. | DI FFERENTI ATED HUVMAN 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

bi ol ogy and nore specifically relates to nethods of in vitro

- differentiation. s BACKGROUND OF THE I__l\iVEI\I'I'I ON Enbryonic stem (ES) cells
are derived fromtotipotent cells in an enbyro. Mirine ES cells have been

shown to be pluripotent cells capable in vitro of termnal differentiation

into cells of the nesoderm ectoderm and endoderm | i neages (Robertson,

1987; Dushni k-Levi nson and Benvenisty, 1995). The |o pluripotency of

muri ne enbryonic stemcells has been established on the basis of three
criteria: 15 20 ( i l.at ' ILs.are injected into
the cavity of a ﬁ‘gmﬁﬁqﬁf?%{mﬁﬁ@wgfﬁ éﬁbﬁ%uently i mpl ant ed

into pseudo-pregnantafi | ' Iﬁ”l’if? y}?M njected ES cells
contribute to all cgﬁl\lﬁlt’g%g}s:ﬁ?qggg)l ng 't gﬂggiﬁh&lz .~ Thus, in the next
generation, mce wth the genotype of the ES, cells are born (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 three enbryonic origins (endoderm ectoderm and
mesoderm) (Wbbus et al., 1984). 5 10 is , 20
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The present invention is in the field of cell biology and more specifically

relates to methods of in vitro differentiation.

s BACKGROUND OF THE INVENTION
Embryonic stem (ES) cells are derived from totipotent cells in an embyro.
Murne ES cells have been shown to be pluripotent cells capable in vitro of
terminal differentiation into cells of the mesodex:m, ectoderm and endoderm
lIineages (Robertson, 1987, j:)ushnik-Levinson and Benvenisty, 1995). The
to 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
1 a blastocyst and the blastocysts are subsequently implanted into
pseudo-pregnant mice, chimeric mice develop. The injected ES celis
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).



.25 30 (3) Wien nurine ES cells are allowed to aggregate in vitro so as to
fonn "enbryoid bodies (EBs), the cells differentiate in the EBs into
various cell types (Robertson. 1987). During maturation of inurine ES

-cells invitro, in addition to nnrpholoqlcal changes. a cell nmay acquire a

nol ecul ar marker characteristic of a dit#ferentiated cell type, such as
r-globin (a marker of henmatopoietic cells) (Wles and Keller. 1991,
Li ndenbaum and (5 osWaheh ml99@)ES nelld afd didoeed :H8ketepatotiei nird o BRtKEInTof
neur onal ceIIs) (Bain-et al., 1995; Levinson-Dushnik and Benvenisty, 1997),
and albumn (a narkmmbmﬁuhb@@&ﬁéEBe]Hh;c@ﬂedﬂﬁsunumn@hﬁukEBadnBGWWEWSSty,
1997). ES cell lines have al so been established fromprimtes such as the

common  mar noset (TK@H@BHES@§@3¥¥Onahﬂﬁ?}ua r hesus nonkey (Thonson 1995)).

However, EB fqrmation b marrmset i s.is.i_ncon I, stent and

Reynohr onous,  SRTHFRETERE G PGHPBES B b L, BSSRUtes PanBmbslagieal, ed
d ' t I

have bebnCBatedr Porh i V%LEJP% APl R PRl AR e e

fertili Zabemvgéf hagEpas AR () TEIRHISY REmAREBId] dtfP (Wil érﬁF‘Keller

bl ast ocyst sta and 1 nn&r cel'l ‘masses conprising ES cells were isol ated

and cul tuned]; Thefmbaufmangenosleld, 2690 Hexrdfilament-6310€ peapirb{aematker of
differentiati ng when in teratomas (Thomson 1998b) . V\hen cultured in vitro,

the hunmaneE®meldeHshiBeimer akl 1R2Y; dtwason-EthéSaMbB@mms@, 8P viand, and

proliferate. However, the inahili o produce EBs fr m non- hur primate
ES” cel | o altumin @ MAE At epatin SE L CxBis0n- )RVsheihard BENTGRHEG 19 Brm hunan

s basdd o(nT?ﬁﬁ S SR R A T

human ES cg %’EEBYISBB”] é:lﬂp'ﬁfe dﬁ%@ﬁé’ﬂfdnﬁk Tﬁaﬂﬁdﬁ 11095)). Moever,

enbryoid b btal ned in vitro rom
EB formatlon 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 cells
(Thomson, 1998a).

2s 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,
30 ectoderm and endoderm cell lineages and may be used as a source of cells of the

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



_ES (hES) cells suspended in a liquid nedium These hEBs contain nesoderm
ectoderm and endoderm cel |l |ineages and nay be used as a source of cells of
the different |lineages, e.g. for transplantation or inoculation into human

-recipients. By. 5 10 15 20 25 incubating, the hEBs. these basic cel
| i neages can differentiate into a wide™Vvariety of different cell types.
e.g. cells having characteristics of cardiac cells, neural stern cells,
and ot her sinciibaimEBs hEBaabesdbasie celltlmanbes taw differamiatayntber weddvarsety
source of cells Tfor use in transplantation or inoculation jnto a human
reci pi ent, of diferefercetloypeeate. azdlsihayingirhaaciessiss oficgstigecslls-meusdsten in
tissue repair, to substitute for degenerated tissue. Thus. in accordance

with one a&Pbednd PHETHresent invention provides a human embryoi d body

h . The hEB. ] d L0 | ion, i f hfied b
v tro ool turRATEE A aael Myl Byl BB P By o8 Rh T F BN W R T e
|1 . ; ; | I '
accor darica i T ThaEhELadon B REBRORIRC, 8 ARG B ohder @ eat

obt ai ni ng @ﬁriélﬁaéitse'&s@?ohﬁ[&%ﬁd&?fﬂovﬁiisﬁ?liﬁbltixmied'e?ﬁd.yto(shEﬁ)tuteCfmlﬂ‘me'gSIhe‘rgted( a)
provi di ng human enbryonic stem (hES) cells; (b) growing the hES cells in
vitro in atiyegsel under conditions in which said cells undergo
differentiation and the cells or aggregates thereof do.not adhere. to the
vessel wal|; andhgg) in reaeulanag Wﬁg ane | specy e ATESSRL (BVEIRIAD BFPHERS & r om
said cells, The canditj.on eby the hES cells do not adhere to the
vessel wal NUMaRg Oﬁﬁqq?re%)r he cells in a vessel having walls nade of a

mat er i al;o to whi §h 4l in accordance with the invention, is preferably obtained by in vitro
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 (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 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 culturing 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

5 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;



.cells or aggregates thereof are incapable of adhering, adding one or nore
factors into the nmedium which prevent adherence of the cells to the vessel
wal I's etc. Conditions whereby the hES undergo differentiation include the
-absence of inhibitors of differentiation such as |eukem a inhibitory
factor and fibroblast growth factor. TRe invention also provides a process
for preparing cells of a defined cell |ineage conprising: (a) providing

human enbryoni c st emuthERk BEINES celft iR Vido 1P a3Rs28 et bbndltRMshthdehe hES
cells in vitro in a vessel” under conditions under which the cells undergo

di f f er ent i athidnilana!isandens] disTeren®gpnegal esd icbks ephodecands thachvdide i@ t he
vessel wall: (c) incubating for a tinme-sufficient to obtain at |east one
enbrvoi d badlyere(te®)e eessehivallng cel | s of said defined cell |ineage; and (d)
isolating said cells . fromsaid EB. in ?ccordan e W th one enbadi nent, the
cells of the deffhediiaiating dengdmesifiigient ko oaiuR abicgst opagEPITEPIdarPdnt 0 a

h i ph.ent to.t. t t,ajn h . di dition, t [
tissue or GrgasoPBiing tels of Saif definet PR HrFRBRAIN th this preferred
embodi nent , the({iﬁa! ?so%tiﬁé‘%éﬂ%!l?%n??éihﬂ neage are fornulated in a

manner to al | ow i r1noculation or transp antation into the _human
reci pient. The p;egsestiahdy Qith 6A: @nfddihevi des celly cdnBe hRfimE tdlb liagsest s,

an inocul abee or transplantable preparation conprising cells of sai
defined ceiray beéagelatadet ransplaitet intoph hsimanagcipatritytodomss @ atitaindamarer
which 1s ngrs%g:tsé lc))ll' gox%i%ign,st%iﬁlo%\? ltilssslie c-:;‘hgrgan repair, etc. Thus, in aqcordance with
10 this preferred embodiment, 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 Ssuspension 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 et 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:



.term"conpatible with said cells" should be understood as a nedi um whi ch
ensures the viability of said cells until they are inocul ated or
transplanted into the human recipient. The cells of the defined cel
-lineage may be induced to undergo furghg_ differentiation and transpl anted
or inoculated into the individual as a cell suspension or alternatively,
they may be cultivated to forma cell mass or an in vitro. tissue,.and the

mass or the ti SuBelAndW beryiyctaPsoansdd 1'hdays aBer Hans/pHiRPeTAShgES
cells from-which the hEBs of . the.invention.ar [{;veq I . .ah ped
From est aipdtked niancerCeace; b uB€ idiion SeidpR ESLUHE stk BEAY e

pr epar ed e f enbryos which were produced by in vitro

fertili za?csaﬂ(?}{gﬁr E@B@g% OF THE DRAWNGS In order to understand the
i nvention and to see how it may be carried out in practice, a preferred

enbodi ment Wi | | £j80WEP&h&RS ST i BE bardmVeyibeldétP Rediidtst bNAEDRX qbathed OMteh,
with reference t8 the accorrpényl ng.drawi ngs, in which: Fig. 1A shows cystic

hEBs frgmiknifoddiraydeadih €HAR,d$ad IV) ap@DAPI dilBHescalpbar 80 ggnj 1 & 111
accordance with the invention. |I: sinple EB: Il & Ill: cavitated EB; IV:

cysti ¢ hEBcalsdzdr @0han: IMGcplmbas 4Hiyg. 1B shows 5 pm paraffin enbedded-

sections of hEBs strained wth hematgxv]in and eosin ( , ], 11 .and 1V) or
DAPI (111) I: skigd shawsthepgnpresseen of coll (RreiisagTms 1Bnl1!‘_h‘8§ \9.eh§@aﬁecbf§élﬁ 4

pm Fig. éﬁﬁqws t he expression of cell specific genes in hES cells and
cystic hEB3P%Fo 15 20 25 30

Fig. 3 shows in situ hybridization analysis of expression of a-fetoprotein

10 (oFP), £-globin (£-Glob). neurofilament 68 kd protein (NF) and g-cardiac actin
(cAct) in 20 day old Ebs (Con indicates control);

Fi

ga

. 4A shows a pulsating hEB in a relaxed state. Scale bar, 40 um;
Fig. 4B shows the pulsating hEB of Fig. 4A in a subsequent contracted
state. Scale bar, 40 pm; and
15 Fig. 4C shows serial sections from a pulsating hEB including a section
stained with H&E, a hybridized section showing o-cardiac actin expression
(cActin), and a control section hybridized with non-specific RNA (Control). Scale
bar,100 pm.

20 MATERIALS AND METHODS
Formation of human cystic EBs
Human ES cells (H9 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
" a5 serum-free formulation, Gibco-BRL), | mM glutamine (Gibco-BRL), 0.1 mM
B-mercaptoetanol (Sigma), 1% non-essential amino acids stock (Gibco-BRL),
10%units/ml leukemia inhibitor factor (LIF) (Gibco-BRL) and 4 ng/ml 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



.Fig: 3 shows in situ hybridization analysis of expression of a-fetoprotein
(a P), E -globin (~-dob), neurofilanment 68 kd protein (NF) and o-cardi ac
actin (cAct) in 20 day old Ebs (Con indicates control); Fig. 4A shows a
-pulsating hEB in a rel axed state. Scale bar, 40 pm Fig. 4B shows the

pul sating hEB of Fig. 4A in a subsequené —contracted state. Scale bar, 40
m and Fig. 4C shows serial sections froma pulsating hEB including a

section §i@hﬁl@dllwrtd&gk'8@uo@1 hyhe icdhe@flr &Rt bohS AW Wes abéar di'ask] Egﬁei n
expression (cActin),"and a control section hybridized wth non-speci Trl C

RNA ( Cont ndl JTheScEBe wher 11500 cdliaredMAT B AbSvANRXME HBiBumFasmebheiniak
human cystic EBs Human ES cells (H9 clone 10) were grown on nouse enbryo

fi br obl astesikiemia inhdbitenfastorerti hasichbrobdast ggovth &@%ikKnockCut T DVEM (an
optim zed Dul beco's nodified Eagle's mediumfor ES cells, G bco-BRL), 20%
KnockQut TM SR (a serumfree formulatjon, G bco-BRL), 1 nmM gl utam ne

(G bco-B t anol (SI ma -essential am no acids
st ock (GR?c%e%]ﬂ_ m’i‘g‘fﬁf‘h{’ &trﬁeﬁls@&ﬁg}ﬁ '?%H%‘b‘f érc or (LI'F) (G bco-BRL)
and 4 ng/m ba ﬁﬁm ’ bg& ﬁﬁ%ﬂ Clmg%& t hese
-condi ti ons rmstqbgz%‘l t %hf%g\@ﬁg\%ggéﬁﬁ\ﬂgn%rﬁa?gﬁant|a st at lﬁl

i nduce f oenad | INfandEEONA hexsEynaadsied MBAF] LEABS IR RNA, QsR8 rhAdRAl T

di shes to prevent t heir adherence to the dish and -6 pronote their

aggr egat i bexarmae (DB rwlpnn‘mrr t{(Rbameddis \Bioterhpuand 0MdaVING Peversel .

The hEBs were then cultured | above cul ture medi um not. contai nj ng
| eukeni a RMISSTIPEIsef atbsp-BRL -a§ A saBBlessivege cwbiect det prlymsraseo chaing o

10 reaction (PCR) amplification with specific 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: q-fetoprotein:
AGAACCTGTCACAAGCTGTG and GACAGCAAGCTGAGGATGTC-
Product: 676 base pairs (bp). 20 cycles at 60°C in 1 mM MgCly; g-globin:

15 GACTGAGAGGACCATCATTG and .TCAGGACAGAGGATACGACC -
Product: 397 bp. 25 cycles at 60°C in ] mM MgCl;; 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, 1973). Probes were radiolabeled by

20 random priming (Boehringer Mannheim) using [o-2PJdCTP (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 ez 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
AGACTTCCTGTTCCTGGCCTIGGCAGCATT, g-globin — TGATGGTCCTCT
30 CAGTCTTGGTCAGAGACATGGCGGCAGGGTGGGCAGCT, Neurofilament



- 25 30 Detection of expression of cell specific genes in cystic hEBs. Total
RNA was extracted fromcells as previously described (Chirgin et al.,
1979) and cDNA was synthesized froml g of total RNA, using a random

- hexamer (pd(N)(,) as priner (Pharmacia Biotech) and M LW Reverse
Transcri ptase (G bco-BRL). cDNA sanpl es vier e subj ect to pol ynerase chain
reaction - (PCR) anplification with specific DNA priners. PCR was perforned

under |inggr k@opghikinons GATQCUET GUG GATGGA TG AGGT 08T TUOTGATG GO
specific transcript. The PCR prinmers used and the reaction conditions

were: cc- GCTACE EGGC TAGMCETGIEACAARTT GF CC &l (FAGARCARGGATGOAO LTS
Product: 676 b?%%g%iqgﬁa&g?). 20 WOC in 1 MM MB02; ~-gl obin:
GACTGAGAGEACTE T TGCAGEN CC - Product: 397 bp. 25

cycles at 600C in i mM Mgd 2; GAPDH, AGCCACATCGCTCAGACACCA and

GTACTCAGCGGCCAGCATCG - Product: 302 bp. 20 cycles at 600Cin 1 nmM MyCl12.

PCR pr odu alyzed by Western Bl ot hybridization (Southern,
197-5). 3PWMradi ol abel ed by -random pri m ng (Boehringer Mannhei nm

usi ng [cctﬁf&lggﬁ (ﬁQm?ﬁﬁﬁgfﬁgyhimfe Sci ence Products). In situ

hybri di zati on analysi s o were stained with hematoxylin and eosin

(H&E) or hybri diiged At showpeevdrat hBBA Proldsdiyatufies havinghbeenf tramsfesednd
reagent (Gifrnan et al., 1998b) and 5 pmparaffin enbedded seri al
secti ons vsasticoptai distes addntultiredyomediumatrios sontaiming lepkemis inbdbivgrifactor

non-speci fic_RNA. The probes used were 50-ner 2'-O -pethyl 5 - .biaqtinylated
OB BT elambnsis. fibrops: erowih TgPECCTTAGomASCHEDs Torm (rig: TATY
AGACTTCCTG TCCT GGCAGCATTE,., ~-al.obi.n -- T Ch
CAGTCTECTOREARIEA PMSEPNEr e L REET SocaieoPR TRy S 7a D &pd
CCT GCGT GG T AR QR i Guming 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 pm
paraffin embedded sections of 20 day old hEBs stained with H&E (I-IV) or DAPI
is (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-III).

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 ampliﬁéd DNA product in the PCR assay was
verified by sequence analysis. The lane marked EB in Fig. 2 showé that the hEBs
express q-fetoprotein (oFP), an endodermal marker (Krumiauf et al., 1985), and
g-globin, a marker of hernatpoietic 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 “1/70 column”



- GCTACCTGECTC- or a-cardiac actin -- CGGIGGACAATGGATGGGECCTG
CCTCATCGTACTCTTGCTTGCTAATCCA. 5 10 15 20 25 30 EXAMPLES Exanple 1:
Formation of cystic hEBs Fig. 1A shows several hEBs 3 to 14 days after

- having been transferred to plastic pet$i di shes and cultured in nedi um not
containing | eukem a inhibitor factor "of basic fibroblast gromh factor.
Initially, sinple hEBs form (Fig. 1 A-l1). Subsequently, the center of the
bodi es bechowinmvi @R aeds{Fperfortred MWithaouk-tentl) thaamounhe! KBAAsusségariheo
accunul ate fluid, turning to cystic hEBs (Fig. IA 1V). 20 days after
initiati ol agen afl e hEFysaaRIEi on nost of the structures were cystic and
they included a variety of epithelial and nmesenchymal cells. Fig. 1B shows
5 p.m paraffin enbedded sections of 20 day old hEBs stained with H&E

[ -1 or AP . I h. reveal ed in some of the
((:el I \s/)conobgﬁ'ggﬂlé%?ﬂrgﬁéﬁf Hﬁ’E’gﬁ%&o‘géﬁ'@@égﬁiﬁ%ndg to th:a a;s)opt 0si s
occurring in th?o9@4}6&511\0&&5@%%%%&1&&if&ren%ﬁﬁhhlc)eaisE%i@tﬁalrﬁe?ﬁlaﬁsprz‘ﬁ%szhon of

cell spécific genes In cystic . I'n order t6 exam ne the differentiation
status of HdwidEﬁionR%%fmicmbe HouedellfspecifhESatedula gravkerspralinofisehiehbr yo

fibroblasts, and from 20 day old 'EBs. cDNA was synthesized using these
RNA sanpl esamsadbexperyssaon duringy sérsbrybnics dviergntigiors s Wess epamingdredens!
RT-PCR wi th various hupman specjfic¢ DNA prigers. The RT-PCR anal ysis was
per f or med $gstiens eébe AL avErghy prdiasd %ﬁhgﬁ‘?&dﬁg‘?esﬁfé@@ Gi0 i ebpraing |
a1 PN BARRLD 515 T B e AL bt Pl SRR o
10 (cAct) (Sassoon ez al., 1988)) or neurofilament 68kd protein (NF) (Julien er al.,
1986)). As shown in Fig. 3. each of these molecular probes 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 sifu hybridization of sections
20 from a human EB with g-cardiac actin, a marker of embryonic myocardial cells
(Sassoon et al., 1988). Figs. 4A and B shbws a large vacuated hEB including
cardiac muscle cells that were pulsa-lting 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).



_express a-fetoprotein (aFP), an endodernmal marker (Krum auf et al., 1985),
and ~-globin, a marker of hematpoietic cells (Leder et al., 1985)) . V$ry
| ow | evel s of these markers were observed in the hES cells (Lane ES).

- house keepi ng gene, glyceral dehyde-3 sphosphate dehydrogenase ( GAPDH),
served as an internal control. Li neaﬂ%? of the observed signal is
denonstrated by the "1/10 colum showi ng a PCR assay perforned with
one-t ent h Réferemmsant of cDNA used in the PCR assay of the hEB sanpl e.
Exanple 3: In situ hybridization analysis of hEBs To regionally
characterize the differentiating cells within the EBs by in _situ
hybri di zatBain. GexKithenonDof YaouM cdiltetypeci £i..c Gastlisbullaf.. nRlevaepmenial of

whi ch tr@}‘@ﬁj’ﬁb@ﬁggﬂ.y 5ganbgsuring enmbryonic differentiation, was
exam ned Serial sections of the hEBs were hybri di zed with RNA probes

speci f t ot et_al., 1985 ~-globin (F-glob
(FLei:lelr (?awﬁgl)Rﬁ)‘k:“—f%?’lﬁ%@ﬂ%?éﬁ.‘giggjl?gé)ct)'"'(Sassoon 2at al.g, 1|988§) gr :
neur ofi l ament 68kd protein (NF) (Julien et al. 1986)). As shown in Fig.

3, each ofChirgwin, mbMec Braybyla.oeE. s Maudonslal IB(JJ aRetter, W.31 i Bizichemdirgns in
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human enbry t ai ni ng enbryonl c tissue. |I. An hEB :

accordi ng toﬁﬁc&ﬁ&%ﬁﬁ%&w@l&gﬁﬂ% in vitro culturing of human s

enbryoni ¢ stgm (hhﬁa%bbﬁmgﬁt@cm?ﬁﬂ obtiided by OM%W\% g€ coils
ce er eo

underge differentiation andthe | s or aggregat es not attach

to the veskseimimponic ster(hES) chlisvinacenssel enderconditi exmmwhtcbthomeﬂs ngdugsoder m'
conpr | si ng. CURERRIE %-fﬁecﬁﬁ#%wwgo gt gtah B vaseEIBs. an b
accordi ng t oz C?ajsg lﬁ NG €AinS 16% S gnﬁsMer E!n?citﬁd from
the group consi st I ng I f oc-tetaprotein,’l yh‘gﬁ fgg ac-cardiac acttn and
neur of i | amerendéderi line@ge gellsr ocess for obt ai ni ng at | east one human-deri ved
enbryoi d- bOdX. ( hE.n)hEB according to Claim 3, comprising cells dispiaying characteristics of
10 cacdiac cells. |
5. An hEB according tv Claim 1, comprising cells exprassing a matker
selected from the group consisting if a-fetaprotein, Z-globin, a-cardiac actin and
neurofilament 63 kd.
6. A process for obtaining at least one human-derived embryoid body (hEB),
15 comprising; ' '
(8 providing hunan erabryonic stem (hES) cells;
(b)  growing the hES cells in vifro in a liquid growth medium in
vessel under conditions undez which said cells undergo differentiation and said
cells or aggregates thereof do not adhere ta the vesse) wall; and
20 (c) incubating for a time sufficient to develop hEBs from said cells.
7, A process according to Claim 6, wherein seid conditions comprises the
absence of levkenia inhibitory factor and fibroblast growth factor from the growth
medium. |
8. A process according to Claim 6, wherein szid condition comprises culiing
25 cells in a vessel having walls of a kind to which cells do not adhere,
9.  Aprocess for prepating cells of a defiged 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 wndergo differentiation and said cells or aggregates thereof do not
30 adhere to the vessel wall;




is conprising; (a) providing b enbryonic stem (hES) cells; (b) bow ng the
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