in thefpramdpaboutmne ihahoniclifiesn daygi d agent, wherein a difference in

t he presenceof i Nte tiSid MEI i i Lf I agent
that " 30 af fdot s h%le?)*?’?l 4, Cffin} ?g Rﬁ'@if?'? ?es%%t{"?gﬂagﬁp g’?‘{e‘s%%%e\?‘g? %{S? LR
cells. 22. Aradtylmgdloas ofieaid iefpiyogicastermgretls, dnidagells ftliat cixpress$ braghyoiry fager at i on,

di fferentd at.i r ur.viyval .of. enoderm cell s, .conprising culturing the cell
popul ati oh olf‘ﬂ%?cgﬁ’ﬁe%f{lﬁ‘%%f ﬁeéﬁﬁ&f??éﬁégqegge%%bl%ﬁlgﬁ@'to be tested and
conpari ng t his, pr ahé fresthéd of ,Claind 112 rwitiréintthe selectable unatkerals efhasaidgiesdl | s i n

t he presence_and absence of said agent, wherein a difference in the
presence of LUQrE§CeRRPOSs  ndi cative of the identification of an agent that

affects the j9proly iR Misoltidd lﬁfee&tll: ﬁ&ﬂuﬂliﬁloﬁ)rof SClaid ! cofprisb Cultfilings - 23. A

met hod of identifying genes involved in cell differentiation conprising
i ncubati ng esmtbryenn gem celin indha absensel of swwnand inohe presensp phie Auffisientamayat

expr ess i ACkliin to a0 itelcMarl WL AR 805 oBfs (6 XlaSadhanE Rl

brachyury after erent anmounts o0 me 1 n culture, conparing yene
expr essi on peeld thhtexpress radhgutywo popul ati ons, and identifying genes that are

uni quel y expyessed i l.at i wherein_i. tification of a .36 WO
20041008450 1) Do of BRlALAL b2 pATHRh Butichel e hEBBker fofprict
popul ati on i it emtiryotde sttmicdlsini the slisencerof 6érum apd e thei pasohocadt attivie &l |

differentiation. 10 .. A .nethod,. ki ng .anti bodi es that recogni ze cells
hat expr easERAY SEJCiBthes Rbes Wlerediaion ot GELHGRI R B ' mESPHER Pt
conpri si 19 i WsEhdiét go Md6&) EFtraRiationBf &ﬂl&?’éﬁié Steth81ells e ardoderiny ah@®BURtigY
enbryonic stemcells, culturing said cells, isolating cells that express

brachyury byceliethataxpress brachyest [ s t hat express the sel ectable narker to
provide an isolated population of cells that express brachyury, and raising
ant i bodi @5 aghi nsh method of ddantifying ani&geplothell adferts the prsliferation,rditferontiatibn of ai m 24

wher ei n the Q]%xb%i %ﬂn%&n?{x%rrﬁ%@ﬁ;legcﬁ@xlm chlﬂs Q8A1¥§J éjﬁﬁturiéﬁﬁiihe'g‘cl@ﬁ?%ﬂ QF
generating nmanmalian cells conprising culturtng e cC po ation of
Cl ai m 1 undeClatwridiitt itlen presdikce aif i aneadent td Ibe telStéd end: Rdmpdringnthef prokferacbar m i nt o

di B | ar smoth .quscl.e, endot hel i topoietic cells.
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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.

22. 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
the presence of said agent is indicative of the identification of an agent that affects the
proliferation, differentiation or survival of said cells.
23. A method of identifying genes involved in cell differentiation comprising
incubating embryonic stem cells under conditions to obtain cells that express brachyury,

5 isolating two populations of cells that express brachyury after two different amounts of
time in culture, comparing gene expression profiles in said two populations, and

identifying genes that are uniquely expressed in a population, wherein identification.of a
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popul ation of C aim 11 under conditions effective for the differentiation of
endoderminto liver cells or pancreatic cells. 37

WO 2004/098490 PCT/US2003/015658

gene that is uniquely expressed in a population is indicative of identification of a gene
involved in cell differentiation.

10 24. 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.

25.  The method of Claim 24 wherein the antibodies are monoclonal or polyclonal.

26. 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 27. 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.
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