- 1- . Dl FFERENTI ATED HUMAN EMBRYO D CELLS AND A METHOD FOR PRODUCI NG THEM

~FI ELD OF THE | NVENTI ON The present invention is in the field of cell biology
and nore specifically relates to nethods of in vitro differentiation. s
'BACKGROUND OF THE | NVENTI ON Enbr yoni c_stem (ES) cells are derived from
totipotent cells in an enbyro. Mirine ES cells have been shown to be
pluripotent cells capable in vitro of termnal differentiation into cells
of the mesoderm ectoderm and endoderm |ineages (Robertson, 1987;

Dushni k- Levi nson and- Benveni sty, 1995). The io pluripotency of nurine
enbryonic stemcells has been established on the basis of three criteria:

(1) When undiffer i L-ne. Ly into the cavity of a
bl ast ocyst and tm%ﬁ%ﬁtﬁﬁ ﬁmgﬁmy@ﬁ%mﬁ into

pseudo- pregnant m cenrehi i } I I ed ES cells 15
contribute to all c@V?y@Tg@ﬁﬁQ?%ﬁﬁgugwﬁ% . Thus, in the next
generation, mce wth the genotype of the ES. cells are bom (Capecchi,

1989; Rossant and Joyner, 1989). (2)- When nurine ES cells are injected
subcut aneously into syngeneic mce, teratoma tunors devel op. These tunors
conprise cells of all 20 three enbryonic origins (endoderm ectoderm and

mesoderm) (Wobus et al., 1984). (3) Wwen nmurine ES cells are allowed to
aggregate in virro so as to form enbrvoid bodies (EBs). the cells

di fferent FREED QR RHEBYVENSION | ous cell types (Robertson. 1987).

The present invention is in the field of cell biology and more specifically

relates to methods of in vitro differentiation.

5 BACKGROUND OF THE INVENTION
Embryonic stem (ES) cells are derived from totipotent cells in an embyro.
Murine ES cells have been shown to be pluripotent cells capable in vitro of
terminal differentiation into cells of the mesodefm, ectoderm and endoderm
lineages (Robertson, 1987; Dushnik—Levinson and Benvenisty, 1995). The
10 pluripotency of murine embryonic stem cells has been established on the basis of
three criteria:
(1) When undifferentiated murine ES cells are' injected into the cavity of
b a blastocyst and the blastocysts are subsequently implanted into
pseudo-pregnant mice, chimeric mice develop. The injected ES cells
15 contribute to all cell types, including the germ layer. Thus, in the next
generation, mice with the genotype of the ES. cells are bom
(Capecchi, 1989; Rossant and Joyner, 1989).
>(2) When murine ES cells are injected subcutaneously into syngeneic
mice, teratoma tumors develop. These tumors comprise cells of all
20 three embryonic origins (endoderm, ectoderm and mesoderm)

(Wobus et al., 1984).



During maturation of nurine ES cells in vitro, in addition to norphol ogi cal
5 changes. a cell may acquire a nol ecul ar marker characteristic of a
differentiated cell type, such as i-globin (a nmarker of hematopoietic
cells) (Wles and Keller, 1991; Lindenbaum and G osveld, 1990).

neur of i | anent - 68kd protein (a marker of- "neuronal cells) (Bain et al., 1995;
Levi nson- Dushni k and Benveni sty, 1997), and albumn (a marker of hepatic
cell's) (Levingon- D¥ghen knait Berredninst yllod887) agdfk ok inelito koneso Have al so
been established fromprimtes such as the common marnoset (Thonson,
1996)), and the rhesubrimakedicsThBspohe cedloshiferanbarviarthe EEB ihtr varidwn by
mar noset ES cells is |jnconsistent and_asynchronous, and differentiation of
the rhesus ES cel | sc8ls0ies oRBeHA 8 1 48d)-vesi cul ar structures do not form

(Thonson, 199%%)#. 15 Human ES.cell I.iLpes have been established derived from
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produce EBs from non-human primate ES cells lead to the belief that EBs
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EB formation by marmoset ES cells is inconsistent and asynchronous, and
differentiation of the rhesus ES cells is disorganized and vesicular structures do not
form (Thomson, 1998a).
15 Human ES cell lines have been established derived from human embryos
produced by in vitro fertilization (Thomson, 1998b). The embryos were cultured
to the blastocyst stage, and inner cell masses comprising ES cells were isolated
and cultured. These human ES cells are only known to be capable of
differentiating when in teratomas (Thomson, 1998b). When cultured in vitro, the
20 human ES cells have normal karotypes, express telomerase activity, and
proliferate. However, the inability to produce EBs from non-human primate ES
cells lead to the belief that EBs could also not be formed from human ES celis
(Thomson, 1998a).

25 SUMMARY OF THE INVENTION
The present invention is based on the finding that, contrary to the
aforementioned belief that human ES cells do not form EBs, under appropriate
conditions, human embryoid bodies (hEBs) may be obtained in vitro, from human
ES (hES) cells suspended in a liquid medium. These hEBs contain mesoderm,
j0 ectoderm and endoderm cell lineages and may be used as a source of cells of the

different lineages, €.g. for transplantation or inoculation into human recipients. By



different |lineages, e.g. for transplantation or inoculation into human
recipients. By -)_incubating the hEBs. these basic cell |ineages can
differentiate into a wide variety of different cell types. e.g. cells
havi ng characteristics of cardiac cellsji._neural stern cells, and others.
The hEBs in accor dance with the invention nmay be used as a source of cells

Co troat W ': iR W BEEEL UG YploRN 8] SRR PR el e n[‘o‘”d:r
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accor danceemt tat\dtchﬁellsnventl on, is pref erabl y obtained by in vitro culturing
of hES cells in a vessel under conditions in which the cells or aggr egat es

thereof do not HehgFERs trvaédtedymeseithwak lisventionassobetageieas shurap @ ells
aspect, the invention provides a process for ---obtaining at | east one

hunman- der |taedsemﬂnnm|spﬂabtam1yun(¢mEB)qcu¢ajrmr b {)) mghuﬁhEn fedipyengVvindomigr ho resat
enbryonic stem (hES) cells; (b) growing the hES cells in vitro in a vessel
under condiariog€liseaseaircHsordarsd te @F31st Wiriererne cenair faesubstifute ifondegaterdied cel | s
or aggregates thereof do not adhere to the vessel wall; and (c) incubating
for a ti me!8¥§ficient to devel op hEBs fromsaid cells. 20 The condi tions

wh by the hE lls d th N | ud t
the cells in a ViGsdl ARATRE AL e el ar Pt i eAPERPeRtiscli e or
aggr egat eql el e W%n;ac{]@gpgigﬁ?gge of adhering, adding one or nore factors

into the I um dher ence of_the cel!s jtothe vessel walls
etc. %ndl t i onphaHEBERYadcdbeddie® Wit ehdmvehfiberie pidfahbRotithinkd ds Mhgr-gbsence

° culturing of hES cells in a vessel under conditions in which the cells or aggregates
thereof do not adhere to the vessel walls.

In accordance with another aspect, the invention provides a process for
obtaining at least one human-derived embryoid body (hEB), comprising:

15 (@) providing human embryonic stem (hES) cells;

(b)  growing the hES cells in vitro in a vessel under conditions in which
said cells undergo differentiation and the cells or aggregates thereof do not adhere
to the vessel wall; and

(c) incubating for a time sufficient to develop hEBs from said cells.

20 The conditions whereby the hES cells do not adhere to the vessel wall

| include cultufing the cells in a vessel having walls made of a material to which the

cells or aggregates thereof are incapable of adhering, adding one or more factors

into the medium which prevent adherence of the cells to the vessel walls etc.

Conditions whereby the hES undergo differentiation include the absence of

25 Inhibitors of differentiation such as leukemia inhibitory factor and fibroblast growth
factor.

The invention also provides a process for preparing cells of a defined cell
lineage comprising;:

(a)  providing human embryonic stem (hES) cells;



25 inhibitors of differentiation such as |eukem a inhibitory factor and

fi broblast growh factor. The invention also provides a process for
preparing cells of a defined cell [|ineage conprising: (a) providing human
enbryonic stem (hES) cells; -4- (h) growing the hES cells in vino in a
vessel under conditions under which thettells undergo differentiation and
said cells or aggregates thereof do not adhere to the vessel wall; (c)

i ncubating for (8)ti gosudd theilgPE ckls pbbaioninal véastn Gt pfived dndgdy 5
(EB) containing cells of said defined cell lineage; and (d) isolating said
cel I s fronvisahdh&ERe!lslmdergodddarcatiaioh and saiéndzdldioregereddies dedresf df ndhe
defined cell lineage may be inoculated or transplanted into a human

reci pi ent adbere wahe yessel pvillh hunan  di sease or condition, to allow tissue or
organ repair, etc. Thus, jn ccor,danc%e W t h 1&3t_hi s preferred enbodi nent,
the cells of tHE) defiPfigRptEd for s g geilmenttorqririaaddeass oae srabrend badyl | ow

their ino tion.or transplanfation, in t he hupan recipient. The present
i nvent i bn%gll@om&%%n&é‘se, S@@%&H’E? edocfelf ﬁ%e%gpéﬁ s, an inocul able or

transpl ant abl e @r)ep%@ltapgg_sgl éllssfrgr% s%chFE.Of said defined cell |ineage

together with physiol'ogi-cal 'y "accept e'carrier which is conpatible with
sai d cells. Theplychiiamce GORPHeDéBbYAi{EnE aihd @e@l's'éf'm%hﬁi‘:'ﬁﬁ%@%e}lrlﬁ?é'a%oo‘j as

a medi um which ensures the viability of said cells unti ey are
i nocul at edngy beriavaphtedt@drimprntdieintd damare esdipient to feer & erairphuinag

defined cell lineage may be induced to undergo furthr differentiation and
t ranspl antdisease drreonditimnetb allow tidsee iondrydndreplairastca Thek) in 26cxdaenwithn or
alternatively, they may be cultivated to forma cell mass of an_in vitro
io this preterred emlgodlment, the cells of the defined cell lineage are formulated in a
manner to allow their inoculation or transplantation into the human recipient.
The present invention also provides, by another of its aspects, an inoculable
or transplantable preparation comprising cells of said defined cell lineage together
with a physiologically acceptable carrier which is compatible with said cells. The
15 term ‘‘compatible with said cells” should be understood as a medium which
ensures the viability of said cells until they are inoculated or transplanted into the
human recipient.
The cells of the defined cell lineage may be induced to undergo furthr
differentiation and transplanted or inoculated into the individual as a cell
20 suspension or alternatively, they may be cultivated to form a cell mass or an in vitro
tissue, and the mass or the tissue then being transplanted into the individual.
The hES cells from which the hEBs of the invention are derived may be
obtained from established lines (e.g. see Thomson ez al., 1998b, supra) or may be

prepared de novo from human embryos which were produced by in vitro

25 fertilization.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out in
practice, a preferred embodiment will now be described, by way of non-limiting

30 example only, with reference to the accompanying drawings, in which:



tissue, and the mass or the tissue then being transplanted into the

I ndi vidual . The hES cells fromwhich the hEBs of the invention are derived
may be obtained fromestablished lines (e.g. see Thonson et al., 1998b,
supra) or may be prepared de nova from-human enbryos whi ch were produced by
invitro 25 fertilization. BRI EF DESCRI PTION.OF THE DRAWNGS In order to

derstand th d.t how i t b t t
o pref o e orbUR) TEAPCUE T oUFoG Hukct (bed. oy 443 Gt vtk 8BS, o
Fro. 1a ROl S EERT P e AR TSR P T D lLEBY TN ches
produced CPSIROMTE dancEH M mtjjltnlpe invention. |: sinple EB; Il & Ill: cavitated

EB; 1V. <cystic hEB. Scale 40 pm Fig. IB shows 5 pm paraffin enbedded
sections of hEBs strained with 5 hematoxviin and eosin (H&E 1,11 and IV)

or DAPI (111) IFig.SEB! showar 580mmparatién |e|n|1becﬁi‘é§| Sdiidhs 2 PEBs s‘é‘alr?é%?kﬁtlj?ar

pm Fig. 2 shows™ t he expression of.cell specific genes in 1ES cells and
cystic s hBBsiatdxviin a&dm@m(H&EslIIUamin) ot PAPIafIIDadcnie Barcd0 ﬁ)fprIF&SHPn of
a-fetoprotein 1o (aFP), ~-globin (E -Q ob), neurofilament 68 kd protein
(NF) and &acaabar 2¢uact nscc(lcbmtéwxm 20 day old Ebs (Con indicates control);
Fig. 4A shows a _pulsating hEB in a relaxed state. Scale_bar, 40 pm Fig. 4B
shows the pul s&ig.ng sh EBSghe EXBresHAR| af celk sprsatic @enes onhEScealls gystic Scal e
bar, ﬁBgand 15 Fig. 4C shows serial sections froma pul sati ng hEB

i ncl ud| ng ection stained with H&E, a hybridi zed section show ng

a-cardiac acti Fig 83 SO situ hybridization analysis of expression of o-fetoprotein
| 10 (aFP), &-globin (£-Glob), neurofilament 68 kd protein (NF) and g-cardiac actin
(cAct) in 20 day old Ebs (Con indicates control);
Fig. 4A shows a pulsating hEB in a relaxed state. Scale bar, 40 pm;
Fig. 4B shows the pulsating hEB of Fig. 4A in a subsequent contracted
state. Scale bar, 40 pum; and
15 Fig. 4C shows serial sections from a pulsating hEB including a section
stained with H&E. a hybridized section showing q-cardiac actin expression

(cActin), and a control section hybridized with non-specific RNA (Control). Scale
bar,100 um.

‘20 MATERIALS AND METHODS
Formation of human cystic EBs
Human ES cells (H? clone 10) were grown on mouse embryo fibroblasts in
a culture medium consisting of 80% KnockOut™ DMEM (an optimized Dulbeco’s
modified Eagle’s medium for ES cells, Gibco-BRL), 20% KnockQut™ SR (a
25 serum-free formulation, Gibco-BRL), 1 mM glutamine (Gibco-BRL), 0.1 mM
B-mercaptoetanol (Sigma), 1% non-essential amino acids stock (Gibco-BRL),
10°units/m! leukemia inhibitor factor (LIF) (Gibco-BRL) and 4 ng/m! basic
fibroblast growth factor (bFGF) (Gibco-BRL). Under these conditions most of the
cells are kept in an undifferentiated state. To induce formation of hEBs, the ES cells

30 were transferred to plastic petri dishes to prevent their adherence to the dish and



(cActin), and a control section hybridized with non-specific RNA (Control).
Scale bar,100 pm 20 MATERI ALS AND METHODS Formation of human cystic EBs
Human ES cells (H9 clone 10) were grown on nouse enbryo fibroblasts in a
cul ture nmedi um consi sting of 80% KnockQut TM DVEM (an opti m zed Dul beco' s
nodi fied Eagle's nmedium for ES cells,”&™Dbco-BRL), 20% KnockQut TM SR (a 25
serumfree formul ation, G bco-BRL), 1 mMglutam ne (G bco-BRL), 0.1 nM

- mer caﬁt@ﬁb&mblr(:&@ﬁﬂ)tlolﬂ‘ﬁmn:oﬂssmmth(ﬁl ofmhé eelacihvds abbwc k0 ( &lkcpeBRL) ,
103un| ts | eukem a-inhibitor factor (LIF) (G bco-BRL) and 4 ng/m basic
fi brobl astl. glrewhbBsaveoy tlidFCa)tuted beoh8RiboveUndearre tiediant aodidoniaingst  of
the cells are kept. in _an undifferentiated state. To i'nduce formation of
hEBs, thée@SDEéluPlélb“Ql RGter or basde ﬁbfﬁﬂa-ﬂ@rmﬁhtﬁ%o%etrl di shes to prevent

t heir adherence to the dish and -6- pronote their aggregatlon The
concentration of the cells was abouL 10" cel l.s.per . The hEBs were then

cultureddn. the a?ove cul tur not cont ai I eukem a i nhi bitor

factor? opﬁgﬁgﬁl%nf) 6¥ B3R %f‘bﬂf ?ane%"b‘éYsglﬁ%ﬁ S-of expression of cel |
f

SPect 1) SO, RIA! folCifeacll) ‘”f*‘?lﬁ“@é‘é‘?éf%m%ﬁmdé%é’%‘sﬁﬁdt B850 17 om

1 g of tohal, ROY9) ssd BDNA RMKISPRhEe X Bond Hd}%&')o@tétaPRI\PA'ﬁ@ﬁO(aPﬁ%BﬁP' a
Bi ot ech) and’ M LMW Reverse Transcri ptase (G bco- . cDNA s3npl es were

subj ect thexpoley Mépdd¥)r has n prienére qPhianmaiRCHBicaegh)i fan@atMODl\W t Rewesg fic
DNA priners. PCR was performed under linear conditions in order to reflect

t he ori giTrahscappaset (GibQOhBI{%.@eanNA samghesc W ere. suthect PORpphyinmaase whaih and

the reaction_conditions i/y? a-fetoprotein; . AGAACCTGICACAAGCTGIG and
GACAGOAAGEACUSGATERY- amplification with SpeC1ﬁc DNA primers. PCR was performed

under linear conditions in order to reflect the original amount of the specific
transcript. The PCR primers used and the reaction conditions were: o-fetoprotein:
AGAACCTGTCACAAGCTGTG and GACAGCAAGCTGAGGATGTC-
Product: 676 base pairs (bp). 20 cycles at 60°C in 1 mM MgCly; &-globin:

15 GACTGAGAGGACCATCATTG and -TCAGGACAGAGGATACGACC -
Product: 397 bp. 25 cycles at 60°C in 1 mM MgCly;; GAPDH,;
AGCCACATCGCTCAGACACCA and GTACTCAGCGGCCAGCATCG -
Product: 302 bp. 20 cycles at 60°C in 1 mM MgCl,. PCR products were analyzed

by Western Blot hybridization (Southern, 1975). Probes were radiolabeled by

, 20 random priming (Boehringer Mannheim) using [a-szls]dCTP (3000 ci/mM, NEN —

Life Science Products).

In situ hybridization analysis of hEBs
EBs were stained with hematoxylin and eosin (H&E) or hybridized to
25 specific RNA probes labeled with a fluorescent reagent (Grifman et al;, 1998b) and
5 pm paraffin embedded serial sections were obtained. Control hybridizations were
performed with non-specific RNA. The probes used were 50-mer 2'-O-methyl 5'-
biotinylated cRNA of either o-fetoprotein — TTGTCCCTCTTCAGCAAAGC
AGACTTCCTGTTCCTGGCCTTGGCAGCATT, &-globin — TGATGGTCCTCT
30 CAGTCTTGGTCAGAGACATGGCGGCAGGGTGGGCAGCT, Neurofilament



Product: 676 base pairs (bp). 20 cycles at 600Cin 1 nM MC12; ~-globin: is
GACTGAGAGGACCATCATTG and TCAGGACAGAGGATACGACC - Product: 397 bp. 25 cycles
at 600Cin 1 nM MyC 2; GAPDH, AGCCACATCGCTCAGACACCA and
‘GTACTCAGCGGCCAGCATCG - Product: 302 bp.,20 cycles at 600Cin 1 mM MgCd 2. PCR
products were anal yzed by Wstern Bl ot hybridization (Southern, 1975).

Probes were radi ol abel ed by 20 random primn éBoehri nger Mannhei usi ng
[ - 32P] dCH HCBGU0aH /e CRIENCGTIG & 6] GhoAC PTGAGEI L0 T FOS HGARGRICE! zat | on

anal ysi s qof B re stained with, he Xyl i nd i n E) or

hybri di ze Cﬂ%EtBéérngSG el waﬁﬁ%e%mﬂabel Gmgﬂﬁrﬁéé@é&@ﬁ@em
(Gifman 8 ‘ I LA ,enbedded serial sections were

obt ai nedégﬁi’?%?%@%(?%G%?i@mqggﬁ ormed with non-specific RNA. The
probes used were 50-ner 2'-O-nethyl 5 - biotinylated cRNA of either
a-fetoprotein - TTGICCCTCTTCAGCAAAGC. .AGACTTCCTGI?CCTGGECCTTGGCAGCATT,

o -globin gXTEGGESCTCT 30 CAGTCTTGGT CAGAGACAT GBCGECAGEGT GBECACCT,
Neur of i'l ament -7- 68 kd protein - CCTGCGTGCGGATGGACTTGAGGTCGTTGCTGATGECG

GCTACCTGEXemplé 13- FaireiAtorn6f tystic KIPBECGACAATCGATGEECCTG
CCTCATCGTACTCTTGCTTGCTAATCCA. MPLES Exanple 1: Formation of cystic hEBs
Fig. | A shows BeuverAlshbiBse¥etal HEBddyte b4 tdays hfien hayibe deen tensfeeredetd t o
plastic petri, dishes and cultured in medi um not containing | eukem a

i nhi bi t or plasde petri dishenand celituredpnasediyipuphconininiag leukemin anhipitos fagioe hEBs

o (8 Oor |Gt bropiasb g v Reror " riEahe! sBhpid RO Hosh PERATPASRY! At &

10 Subsequently, the center of the bodies became cavitated (Fig. 1A. II and III), and
the bodies began to accumulate fluid, turning to cystic hEBs (Fig. 1A, IV). 20 days
after initiation of cellular aggregation most of the structures were cystic and they
included a variety of epithelial and mesenchymal cells. Fig. 1B shows 5 pum
paraffin embedded sections of 20 day old hEBs stained with H&E (I-IV) or DAPI

i5 (V). DAPI staining of the nuclei revealed in some of the cells condensed

chromatin that probably corresponds to the apoptosis occurring in the center of the
hEB (Fig. 1B-IIl).

Example 2: Expression of cell specific genes in cystic hEBs.
.20 In order to examine the differentiation status of the EBs, RNA was extracted
| from hES cells grown on mouse embryo fibroblasts, and from 20 day old EBs.
cDNA was synthesized using these RNA samples and expression analysis of
several genes was performed by RT-PCR with various human specific DNA
primers. The RT-PCR analysis was performed under non-saturating linear
25 conditions. The identity of the amplified DNA product in the PCR assay was
verified by sequence analysis. The lane marked EB in Fig. 2 shows that the hEBs
express o-fetoprotein (oFP), an endodermal marker (Krumlauf er al., 1985), and
E-globin, a marker of hematpoietic cells (Leder et al., 1985)) . Very low levels of
these markers were observed in the hES cells (Lane ES). The house keeping gene,
30 glyceraldehyde-3-phosphate dehydrogenase (GAPDH), served as an internal

control. Linearity of the observed signal is demonstrated by the “1//0 column”



t he "bodi es began to accunulate fluid, turning to.cystic hEBs (Fig. 1A [V).
20 days after initiation of cellular aggregation nost of the structures
were cystic and they included a variety of epithelial and nesenchynal
cells. Fig. 113 shows 5 pm paraffin erbedded sections of 20 day ol d hEBs
stained with H&E (14V) or DAPI 15 (V). DAPI staining of the nuclei reveal ed

in sonme of t he ceh % condensed hl’Oﬂ’B.tl nt E probably orrespo ds to the
apopt osi sSTORBOERA R Assehacrionmer Wwith ong-tepaghe Frpount gif GlpNA gy ghep:

Expr essi op~af gnes in cystic hEBs. 20 In order to exam ne the
differ entPg&QﬁH—\ngﬁﬁq%ﬁ Sf“ﬁ‘g ®Bs, RNA was extracted from hES cells grown
on nouse enbryo fibroblasts, and from 20 day old EBs. cDNA was synthesi zed
using these RNA sanpl es and expression analysis of several genes was

per f or medgRy BCRIWsthHWﬁdHﬁnBH%B E’seErf EBsDNA primers. The RT-PCR
anal ysi s was er ornmed under non-saturdting linear 25 conditions. The

identity of th&oauplonhiledhiiNeepizedte differehligtiCRiaswathinvgtie EBsby hesitby
sequence analysis. The 1Tane marked EB in Fig. 2 shows that the REBs express

a- f et opr ohebridi¢att®?)., expressicodsr fmir celt-kpacifiKrmoleanifir eharkers, 4198H) whictd
E-globin, a marker of hemat poietic cell sné Leder et all, 1985)) Very | ow
| evel s of lrapsrsde verk esaslvwebEnghembreenic ndiffecetiimbonel was (axamings) Seriab house
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of four cqbBspperd fsh@wﬂﬁ'ne}?lgl. &, emhkef ﬂles@hhol-'éfcuWﬁ'p‘eres specifically labels
distinct regions in the EBs. This suggests that the labeled cells in each section were
either clonal (derived from a common progenitor cell), or were affected by the
same signals and differentiated into the same specific lineage.
15
Example 4: Characterization of a pulsating hEB
Differentiation of murine ES cells in EBs into the myocardial lineage has
been shown to produce pulsating muscle (Sanchez et al., 1991). The existence of
cardiac muscle cells in hEBs was demonstrated by in situ hybridization of sections
20 from a human EB with o-cardiac actin, a marker of embryonic myocardial cells
(Sassoon et al., 1988). Figs. 4A and B shbws a large vacuated hEB in'cluding
cardiac muscle cells that were pulséting at a rate of about 30 beats/min. The hEB
was first photographed in a relaxed state (Fig. 4A) and then in a subsequent a
contracted state (Fig. 4B). Fig. 4C shows serial sections of a cell including a section
25 stained with hematoxylin and eosin (H&E), a hybridized section showing a-cardiac
actin expression (cActin), and a section hybridized with non-specific RNA
(Control).



transcri be very early during enbryonic differentiation, was exam ned. Seri al
sections of the hEBs were hybridized with RNA probes specific to |
a-fetoprotein ((xFP) (Krum auf et al., 1985), ~-globin (,-glob) ((Leder 1.,
1985), cc-cardiac actin ,0 (cAct) (Sa_sgq_on et at, 1988)) or neurofil anment
68kd protein (NF) (Julien et at., 1986)). As shown in Fie. 3. each of these
nol ecul ar_probes specifically labels distinct regions in the EBs. This.
suggest s RRHETERRY | abeled cells in each section were either clonal (derived
froma comon progenitor cell), or were affected by the sane signals and
differentjated.into the sa specifjc lineage. 15 Exanpl e 4:

Char acteréi‘&“t-i%n fehensy) gﬁfaﬁ’g%}‘lEB BEfURE: é%-’r aépﬁhebjPBr-ﬁwr evelogmeaqls in
EBs i nt o Brhdogydd8ridi2al7 {(i%8age has been shown to produce pul sating nuscle
(Sanchgz et al., 1991). The existence of cardiac nuscle cells in hEBs was
denonstra o i LU hybnidi i ections 20 froma human EB with

a- car di acéjgg?&%‘,]' @'@’ﬁ&@giﬁ{%fugmﬁr}ﬁﬁ%@;ﬁ?i‘cardi al cells (Sassoon et at,
'1988). Figs. 4A and B shows a | arge vacuated hEB i ncluding cardiac nuscle
cel I s t haChnemenpdiMat Proybyla. aAfat eMaédaiabdit RI0, Haates/ ivid., BiecAdnBstryas
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Experi WEE‘M Research. 152:212-9 (1984). - 11 - CLAIMS: 1. A human
enbryoi d hEB) derived froma hunman enbryonic stemcell and containing
mesoderm ectoderm and endoderm cell |ineages. 2. An hEB according to Claim

1, obtained by in vitro culturl)pdg of human enbryonic stem (hES) cells in a
vessel uhderA buomat erlayieid bedy(hiER env@‘@ma@mm@mbg@mc@temeﬂemmatmn and the

cells or Iﬁ%re%ates t her epf, do n ttach ﬁ@ t he vessel walls. 3. An hEB
accor di n§TEHE e{?‘?ﬁoﬁ!emb(fﬁ&dfg?ﬁﬁ 6185?5?? 8Y%8& m and endoderm 1i neage
cells. 4y AnahEBBacERERERY Ctlﬁnpl %mﬁwdwmwzﬁb REItGRhE Sf ﬁm@@h ayi ng
characteristics of cardiac cells. . hEB accordin Caiml

conpri si rgnlygbhis %&Ipr(bE§D ngllalmvﬁmlundsmoedltl@u wabmhttlgne cgHoupdergonsi sting i f

a-fetapro I n, .a-cardi cti eurofila 68 kd. 6. A

o oceos. et ReR RRE AiaoaBr ol U8 i udy (nes)

conpri si Bg; A@ﬁE@ﬁéBbkdlh@ﬂ) OHARD, RHPHYAP ifescdeR) dctfdSim 684 btdodél 9r owi ng the
hES cells in vitroin aliquid gromth rediumin a vessel under conditions

under whilin¢agee¢lls. cel | s undergo differentiation and said cells or

4.  AnhEB according to Claim 3, comprising cells displaying characteristics of cardiac cells.
5. An hEB according to Claim 1, comprising cells expressing a marker
selected from the group consisting if a-fetaprotein, &-globin, a-cardiac actin and
neurofilament 68 kd.
6. A process for obtaining at least one human-derived embryoid body (hEB),
comprising;
(a) providing human embryonic stem (hES) cells;
(b) growing the hES cells in vitro in a liquid growth medium in a vessel
under conditions under which said cells undergo differentiation and said cells or
aggregates thereof do not adhere to the vessel wall; and
(c) incubating for a time sufficient to develop hEBs from said cells.
7. A process according to Claim 6, wherein said conditions comprises the absence of
leukemia inhibitory factor and fibroblast growth factor from the growth medium.
8. A process according to Claim 6, wherein said condition comprises culturing
cells in a vessel having walls of a kind to which cells do not adhere.
9. A process for preparing cells of a defined cell lineage, comprising:
(a) providing human embryonic stem (hES) cells;
(b) growing the hES cells in vitro in a vessel under conditions in which
said cells undergo differentiation and said cells or aggregates thereof do not

adhere to the vessel wall;



aggregates thereof do not adhere to the vessel wall; and (c) incubating for
atime sufficient to develop hEBs fromsaid cells. 7. A process according to
Claim 6, wherein said conditions conprises the absence of |eukem a

i nhibitory factor and fibroblast growh factor fromthe gromh nedium 8. A
process according to Claim6, wherein said condition conprises culturing
cells in a vessel having walls of a kildd to which cells do not adhere. 9. A
process for preparing cells of a defined cell |ineage, conprising: (a)
providing human enbryonic stem (hES) cells; (b) growing the hES cells in
vitro in a vg 59' il¢06&in Bﬂg'tﬁﬂé)ﬂffﬁh@nﬂ’tﬁ'o%&m alesbt ©8E hamdRdRIEPoid

differenti atl on and said cells or aggregates thereof do not adhere to the
vessel bedyl (hEB) 2ontaining cmilsmftsaidglefm:daeli lineageudrid ci ent to obtain at | east

one human entﬁ oid g %%BFB 1 ont al cells of said defined cell |ineage:
and (d) isof&indosHl fee's F%%‘ EB. 10. A process according to

d ai m 910"‘heA§Jr8ce°s§'a‘éc81‘%i1ﬁ t@C‘PaﬁIPQ“Wh@Fe@H shid cdROFH B h Alite P¥or iABAdRHAL | ON
into a recipi i ndi vi duar . . An injectable or inplantable preparation,

conpr i sorngqﬂmitdtmnmttbanmpieﬂﬁyndﬁnduqir ocess of Caim9 or 10 together with a
ot ant b1 o LM OpmMPREGHE BB B CBYPRYIEE (e aasingf By B wTercst ofo
13. Cel lcfaiftf 9MBICEE tSEARECWAG & DRYFRIN AR Sc APt AGriLO 5 PhtiBIE with said
cells.
12.  Animplantable cell mass or tissue obtained by the process of Claim 9 or 10.

13.  Cells produced according to the process according to Claim 9.





