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| east potenti nto a—co ete The devel opnent of nouse ES
cells in01981 (Evans and Kauf man, 1981; Martin, 1981) provided the
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whi ch in an undifferentiated state or directed to undergo differentiation into

extraembryonic or somatic lineages in vitro allows for the study of the cellular
15 and molecular biology of early human development, functional genomics,
generation of differentiated cells from the stem cells for use in transplantation or

drug screening and drug discovery in vitro.

In general, stem cells are undifferentiated cells which can give rise to a

20  succession of mature functional cells. For example, a haematopoietic stem cell
may give rise to any of the different types of terminally differentiated blood cells.
Embryonic stem (ES) cells are derived from the embryo and are pluripotent, thus
possessing the capability of developing into any organ, celi type or tissue type
or, at least potentially, into a complete embryo.

25
The development of mouse ES cells.in 1981 (Evans and Kaufman, 1981; Martin,
1981) provided the paradigm, and, much of the technology, for the development
of human ES cells. Development of ES celis evolved out of work on mouse
teratocarcinomas, (tumours arising in the gonads of a few inbred strains), which

30 consist of a remarkable array of somatic tissues juxtaposed together in a
disorganised fashion. Classical work on teratocarcinomas established their
origins from germ cells in mice, and provided the concept of a stem cell (the
embryonal carcinoma or EC ceil) which could give rise to the multiple types of
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30 consist of a remarkable array of somatic tissues juxtaposed together in
a disorgani sed fashion. C assical work on teratocarci nonas established
their origins fromgermcells in mce, and provided the concept of a stem
cell (the enbryonal carcinoma or EC cell) which could give rise to the
multiple types of LILILL LI 1EEE if L1 1Ch LD L1 111/ GOO0R. 2 tissue
found in the tumours (Kleinsmth and Pigrce, 1964; review, Stevens, 1983).
The field of teratocarcinoma research (review, Martin, 1980) expanded
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reasoned that@He R AUl 564 sinsSe oM dlBRT Pampyigy iaﬁorrgaﬁi@isaﬁ%em@mmaﬂieg
directly frogwigshesyst 80 aller héNaierd ham litatiGSs, aThBf" bREMEELtAINd881 by
Gail Martin and Martin Evans independently. The result Wwas a stable
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i ncl udi ng gey, PbQ@Ja{ssoften-'i_f?ﬁiPéoocar ci nomas al so devel op spontaneously from
pri nor di al gg mcells Tn sone nouse strains, or follow ng transplantation

of prinotial germcells to ectopic sites, and in 1992 Brigi d Hogan and

ot mor i a1 o SR GhOGeF B pis FogiBjclof oraiting Blash bR
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e T A G N R
reported themdam aad MetimEvehOMEpesddntlyl NBfe fdsamMvyRBtdbRs alphiidicell eea
whi ch 15 which could generate every tissue of the adult body, including germ cells.
Teratocarcinomas also develop spontaneously from primordial germ cells in
some mouse strains, or following transplantation of primordial germ cells to
ectopic sites, and in 1992 Brigid Hogan and her colleagues reported the direct
derivation of EG cells from mouse primordial germ cells (Matsui et al., 1992).

20 These EG cells have a developmental capacity very similar to ES cells.

Testicular teratocarcinomas occur spontaneously in humans, and pluripotential
cell lines were also developed from these (review, Andrews, 1988). Two groups
reported the derivation of cloned cell lines from human teratocarcinoma which

25 could differentiate in vifro into neurons and other cell types (Andrews et al,,
1884, Thompson et al., 1984). Subsequently, cell lines were developed which
could differentiate into tissues representative of all three embryonic germ layers
(Pera et al., 1989). As analysis of the properties of human EC cells proceeded, it
became clear that they were always aneuploid, usually (though not always} quite

30 limited in their capacity for spontaneous differentiation into somatic tissue, and
different in phenotype from mouse ES or EC cells.



25 could differentiate in vitro into neurons and other cell types (Andrews

et al., 1984, Thonpson et al., 1984). Subsequently, cell |ines were
devel oped which could differentiate into tissues representative of all
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These studies of human EC cells essentially defined the phenotype of primate

15  pluripotential stem cells.

Derivation of primate ES celis from the rhesus monkey blastocyst and later from
that of the marmoset (Thomson et al., 1995, 1996) has been described. These
primate cell lines were diploid, but otherwise they closely resemblied their
20 nearest counterpart, the human EC cell. The implication of the monkey work
and the work on human EC cells was that a pluripotent stem cell, which would be
rather different in phenotype from a mouse ES cell, could likely be derived from a

human blastocyst.

25 Bongso and coworkers (1994) reported the short term cuiture and maintenance
coworkers had the morphology expected of pluripotent stem cells, but these
early studies did not employ feeder cell support, and it was impossible to achieve
long term maintenance of the cultures.

30
James Thomson and coworkers (1998) derived ES cells from surplus blastocysts
donated by couples undergoing treatment for infertility. The methodology used
was not very different from that used 17 years earlier to derive mouse ES stem



of cells from human enbryos fertilised in vitro. The cells isolated by
Bongso and coworkers had the norphol ogy expected of pluripotent stem
cells, but these early studies did not enploy feeder cell support, and it
was inpossible to achieve 1ong term maintenance of the cultures. 30 James
Thonmson and coworkers (1998) derived ES cells from surplus bl astocysts
donat ed by coupl es undergoing treatnentyfor infertility. The nethodol ogy
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di f f er enti at Patlingdabbverin tbd humaxpCedsdiencbPermetia@dr s characteri stic of

t rophobl ast and endoderm formati on (production of human chorionic

gonadot rophi n and al phafetoprotein). It is not possible to state whether 15
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e R e B L
15 the cells found producing alphafetoprotein represent extraembryonic (yolk sac)
endoderm or definitive (embryonic) endoderm though the former is far more
likely. Thus an essential feature for any human ES cell line fo be of practical
use, namely the production of differentiated somatic cells in vifro as seen in
previous studies of human EC cells, was not demonstrated in the monkey or

20  human ES cell studies.

Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine, the properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in
25  human biclogy and medicine for the first ime. ES cells potentially can address
the shortage of donor tissue for use in transplantation procedures, narticularly
where no alternative culture system can support growth of the required
committed stem cell. However, it must be noted that almost all of the wide
ranging potential applications of ES cell technology in human medicine-basic
30 embryological research, functional genomics, growth factor and drug discovery,
toxicology, and cell transplantation are based on the assumption that it will be
possible to grow ES cells on a large scale, to introduce genetic modifications into
them, and to direct their differentiation. Present systems fall short of these



are unique to ES cells and enable investigators to approach many issues in
25 human bi ol ogy and nedicine for the first tine. ES cells potentially can
address the shortage of donor tissue for use in transplantation
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Embryonic stem cells are pluripotent celis which are thought to correspond to the
epiblast of the periimplantation embryo. Mouse ES cells are able to give rise to
neural tissue in vifro either spontaneously or during embryoid body formation.
The neural tissue often forms in these circumstances in amongst a mixture of a

20 range of cell types. Alteration of the conditions of culture, or subsequent
selection of neural celis from this mixture, has been used to produce relatively
pure populations of neuronal cells from differentiating cultures of ES cells {(eg Li
et al.,, 1998). These neuronal cells have been used in experimental models to
correct various deficits in animal model systems (review, Svendsen and Smith,

25 1999). The same has not yet been achieved with human ES cell derived
neurons, though neurcnal cells have been derived from human embryonal
carcinoma ceils which were induced to differentiate using retinoic acid. These
EC cells were subsequently shown o correct deficits in experimental models of
CNS disease,

30
A suitable source of human ES derived neurons would be desirable since their
availability would provide real advantages for basic and applied studies of CNS
development and disease. Controlled differentiation of human ES cells into the
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subsequent selection of neural cells fromthis mxture, has been used to
produce relatively pure populations of neuronal cells fromdifferentiating
cultures of ES cells (eg Li et al., 1998). These neuronal cells have been
used in experinental nodels to correct various deficits in animl nodel
systens (review, Svendsen and Smth, 25 1999). The sanme has not yet been
achieved with human ES cell derived neurons, though neuronal cells have
been deri vedNewalineage valialipsnh gkperaeniohshssection sofwiiec Bvewis eduringueady t o

L Terent !t otabifed b I oAbl s TSscon iy W ntLR, BHREGHERE pd hour

sour ce of hupalmp(ﬁsldee‘abmmmhrmas haoelladtheeapdesic ool rdiab sncteas reluction of

avai lability woul d.provide rea ant ages for ic.apd appli.e di es of
o6 | devel opiadRneGle BradokS hedio T iar areuicahaicebinS M e Tedi o | <

into the & oediigh dfi AERYBsIMs! fal taéofodieranaeald) dldvest | Qithohst Righevent s
during early, devel opnent of 'the nervous system and the dentlfl cati on of

new genes antirORBIPYheHees ferc eHORIpEsHvaTsPIRAMDdS. tf@?%ﬁfét@"i ofppeeit i al
such as i ndugdiseRitdh frdPERNER! )nV@trBrn%Fé e aSA‘QH'Jn'hRﬂ@B s%n?aen@ﬁ@éﬂglfeal

applications may include the creation o new assays for toxicology and

drug di scovelisguedaesnsirsictionyand fofrtbeuglab\mry@@dmsea‘smn sfeaaneprivthecnerveus

conpounds. (%@Fé Ation of neural progenitors fromES cells in vitro may

serve as an mted source of cells for tissue reconstruction and for

t he del iNery and expression of genes in the nervous system 10 It is an
overcone, or at | east

bj f f
bt em of it Jhrotp et PevRRRI i ovBieorf ki et ilobiste Tontks gL of
the present proklenis ¢fihe bFiergrti s provi ded an enriched preparation

SUMMARY OF THE INVENTION
15
In one aspect of the present invention, there is provided an enriched preparation
of undifferentiated human embryonic stem cells capable of proliferation in vitro

and differentiation to neural progenitor cells, neuron cells and/or glial celis.

20  Preferably the undifferentiated ES cells have the potentlat to differentiate into
neural progenitor cells, neuron cells and/or glial cells when subjected to

differentiating conditions.

More preferably, the undifferentiated ES cells are capable of maintaining an
25  undifferentiated state when cuitured on a fibroblast feeder iayer.

In another aspect of the present invention there is provided an undifferentiated
human embryonic stem cell wherein the cell is immunoreactive with markers for
human pluripotent stem cells including SSEA-4, GCTM-2 antigen, TRA 1-60 and

30  wherein said cell may differentiate under differentiating conditions to neural cells.
Preferably, the cells express the transcription factor Oct-4 as demonstrated by
RT-PCR. More preferably, the cells maintain a diploid karyotype during
prolonged cultivation in vitro.



of undifferentiated human enbryonic stemcells capable of proliferation in
vitro and differentiation to neural progenitor cells, neuron cells and/or
glial cells. 20 Preferably the undifferentiated ES cells have the potenti al
to differentiate into neural progenitor cells, neuron cells and/or glial
cells when subjected to differentiating conditions. Mre preferably, the
undifferentiated ES cells are capable of, maintaining an 25

undi fferentiated state when cultured on a fibroblast feeder layer. In

anot her aspect of the present invention there is provided an

undi fferentiated L human enbryonlc sten1%ell wherein the cell|l is
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express the PR Piodyped Ry egnetbed Qit%l?@ﬁﬁh@wlﬁtc@d by RT-PCR More
preferably, the cells maintain a diploid karyotype during prolonged
cultivation in vitro. 7 1In another aspect there is provided an

undi ff er ent i & adotberl aspachtharapaptayided a difiefentiated atrinoittédprogaeitoradell line
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di f f erenti at eebgenitor ¢dlled progenitor cell line that may be cultivated for
prol onged periods and give rise to large quantities of progenitor cells.
10 I n another aspect there is provided a differentiated commtted

progeni t oo Cel AndthBCaspeh 8dre iPhralidebes Qiﬁbl'é}{tia% ESthOitiRe proge AR @NSinand/ or
glial cells. In another aspect, there is provided a neural progenitor cell,

neuron cel | SARARS Osd'ff@rerrﬁ'ﬁt'%mtomeftw@rwm eeri/pﬁgwtc@&swom an

undi fferentiated enbryonic stemcell. 15 There is also provided a

comm tted neural géogenltor cell capable of giving rise to mature neuron
celI's and gl Inednateen aspeich therst iherovidgrba heura peogeniior ool dedren gelf srd/engi at ed
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reci pi ent br to participate
15 There is also prowded a committed neural progenitor cell capable of giving rise

to mature neuron cells and glial cells,

In another aspect there is provided a differentiated committed progenitor cell line
capable of establishing a graft in a recipient brain, to participate in histogenesis

20 of the nervous system and to constitute the neuronal, astrocyte and
oligodendrocyte lineages in vivo.

Preferably, the undifferentiated cell line is preserved by preservation methods
such as cryopreservation. Preferably the method of cryopreservation is a

25 method highly efficient for use with embryos such as vitrification. Most
preferably, the method includes the Open Pulled Straw (OPS) vitrification
method,

In another aspect the neural progenitor cell line is preserved by preservation

30  methods such as cryopreservation.

In another aspect, there is provided a neural progenitor cell capable of
differentiating into glial cells, including astrocytes and oligodendrocytes.
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line is preserved by preservation nmethods such as cryopreservation.

Preferably the nethod of cryopreservation is a 25 nethod highly efficient
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further aspect of the present I nvention, there 1s' p nethod o
preparing uné¢tpgeimnaicelised human enbryonic stemcells for differentiation
into 10 neural progenitor cells, said nethod including: obtaining an in
vitro fertilised human enbryo and grow ng the enbryo to a bl astocyst stage
of devel opnelmt a fuetmer iaspechoéthe gresentaigseftidal)) thead liss pisvided e nesthed @f

culturing | CM_cel.l nder conditions whi.ch do not i e traenmbryonic 15
Gt or enti acPisHEdnG: HRTEraRSRRY TS SRBTEODE RPTePal G GRerentator Mo

undi f f erent | péedl webkRitor MG, ¢ MBRddBrclfhgt em cells. In a further
preferred enbodi _r%t_ of the present invention there is provided a 20
[

met hod of prepar iSRRG 39 &t WHe feifitsecnian SAMTY® AN 95evEiRg dae e to a
di fferenti atpigstobystRtapUsPdeRIRBEMtt or cells, said method including:

removing inner cells mass (ICM) cells from the embryo;
culturing ICM cells under conditions which do not induce extraembryonic
15  differentiation and cell death and promote proliferation of undifferentiated cells;
and '

recovering the stem cells.

In a further preferred embodiment of the present invention there is provided a
20  method of preparing undifferentiated human embryonic stem cells for
differentiation into neurai progenitor cells, said method including:
obtaining an in vitro fertilised human embryo;
removing inner cell mass (ICM) cells from the embryo;
culturing 1CM cells on a fibroblast feeder layer to promote proliferation of
256 embryonic stem cells; and
recovering stem cells from the feeder layer.

In a further embodiment of the invention, the method further includes:
replacing the stem cells from the fibroblast feeder layer onto another
30 fibroblast feeder layer; and
culturing the stem cells for a period sufficient to promote proliferation of
morphologically undifferentiated stem cells.



obtaining an in vitro fertilised human enbryo; renoving inner cell nmass
(ICM cells fromthe enbryo; culturing ICMcells on a fibroblast feeder

| ayer to pronote proliferation of 25 enbryonic stemcells; and recovering
stemcells fromthe feeder layer. In a further enbodi nent of the invention,
the nethod further includes: replacing the stemcells fromthe fibrobl ast
feeder layer onto another 30 fibroblas§ feeder Iayer; and culturing the
stemcells for a period sufficient to pronote proliferation of

mor phol ogi caln gnathei bpratnifithe ddeptiomtioe inhetho® furtiterainoluties paspEting fthe he

i nvention the érgt hoﬁ fud;séher i”ncl udes propagating the wundifferentiated
stemcel |'s. YHNIHEPHREIAGOEISf the invention there is provided a nethod

of inducing somatic 5 differentiation of stemcells in vitro into

progenitor cells said nmethod conprising: obtaining undifferentiated stem
celI's; and pldinodisipsrent oitae dmentien Hipreiigprvidedde metinsekindw@nasreatiar
non- per g ssyi#erenbhti |4 irdel hl ' :

uni directi onal g:ﬂ fé?iﬁr gﬂ???’t %eélﬁ?!?g»m{gr'gtog@? ggltélt r&?gsniggihlrlﬁ%@gggg W%ﬁﬁn a
preferred enmbodi riteingg undfferentiaied stewealls;@nd there i s provided a net hod

of 1 nducing somati.c differentlation of . m S. LNV L QL bt o, ar ni tor
cells, said net org\”g'gﬁ'pﬁ S@ﬁ%@%gﬁtﬁ% n?@%aquﬁ'glgH e?dgﬁftfog%eg"ﬂs'%n? rfg:eﬁl'lggf and
15 cul turi ngeesaiisbivcelfdrssteor callpeokeapeath pet kildcalizd aat ihdgdesd enklirbgtiomal a

pref erred eriBae AUV o8RO ehRUEeRBh. there 15 provided & method
of inducliong somatic differentiation of stemcells in vitro into progenitor
20,2150 S3hh BRADRch SO RbAr B et hitioh! By et SRR
of inducing somatic differentiation of stem cells in vitro into progenitor cells, said
method comprising:
obtaining undifferentiated stem cells; and
15 culturing said cells for a prolonged period and at high density on a

fibroblast feeder cell layer to induce differentiation.

in another preferred embodiment of the present invention, there is provided a
method of inducing somatic differentiation of stem cells in vifro into progenitor
20  cells, said method comprising: )
obtaining undifferentiated stem cells; and

transferring said cells into serum free media to induce differentiation.

in an additional aspect of the invention method may be used for directing stem

25  cells to differentiate toward a somatic lineage. Furthermore, the method allows
the establishment of a pure preparation of progenitor cells from a desired lineage
and facilitate the establishment of a pure somatic progenitor cell fine.

In another preferred embodiment of the present invention, there is provided a

30 method of inducing the differentiation of ES derived neural progenitor cells into
differentiated mature neuronal cells, and glial cells including oligodendrocyte and
astrocyte cells.



transferring said cells into serumfree nedia to induce differentiation. In
an additional aspect of the invention nethod may be used for directing stem
25 cells to differentiate toward a somatic |ineage. Furthernore, the nethod
allows the establishnent of a pure preparation of progenitor cells froma
desired lineage and facilitate the establishnment of a pure somatic
progenitor cell line. In another preferggd enbodi nent of the present
invention, there is provided a 30 nethod of inducing the differentiation
of ES derived h'rsanva’nthmrmgeudies @ me&iohsthiammerdt'e‘sfam entilrataed fmft’mr reodelwfonal

cells, and gli cel Iudln odendr.ocyt e an astr te cells. 10
This inventi 8?1” ligdi q:@greg dEgr?ﬁﬁs Mﬂétté% ”&Hrq fingags- ot henporsl, @ndo

nmodel of  cotHd dlisehatizfd Qé%’céﬁ bl@H%Qﬁe fatfehy) 8f haury Qﬁfeﬁ‘é}ﬁiaBSHrrﬁé be

| i neage. The nodel, and he cel at are generated al ong the pat hway of
neural diffekeef ifaf itep sfaqytﬁ tms@@ﬂltffafr anﬁerr@dmwaroblotqw eblhuman nguepl

mol ecul arg bi Hé@é{prﬂénpt’fgﬁghgf‘q%ﬂvea{ o Or%gmﬂ%\{utﬁ ?éctél osﬂﬂfé?éﬁ’ila%n

genes, grovvth factors ere n 'factors t ay arolein
neural diff efastars athebrplay ca relge ire neuial ndiffeemtiationy andi segarearthandfof alrughe

devel oprrent §&¥g S UL ctive
ef fects. ?'%Ca %B H'?Qr ﬁgp"?é’ Eo&:ﬁ{etnﬁlsf ?%rggﬁﬁ% ass% etogt%g%q ovi’ 38)56 8h((r?;eural
pr ogeni tor c&édsrppa)tea:tmreifm@ts cell and a glial cell that nmay be used for
cell therapy and gene therapy. FIGURES 15 Figure 1 shows phase contrast

m crographs of ES cells and their differentiated progeny. A, inner cell

mass three days fatiaradpeat bhthe ﬁveﬁiﬂrpfﬂ%r@fs E:%vﬁ%dl 8§ nebral dib@&ﬂfor cell, a
magni fication of an area of an ES cell colo an area an ES cel |

col ony under Y ABRLSSH NSk glAl cel*fhaéﬂ@ﬂv%tﬂﬁefifqaml#@erﬁam?ﬂﬂ@eﬁaég%{aev E a
colony four days after plating in the absence of a feeder cell |ayer but in
the 20 presence of 2000 units/m human LIF undergoing differentiation in
its periphery,. F, neuronal cells inF3HRE® density culture. Scale bars: A
and C, 25 microns; B and E, 100 mcrons; D and F, 50 nicrons. Figure 2°
shows marker expression in ES cells and their differentiated sonmatic

15 Figure 1 shows phase contrast micrographs of ES cells and their differentiated

progeny. A, inner cell mass three days after plating. B, colony of ES cells. C,
higher magnification of an area of an ES cell colony. D, an area of an ES cell
colony undergoing spontaneous differentiation during routine passage. E, a
colony four days after plating in the absence of a feeder cell layer but in the

20 presence of 2000 units/mi human LIF undergoing differentiation in its periphery,.
F, neuronal cells in a high density culture. Scale bars: A and C, 25 microns; B
and E, 100 microns; D and F, 50 microns.

Figure 2 shows marker expression in ES cells and their differentiated somatic
25 progeny. A, ES cell colony showing histochemical staining for alkaline
phosphatase. B. ES cell colony stained with antibody MC-813-70 recognising
the SSEA-4 epitope. C, ES cell colony stained with antibody TRA1-60. D, ES
cell colony stained with antibody GCTM-2. E, high density culture, cell body and
processes of a cell stained with anti-neurofilament 68kDa protein. F, high density
30 culture, cluster of cells and network of processes emanating from them stained
with antibody against neural cell adhesion molecule. G, high density culture,
celis showing cytoplasmic filaments stained with antibody to muscle actin. H,
high density culture, ceil showing cytoplasmic filaments stained with antibody to



25 progeny. A, ES cell colony show ng hi stochem cal staining for alkaline
phosphatase. B. ES cell colony stained with anti body MC-813-7n recogni sing
the SSEA-4 epitope. C, ES cell colony stained with anti body TRA1-60. D, ES
cell colony stained with anti body GCTM 2. E, high density culture, cell
body and processes of a cell stained with anti-neurofilanment 68kDa
protein. F, high density 30 culture, clypter of cells and network of
processes emanating fromthem stained wth antibody agai nst neural cell
adhesi on nol éeemis. Epalnibgins:centiQ yicrahs;uB-€), andel | 206 iwong EyEopicasinbo
filanments staj ? W|th antibody to nuscle actin. H, high density culture,
cell show ng cy oplasmc filanments stained with antibody to 11 desmn.
Scal e bars: A, 100 mcrons; B-D, and F, 200 microns; E, G and H, 50

m crons. Figure 3 ,shows anal ysi s _of gene expression in ES cell s and

P
their 5 difF@FER & %Wsd@TTP\Gg? AYSINOf GRalve FEPIERBIAN 1NSbaGiSo 8B JBPE
stai ned vg t hgiffefdhtidtddMdRrioaives. Al p%%@fse%b\ﬂn'l%f"/o @%ar&s@rtﬁa@ ﬁﬁz‘hb& With ES

stemcells and high density cultures. Lane 1, Lane 2,
stem cel | cufthisliem hsoaida. nA, expiagsign of Qetrdcand b@@t"ﬂm &S QL@W—@B”SLW@@‘] st em

cel | culturegg éﬁg grégcq_a ecla@'bbqg)DN’Ntlad’Hetrh L%%Sf's?%qellr&gtﬁgé%ﬁ?fgﬁl

transcri ptase. cul'ture, b-act
density cul thang 3&em4czelcha:itere7, Odtidg H_amms.lsttqmmwlﬂtquﬂere PCR fanrO@zAt gatried

carried out t Cr, 200 bp
and oot oa ML BASH 0P eve BXSIRhBRRE A Motk ARy AR aide
progeni tidr lcarld 8, hlbatdewehecm&ﬂevedt-ﬂr@_ﬂmdlﬁ ft@?ﬁ@émsﬁﬁ/ldﬂmu@ Rzmwn ©st-4 Lef t

| ane, 100bp DNA g b-actin in (2!3( neur obl r’rgcell l'ine
(posi tive bomes b MEomBSa ohETea HAR iR asta e R AR 200 APOBEH t or
celI's; |ane Get-a®%htinsidnop 1B2expreERhl aistam s |Pa|x161ﬁ1 nb@ﬁ# pﬁlogéiﬁt%}l nin
neural pr ogeni tog cells; lane 5, nestin PCR on sane % e as | ane

wi t hout  addi%al’srinak wees, dedved Famsdiffeipniatng IEa?n@O'en’eSP langg 4805 % 6
PCR on sane I§@c§@4 ‘1’{:"‘}"«’53S 4l 'bﬂé'ct@ W HRO‘#&Z 3didHI850/h Eéyﬁﬁé?po%lﬁ@t?%t'r@t@?e

Nestin band is 20 {) 'S bp. C expression of glutamc 20 acid
decar boxyl adtestin F&QR d@l& 2ob afFéGri@rﬁ@Ufa_éﬁﬂgdﬂaWé Cefl@dbpe Snaestldre HX T4he 1,

b-actin: | angfopBsfild BeilPiR: e A ReSHHM Rebhl pfierttolcbiOUsn84dinbLAR Of

PCR on same sample as lane 4 without addition of reverse transcriptase; lane 6,
Pax-6; lane 7, Pax-6 PCR on same sample as line 6 without addition of reverse
transcriptase. Nestin band is 208 bp, Pax-6 is 274 bp. C, expression of glutamic

20  acid decarboxylase in cultures of neurons. Left lane, 100bp DNA ladder; lane 1,
b-actin; lane 2, b-actin PCR on same sample as lane 1 without addition of
reverse transcriptase; lane 3, glutamic acid decarboxylase; lane 4 glutamic acid
decarboxylase on same sample as lane 3 without addition of reverse
transcriptase. Glutamic acid decarboxylase band is 284 bp. D, expression of

25  GABA AcxZ2 receptor. Left lane, 100bp DNA ladder; lane 1, b-actin; lane 2, GABA
Ao2 receptor; lane 3, PCR without addition of reverse transcriptase. RFABA Aa2
receptor subunit band is 471 bp.

Figure 4 shows histology of differentiated elements found in teratomas formed in
30 the testis of SCID mice following inoculation of HES-1 or HES-2 colonies. A,
cartilage and squamous epithelium, HES-2. B, neural rosettes, HES-2. C,
ganglion, gland and striated muscle, HES-1. D, bone and cartilage, HES-1. E,



reverse transcriptase; lane 3, glutam c acid decarboxyl ase; |ane 4 glutamc
acid decarboxyl ase on sane sanple as |lane 3 without addition of reverse
transcri ptase. G utam c acid decarboxyl ase band is 284 bp. D, expression of
25 GABA Aa2 receptor. Left |ane, 100bp DNA | adder; |ane 1, b-actin; |ane 2,
GABA Aa2 receptor; lane 3, PCR without addition of reverse transcriptase.

f ABA Aa2 receptor subunit band is 471 tp. Figure 4 shows histol ogy of
differentiated sl ements found in teratomas formed in 30 the testis of SCID

mi ce fol | owi HENTHEE GPEPeIBIM oF ESEL- 1F ofilipled: eolemnaniestheliym, WEStT1 s¥@land

squanous epighel iAdm 1 6EERs F RihRofosettes, HES-2. C, ganglion, gland
and striated nuscl e, HES-] on% '‘bone écr)] cartllage HES-1. E, 12 gl andul ar

epithelium HES-1. F, ciliated columar epithelium HES-1. Scale bars:

fnd’ i munocrgies P shafy Bhesen bR ot MBa MR RBIET PGin 3T o
cells isd atradrh‘elr crRprieddien ermtﬂmaingrd@Smtculcbw ésolatédd fpdrasdiffentiatiyd H3mge

of a sphere f rrred n serumfree ne i ndj rect i mmunofl uorescence
staining of N i a6 7 o hes oIS AP et B

N-CAM nestim, nr@rrécwirﬁmhbfmar@gw@tel éﬂ@in\(ng% o s%hamé_ 3 hoGR bﬁe.abtatnhg &ase of
the sphere were placed in plane of focus lustrate 10 fil anment ous

stai ning; cGiihGsle Lbstrataieol- Q%Meé‘leéﬂn:tm V'@lﬂﬂt@ Tﬁﬁ?%ﬁi@ﬁ@utlm GeandsBher e
were decor atfls oy RS Bagdldpd 85 heréc%ge ?édcédsrrﬁgpan@ 6f 95U o a}llldstraF@‘”el S.

Figure 6 shows phase confrast appearanc r expression-in cultures
of 15 ﬁQurdﬂma@tpueeﬁiammmqmnﬁgv@uhletxamlmﬂdrsrmm that me@artérCElghAut prase

contrast m o) r eamp t | at ed
onto adhesiv sur Jec%'r%_t‘&? %P?@?qt’m‘%\%fl uor%sdggqg {% 5 ]8 gpy OP
differenti atp@@etsel I s decorated with anti bodi es agai nst 200 kDa
neruofilanment protein (B), 160 kDa neurofilanent protein (C, MAP2a+b (D),
glutamate (E), synaptophysin (F), 20 glutam c acid decarboxylase (G and
(3-tubulin (HT@ureEB:ahc&vé)phase é\gnt&st éﬁ@ear@fh@é @ﬂs,mzﬁkerZébﬁbmss@:w clhturédof

m crons; _E and %0 m crons; cfr ons;

15 neurons erived from progemtor cells shown in Figure 5. A, phase contrast
micrograph of differentiated cells emanating from a sphere plated onto adhesive
surface. B-H, indirect immunofluorescence microscopy of differentiated cells
decorated with antibodies against 200 kDa neruofilament protein (B), 160 kDa
neurofilament protein (C), MAP2a+b (D), giutamate (E), synaptophysin (F),

20 glutamic acid decarboxylase (G) and B-tubulin (H). Scale bars: A;;B, 100
microns; C, 200mircons; D, 20 microns; £ and F, 10 microns; G, 20 microns; H,

25 microns.

Figure 7 shows neural precursors proliferating as a monolayer on a plastic tissue

25 culture dish in the presence of EGF and bFGF, These monolayer cultures of
proliferating cells were obtained after prolonged cultivation (2-3 weeks) of the
spheres in the presence of growth factors without sub-culturing.

Figure 8 shows phase contrast appearance of a culture consisting of

30 differentiated neural cells.



25 mcrons. Figure 7 shows neural precursors proliferating as a nonol ayer
on a plastic tissue 25 culture dish in the presence of EGF and bFGF. These
nonol ayer cultures of proliferating cells were obtained after prol onged
cultivation (2-3 weeks) of. the spheres in the presence of growh factors
wi t hout sub-culturing. Figure 8 shows phase contrast appearance of a
culture consisting of 30 differentiatefgneural cells. 13 Figure 9 shows
phase contrast appearance of a sphere that is forned 72 hours after the
transfer of BigEruBshewsuwisefaontast apraprasael a spherecthetisufermed & 2nieatirsim

Vol uns of | sphy ohe 1Ster of a cib o AT S PE o8 GA S AR '
Spheres of vi@daisard]Gmiceoss)t hat were generated fromdifferentiating ES

col onies and were propagated for 14-15 weeks were di ssaggregated into
single cell suspension and the nunber of cells per sphere was counted. 10

Figure 1% shitigard rdi slesws ilinsaineblroRries Cesnteeeh t AbNVdGmel of sBRE&@ECand 4hdlour s
esive substrate, for NNCAM The sphere was generated

after plating on th ¢ ) !
by direct {RGF P BFOSGAURT FRitSeHithiat 2 $PRere: StRherehob vadeumriidreaierfetittim and
propagati on Wére §drerbRWdh REFSBRGARY ES cob e 8R4 ARre brSH R for 015

mcrons). 15 Figure 12 shows indirect imunofluorescence nenbraneous

st ai ni ng f or"v@gKSaMeredissaggregatasl into singteneelbeysipeneion anld thegpiaras of ckbisir s
after plati rng ?Fgwﬁg\ggun%gbstrate. The sphere was generated by direct
transfer of 'un ip erentiated ES cells into serumfree nedi um and

propagatfifon of the resulting spheres for 5 20 passages. (Scale bar 25
i.rect immunof| uorescenc

m crons). Figur hows .in st ai ni ng, of a_,spheres
4 hours. af t 4700 B PG RO LTREER 0 FEERE 7 AbBr et ntwe HEEman
nestin. Cel ldataty diadhbsise sabstidie, fop NCAME Teephefsiwas generfte@byfdieds to
iIIustratefiIaFrentous. . . . .

transfer of undifferentiated ES cells into serum free medium and propagation of

the resulting spheres for 5 passages. (Scale bar 100 microns).

15

Figure 12 shows indirect immunofluorescence membraneous staining for N-CAM

of single cells at the periphery of a sphere 4 hours after plating on adhesive

substrate. The sphere was generated by direct transfer of undifferentiated ES

cells into serum free medium and propagation of the resulting spheres for 5

20  passages. (Scale bar 25 microns).

Figure 13 shows indirect immunofiuorescence staining of a spheres 4 hours after
plating on adhesive substrate for the intermediate filament nestin. Cells at the
base of the sphere were placed in plane of focus to illustrate filamentous

25 staining. The sphere was generated by direct transfer of undifferentiated ES cells
into serum free medium and propagation of resuiting spheres for 5 passages.
(Scale bar 25 microns).

Figure 14 shows indirect immunofiuorescence microscopy of a differentiated cell
30 decorated with antibodies against the oligodendrocyte progenitor marker O4.
(Scale bar 12.5 microns).



25 staining. The sphere was generated by direct transfer of
undifferentiated ES cells into serumfree nedi um and propagation of
resulting spheres for 5 passages. (Scale bar 25 microns). Figure 14 shows
i ndi rect immunofl uorescence mcroscopy of a differentiated cell 30
decorated with anti bodi es agai nst the oligodendrocyte progenitor marker 04.
(Scale bar 12.5 mcrons). 14 Figure 15ghows indirect immunofl uorescence
staining of a sphere 4 hours after | ati ng on adhesive substrate for the

i nt er medi at eFBErARAE Fhows irditach immenpruciesesnse Baisingos§ a peherpHeheurgefier

pl aced in pl f ; | t el ; Ml re
hes_ gener at ey drr aLES Rk P o HEENE tamSh i, I8 RRRELE
free medi um base pf dpagsnticve wérer plackdi ing pipleepbdodior ta ihatméy ddamerfiSusl e

bar 25 mcrons).. Fi.gure,16 shows th owt h pattern .of her.e t re
goner at ad_d NBLId, TEGRNSfins SeperledbR e B or g RerH Bl PR el st ne
nmean ( SB) iinty esrin fied mdBiuve bHamrBpagaReKoPfesdftingPificess &r T ipassades.

si xt een weeks a[ter derivation. A nore excessive gromh rate is evident
during the f{SC&e BARELRICTONS)gure 17 shows persistent growth in the vol une
of spheres along tine. Each bar represents the nean ( SD) increnment in

vol ume per week of 24 spheres at 15 nine to twenty one weeks after
derivation. figereshheheys ife eroyiheptiewdiisrheresdinet vieen oengretry dicliyiiom es.

Figure 18 shoygmdbReabd 908 '@hidt £98h %%?%E%s%@?s e HJE%P0<+ éﬂg%&%n@ﬁ?’ i he
nunber of progenitor cells wthin a sphere. Spheres o rrous dianeters,
that 200erelyeaseaveekdif2dopherés ahiishtt sikimeaweealtsafteE Secightian. dnchower e

propagat ed 5: r i ed int ingle cell suspension and
Phe namber aCesrre vroylli Eists R URRRL BEBME e TS BB To chous RT- POR

anal ysis of gene expression in ES cells (a week after 25 passage) and
neural spheres derived fromdifferentiating colonies and djrectl fr.om
il 71 er ont (FIOWE E5 SBEM PoAF Flegh GErans e Aol Gl SN e Bret

et Ei di um br gsérdepresdRRIhd marrdSB) ifdrbnént I Fhumelderciddkusfed SisnErad at
spheres
P 15  nine to twenty one weeks after derivation. The spheres were generated from

differentiating ES colonies.

Figure 18 shows linear correlation between the volume of spheres and the
number of progenitor cells within a sphere. Spheres of various diameters, that
20  were generated directly from undifferentiated ES cells and were propagated 5-7
weeks, were dissaggregated into“'single cell suspension and the number of cells

per sphere was counted.

Figure 19 shows RT-PCR analysis of gene expression in ES cells (a week after
25 passage) and neural spheres derived from differentiating cofonies and directly
from undifferentiated ES cell. All panels show 2% agarose gels stained with
ethidium bromide. Lanes 1, 2 and 3, Oct-4 in ES cell culture, neural spheres
derived from differentiating colonies, neural spheres derived from
undifferentiated ES cells. Lane 4, stem celi culture, PCR for Oct-4 carried out
30 with omission of reverse transcriptase. Lanes 5, 6, and 7, nestin in ES cell
culture, neural spheres derived from differentiating colonies, neural spheres
derived from undifferentiated ES cells. Lane 8, stem cell cuiture, PCR for nestin

carried out with omission of reverse transcriptase. Lanes 9, 10 and 11, Pax-6 in



derived fromdifferentiating colonies, neural spheres derived from

undi fferentiated ES cells. Lane 4, stemcell culture, PCR for Oct-4 carried
out 30 with om ssion of reverse transcriptase. Lanes 5, 6, and 7, nestin in
ES cell culture, neural spheres derived fromdifferentiating col onies,
neural spheres derived fromundifferentiated ES cells. Lane 8, stemcell
culture, PCR for nestin carried out wi{fi om ssion of reverse

transcri ptase. Lanes 9, 10 and 11, Pax-6 in 15 ES cell culture, neural
spher es deriFedcel enitarief inausait spharag daivedi i diferentiatispheslenieslenev@dl from

undi fferenti . -, f Ao
carried out TR ae A fonr TRt R Bhle Tab 14 51 g DD Rona

| adder. Oct -fér baaxeb icarr@2i0bg, witle sintissivs dI08véngearghseptaSel Eadd 41 3pp.005hg-i gur e
20 shows i nd} t nof | uor.es ce mGcros of differentjated
astrocyte cglr}llklgqa%%%tcga SELS gﬁ%%dﬁ?g%&&ﬁigp éﬁﬂ%{ax(é@aﬁé‘{ By 25
mcrons) s Figure 21 shows indirect immunofluorescence m croscopy of brain
sections of 10 twg mce (A and B) 4 weeks after transplantation of hunman

. (A and B) . ,
neural precuri@eies 20psBpybeindifedh tmnampliuoressencanimiproscapy: | dud ieseniaigtd
with anti Br i ; ; 'dgya tricular
surface (V\hi%og Pgdv%“isr%ik?aa?%d thééggﬁ%%%?iﬁggsﬁﬁg] I, Ie{bjgérzzé Q@C%ﬁ%ions).
15 Figure 22 shows indirect immunofl uorescence m croscopy of brain sections

f ' ; k : ' I
or el abel od vitR® B B0P Hoy DS RituBb kot WG OSEHEFor BEAESER o et 1
decor at 68 bywanmice @ Bk )t 4 voxtikesaftes tearispeemtation dhbumeni nemal peclisorar eas.
R R e B S e il

i ndirect i mustaiocylaok bewingalke BiceataeYthefveptriuirstefabetwhié arrowlingRate weeks
after transplantati on of hunman neural precursors prelabeled with BrDU. The
t ranspl ant edMHFFRENLRNEL nHF'@'w‘i’ia@Féq W&r%’l‘éng the rostral mgratory 25
stream (bar= 150 mcrons). Figure 24 shows RT-PCR anal ysis of gene

expression in neural spheres derived . i )
Figure 22 shows indirect immunofluorescence microscopy of brain sections of a

mice 4 weeks after transplantation of human neural precursors prelabeled with

BrDU. Wide spread distribution of transpilanted human ceils decorated by anti

BrDU antibodies is evident in the periventricular areas. The periventricular area

in A is demonstrated at a higher magnification in B and C. (Bars = 150, 60 and
20 30 microns in A, B and C).

Figure 23 shows indirect immunocytochemical microscopy of brain sections of a
mice 4 weeks after transplantation of human neural precursors preilabeled with
BrDU. The transplanted human cells are migrating along the rostral migratory
25  stream (bar= 150 microns).
Figure 24 shows RT-PCR analysis of gene expression in neural spheres derived
from differentiating (A) and undifferentiated (B) ES cells. All panels show 2%
agarose gels stained with ethidium bromide. Lanes 1 and 10, 100 bpDNA ladder;
30 lLane 2, CD-34; Lane 3, Flk-1; lane4, HNF-3! lane 5, alfafetoprotein. Lanes 6-9
PCR reaction on the same samples as lanes 2-5 carried out with the omission of
reverse transcriptase. CD-34 band is 200bp, Fik-1 is 199, HNF-3 is 390, AFP is
340bp.



fromdifferentiating (A) and undifferentiated (B) ES cells. Al panels show
2% agarose gels stained with ethidiumbrom de. Lanes 1 and 10, 100 bpDNA

| adder; 30 Lane 2, CD-34; Lane 3, Flk-1; lane4, HNF-3; |ane 5,

al fafetoprotein. Lanes 6-9 PCR reaction on the sane sanples as |anes 2-5
carried out with the omssion of reverse transcriptase. CD-34 band is
200bp, Fl k-1 is 199, HNF-3 is 390, AFP kg 340bp. 16 Figure 25 shows by
RT- PCR anal ysis the expression of GFAP and the pip gene in differentiated
cells fromneural spheres derived fromdifferentiating ES cell col onies.
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phot ograph of ‘areas (arrows) ed to give rise to neural ecurs
a -di fferentd%!’dﬂﬂﬁ’gﬂ@& Ferellsc daoayl and &51@@@@%@:@4@@@@2 @b@ﬁ GFI‘\FBm’r)

Figure 27 shous [ 1 in
cul tures of ’(r%eur ons drd%? Wrﬁnabi%%%ﬁlﬁgﬁ’@ é&%ﬁgﬁ \li}gtrhg e”Easr‘aﬁlBs
direct| y!& r oms lanedi 3 ked éhtamicddoEWite tHes omissiomdi revetsd transofdtasey. €8RA&MPCe
m croscopy r 0 de with, a agai nst 160 kDa

neur of i | ane(r)ll{'ai;cftgtéeq%np Qﬁﬁ SC%‘F%B apd 4m- %r’r?rg%%wuor escence staining of
di fferenti ated cells for MAP2a+b and R-tubulin 1[111. Scale bars: A 100

m crons, rons i e 28 shows indirect inmmunochem cal

anal ysi s of HB"%%grg@‘{ Qﬁrf %:Tlcggq{gomgowafcogpq)tgg@ph,\@{]arqass (@OWSAd a
differenti atcﬁ%tnﬁ@h'te(g@e &8 tHOsAUral BrbcWidons I@'étdifﬁ‘BFHrﬁétiﬁ@QES‘%bu iy 5e
hydr oxyl ase. Scal e bars: 30 mcrons. Figure 29 shows in Vivo

di f f er ed®i atWeRks aftes passagr (Ras cbPmmof t ranspl anted human

Figure 27 shows indirect immunochemical analysis of marker expression in
cultures of neurons derived from progenitor cells that were derived directly from
undifferentiated ES cells: A, indirect immunofluorescence microscopy of neurits

20 decorated with antibody against 160 kDa neurofilament protein. B and C, indirect
immunofluorescence staining of differentiated cells for MAP2a+b and B-tubulin
[Il. Scale bars: A 100 microns, B and C 10 microns,

Figure 28 shows indirect immunochemical analysis of the expression of tyrosine
25  hydroxylase. Neurits (A) and a differentiated cell (B) are decorated with
antibodies against tyrosine hydroxylase. Scale bars: 30 microns.

Figure 29 shows in vivo differentiation into astrocyte cells of transplanted human
neural progenitors prelabeled with BrDU, Donor cells are identified by indirect
30 immunochemical detection of BrDU (dark nuclei, arrows). Duel staining
demonstrates donor cells decorated by anti GFAP (orange). Transplanted cells

are migrating into the brain parenchyma (white arrow) and are also found in the



neural progenitors prelabeled with BrDU, Donor cells are identified by
indirect 30 i munochem cal detection of BrDU (dark nuclei, arrows). Duel
st ai ni ng denonstrates donor cells decorated by anti G-FAP (orange).

Transpl anted cells are mgrating into the brain parenchyma (white arrow)
and are also found in the 17 periventricular zone (dark arrow) (A, A

hi gher nagnification of cells that have47zdifferentiated into astrocytes and
mgrated into the host brain (B). Figure 30 shows in vivo differentiation

i nto ol i godeperieeiitieulsekore ddarkrarspl 6hjt é‘dhlgﬁehm@nlfmetmmlof pebs thatthave

prel abel ed Wiy i nd| ect

i munochem caf@d%te%éJ Rﬁgggtr%ﬁ;% ?’3‘%5@ %g%(f'éé grr}oé\t,\g st ai ni ng
denonstrates donor cells decorat ed by anti CNPase (orange) Fi gure 31 shows
cunul ative growt h curve for hu neur al enitors deri

i fferenti at FRYTEGOGHIONS in(viyo BHRIGTHIGHER P SloRCedracyta 'S&mfﬁﬂﬁp'a?ﬁe?s 22
week perimd. hihgni rﬁ‘é‘drﬁgFnge'nﬂoﬂshﬁreYéﬂéﬁﬂﬂumh BASY SBBﬁé@éelY@éréQi@n‘hf?é@%?

nonitored as an indire measure of the increase in cell nmbers. A |inear
posi tive cor FEITGE] Brmbeschesticaldetodiamel BiDY H@aréspml@saanwsl Heuel staiging of

cells wthi geTgﬁvaﬁggird?@Oé&nsld&gpé@d San%ﬂl‘-’é‘é ng)q?ﬁ%%ng cultivation. It

supported the nonitorin e 1ncre sphere vol une as
an indirect indicator of cell prollferatlon Figure 32 shows RT- PCR

ekl bedb it R S M i R DTN AR S R
The synb'b(] s fromndifferamdtum@t:eiwﬁmt ey (IohenthER geadh ivevidest A0ripehotded V\A th
or -w thout the ddIIIO rever se.

vas Used | n PP SRiBS THR. AR a Rt ieS Vot O e PR oR WABOBTINEPRSY | s

199bp, CDB4 indnit&fdaPas Alpr Intfreks néifie dff RBSRFdaRel B 38 PRI ASEhdas
490bp and al anti trypsin is 360bp. Figure 33 shows a phase contrast

mi crogr aph ofoYe %‘?ré‘?f@ﬁ'%ﬁ Betweasn) @emﬁ@féﬁ@ spheyes rangh @BW@ GRllsks
after plati t f I

growt h fact g\?giﬂﬂ tﬁe%ghéFH&e({ﬁsVygsoeg%v@%f@ﬁgQ 5 wvic%v%@ anal'ysi's OP t he
expr essiBn ofalidéy ob meniterag ghe increment of sphere volume as an indirect indicator of

cell proliferation.

Figure 32 shows RT-PCR analysis of the expression of non-neural markers in
human ES derived spheres. All panels show 2% agarose gels stained with
ethidium bromide. The symbols + and —~ indicate whether the PCR reaction was

20 performed with or without the addition of reverse transcriptase. A 1Kb plus DNA
ladder was used in all panels. B-actin band is 291bp, keratin is 780bp, Flk-1 is
188bp, CD34 is 200bp, AC-133 is 200bp, transferin is 367bp, amylase is 490bp
and a1 anti trypsin is 360bp.

Figure 33 shows a phase contrast micrograph of differentiated cells growing out
25  from a sphere 2 weeks after plating onto an adhesive surfaca and culture in the

absence of growth factors. Scale bar is 200um.

Figure 34 shows RT-PCR analysis of the expression of neuronal and glia
markers in differentiated cells originating from human ES derived neural
spheres. All panels show 2% agarose gels stained with ethidium bromide. The
30 symbols + and — indicate whether the PCR reaction was performed with or
without the addition of reverse transcriptase. A 1Kb plus DNA ladder was used in



markers in differentiated cells originating fromhuman ES derived neural
spheres. All panels show 2% agarose gels stained with ethidiumbromde. The
30 synbols + and - indicate whether the PCR reaction was perforned with or
wi t hout the addition of reverse transcriptase. A 1 Kb plus DNA | adder was
used in 18 all panels. P/p and dm 20 bands are 354bp and 249bp
respectively, MBP is 379bp, GFAP is 38f3bp, NSE is 254bp and NF-Mis 430bp.
Fi gure 35 shows indirect inmunochem cal anal ysis of the expression of

serot oni n (A§ll RAgelcABK @BY. drecd(] babds arardd4Ronand 2BPhRrresIBtiveigndIBP is

di ssem nati o d qderd neural progenitor
cells in theﬁ}?rrs%)ﬁ;pézEg’rprq]ﬂ(()’ifé %ﬁh“ggwﬁagg%&g@y{gﬁﬁtpanspl ant ati on nost

I
cells were found lining the ventricular wall. (B) After 4-6 weeks nost
cel I's had | efigutene3s eaftomisc lirdrect/) immudngehemicaleanalyeis 00 ther pupresaichoshir n

CC), finbri ik int I e (i,C. BrdWt cells were not found in
'Ehe) st r: at u%?(?(ré{dﬂrn @)Ia&%ggf\dﬁ?o éjq[%gg'lfﬁ ﬂﬁ@éﬁ%us (hipp). (O Chai nsuof |
BrdU+ cells were found in the rostral mgratory stream (RVS). (D) BrdW+

cell s in5 theigper 3& ehdws didsaminvdtioneofrtedriselantddEBrdli-ghemanmegPidbrieed hemradf D,
to show nucl ear .ﬁ{)eci'fic | ocal i zati,on of BrdU. 15 Figure 37 shows

i denti fi cat i FJRIBRIGNEENS LN APARERCLOF8 i n the brain by human and

neural -1i neage specific markers. (A) A typical chain of transplanted cells
in the corpus callosum stained with human specific anti-m tochondri al

antibody. THe A4 derddier Mlanselantating rpgsteestist wawy Eswdntd)g die MoMEFIRY
an g | diiv™R: ; oty
ackground (hiHeR) AReFeld w %;e‘é Flost ggs%c?féﬁb%e%f%gﬁfdm)%?@\é@aﬁléw@&@

perinucl ear |ocal1zation. . e staining _ é
f 1 uor esd@nceerpwicallpedm ek ifimiyiaaiin), intebehoensade (ipr)oBedl+ (Cebg were not

were | ndeed SrThhDe bR (<67 ¥ aci bothe HiBSe ERA BRIl s BF1 1 ©
periventri clBrak)+reeys overe dour chinethe dostrdl miBradtly(greeem JRMBRAD) &rddy defls iror i gi n
From 25 the BE g PP B TSl Ot HIRPR S ERE S1 behlob?
ol i godendr oayskeific leshlization of BrdU.
15
Figure 37 shows identification of the transplanted cells in the brain by human
and neural-lineage specific markers. (A) A typical chain of transplanted cells in
the corpus callosum, stained with human specific anti-mitochondrial antibody.
The mitochondrial staining (green fluorescence) on Nomarsky background (blue,
20 cell nuclei indicated by asterisk) shows a typiéal perinuclear localization. (B)
Doublg staining for BrdU (green fluorescence) and human specific anti
ribonuclear protein (red fluorescence) shows nuclear co-localization, indicating
that BrdU+ cells were indeed of human origin. (C) A GFAP+ astrocyte (red) from
the periventricular region, co-labeled with BrdU (green), indicating its origin from
25 the graft. (D) An NG2+ oligodendrocyte progenitor (red) in the periventricular
region, co-labeled with BrdU (green). (E} A CNPase+ oligodendrocyte (red) in
the corpus callosum, co-labeled with BrdU (immunohistochemistry, shown as
dark nucleus in Nomarsky). (F} Neuronal processes in the fimbria, stained with a
human specific anti- 70kDa neurofilament. (G) A pli-tubulin+ neuron (green
30 fluorescence) in the olfactory bulb, co-labeled with BrdU (as dark nucleus (arrow)

in Nomarsky). Bars = 10um.



the corpus call osum co-labeled with BrdU (i munohi stochem stry, shown as
dark nucl eus in Nomarsky). (F) Neuronal processes in the finbria, stained
with a human specific anti- 70kDa neurofilanent. (G A G II|-tubulin+
neuron (green 30 fluorescence) in the olfactory bulb, co-labeled with BrduU
(as dark nucleus (arrow) in Nomarsky). Bars = 10m 19 DESCRI PTION OF THE
| NVENTI ON I n one aspect of the present fj@mvention there is provided an
enriched preparation of human undifferentiated enbryonic stemcells

capabl e of proliferation i n RESERIPEIQN @F THEINMENTION t 0 neural progenitor
I'ls, i al : LAt L O d

rai ms of -t hiTs S B8pdtt it Bddtns fffhfion hel P B ST Enfitit bishhitofiC

word, such asf howaprurgifferentated "eoirponis edém dedls nurpablet ehpediferatioresoc Vitrde

other additiy . onents, integers.or eps. 10 Established pluripotent
25 cel |11 nedd PEfPRAANS? heb B paEehiPodio AR ce BeRPr B855350 by t ne
applicant®. In contrast to data that has published previously, the human
ES cell lineg that haye been derived by the appligants in the present,
appl i cat i on RARYSRRUNEARASTIPEOUPRY Gladie TS SResiERioN, b WasagaTBpTice
l'ineages anda@d v&ridtiche dfehe RBFORYICARE “BoIRBHANGCANS ‘coMirRa¥elis néPRtdneaat
have 15 denonstrated the derivation of neural progenitor cells from human

ES cel I s in tog¢cusle qthesadditvese cpy@Qnadisaiiteasals &r SiePsgeni tors may give rise
to mature neurons in vitro. The contents of PCT/ AU99/ 00990 are hereby
incorporated. Proliferation in vitro may include cultivation of the cells
f or pr ol Bhgedstpblishadis pluiponé 8| ¢adl limas dnobs thaumaralbilastomyiste @reredhoivm #n

undi fferenti referabl y,.t | | s .are .mai i n .
condi tions mﬁ?@%l%%@ﬁ@?gtﬂp& & 88?511'0‘%’ St ﬁ%o?ontre%? rtgegr%%'s{g%l?g’a% gl%hShed
di f f er enti at premiouBlyettey Blinan Edegll dines capdave mfenndériviedi by the applicants in
undi fferentiﬁt ed statte vyhen %]5 C Itureg on a f.'bbrolel St fiedeg Ia%eli.
preferably ufgeP engh- app {earIan aé(?iuli’ﬁfn SRR (1P Fierent Fete ViR 1q RAMAUC
fibrobl ast feeageslatdejivel@es tdPbuidhEURI mexsEEaRIB! Yabrieevel, fappliedits atven.
15 demonstrated the derivation of neural progenitor celis from human ES cells in
vitro. These ES derived human neural progenitors may give rise to mature
neurons in vitro. The contents of PCT/AUS9/00990 are hereby incorporated.

Proliferation in vifro may include cultivation of the cells for prolonged periods.

20 The cells are substantially maintained in an undifferentiated state. Preferably the
celis are maintained under conditions which do not induce cell death or
extraembryonic differentiation.

Preferably, they are capable of maintaining an undifferentiated state when
25 cultured on a fibroblast feeder layer preferably under non-differentiating
conditions. __Preferably the fibroblast feeder layer does not induce

extraembryonic differentiation.

More preferably the cells have the potential to differentiate in vitro when
30 subjected to differentiating conditions. Most preferably the cells have the

capacity to differentiate in vitro info a wide array of somatic lineages.



More preferably the cells have the potential to differentiate in vitro when
30 subjected to differentiating conditions. Mst preferably the cells have
the capacity to differentiate in vitro into a wide array of somatic

| i neages. 20 The pronotion of stemcells capable of being maintained in an
undi fferentiated state in vitro on one hand, and which are capabl e of
differentiation in vitro into extraenyonic and somatic |ineages on the
ot her hand, géloms for the study of the cellular and nol ecul ar biol ogy of

ear|y human 4&%&rYPRERR OF Fiem CPEMERPaPIY Oh bRINGsMagiaaeaih 8p Widifferentiate
di fferenti at gt H |iFofdrPBhd handt 8HY Wiéff?f)éjﬁa e ftoﬂ diffdr&MeRbATh At O o

drug screening and drug discovery in vi : e cells are mal ntal ned
in the undi f PEraambraeels andsganatihineages aethedstheehamrd,i allows foo theastudy of
functional cgll EeuL{TQP a@@bﬁ%ﬁ’é]:’tuﬁarsbﬁm Elof St ehgﬁwrahvﬁgve!éigmg{uto "BhEforfror vo
and are pluripotent and have the capabi [ty gf "devel opIhg-into any organ or
ti ssue t\pe.geraniies algkpetationt ofs differéntimbed celiel feomethef stam t dedlsgfopugese in

i ncl udi ng er\ﬁorgzsri n'ﬁ cells, blood cells dneur.al cells .&r muscl e cells. Mst
preferably thay P Eall] adrug sereeningsand, da diseqveRi o of t he present
invention there is provided an undifferentiated human enbryonic stem cell
wherein the cell s inmmunoreactive with markers for human pluripotent stem
cel I's i ncl udPRgE dagacells arernpainigineddR, thenyndlisrantisted siatewiberimashel cel |
can di ffer endiifélhtiate@drmaivré @likMohal t418. CORLichitishié f%té?ﬁ‘éreﬁé ar&%legzedoi:

Preferably, the cells express specific transcription factors such as
as 20 défbondteatiea ambrrr-apdrReregtiunRatinidand have iy sheakility diffdeyelopinginteene

expression, JH r ki VAT : LAy rably the
ol 5 mai i aE oG Ais08 , o pree R i hOiE Seich b ShERSY | o
Pref erabl y, in¢ledingt entleasine welld, blondt cells; eneamalecells ed museleacats. onMoist an

undi fferenti t cell 1] More preferably, the stemcell line is a
per manent ceqq%%lq?lﬁn%%dﬁ %Fﬂ%’ﬁ%’g%g%r by 25 the characteristics identified
above. They preferably have normal karyotype along with the
charactecristics identified

bove. This conbjnation of definin roperties
will i dénti 1 AR Aspept Helegpreprpl inkoimn tive sy Rraidssas g Nersrtlis
used for thejumdrsemBh oMt stem cell wherein the cell is immunoreactive with markers for
human pluripotent stem cells including SSEA-4, GCTM-2 antigen, and TRA 1-80

and wherein said cell can differentiate, under differentiating conditions to neural

cells. Preferably, the cells express specific transcription factors such as Oct-4 as

20  demonstrated by RT-PCR, or methods of analysis of differential gene
expression, microarray analysis or related techniques. More preferably the cells
maintain a diploid karyotype during prolonged cultivation /n vitro. Preferably, the
stem cell will constitute an enriched preparation of an undifferentiated stem cell
line. More preferably, the stem cell line is a permanent cell line, distinguished by

25 the characteristics identified above. They preferably have normal karyotype
along with the_characteristics identified above. This combination of defining
properties will identify the cell lines of the invention regardless of the method
used for their isolation,

30 Methods of identifying these characteristics may be by any method known to the
skiled addressee. Methods such as (but not limited to) indirect
immunoflourescence or immunocytochemical staining may be carried out on
colonies of ES cells which are fixed by conventional fixation protocols then



30 Methods of identifying these characteristics may be by any nmethod known
to the skilled addressee. Methods such as (but not limted to) indirect

i mmunof | ourescence or i mrunocytochem cal staining may be carried out on
colonies of ES cells which are fixed by conventional fixation protocols
then 21 stained using antibodi es against stemcell specific antibodies and
visual i sed using secondary antibodies2gonjugated to fluorescent dyes or

enzynmes which = can produce insoluble colored products. Alternatively, RNA
may be i sol a%t@aedfwﬂﬁ tﬂ’?@b%@%%@m% e ral percifie awibedissnang isuahzad si s

d out it
carried oul st sBEd R ARLESREE LIl M BIVESLEn BRE bt EngffiES WG 2s

Cct-4. In a prée erre enbodl nent t erentrate
when i nj ect é@n piedune ineyulle wflorednmpnoddetsr i Mdrrﬁﬁw@yn% e de isolatad s

include difdfer I E,%E‘r_{lt [.e rmla The
germ | ayers ar ee@% pr g?ec%ﬁ I%nc{e%g%der moa}mgjggtagi é‘ﬂd B%’Y%ﬁ W'eﬁ!’r%@efabl Y,
once t hebt unieterminaerpressiablof steed cell bpycifimyerns sichamsOci-at ed and specific

differentiated cell types nmmy be identified or selected by any mnethods
avai lable to the skilled addressee. For instance, |ineage specific markers

nmay be used (b hr@etirddnembedimeht tHe Wligseabteacdaly Z il tueedirs Sedn m@c{e%CS)
or other sorting nethod or. by direct 15 mcro dissection of tissues of

interest. Th%sg‘edltﬁf;'é? et i EAnadeprivedrapCild taiget i nThessy armEs . ngl*,ggsa may
be cul ti vat getdrnitbd @elir StidePbO81 T fmQbyerd! i G ?aé/@ glls

?@ 5
t hat could be used for tras antation or ?Juse n drug “scre nlngfor
exanpl e1020 prefeegaidyt ﬁéﬂO@gp'edvew@r@ and pctndedod aremrrabb'r @rm‘ceathedumomﬁ tted

gt onr SR balabfighod ARaPHEy Hfo SLIIENLA AR HABARABL U iR

mat ur e neurons an or gl
di ff er enti ateay e identitied or $eleatedeuyr ahy prethyets amiable-dblthe shided eddoskbs.

and/or glial-ce ther r,0 neur
progeni tor §8f| L]‘L'r%gu O#L@%&F %P%% '8r n%dﬁ?rgl edlL?slgg ﬁ“ q? S%I?
from an undlf!tubae:seetﬁtl adtadt@h‘newlelonmgs(mspbk otheTfmTrang snethse cprwldded a
comm tt neur al , progenitar ce e to t ure peuron
cells. The ﬁﬁ?rﬁr%&??é’g?’%ﬁ ﬁgrqean{y geghi’rh&é? gt' ggﬁiis ma@%e usea in
any manner. They may be cultivated in vifro to produce large numbers of
differentiated cells that could be used for transplantation or for use in drug

screening for example.

20 In another aspect there is provided a differentiated committed progenitor cell line
capable of differentiation and propagation into mature neurons and/or glial cells.
The undifferentiated cells may differentiate in vitro to form neural progenitor

cells, neuron cells and/or glial cells.

25 In another aspect, there is provided a neural progenitor cell, neuron cell and/or
glial cell differentiated in vitro from an undifferentiated embryonic stem cell.
There is also provided a committed neural progenitor cell capable of giving rise
to mature neuron cells. The mature neuron cell may be characterized by an
ability to express 160kDa neuro-filament protein, MAP2ab, glutamate,

30 synaptophysin, glutamic acid decarboxylase (GAD), tyrosine hydroxylase, GABA

and serotonin,



ability to express 160kDa neuro-filanment protein, MAP2ab, glutamate, 30
synapt ophysin, glutam c acid decarboxyl ase (GAD), tyrosine hydroxyl ase,
GABA and serotonin. 22 In another aspect, there is provided a neural
progenitor cell capable of differentiating into glial cells, including
astrocytes and ol igodendrocytes. The glial cells include mcroglial cells
and radial glial cells. 5 In another aspgct, there is provided a neural
progenitor cell capable of transdifferentiation into other cell |ineages,
to generate &% c#HAUREN Ssppet, WBefa 8 eprovisiedd ac selml opragenitere seb neapaite reft y pe,

h h T . et i - | W I'ls,
sueh 2, hermagobhasig HRTHLAPS, | AT REbh Ao L IRl |
obt ai ned by gtaeeils intivdeementddla tells arfid radimglidiSedel | s, identified by

neural markers. These cells may be isolated in pure formfrom
differentiating ES cells, in vitro, and propagated in vitro. They may be

i nduced t® ndefotigy Aspér anéieatid OprolidedBhURBUREUSREENIEIdCEN &padle ¢l | S.
15 The cell Sggﬁgdi ndergo differentiation in vitro to yield neural

progenitor c erealigtian Jptay| otaer ceall Jingagekl o agersiatncHBy tRlle @Bl s,

such di ffereﬂtffé?édti@fbd)e%diﬂ% ShaRCEAIbARD therdpel CBRF SXPTHRAMRbblast.

characteristic of speci | i neages as denonstrated by i nmunocytochem cal

or RNA anal yBeatapeigtiscsten sells eh enggtheiialpeteabeelishauntyyouisi engladepnesadison of

genes charac betoherRepd Uri potent cells or particular |ineages.
Preferably, gﬁ?%erenirﬁgﬁﬁgexpressi on of Cct-4 may be used to identify stem

cells fr differentiated cells. Qrherwise, the presence or absence of
exore=st on ofdle Su9 S58F 5 BRSIEL b Ll BIMSLARYBR of HEMACESS g o1
expressi ons ideptifisdeby ectrglemeariaxpr Rsisencelisoial ehd walketbirie fure forheframar
ety O Bl o RO SR SRS aledin S 0y e Bl sz 2t on
in defined undergo differentiation to mature neurons and/or glial cells.
15
The cells may undergo differentiation in vitro to vield neural progenitor cells,
neuron or glial cells as well as extraembryonic cells, such differentiation being
characterised by novel gene expression characteristic of specific lineages as
demonstrated by immunocytochemical or RNA analysis. Characterisation may
20  be obtained by using expression of genes characteristic of pluripotent cells or
particular lineages. Preferably, differential expression of Oct-4 may be used to
identify stem cells from differentiated cells. Otherwise, the presence or absence
of expression of other genes characteristic of pluripotent stem cells or other
lineages may include Genesis, GDF-3 or Cripto. Analysis of these gene
25 expressions may create a gene expression profile to define the molecular
phenotype of an ES cell, a committed progenitor cell, or a mature differentiated
cell of any type. Such analysis of specific gene expression in defined
popuiations of cells from ES cultures is called cytomics. Methods of analysis of
gene expression profiles include RT-PCR, methods of differential gene

30  expression, microarray analysis or related techniques.

Differentiating cultures of the stem cells secrete human chorionic gonadotrophin

(hCG) and a-fetoprotein (AFP) into culture medium, as determined by enzyme-



popul ations of cells fromES cultures is called cytom cs. Mthods of

anal ysis of gene expression profiles include RT-PCR, nethods of
differential gene 30 expression, mcroarray analysis or related
techniques. Differentiating cultures of the stemcells secrete human
chorioni c gonadotrophin (hCG and a-fetoprotein (AFP) into culture nmedium
as determ ned by enzyne 23 |inked i mmupgsorbent assay carried out on

culture super_natc‘gnts. Hence this may also serve as a neans of identifying
the differ enfiNs@BIMPRINPEOTDEAL agsay sridiadi altteen ctlture sunarnatgntseuttance this

progeni tor ceghd a|s@§éﬁ@rhsc§He%Q§%¢4 nggég{he.oﬁff&%h{@eagi&p I'so be

characteri sed by expressed markers c eristic o ‘erentiating
cells. The in vitro differentiated cell culture may be identified by

det ecti ; f th d | L k
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s+ coopt o Sirpeiating ae TR et S patael ellsabire Moy be ehticd by

nucl eoti de 3deteRhng PvIsHASS QIdSE mafilirastine RiPocdBlicthal fAeadd) hd¥iers of

staining. In another preferred aspect of the present invention there is
provi ded a nBEWA Proagenipbgels eurellamext dreteins; menasianab aptikediessiriz@s f or

t he neuroect i n : r f he
group iuncl ud?ﬁgw;%:’ ygtlug%@%t%éd%ﬁ?- '%’c{m”@ﬁ ngwlﬁghﬁg?cﬁeg?c%ﬁ%’ i%ﬁt i@r%mgﬁd t he

transcri Bl i oserotdrantiprosiPexhBirogyiabe, detubotin,Pepubess HOBABA AR Reasfipdorabligl, t he

cells do not ress. the tr.a iptiqnal, factor 4. .. This nmay,. he
Comonst  at oalB R B B ERRRAR: o2 hrm e Pugodic: 27 BhBriiddjariirase
expressi on, (GNPass) alp, DVGRYSICH, ahdMebE stdintrechni ques. More preferably the

cells wll constitute an enriched preparation. They can proliferate in
vitro for prolonged periods at an undifferentiated neural progenitor state

to produce ajy gh@ReNPrEiSired asPéctCt! the - préSentNBYERonPtheBe il brviderl hhetitd)
differentiate, under differentiating conditions to mature neurons and

glial celds.Progeyiter ealovrseinddpeet! exprassimeikats fon ths pourgestoderaal iieage
progeni tor cgl hyaiLhelifa) markers selected from the group including polysialyated N-
CAM, N-CAM, A2BS5, nestin, vimentin and the transcriptional factor Pax-6, and

do not express Cct-4.

20  Preferably, the cells do not express the transcriptional factor OCT-4. This may
be demonstrated by RT-PCR, or methods of analysis of differential gene
expression, microarray analysis or related techniques. More preferably the celis
will constitute an enriched preparation. They can proliferate in vifro for profonged
periods at an undifferentiated neural progenitor state to produce a large number

25 of cells.  The neural progenitor cells can differentiate, under differentiating

conditions to mature neurons and glial cells.

In yet another aspect, the invention provides a neural progenitor cell which is
capable of establishing a graft in a recipient brain, Preferably the neural
30  progenitor cell is as described above.

Upon transplantation to the developing brain they incorporate extensively into
the host brain, demonstrate wide spread distribution, migrate along established



capabl e of establishing a graft in a recipient brain, Preferably the neural
30 progenitor cell is as described above. Upon transplantation to the

devel opi ng brain they incorporate extensively into the host brain,
denonstrate w de spread distribution, mgrate along established 24 host
brain mgratory tracks, differentiate in a region specific manner into
progeny of the three fundanental neurat4lineages, indicating their
capability tﬁ respond. to |ocal cues and participate in the devel opnent and
hi st ogenesi s 8%‘%5@ iRy %&53 differgriiale d FREIPH BPARINIGRBNARHIPIHPOIERY | es

will identifyfihBapRAU ' ' Sinhi - ' [
regardl ess of the net h%aﬁgg%??%&r@{ lﬂ]‘?lgleis'slglhg:tgﬁﬁ%%?lhE@?af%mlgﬁg% t]%?mggpt)%ct of
the present [ogakgiesomd padicipatesinghe diedeldpaeyt aad histddenesisfaf éhe fivinghost. f r om

a neural proggaqi cel r b I al 1 i te,or an
ol i godendr oc?ﬁfg.é%c]tl)'gggéenn rﬁIP o(](;%{f}fi Lpg brpéyf/)ebteé%i él'nﬁepﬁ@d{hgyﬁ%@%ﬁﬁ?%ﬂ%cgn

i mrunost & ni iesoof thy irfikAtion eeperdieps sf the mythodniskd $orcthpir édodation( MBP) , pl p

and dm20. In a further aspect of the invention, there is provided a nethod
of preparing undifferentiated human enbryonic stemcells for

di fferenti atinopet ahotheewspect bty pasrint anvertibhs thesaiid pravided & nibldemg:
obt ai ni ng an i'ﬁn vitro fertilised human enbryo and growi ng the enbryo to a

bl ast ocyst sYHGENYREFefaMb SnBRY Al REABHNIRY ‘i’%herpréﬁqrf"%‘ynﬁi% Qoo 818 from
he. enbryo: ! _ Al . !
the enbryo e%#dcgfé H9an %%Hd%webflﬁgiﬂérggg?%mﬁ Qi‘énﬂﬂ%deb?‘@}lﬁﬁnd

extraenbryonic 20 differentiation and pr ono

prol i fer'&ti cNCo? imrgnpstainimg cabrRNAdmRNseaptssof mywrlinekasic erataig (P trém
cells. The sérﬁpg@@%g]s wi Il be undifferentiated cells and can be induced to
differentiate len a differentiating signal is applied. In a preferred
enbodi nent of the present invention there is provided a nmethod of

PreBar 10, LS KRR KOS T FANH e h ST o BB o
undifferentiated human embryonic stem cells for differentiation into neural
16 progenitor cells, said method including:
obtaining an in vitro fertilised human embryo and growing the embryo to a
blastocyst stage of development;
removing inner celis mass (ICM) cells from the embryo;
culturing ICM cells under conditions which do not induce extraembryonic
20  differentiation and cell death, and promote proliferation of undifferentiated stem
cells; and

recovering the stem cells.

The stem cells will be undifferentiated cells and can be induced to differentiate
25  when a differentiating signal is applied.

In a preferred embodiment of the present invention there is provided a method of
preparing undifferentiated human embryonic stem cells for differentiation info
neural progenitor cells, said method including:
30 obtaining an in vitro fertilised human embryo;,
removing inner cells mass (ICM) cells from the embryo;
culturing ICM cells on a fibroblast feeder layer to promote proliferation of
embryonic stem cells; and



30 obtaining an in vitro fertilised human enbryo; renoving inner cells nass
(ICM cells fromthe enbryo; culturing ICMcells on a fibroblast feeder

| ayer to pronote proliferation of enbryonic stemcells; and 25 recovering
stemcells fromthe feeder |ayer. Enbryonic stemcells (ES) are derived
fromthe enbryo. These cells are undifferentiated and have the capability
of differentiation to a variety of cell24ypes. 5 The "enbryo" is defined
as any stage after fertilization up to 8 weeks post conception. It devel ops
fromrepeated di vI&PO¥aring sieg) ?@lsaffﬂi“ﬂ*?ftfméélayﬁé stages of a blastocyst
stage which conprises an outer trophectodermand an inner cell mass (ICVM.
10 The enbryo required in the present nethod may be an in vitro fertilised
enbryo or i Emhiyonie semendlisy ¢E Qe riry etkrivedt frams ther eofbrwsoﬂ?hese: oetkd:larer

| | t whi ch
's then act [59"{5’ irrerfiRte it e s SaE by Pr R iondd Go PR Hiies The
enbryo mey b&héewrhibiyser baflrmyas Nayi bia@eMBHOO fstidaibh al QotS:Weéleﬁ@dﬁce
I nsem natl on

t he enbryo be fertilis usi n conyent i onal
i ntracyt opl ag%‘ EPLpRy ‘i"?ﬁei?ﬁ'ﬁ Pn TRH rdigsion At Geds madopelkdes thepiages
cryopr eser vapi §idsSodyst tagh iviradh éomﬁﬂs%ﬁ)&:terzt%pSH%EOdé@t% REEN mner cell

cryopreserved at a stage of devel opnent is suitable. Preferably enbryos
that were crigpsé Qé%\md at the zygote or cleavage stage are used. Any

met hod of cryopreservation of enbryos may be used. It is preferred that a
met hod produ0| ng high quality (good norphol ogi cal grade) enbryos is

enpl oyed!0 25 fne embrm efopireddn thepresent mﬁﬂnqd)mayl haiae :mnmofertlhseérm’lm@d but

o phol gl cal bR ah Mltrde TEHUET pPaaied 8 Sttt Bl bat PRGCleps nte
enbryo can ban essdeated dmyytemfrmimdroga oerh hamah&irlw wMIﬁt is piheat acidialted &he
inner cel | rra%%wed%ovc%velop%?he 8!%sfocyst stage

15 The embryo may be fertilised by any in vifro methods available. For instance,
the embryo may be fertilised by using conventional insemination, or

intracytoplasmic sperm injection.

An embryo that is recovered from cryopreservation is also suitable. An embryo
20 that has been cryopreserved at any stage of development is suitable. Preferably
embryos that were cryopreserved at the zygote or cleavage stage are used. Any
method of cryopreservation of embryos may be used. It is preferred that a
method producing high quality (good morphological grade) embryos is
employed.
25
It is preferred that any embryo culture method is employed but it is most
preferred that a method producing high quality (good morphological grade)
blastocysts is employed. The high quality of the embryo can be assessed by
morphological criteria. Most preferably the inner cell mass is well developed.

30  These criteria can be assessed by the skilled addressee.

Following insemination, embryos may be cultured to the blastocyst stage.

Embryo quality at this stage may be assessed to determine suitable embryos for



30 These criteria can be assessed by the skilled addressee. Foll ow ng

i nsem nation, enbryos nay be cultured to the bl astocyst stage. Enbryo
quality at this stage may be assessed to determ ne suitable enbryos for 26
deriving ICMcells. The enbryos may be cultured in any medi umt hat

mai ntains their survival and enhances bl astocyst devel opnent. Preferably,
the enbryos are cultured in droplets ungger pre-equilibrated sterile 5
mneral oil in |1VF-50 or Scandinavian 1 (S1) or Gl.2 medi um (Scandi navi an

| VF) . Pref er@@iyng KeMioedabdheembryos aran ke cdliiyed in any vredignghaignaintaigsed,
on the thi rtﬂeﬁ’@(:r\fi\?aﬂ agapgn@]%gcan agﬁ‘)@ @g%ﬁnﬁta m xture of 1:1 of |VF-50

and Scandi navl an- um I nav may be used. From at | east
the fourth day, a suitable nedium such as .2 or Scandi navi an-2 (S2)

(bl ot sy yretéighRe dhd Brfpries Ao MtyfeliCin’ ﬂfﬂp@ sblar pRERARRatd Mty

onwar ds. 3l n raingraf el iredvErBoodi Seahdinbianbl 3Stpey B1. QsmédiwneC(Seﬂ’xdl@awan
rempve the zona pell uci ﬁg or_a rt| on ther eof

enzymatic di tion, t

Preferably t'ﬁﬁ Pé@ﬁeé%oti)ﬁtth? neubalicn,is; fok tee deys t Vﬁr%g arfsé’csegnoﬁi'b%nded
bl ast ocyst shRgedh) a@yom%t@nﬁé&&mhehyasoa Htufe ofenerad hwrbbi §nd5 at
appr oxi mattelh%C si X da s after insemnation. Any protein enzyne may be used

to digest t amﬁwvg%l ? upediamofSqnadinayian Nénewpy brousedbmhrp Bt éﬁﬁsbé@%t
Exanpl es i nghy ﬁdayoé@é@abl@ﬁi ;uTM péﬁ% 2 Y5k 9RandiRgy aﬁ%ﬁ@ﬁﬁg'n‘?@dl umiEhapds

such as | aser gl ssection. Pre ronase 'S use ronase nmay be
di ssol vé@ i rhePBSeshdoEy oto %QWrrélm ue{me}rst éoablaﬁtqcryet rRagenblastocysts).

Scandi navi a’br%fé??ﬁ‘l%“&?ng%é’t cflg'pjrs %edzﬁl tst%%f b %% 8{;“8;(1 zona pel |l uci da

fromthe bl astocys proxi ma onase may be used for a
period sufficient to renove the zona pellucida. Preferably appr OXI mately 1

to 2 mns, re efe m.ns iis used
bl ast ocyst ) qﬁ&f’%ﬁ Wé% hxglm@ t% gﬂ)a%ﬁcméﬁ ﬁxﬂwe%{ﬁgto §6Z¥TU¥F‘F‘|g g%\t ed
to dissolve rérlﬂ\@véOtﬁ@ anld pelivdaia BF &f pbaknythetaurt h?feféimlthé)fblaﬁé@as igray be
used to go Ielg/ di ssol ve the zona. Mre pr%f erabl%/
1 ubjected to the digestion at an expanded blastocys stage which may be
approximately on day 6. Generally this is at approximately six days after

insemination.

Any protein enzyme may be used to digest the zona pellucida or portion thereof
20 from the blastocyst. Exampies include pronase, acid Tyrodes solution, and

mechanical methods such as laser dissection.

Preferably, Pronase is used. The pronase may be dissolved in PBS and G2 or
52 medium. Preferably the PBS and Scandinavian-2 medium is diluted 1:1. For
25 digestion of zona pellucida from the blastocyst, approximately 10 units/mi of
Pronase may be used for a period sufficient to remove the zona peliucida.

Preferably approximately 1 to 2 mins, more preferably 1 to 1.5 mins is used.

The embryo (expanded blastocyst) may be washed in G2.2 or 82 medium, and

30 further incubated to dissolve the zona peliucida. Preferably, further digestion
steps may be used to completely dissolve the zona. More preferably the
embryos are further incubated in pronase solution for 15 seconds. Removal of
the zona pellucida thereby exposes the trophectoderm.



enbryos are further incubated in pronase solution for 15 seconds. Renoval
of the zona pellucida thereby exposes the trophectoderm 27 1In a
preferred enbodi nent of the invention the nmethod further includes the
following steps to obtain the inner cell mass cell, said steps including:
treating the enbryo to di sl odge the trophectodermof the enbryo or a 5
portion thereof; washing the enbryo witdr a G.2 or S2 nediumto disl odge
the trophectodermor a portion thereof; and obtaining inner cell nmass
cells of the enbryo. 10 Having had renoved the zona pellucida, the I CM and

t rophect oder i . yt rm, rated
fromthe 1O Adyeensthoqtoarng o WL FLARIsh 108 MERRITEIREFIL G SRR
from t he | CNbliowingfséapsitioyobitdie therbinyer detlmddsastlipsyidtstateviociddiog: zona

pel lucida) is sulject to _imuno-surgery. Preferably if.is treated with
an anti body or amﬁia@gﬂhﬁ%ﬂ%‘wv@ q’§%?h%8pﬁr?@l?§ Oc’g}ﬁ%t ﬂé%?f‘ﬁ’&éoﬁ % he

t rophect aderpurtiddbthergafef erably, the treatnent of the enmbryo, (preferably
an enbryo at the bI% st stage devoid_of zona pellucida) | i ned

st oc ] co
with treatment wi%as &Shﬁ%‘érr@ YorpethA | B8y Orard/ SREAH §%rﬁ'§f°$ﬁ@ the

conpl enent  tirpmcbRAerARY o risethesemaradel y or together. Preferred
conbi nati ons of antibody and/or antiserum and conpl enent 20 incl ude

anti-pl acental aloREINAG IS $EH Atasscelff BEsMBNEG: Baby Rabbit conpl enent
(Serotec) or anti-human serum anti body (Sigma) conbined with Guinea Pig
conpl ement (G bco). Preferably the antibodi es and conpl enent are diluted in
Q2.2 or 182 ingrhad 28nived dhe i do0ai paliugitd, doenpClhrend traphetiodierny become

ot hacent Akeslisa! | BreBRANENRL % op ARGk JeBahy il 206 ML B o o
bl ast ocyst (npetaber malyybbaempipyelie ta osepapatel dwd deophdtodemav édjn itbe siiect ed
Lo, e ant L D9gh t 9AE ety (3L IR i e SR e S RORERY & e
immuno-surgery. Preferably it is treated with an antibody or antiserum reactive
15 with epitopes on the surface of the trophectoderm. More preferably, the
treatment of the embryo, (preferably an embryo at the blasiocyst stage devoid of
zona pellucida) is combined with treatment with complement. The antibody
and/or antiserum and complement freatment may be used separately or
together. Preferred combinations of antibody and/or antiserum and complement
20 include anti-placental alkaline phosphatase antibody and Baby Rabbit
complement (Serotec) or anti-human serum antibody {Sigma) combined with

Guinea Pig complement (Gibco).

Preferably the antibodies and complement are diluted in G2.2 or S2 medium.
25 The antibodies and complement, excluding anti-placental alkaline phosphate
(anti-AP) are diluted 1:5 whereas anti-AP antibody is diluted 1:20 with S-2

medium,

Preferably the embryo or blastocyst (preferably having the zona pellucida
30  removed) is subjected to the antibody before it is subjected to the complement.
Preferably, the embryo or blastocyst is cultured in the antibody for a period of

approximately 30 mins.



approximately 30 mns. 28 Follow ng the anti body exposure, it is preferred
that the enbryo is washed. Preferably it is washed in &Q.2 or S2 nedi um
The enbryo or blastocyst preferably is then subjected to conpl enent,
preferably for a period of approximately 30 mins. 5 G.2 or S2

(Scandi navian-2) nmediumis preferably used to wash the enbryo or

bl ast ocyst to dislodge the trophectodergpor a portion thereof. D sl odgnent
may be by nechani cal neans. Preferably the dislodgnent is by pipetting the
bl ast ocyst t iFotiogimgathenahiibdatyr expogued t &. is Lfrefdieed @Mtcekl embrye tshemshed.

exposed and rge for, renmoval and turjng. ,Culturing of the |CMcells
may be condug{%g}/?my at 19 %gﬁgs‘f’ ﬁég%é)rr 43_238?@'“%. ﬁh? %Q%%‘Flc%' lpstocyst
fibrobl ast fepserabhayisr thdmesubfddisd WMd | cotdiéPERNT bRiféraplyetspedn Beriod of
inhibitory factor (LIF) has beéen shown to replace the feeder |ayer in sone

cases 15 and2rB¥aaeMHEMNS.1s in an undifferentiated state. However, this
seens to gnly work for nouse cells. For human cells, high concentrations
of LIF were unable to naintain the cells in an undifferentiated state in
t he absence &2.2of i93r (Srkadinavibedt}enediayeis. preéterdbie useddo twanhsthehgrobryd®rnot

i nduce extra nJ WhLerentjatio n |1 deat y &ncl
cul tivating E Eg[%éﬁﬁ{r@o(ﬂ?lgdg?gtﬂﬁ hg%bg&gﬁe%ﬂ %FBP&%’O& ef%"zfde[?'sf’gﬁ“g”* WAY ch
does not i ndheebexheaenica omeansli f Feerndbiptthendishdgaaint ideby hpipditing ethor
human fi br obbﬁsp %craﬁ (fr fer abh)[é used. They may be used separately 25 or
in conbi nat i BRGHREAMABENFL PO'HPREIBe support for stemcells, but they
create aimon-even and soneti mes non-stable. feeder |ayer. However, they may
conbi ne effecti velh{ wi th mouse fibroblasts to obtain an optiml stem cell

[

growth and il Afi M | S oNaui hear kaeRosen. ansh raayy 1 remevdli ayd uitding.

fibroblast | eyl kERbICM Sofd ARY!Ud YotiRidP{ lBRAGASt BeddPRILL Yindhe
approxi mately 25,000 human and 70, 000 nouse cells per cnR is st )

absence of a fibroblast feeder layer, the cells will differentiate. Leukaemia

inhibitory factor (LIF) has been shown to replace the feeder layer in some cases

15  and maintain the cells in an undifferentiated state. However, this seems to only

work for mouse cells. For human cells, high concentrations of LIF were unable

to maintain the cells in an undifferentiated state in the absence of a fibroblast

feeder layer.

20  The conditions which do not induce extraembryonic differentiation and cell death
may include cultivating the embryonic stem cells on a fibroblast feeder layer
which does not induce extraembryonic differentiation and cell death.

Mouse or human fibroblasts are preferably used. They may be used separately
25 or in combination. Human fibroblasts provide support for stem cells, but they
create a non-even and sometimes non-stable feeder layer. However, they may
combine effectively with mouse fibroblasts to obtain an optimal stem cell growth

and inhibition of differentiation.

30 The cell density of the fibroblast layer affects its stability and performance. A
density of approximately 25,000 human and 70,000 mouse cells per cm? is most
preferred. Mouse fibroblasts alone are used at 75,000-100,000/cm?. The feeder
layers are preferably established 6-48 hours prior to addition of ES or ICM cells.



preferred. Mowuse fibroblasts alone are used at 75, 000-100, 000/ cnR2. The
feeder |ayers are preferably established 6-48 hours prior to addition of
ES or ICMcells. 29 Preferably the nouse or human fibroblast cells are | ow
passage nunber cells. The quality of the fibroblast cells affects their
ability to support the stemcells. Enbryonic fibroblasts are preferred.

For nmouse cells, they may be obtai ned 525r0n113.5 day ol d foetuses. Human
fibroblasts may be derived fromenbryoni¢ or foetal tissue from

term nation of pregnancy and may be cultivated using standard protocols of
cel | culture¥)TPe ﬂuidelines for hanQJin t he nnusg enbryoni c fibrobl asts
may include TTB'SRHY S MRKSEHY bidBap *bffr@@sgiw"ai%j@ PWRPSEAGS AEIRPAITEHS of

over crowdi ng TiHg §ipgity eFkRe fibrobleER Ik iafebistheR | A3ky td Rabpart thd QterhzRid ed
accordingly wll fail to support the growth of undifferentiated ES cells.

Each bat ch™ oft"Rewpyicdérphiasts asuselerad y diironpuss esliastheyinsay dst ebtaingd
confirmigs g\ 3Big 44y ofOfe Bpﬁhn%dfibrgﬁff;\gfseﬁgg%ee 8&iv°etdeﬁbr%eérjn§|goﬂri§
Fresh primary enbryonic tibroblasts are preterred’in supporting stemcell
renewal and/ or foeldissom fufm demainationi dff pregnanat iaod Bey cloerpaulitadtado using

frozen-t haweg%ar;‘dl?p& E,%g%soi%sbf ?I\ég'\é(g’ittﬁ’ha ess, sone batches will retain their

supportive potentia Ed freezi ng and thawi ng. Therefore each
fresh batch that has proved 20 efficient in supporting ES cells renewal

and/ or induction of, sonatic differentiation is retested after freezing and
thawi ng. Bat dnBeot el arar hapaing et BRura) cmppRIc ?'?Jé%bma BAY Wﬁé\ﬂpﬁg

are nost1Qr ehefigidivg UsEe diseBatt G0 AligodtioRt A bOoi@lfSh@é i werég@va@ei ihithy for

t he support of stemcell renewal, the induction of somatic ifferentiation

or the i nducEtBHeof ERRYaRAbikiahiastithatepkenPhthesrled sceriRingho vdt fat rtai ns
yi el d enbryogj f - §i : Lt i
mai nt enance g?\%ér{ngtég? i}%ﬁhp{?‘f l\é@ﬁgﬁegﬁﬁe?%?e‘%y |é'at [ %)% ?ﬁ%rq ﬁﬁéwe@gqéwg?her
strai ns. For M&xaaprebryonigrigoblests igdesteddtof eanfirmnnits editalditty Sor sup@BAanilce
or mce froma:6Les%0f lad/RigW th C57/ 1316 strains have ‘proven highly

sui tabl e
15

Fresh primary embryonic fibroblasts are preferred in supporting stem cell
renewal and/or induction of somatic differentiation as compared to frozen-thawed
fibroblasts. Nevertheless, some batches will retain their supportive potential after
repeated freezing and thawing. Therefore each fresh batch that has proved

20 efficient in supporting ES cells renewal and/or induction of somatic differentiation
is retested after freezing and thawing. Batches that retain their potential after
freezing and thawing are most preferably used. Batches are tested to determine
suitability for the support of stem cell renewal, the induction of somatic
differentiation or the induction of extraembryonic differentiation.

25
Some mouse strains yield embryonic fibroblasts which are more suitable for
stem cell maintenance and induction of somatic differentiation than those of
other strains. For example, fibroblasts derived from inbred 129/Sv or CBA mice
or mice from a cross of 129/Sv with C57/BI6 strains have proven highly suitable

30  for stem cell maintenance.

Isolated ICM masses may be plated and grown in culture conditions suitable for
human stem cells.



30 for stemcell maintenance. |Isolated | CM nmasses may be plated and grown
in culture conditions suitable for human stemcells. 30 It is preferred
that the feeder cells are treated to arrest their gromh. Several nethods
are available. It is preferred that they are irradiated or are treated with
chem cals such as mtonycin Cthat arrests their growh. Mst preferably,
the 5 fibroblast feeder cells are treatggl wwth mtonmycin C (Sigm). The
fibroblast feeder |ayer maybe generally plated on a gelatin treated dish.
Preferably, the tissue culture dish is treated with 0.1 %gelatin. 10 The

fibroblast f r a ntai_n (fied fihr F

i Inst ance, fﬁgrgg{br?'laeﬁég tg%?heestefeﬁagr%gh%:%? @%tedn@nﬁﬁéﬁe&%hiﬁ%a?%c'E%'Vgral
essen]ti aIh fome%hc&:lm areedviailaisio e Wais m’latliersltw MaMey?u?hré&amGrcF ara}treiatmjl rrd!e for
exanpl e human__nul ti potent stem ce ctor, .l nner c mas ma
o cul tur od Greiels: SToR BMoTmeahr thehpEess ol PRI ARt PSBFARS hed: ym
A suitabl® nestourst fecBEbISABEatet WK WiitonSyR5H QTIBF%:‘hé')\!ate, with glucose
4500ny/ L) supplemented with 20% FBS (Hycl one, Uah), '(betanercaptoet hanol

- 0.1nmM (A BCO), non essential amno acids - NEAA 1% (d BCO), gl utam ne

2mM (G BCO) Thanhrgi51ad Cﬁeblki{eﬁ @gpﬁﬂéﬁ%geﬁéﬁaﬁytm&i& éoggl/aﬂ?\ thédt&Qsn. | 0

the early stages of ESt ce tiva , the "medium nmaybe suppl enent ed

wi th hurman rBedereblyathe tissukenitard dibh i treated wWithdl. 8% gelatin.pr ef erabl y at
2000p/ m . However, LIF generally is not necessary. Any nedium nmay be used
that can support the ES cells. 25 The ES nedi um may be further suppl enented
wi th sollibl eTiye Gibtdbldshdeates iayerahay pisonadrgaistreodified fibgbladth Gor sastariceal  or

1T eyl LT A B B T AR A5 o e
The i sol at edcdlIChrial baag ubd uised. f Qucht fAcRRS tmaY Xnclals . follesldmSie Shiaggn a

col ony of cel bs devel ops. This colony is conprised principally of
undi f f er ent i BHREONERIeM 68l @Ctorhey may exist on top of differentiated

cells. Isolation of the

15 Inner cell mass celis may be cultured on the fibroblast feeder layer and
maintained in an ES medium. A suitable medim is DMEM (GIBCO, without
sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah), (betamercaptoethanol - 0.1mM (GIBCO), non essential amino
acids - NEAA 1% (GIBCO), glutamine 2mM. (GIBCO), and penicillin 50p/mi,

20  streptomycin 50ug/mi (GIBCO). In the early stages of ES cell cultivation, the
medium maybe supplemented with human recombinant leukemia inhibitory
factor hLIF preferably at 2000u/ml. However, LIF generally is not necessary.
Any medium may be used that can support the ES cells.

25  The ES medium may be further supplemented with soluble growth factors which
promote stem cell growth or survival or inhibit stem cell differentiation. Examples
of such factors include human multipotent stem cell factor, or embryonic stem
cell renewal factor.

30  The isolated ICM may be cultured for at least six days. At this stage, a colony of
cells develops. This colony is comprised principally of undifferentiated stem
cells, They may exist on top of differentiated cells. Isolation of the

undifferentiated cells may be achieved by chemical or mechanical means or



undi fferentiated cells may be achi eved by chem cal or nechanical neans or
31 both. Preferably nmechanical isolation and renoval by a mcropipette is
used. Mechanical isolation may be conmbined with a chem cal or enzymatic
treatment to aid with dissociation of the cells, such as Cat+/ Mg2+ free
PBS nmedium or dispase. 5 In a further preferred enbodi nent of the
invention, the method further includes:gqreplating the stemcells fromthe
fibrobl ast feeder |ayer onto another fibroblast feeder |ayer; and
culturing t héo’sbt efreferdtdy horchanizet iismatiwfairind:ir@novaicbyobtraicmmpetlé fseused.on of

10 nor phol ogi erentiated o A fu ther r at i of, the
undi 11 or ent | MegtedioHhPklakh ey BeriosMiieh SRhet raditl a” SorimBLe bpaafhts
fromthe firsd afd itabdiesdcidtesdef thacels, reychbas et/ fee PBSS hedium or
human/ nmouse f,i brobl ast feeder layer in the same nmedi um as descri bed above.
15 Pref erabl 9'3’3??1% cells are cultured for a period of 7-14 days. After this
period, ®ol on| es of undifferentiated stemcells nay be observed The stem

cells may be hol ogi cally identified preferably by the hig

nucl ear/ cyt offl s'a f@rrpé@fﬁa'ed enpastimaenef the givestion, dhel ﬂt&ih@@ﬁlﬂf@(ﬁﬂwes
formation. The cel f 0, 308hd;

often flatter thanépéfag@é ﬁ‘r(EnSS n’?I("SIEJ.HI; 'ﬁ thﬁoﬁéﬂggﬁgtr eser% ygﬁgg@ %E]Pﬁrr{gg by
pl uri pot ent houehlastidedgoleykr,@adci nona ceII lines such as GCT 27 X-1. In

anot her enbodi nen i nvention. the netho furt
propagating 25t %&ﬂlﬁénﬁ?esrgﬁ’t F%‘?Se&ms?epr%negﬁ 'C’er'ﬁ OmgP fl'!‘g?grﬁ‘ '%'E)agati on
may i ni t1@l | snorptwddgieallyreniifferogtiated gpsn eblisundi f ferent i at ed stemcells from

colonies of cells. The dispersion is preferably by chem cal or mechani cal
means or both. More preferably, the cells are washed in a Ca2+/ Mg2+ free

PBS or they AW@rthéﬁ‘é'p%hE&if'tMeiﬁﬂﬁfe‘?@'ntfartéﬂnsfe'ﬁ? cEP RNp&Forfed® TREMOMEH ON Of
t hese net hods or nown thods available to the skilled addressee.
In these net HEAPS Qferpqllg from the first fibroblast feeder layer may be replated on fresh
human/mouse fibroblast feeder layer in the same medium as described above.
15
Preferably, the cells are cultured for a period of 7-14 days. After this period,
colonies of undifferentiated stem cells may be observed. The stem cells may be
morphologically identified preferably by the high nuclear/cytoplasmic ratios,
prominent nucieoli and compact colony formation. The cell borders are often
20 distinct and the colonies are often flatter than mouse ES cells. The colonies
resemble those formed by pluripotent human embryonal carcinoma cell lines

such as GCT 27 X-1,

In another embodiment of the invention, the method further includes propagating

25 the undifferentiated stem cells. The methods of propagation may initially involve
removing_clumps of undifferentiated stem cells from colonies of cells. The
dispersion is preferably by chemical or mechanical means or both. More
preferably, the cells are washed in a Caz‘”/Mg2+ free PBS or they are
mechanically severed from the colonies or a combination of these methods or

30  any known methods available to the skilled addressee. In these methods, cells
may be propagated as clumps of about 100 cells about every 7 days.



may be propagated as clunps of about 100 cells about every 7 days. 32 1In

the first nmethod, Ca2+/ Mg2+ free PBS nedi um nay be used to reduce cell-cel
attachments. Follow ng about 15-20 mnutes, cells gradually start to

di ssociate fromthe nonol ayer and fromeach other and desired size clunps
can be isolated. Wen cell dissociation is partial, nmechani cal

di ssociation using the 5 sharp edge of ghe pipette may assist with cutting
and the isolation of the clugps.,_ An alternative chem cal nethod nay

i ncl ude the Uistedirstinetheody fa’ /Ned" tee PIRS mediunb maystei uaed trerasiuce eil-cell
conbi nation W C I Y.y b i I se.
10 An alter n%é%ﬁi@%’r mh&’?’ﬁc%‘%}ggﬁ‘%g"@éﬁ{ﬁghé%f'ﬂé@g%wn@%ﬁ:‘ﬁi cg?i{gccu?ti ng
of the col ofitass tifeo Inavadale yand dicmt | eachobirteh earsl esired i sz mjurdps pasebe

Cutting of t | QK y .be rforned . in PBS contai.ning . Ca2+ .ang, Myt +.
The sharp ed{gggiateg' g&h%ir%gi 'g?chaet%’sbgaﬁ'égdn?é‘waltd*%soccgqt@ﬁ‘i ‘é%'gQ gh%l unps
of about 500slepletige b tHhpippite etidyeadtist with sisath &d 6@ isplatiomdf themwapar eas

of the colonies. The PBS is preferably changed to regul ar equilibrated
human stem cell nmedi um contai ning dispase (G bco) 10 ng/ M and i ncubat ed

Loy approxi mh h¥matileeh@dicil mbfilod Mad indktfl thel URCbRUTBRARRL CTROBRAIMY NG 5%
CX2. As soon as the clunps detached they may be picked up by a wi de bore
ni cr o- pi pet t @ay kgsuied alongepsircempbinatiorywith@ mwachanieal Mmejhed afdeferaths e r ed

to a fresh fé[l;}_r;pr@ ; der layer. The fibroblast feeder |ayer may be as
descri bed above. J%S#?ﬂfagr%énti ated enbryonic stemcells have a
charact € stic norphol ogy as 25 described above. O her neans of

i dentifying i ce markers cor : Jid
expressi on oéﬁgg%%]gﬁ%%gbéc a&f‘i'@@ﬁ%g%@ep%‘??'g%?gﬁﬁ 053??@“@%%‘?@50%?8 genes
char act er i stéatornés gbiloweabtgnisotgibhsofothepaubiaiothias By apges. Cagting of lthele
(but are not_lLimted to t-4 and -6, bol ysial ya N-CAM  N- CAM 30
A2B5, nest | nCOA%eW?éfn*f% Rgﬁgffﬂ%‘?%PE@S@@@gm@Z@ﬂ g%%neu%ﬁﬁhaﬂ’r BC¥* sor s
respectivel yof i@bpipene m®hbBeargkartbdut hePEolshiB s urpsray abogt 10lecéienesi s,
GDF-3 and Cripto. CD-34 is characteristic of hematopoietic stemcells and
flk-1 15 The pipetie may be used to scrape and remove areas of the colonies. The PBS
is preferably changed to regular equilibrated human stem cell medium containing
dispase (Gibco) 10 mg/ml and incubated for approximately Sminutes at 37°C ina
humidified atmosphere containing 5% CO.. As soon as the clumps detached
they may be picked up by a wide bore micro-pipette, washed in PBS containing

20 Ca* and Mg®* and transferred to a fresh fibroblast feeder layer.
The fibroblast feeder layer may be as described above.

Undifferentiated embryonic stem cells have a characteristic morphology as
25 described above. Other means of identifying the stem cells may be by cell
markers or hy measuring expression of genes characteristic of pluripotent cells.

Examples of genes characteristic of pluripotent cells or particular lineages may
include (but are not limited to) Oct-4 and Pax-6, polysialyated N-CAM, N-CAM,
30  A2BS5, nestin and vimentin as markers of stem cells and neuronal precursors
respectively. Other genes characteristic of stem cells may include Genesis,
GDF-3 and Cripto. CD-34 is characteristic of hematopoietic stem cells and flk-1
is expressed by the hemangioblast. AC-133 may be characteristic of both



i s expressed by the hermangi obl ast. AC- 133 may be characteristic of both 33
hemat opoi eti ¢ and neural progenitors, Keratin is characteristic of

epidermal cells while transferin, anylase and al anti-trypsin are
characteristic of enbryonic endoderm Such gene expression profiles may be
attained by any nethod including RT-PCR, nethods of differential gene
expression, mcroarray analysis 5 or rgjated techniques. Preferably the
stemcells may be identified by being i munoreactive with markers for
human pl uri peeatorstetim &l neuiah¢rogeHiyr SSEAetatirGisT Rbaragtariste ol epigeame! 60.

Preferably t . { seription. factor =4 : 10
) 0 it ai 1 SRR Sobid STET A PR it AT | <
are identi fiecidderexBuehs ggnaasipeession Cfr@ﬂilé@i iy e eittafeet bdesm andhaeur al
stemcells s.uc!h aseé?%n‘%oquﬁ%al ycﬁilfe N CAM A265, internediate filanment
proteins sucACHENGRTFf-Rrige rftfi HITeiRalS HEenEseXRrasRien PG 3RS iPax- 6.
Neurons may &eelfentdchhR@edy structural markers such as 3-tubulin,
(3-tubulin 111, the 68k and the 200kDa neurofilanment proteins. Mature
neurons may al so be identified by the 160 kDa neurofil anent proteins,

Map-2a, b a t A, uh?pa v j I r :

hydr oxyl ase?dr%%?@i g{g]yﬁﬁ]rﬂs?ésﬂsan rtggegt@@?ﬁ%dub n:i’}ftegﬂcﬁgp?é\{) g‘%‘:@?‘? CWi(t) GABA
20 mi ner gi ¢ atkesh for(IGABAN Addjpoteuit steuy cells imaludig BEEA-4f GETNDY atgen,
expressi on | k&l oEidhrill i di rotein AP n lig ocyte
by 2', 3'- c%%cé&nﬁfé fgf)étblhag{%céf}&p%gi%%otga;agga{ng%ﬁé@n% E’Iﬁi%{g%%d‘p?g?% 20,
nyel i n H&si calpr otaditain d MBR)J kdl@oRpet ai ning and 04. 25 The stemcells may be
further nodified at any stage of isolation. They may be genetically

nodi fied through introduction of vectors expressing a sel ectable narker

under the cdrreferhbloftha sdued eridentbeekbfid ardnigsmfied HHeRpRSseS tmérkeROBE
differentiated of enpbryonic stemcells may produce products that

. | ,
are i nhi bi (SFYEYNSHORFOERIM AHaIIaLHOB paisach B AN, BOYBRbBIRTON
agai nst suchc 0, dbBbenedthicliag ggeghéﬁt’ profihd bheH §9nt€¥tir‘it%ﬁd'\ﬂi}hléﬁ’lﬂ‘r‘5ﬁd of a

construct such as that descri above, may pronote stemcell growth and

prevent 18i f feansptiption feptor Pax-6. Neurons may be'identified by structural markers such
as B-tubulin, B-tubulin I, the 68kDa and the 200kDa neurofilament proteins.
Mature neurons may also be identified by the 160 kDa neurofilament proteins,
Map-2a, b and synaptophysin, glutamate, GABA, serotonin, tyrosine
hydroxylase, GABA biosynthesis and receptor subunits characteristic of GABA
20 minergic neurons (GABA Ax2). Astrocytes may be identified by the expression
of glial fibrillary acidic protein (GFAP), and oligodendrocyte by 2', 3'- cyclic
nucleotide 3'- phosphodiesterase (CNPase), plp, DM-20, myelin basic protein
(MBP), NG-2 staining and 04.

25 The stem cells may be further modified at any stage of isolation. They may be
genetically modified through introduction of vectors expressing a selectable
marker under the control of a stem cell specific promoter such as Oct-4. Some
differentiated progeny of embryonic stem cells may produce products that are
inhibitory to stem cell renewal or survival. Therefore selection against such

30 differentiated cells, facilitated by the introduction of a construct such as that
described above, may promote stem cell growth and prevent differentiation.



34 The stemcells my be genetically nodified at any stage with markers so
that the markers are carried through to any stage of cultivation. The
markers may be used to purify the differentiated or undifferentiated stem
cell population at any stage of cultivation. 5 Genetic construct may be
inserted to undifferentiated or differentiated cells at any stage of
cultivation. The genetically nodified cg4dls nmay be used after
transplantation to carry and express genes in tar%gt organs in the course

of gene therBByptemoeks %v@w&mtl@w@ @péﬁ*eé@t oY sfage With maskeraseribpideei n a
differentiat ﬂ{]rs é%@cgafrrfx ?r%b@ﬁ m‘% cBﬁavHﬁ@‘l t Gfrh%dn'i' tkeffs may 84
as sure em ce

quantitative I on speci | C secre
products i nt gsehéo @uflftyd’lhe diffelientiated of nnduff&mjtlptedpaeat celhpoptlatitre atehys

usi ng ELI SA ol 19%%"%'?9 foi‘chni gues. Such stem 15 cell specific products

m ght incl ude & &AL f orm of the CD30 antigen or the GCTM 2 antigen
or they nay be m)nltored as descri bed above using cell markers or gene
expressi on. anot her pect . of the inventjon there is provijded a nmethod
of i nduci ng GBRRHT CoNSIp AL PEDPSReDIP SNORERIERd o' %f?ﬂ‘r’%eg fels at

progeni tor cghy Sstag &f ranmoﬁomwe gbﬂgncan;a%@umeagcénrsdInié;ﬁ'b%n%é’d eéilte$t em
cells; and providing a differentiating signhal under conditions which are

non- per i ssY@RSHiaHaliaretn casty andeewass ge@ﬁmmtargelt orgsu1s| in tha gpwiseiohgabes

uni directionglrafli fferentiation toward extraenbryonic |ineages. 25 The
undi fferentiated cell lines of the present invention may be cul tured
indefinitely until a differentiating signal is given. Preferably, they are

Gi'ttor ont i ary g ertg st ML sy e A M BB thek” i OF AERRAIEEACor o
will differ emndlfé&renilened) stagevatayv és (riomtbaacbnrmraoqmmtij;@tmm fagheors by the
measurement of stem cell specific secreted products into the culture medium or
in fixed preparations of the cells using ELISA or related techniques. Such stem
16  cell specific products might include the soluble form of the CD30 antigen or the
GCTM-2 antigen or they may be monitored as described above using cell

markers or gene expression.

In another aspect of the invention there is provided a method of inducing somatic
20  differentiation of stem celis in vitro into progenitor cells said method comprising:
obtaining undifferentiated stem cells; and
providing a differentiating signal under conditions which are non-
permissive for stem cell renewal, do not kill cells and/or induces unidirectional
differentiation toward extraembryonic lineages.
25
The undifferentiated cell lines of the present invention may be cultured
indefinitely until a differentiating signal is given. Preferably, they are cultured
under the conditions described above.

30 In the presence of a differentiation signal, undifferentiated ES cells in the right
conditions will differentiate into derivatives of the embryonic germ layers
(endederm, mesoderm and ectoderm) such as neuron tissue, and/or

extraembryonic tissues. This differentiation process can be controlled.



(endoderm nmesoderm and ectodern) such as neuron tissue, and/or
extraenbryonic tissues. This differentiation process can be controlled. 35
This method is useful for directing stemcells to differentiate toward a
somatic |ineage. Furthernore, the nethod allows the establishment of a
pure preparation of progenitor cells froma desired |ineage and the
elimnation of unwanted 5 differentiategscells fromother |ineages. The

met hod facilitates the establishment of a pure somatic progenitor cel

| ine. The nmethod may be used to derive an enriched preparation of a variety

of somatic i . L m I tors
(such ms 10 HORTRUIEL B4l RF RbuRfbion Bl o MTFRRRS 1 anclh AR
progeni t ors. lifeajee frablhgrmoiee theeietibd allowsetiietastateishmenhefla alireppegersticor s.

Conditions f i.ning differentiated.cultures of spmati.c cells fro

enmbr yoni ¢ st%irﬁqgé%f' ra éjst{ﬁ%@ea TN H1RS305 @Pge&ﬁ 8@1‘\?@“?&%%’@%@85}
renewal , Hut differetiated belld frobmsdtesn irRlagss OThel rietieod faeitdtes dhd Estapidlinadrn
exclusively i Fto extraenpbryoni ¢ |lineages. A gradual w thdrawal from opti nal
condi tions f 8f aPUESUBERfC BK)&ﬁf'Ho”feéU rs somatic differentiation. The stem
cells are initially in an undifferentiated state and can be induced to
differentiate. 20 In a preferred enbodi mrent of the present invention, there
i s provided dNfreBB@d BRY| brlusedgtos datve @ndenichegnpieperadipnopf & waiaelafs in

Undi ' erent | padTs Pk Bpieud e bul T RSBk Sodiimaf BIAPUBR (such o2, oas
and at h‘i@h bemhgipbtast ar hesdtopoiefd atm fceb;jeamcteburai arymertitors.rﬁ}efmabiy.
there i s prottdaaRatBbagle BeRTBALEP0BRTRT o't rerent i ation of stem
cells in vitro into progenitor cells, said nmethod conprising: 30 obtaining
e S T hth i el AR U Gs 7 <ot ok Hhin S o
stem cells are those which are nor-permissive for stem cell renewal, but do not
16  kill stem cells or drive them tfo differentiate exclusively into extraembryonic
lineages. A gradual withdrawal from optimal conditions for stem cell growth
favours somatic differentiation. The stem cells are initially in an undifferentiated

state and can be induced to differentiate.

20 In a preferred embodiment of the present invention, there is provided a method
of inducing somatic differentiation of stem cells in vitro into progenitor cells, said
method comprising:

ohtaining undifferentiated stem cells; and
culturing said cells for prolonged periods and at high density on a
25  fibroblast feeder cell layer to induce differentiation.

In another preferred embodiment of the present invention, there is provided a
method of inducing somalic differentiation of stem cells in vitro into progenitor
cells, said method comprising:

30 obtaining undifferentiated stem cells; and

transferring said cells into serum free media to induce differentiation.



The stemcells may be undifferentiated stemcells and derived from any
source or process which provides viable undifferentiated stemcells. The
nmet hods descri bed above for retrieving stemcells fromenbryos is nost
preferred. 5 In these preferred aspects, the conditions of culturing the
cells at high density on a fibroblast feeder cell layer or transferring to
a serumfree nmediumare intended to beggon-perm ssive for stemcell

renewal or cause uni-directional differentiation toward extraenbryonic

| i neages. 10T@ﬁta@|ceys ey e éﬁ@lﬁ@@rﬁtﬁtaﬁ $tetr otlisaantd Herdabsk fromyany seurce

h ff d
it L pislks LeA el e dhe e ey Ao rRe SR e
wi t hout bei ndesceibed iabbes fdryetrieeimgysteintcellagrormembhesdsenosy prdatred.hat t he

type and handling of the fibroblast feeder |layer is inportant for
mai ntaining the cells in an undifferentiated state or inducing 15

di fferentd atinthe®d pidierrad aspacs, |the cOHbition ef flilripg RS t:erisemﬁgh ldaMsitysorRr €

di scussed abOﬁ Somatic differentiation in vitro of the ES cell lines is a
function of 4 HBfobEst redsr cebaverof transiesing to1a ﬁwurwfrgamﬁlwnraée intgRderbnsi ty

of the cul t upge I%Hi émsia{/@W&bi.té\%tcellfrgﬁgﬁélecg‘%'ausé%Yl?ﬂweétfonaﬁél E%ﬂaﬁ&’#”d

that somatic differentiation may det ect as early as the first week

af ter subcultowaed QﬁcﬁﬁfﬂbmﬂpHmB@gﬁl‘%al l'y apparent and denonstrable by

i mmunochem stry approxi mately 14 days follow ng routine subcultivation as
descri bed above in areas of the colony which are renpte from 25 direct
cont act i t KGemerafletdwepresende bbby Ebrobilast deader aster Wil aradraainattipae ealls incari he

feeder cell | aver wher id,stemcell_ agr vvthl occurtr.j uch as the
TR kg e At il
cultures Im | ueah e er, DPeiNg rePwiat

preparation and, handlin K r} nouse j ryo fi fgob I se,Sstrai n
from whi ch t'H&Y PFB?%BI%&@t hat g@ e ?ogcﬁ‘anamy Pﬁ {HPEW" gﬁEdg Bf iTul ar
bat ch, st emi@gbhahei@AaintififRACRET ¥ORI i1 o LhekBRirtialdO Ftb é@rﬁ@ddcﬁnq_
dlfferentl at| on may be favoured. 37 Once a suitable fibroblast cell 1ine

i s sel edfed, ‘ﬁfqreﬁ%ﬁ}'oﬁé)flﬁg%éi%cﬁﬂsdl fferentiation inducing fibrobl ast
feeder layer to induce the undifferentiated stemcells to

Suitable fibroblast feeder layers are discussed above.

Somatic differentiation in vitro of the ES cell lines is a function of the period of
20  cultivation following subculture, the density of the culture, and the fibroblast
feeder cell layer, It has been found that somatic differentiation may be detected
as early as the first week after subculture and is morphologically apparent and
demonstrable by immunochemistry approximately 14 days following routine
subcultivation as described above in areas of the colony which are remote from
25 direct contact with the feeder cell tayer (in contrast to areas adjacent to the
feeder cell layer where rapid stem cell growth is occurring such as the periphery
of a colony at earlier time points after subcultivation), or in cultures which have
reached confluence. Depending upon the method of preparation and handling of
the mouse embryo fibroblasts, the mouse strain from which the fibroblasts are
30  derived, and the quality of a particular batch, stem cell renewal, extraembryonic

differentiation or somatic differentiation may be favoured.



differentiate into a somatic lineage or nmultiple somatic |ineages. These
may be identified using markers or gene expression as described above.
Preferably the 5 fibroblast feeder |ayer does not induce extraenbryonic
differentiation and cell death. The nodul ati on of stemcell growth by
appropriate use of fibroblast feeder |layer and manipulation of the culture
condi tions thus provides an exanpl e wherngby 10 somatic differentiation may
be induced in vitro concomtant with the limtation of stemcell renewal

wi t hout the Qg buiteldg fiiotiast celhline i $eleetad hit oray hecusetcas aydiffgrentiation
differentiati : i i f. cl t . Lii.0

culturing in '%Cfngjtsﬁﬁkf?%o%gg tlévoé st%oﬁc@g?uﬁﬂef ﬂé@%@'ﬂéf?\%&%@%ge to
arrest stem défdremteneirtb a sermmhticitineagesonmpuitiphnsombtic deeddesor Thetsedinagdiei onal
ext r aenbr yoni. Lfferentiation t hereby favouring differentjation, o

comt ¢ cut I eripy SR maAKeR or e P esEON A A iBg eBPta PRYEEDINE oh
density i8& miibabistfetder RYePA08€ Mot NRIUTRABKIPadTBBRbARCGIfFERNBALIGP afl Cadle
structures m mcing the postinplantation phase of human devel opnent, or

any nodificatf8® of this approach. Cultivation in the presence of cell
types representative of those known to nodulate growh and differentiation
in the vertebrate enbryo (eg. endodermcells or cells derived from nor mal
enbyr oni ¢ or Thedpedidatian of steegelbgroivh 25 appudpriate ssaed fibepladi deederdayarw

stromal prep t I i e = dlf ent.(.atl a
differentiat ?éﬁ Haé’ﬂ%%fgﬁéé%%ﬁgﬁ%rcgﬂ y%nc%'?d't(':éeﬂﬁ gh?[v% F%\)ibﬁtegg&e%%ﬂglec{évﬁerﬁqyneage
so as t o010 aveomatit diffeseraktion hmayn be andy=dt hovfracosedrhitdrit vatgte. limiGitom ofal
differentiatign al so be used to induce differentiation. Propagation 30
in the preseRce ggglgopunﬁlw@?owﬁﬁ%%rtgﬁe' %ﬂﬁ%‘&"f t S¥deshisash £o n@ﬁ%ﬁat(’é

di fferenti at extracrhbiyenicalif@tatigtidy;, yoni ¢ cells, such as bone norphogenetic

protein-2 or antagonists of such factors, may be used. 38 Applicants have
found that COct-4 is expressed in stemcells and down-regul ated during

di fferenti at Deierapfniguilstionk 8nahy tUNdréE addiitfdmat s§él’¢rﬂsc%gituﬁrﬁj §6 LVQBHUYST Ng

drug resi stance genes driven by the Cct-4 pronoter will be a useful avenue

for 15 compdositions of serum ffee medium may be used to arrest stem cell renewal
without causing stem cell death or unidirectional extraembryonic differentiation,
thereby favouring differentiation of somatic cells.

Differentiation may aiso be induced by culturing to a high density in monolayer or

20 on semi-permeable membranes so as to create structures mimicing the

postimplantation phase of human development, or any modification of this

approach. Cultivation in the presence of cell types representative of those

known to modulate growth and differentiation in the vertebrate embryo (eg.

endoderm cells or cells derived from normal embyronic or neoplastic tissue) or in

25 adult tissues ({eg. bone marrow stromal preparation) may also induce

.._differentiation, modulate differentiation or induce maturation of cells within
specific cell lineage so as to favour the establishment of particular cell lineages.

Chemical differentiation may also be used to induce differentiation. Propagation
30 in the presence of soluble or membrane bound factors known to modulate
differentiation of vertebrate embryonic cells, such as bone morphogenetic

protein-2 or antagonists of such factors, may be used.



mani pul ating human ES cells. Directed differentiation using growth factors,
or 5 the conplenentary strategy of |ineage selection coupled with growh
factor enhancenent could enable the sel ection of popul ati ons of pure
commtted progenitor cells fromspontaneously differentiating cells
generated as described here. 10 Genetic nodification of the stemcells or
further nodification of those geneticaldy nodified stemcells described
above may be enployed to control the induction of differentiation. Genetic
nmodi f i cat i onApplicahts kavenfiooad ltkatdocted ist exprasseoldncder cells matrdostn-egutadéchi ng a

sel ectabl e r £ Ol (DI es ed o
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above and thugubSBmmetg@ebeBWanyLmé oet4 @rdmgwwglhbéfagu?fnbaﬁrﬁk fos ]

active may be use ce cel | s have n induced to differentiate, the
various cel Im?Q‘BHgat'”g]H‘é'ﬁﬂq %Seaed?y Pgﬁﬁ'é" g@’ﬁ”ﬁi@ﬂP‘hHék’?‘@ grR¥RN g@t%répaf at ed
and sel e@ i wAkYcordPlefiehntary aételeg et Iﬂfe%@'eh&@h‘f GH cBUPREMWIRT grofkh FadtoP

sel ected. These progenitors are capable of differentiating inhto neuron
cel | s and/ orejiangemest |couldvignabler dessglsigjion eheppulationsliaff pyrencrmptiecht o

neuron cel | Sprﬁgéirﬁsﬁfr @Hié Flonf §b&§tah@ot§§r¥ dﬁ‘%’?@lﬂ?ﬁqmﬂfce‘% %@gra@é* LerdiaLiisdpd

cells such as those fromthe extr ryoni c el ective

cul tivation t8fans i sol ati on of specific |ineages of progenitors or mature
differentiated cells from m xed popul ati ons preferably appearing under
conditions wunfavourable for stemcell growth and subsequent propagation of
these spéci fGenetici medifiestionSefl thetstera callb ToirVlmﬂe(mnd?rﬁﬁcdmnﬁehbs@géwicame

o agent tor  ¢BPHESS Pl & fpsrRbeRabds st i emlya o FRnBoIiee GRR ST o

cel | bi ol ogwiffarehtigtiong tdendtiel h@‘fﬁf@@tn@d\ Q:ﬁeth@r stefh cemtionati @nintroduce a
m cr odi ssecti on; i nmunol ogi cal sel ection | abelling with antibodies
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i mmunomagneti c sel ection, or selection | ow cyt'omet ry; sel ective

condi ti dAs desodhad a@owcgm/\aubsequamendar g@i@dnfwmofmmat premelgés such

as exposure Jfve may be used.

Once the cells have been induced to differentiate, the various cell types,
identified by means described above, may be separated and selectively

20  cultivated. Preferably neural progenitor cells are selected. These progenitors are
capable of differentiating into neuron cells and/or glial cells. More preferably,
they will differentiate into neuron celis and/or gliat cells in the absence of other
differentiated cells such as those from the extra embryonic lineage.

25  Selective cultivation means isolation of specific lineages of progenitors or mature
differentiated cells from mixed populations preferably appearing under conditions
unfavourable for stem cell growth and subsequent propagation of these specific
lineages. Selective cultivation may be used to isolate populations of mature cells
or populations of lineage specific committed progenitor cells, Isolation may be

30 achieved by various techniques in cell biology including the following alone or in
combination: microdissection; immunological selection by labelling with
antibodies against epitopes expressed by specific lineages of differentiated cells
followed by direct isolation under fluorescence microscopy, panning,



particular growh or extracellular matrix factors or selective cell-cel
adhesi on; separation on the basis of biophysical properties of the cells
such as density; 5 disaggregation of m xed popul ations of cells followed by
i solation and cultivation of small clunps of cells or single cells in
separate culture vessels and selection on the basis of norphol ogy,
secretion of marker proteins, antigen egression, growh properties, or

gene expression; |ineage selection using |ineage specific grom)t er
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enbryoni c stemcells and nore “prefera a pure preparation of neural
progeni fl8r cells and even nore preferably 25 a neural progenitor cell I|ne

ons prererr aitogdaRB 1B HOARTES (i B bR, AR RERERGRTRES )"
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may be used to derive an enriched preparation of a variety of somatic
progenitors such as but not limited to mesodermal progenitors such as
hemangioblast or hematopoietic stem cells or neural progenitors.
Transdifferentiation to non-neuronal phenotypes from neural progenitors is within
20  the scope of the present invention and may result in hematopoietic, endothelial,

embryonic endoderm and ectodermal cells.

The establishment of neural progenitor cells from embryonic stem cells and more
preferably a pure preparation of neural progenitor cells and even more preferably

25  a neural progenitor cell line may be achieved by any one or combination of the
following approaches.

in one preferred approach, somatic differentiation of ES cells is induced by
prolonged culture of ES celis to high density on an appropriate fibrobiast feeder
30 layer that prevents unidirectional differentiation towards extraembryonic lineage
and promotes somatic differentiation. Once the cells have been induced to
differentiate toward somatic lineages, areas which are destined to give rise to
clusters of mainly neural progenitor cells may be identified based on



characteristic norphol ogi cal features as descri bed above. The size and
demarcation of these areas may be enhanced by replacing the growh nmedi um
with serumfree nmedi um suppl emented with EG- and bFG-. The areas are
separated nechanically and replated in serumfree nmedium whereupon they 5
form spherical structures. Any serumfree nedium mnmay be used. Preferably
NS- A (Euroclone) or DMEM F12 (G bco) igpused. More preferably NS-A or
DVEM F12 supplemented wth N2 or B27 (G bco) is used. Mst preferably
DVEM F12 supphasaetefisiic winprpholies 7fdagurgseds dastitedorabswacellod sine and

appropriate t r r ty.limte EGF
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Most pr dffer #827%istusedspheres are sliced into smaller clunps. The
progenitors may be expanded to produce a |arge nunber of <cells. 30 In

anot her preferred approach, the nethod involves the transfer of
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15" inhibit further differentiation of the progenitor cells and promote their proliferation.

The cuiture in the serum free medium and preferably growth factors is selective
and therefore limits prolonged proliferation of other types of differentiated cells
such as the progeny of the extraembryonic lineage that may coexist in the

20  culture. Therefore the cultivation in these selective conditions may be used to
establish an enriched cell line of neural progenitors,

The progenitors may be cultured as spheres or as a monolayer. Subcuituring
may be conducted mechanically. Scraping is preferred to propagate monolayer

25 cultures. However, any mechanical method such as tituration or cutting may be
used to subculture the spheres. Most preferably the spheres are sliced into__
smaller clumps. The progenitors may be expanded to produce a large number of
cells.

30 In another preferred approach, the method involves the transfer of
undifferentiated stem cells into culture conditions that on one hand direct
differentiation toward a desired somatic lineage, which is the neural lineage in
this case, while on the other hand are selective and therefore limit both the



well as the survival of differentiated cells fromthese |ineages. Such
culture conditions include the transfer into serumfree nedia (as

descri bed above) that nay be supplenented with growh factors including
but not limted to bFGF and 5 EG-. The serum free medi a pronotes
differentiation towards the neuroectodernmal |ineage (and possibly other
non- neural |ineages such as nesodern).4fhe serumfree nedia may limt the

grow h and survival of unwanted cells such as those fromthe
ext r aenbr yonfiferentistigadowan vpwantedrlineapep (eycly pe @xisambnesia lingagesk as
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and 20 progenitors of the endodermal |ineage. Preferably, in the

derivati on ofn¥nted cedhadciras thasederpthaexiragmipyeriedineages. cl unps  of

undi fferentiated stemcells may be transferred into plastic tissue culture
di shes containing serumfree nmedium The serum free nedi uminduces the 25
di f f erertd atnoa Bfthenepreferreel embodinnent! b theviaverdioac ttoelenathadd alitven thewar ds

t he neuroec i r fr iuym. .be used. Preferabl
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free nediumis supplenented 30 with N2 or B27 (G bco). Mdst preferably the
mediumi s M E s,u ement e it h, B27. The cl uster f undifferentiated
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with basic FGF and E to pronote proliferation of neural progenitors in
an undi fﬁ%re‘?ﬁ"‘i’%&@d cgflérlee_co%ﬁgions fuprther eliminate during cultﬂ/atign, gunwanted

differentiated cells from other lineages such as extraembryonic lineages. The
method may be used to derive a pure preparation and/or a pure cell line of a
variety of somatic progenitors including, but not limited to, neural progenitor,
mesodermal progenitors such as hemangioblast or hematopoietic stem cells and

20 progenitors of the endodermal lineage.

Preferably, in the derivation of an enriched cell line of neural progenitors, ctumps
of undifferentiated stem cells may be transferred into plastic tissue culture dishes
containing serum free medium. The serum free medium induces the

25 differentiation of the ES celis initially towards ectoderm and then towards the
neurocectodermal lineage.

Any serum free medium may be used. Preferably NS-A medium (Euroclone) or
DMEM/F12 is used. More preferably the serum free medium is supplemented

30 with N2 or B27 (Gibco). Most preferably the medium is DMEM/F12
supplemented with B27. The clusters of undifferentiated stem cells turn into
round spheres within approximately 24 hours after transfer (Figure 9).



progenitors may be cultivated under these conditions for prol onged peri ods.
The selective conditions that are induced by the serumfree nmedi um and
growh 5 factors result in a gradual purification and elim nation of other
differentiated cell types during cultivation. The progenitors my be
cultured as spheres or as a nonol ayer. Subculturing nay be conducted
mechani cally. Scraping is preferred to propagate nonol ayer 10 cul tures.
Any nechani c known to the skilled addressee such as tituration or
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16 The progenitors that are generated directly from undifferentiated stem cells have
similar properties to the neural progenitors that are generated from differentiating
stem cells colonies. They express the same markers of primitive neuroectoderm
and neural progenitor cells, such as N-CAM, polysialyated N-CAM, the
intermediate filament protein nestin, Vimentin and the transcription factor Pax-6.

20 They do not express the transcriptional factor oct-4. They have a similar growth
potential. They generate differentiated neural cells with similar morphology and
marker expression after plating on appropriate substrate and withdrawal of
growth factors.

25 In another aspect of the invention, there is provided a method of inducing
somatic cells from embryonic stem celi derived somatic progenitors, said method
comprising:

obtaining a source of embryonic stem cell derived somatic progenitor
cells;

30 culturing the progenitor celis on an adhesive substrate; and

inducing the cells to differentiate to somatic cells under conditions which
favour somatic differentiation.



above. Preferably, the cells are grown in the presence of a serumfree
media and growh factor. 5 The somatic cells may preferably be neurons, or
glial cells including astrocytes or oligodendrocyte cells. Preferably, the
somati c progenitors are neural progenitors. 10 Any adhesive substrate may
be used. More preferably, poly-D-lysine and |lamnin or poly-D1ysine and
fibronectin are used. Induction of somagpc cells is preferably achi eved by
wi t hdrawi ng grow h factors fromthe nedia. However, other acceptable
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neurons, it is preferred to further use poly-D-lysine and |amnin. 30 Upon
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| ysine and lamnin, and withdrawal of growth factors fromthe serumfree
medi um differenti at ed cells grow out of the spheres as a nonol ayer and
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Induction of somatic cells is preferably achieved by withdrawing growth factors
from the media. However, other acceptable methods of induction may be used.
15  These may include:
culturing the undifferentiated cells for prolonged periods and at high
density to induce differentiation;
culturing the cells in serum free media;
culturing the cells on a differentiation inducing fibroblast feeder layer and
20 wherein said fibroblast feeder layer does not induce extra embryonic
differentiation and cell death;
culturing to a high density in monolayer or on semi-permeable membrane
so as fo create structures mimicing the postimplantation phase of human
development; or
25 culturing in the presence of a chemical differentiation factor selected from
—— the group including bone morphogenic protein-2 or antagonists thereof.

or inducing neurons, it is preferred to further use poly-D-lysine and laminin.

30 Upon plating of neural progenitors on an appropriate substrate such as poly-D-
lysine and laminin, and withdrawal of growth factors from the serum free
medium, differentiated cells grow out of the spheres as a monolayer and acquire
morphology of mature neurons and expression of markers such as the 160 kDa



GABA m nergi c neurons (GABA Aa2) which are characteristic of mature
neurons. 5 In a preferred enbodi nent, the nethod for inducing neurons
further includes culturing the somatic progenitor cells, preferably

undi fferentiated neural progenitor cells, or differentiating neuronal
progenitors in the presence of retinoic acid. 10 Retinoic acid has been
found to further induce differentiationggoward nmature neurons.
Accordingly, there is provided a mature neuron cell prepared by the method
15 descr i bed NRErSiamenthigrotein.uMapr@AB osynaptophysin, delutenaatac EABAcgeotoNiMat i t
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t owar ds t he BPB%”SI i neage. For inducing of glial cells including astrocytes
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anot her pref g&r ed enbodi ment, the nethod for inducing glial cells further

i ncl udes cul u?ing the somatic progenitor cells, preferably

undi fferehti ated neural progenitor cells, in the presence of T3. The cells
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derived froméhenget hods of the present invention may be

Accordingly, there is provided a mature neuron cell prepared by the method
15 described herein. The mature neuron cell may be characterized in that it

expresses 160kDa neuro-filament protein, MAP2ab, glutamate, synaptophysin,

glutamic acid decarboxylase (GAD), tyrosine hydroxylase, GABA and serotonin.

The establishment of oligodendrocyte and astrocyte cells indicates the potential
20  of the neural precursors to differentiate towards the glial lineage.

For inducing of glial cells including astrocytes and oligodendrocyte progenitors, it
is preferred to use poly-D-lysine and fibronectin. Fibronectin is significantly more
potent than laminin for the induction of differentiation towards the glial lineage.
25
— In a preferred embodiment, the method for inducing glial cells further includes
culturing the somatic progenitor cells, preferably undifferentiated neural
progenitor cells, in the presence of PDGF-AA and basic FGF.

30 In yet another preferred embodiment, the method for inducing glial celis further
inctudes culturing the somatic progenitor cells, preferably undifferentiated neural
progenitor cells, in the presence of T3. The cells may be then grown in the

absence of growth factor,



identified and characterized by RNA transcripts of MBP, pip and dm 20 or by
5 i mmunostaining for 04 and N&. Culture in serumfree medi um suppl enent ed
with b-FGF and PDG-- AA may direct the neural progenitors to turn into
glial progenitors and i nduce the expansion of glial progenitors. This is
foll owed by plating the progenitors on poly 10 D-l1ysine and fibronectin and
further culture in the presence of the ggowh factors and T3 fol | oned by
culture in the presence of T3 without growth factor supplenentation.
Wthout being limted by theory, it is postulated that the gromh factors

such as bFGR J Ilitat r.ol i ferat] . eadi f
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15 lineage and T3 induce the differentiation toward and along the oligodendrocyte

lineage.

In another aspect, differentiation into glial celis including astrocyte and
oligodendrocyte cells is induced by plating the neural progenitors on poly-D-

20 lysine and fibronectin and culturing them in the serum free medium
supplemented with EGF, b-FGF and PDGF-AA. The growth factors may then be
removed and the cells further cultured in the presence of T3.

In yet another aspect, the invention provides differentiated somatic cells
25 including neural, neural progenitor cells, neuronal and/or glial cells prepared by
— the methods of the present invention. The gilial cells include astrocytes or
oligodendrocytes. The oligodendrocytes derived by the methods of the present
invention may be characterized by RNA transcripts of MBP, plp and dm-20 or by
immunostaining for 04 and NG2.
30
The progenitor cells that are derived by the method that is described above may
be used to generate differentiated celis from other lineages. The spheres of
progenitors may include in addition to neural progenitors more primitive cells



endodermal cells and ectoderm By manipul ation of the culture conditions
these primtive cells nay generate all somatic cell types. 5 Expression of
mesoder mal markers such as flk-1, AC 133 and CD 34, enbryonic endoder nal
mar kers such as transferin, anmylase and al anti trypsin and the epidernal
mar ker keratin has been denonstrated in the human ES derived progenitor
cell preparation. This may indicate theggresence of primtive 10 cells from
non- neural |ineages such as the hemangi obl ast cell or hematopoietic stem
cell within sueh aewriatitiyg egtodietroalscgliseparragemior calls ef mihdrviziepges soely abe

that the primti ural . pr itqrs w,thin the,.spheres express, these
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an in vitro BHGUVE C\ﬁ'%HPaVnQﬁ{@fa'SfalﬁﬂW?tlﬂ SUdYRES ferenti ation of ES cells
towards t#he neural |ineage. The nodel, and the cells that are generated
al ong the pathway of neural differentiation nay be used for the study of
the cel | ul ar EXPIEsHENe &l MespreIma)y mstkers puaRnadellkds AEvESDparstht COfdE t he
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be used for drug discover nd for the_devel opnent of screening assays for
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differentiated and, undj fferentiated cells. It is Intended to nean that
these cel |s TR 68 BHBPaS: BeHrabRiLgRAERISRIGPEIAHAR. i@yl Mavede St n
yet anot her @agRathitivé MRUPL§368ENiHoRY MthirChePENErEE exBradBthosk Afarkér@dygéng an
enri ched preparation of human ES derived neural progenitor cells, said
net hod conpPfréesaien afthe markers may indicate the possible high plasticity of the neural
progenitors to transdifferentiate into cells of other lineages.
15
The present invention provides a method that generates an in vitro and in vivo
mode! of controlled differentiation of ES cells towards the neural lineage. The
model, and the cells that are generated along the pathway of neural
differentiation may be used for the study of the cellular and molecular biology of
20 human neural development, for the discovery of genes, growth factors, and
differentiation factors that play a role in neural differentiation and regeneration.
The model, and the cells that are generated along the pathway of neural
differentiation may be used for drug discovery and for the development of
screening assays for teratogenic, toxic and neuroprotective effects,
25
In a further aspect of the invention, there is provided a method of producing large
quantities of differentiated and undifferentiated cells. It is intended to mean that

these cells can be propagated, expanded and grown in cell culture.

30 In yet another aspect, the present invention provides a method of producing an
enriched preparation of human ES derived neural progenitor cells, said method

comprising:



obtaining an undifferentiated human enbryonic stemcell as described
herein; inducing somatic differentiation of the enbryonic stemcell to a
neural progenitor cell by a nethod described herein; 5 identifying a
neural progenitor cell by expressed markers of primtive neuroectoderm and
neural stemcells such as NNCAM pol ysialyated NN-CAM A285, internediate
filament proteins such as nestin and vigentin and the transcription factor
Pax-6; and culturing the neural progenitor cells to pronote proliferation
and 10 propagat i @pfaining: apeundiffergntigtedi hwnae eimiyyanicl stgrowelhass@ersribed or
nonol ayers ppgf %Labl y in serumfree nedia. A suitable nedia is DVEM F12
suppl enent ed Wth growmth factors selected fromthe group including B27,
EGF and bFGF. 15 lﬁdumihgrsoemntuocbmfermtmtlomh:é the eprabyohiznstery cbk tachinevued by

further cultjvati n i new nedi iincl.udes transferring the clunps of
celI's into nBIRORRAPTLE! IW%%‘?‘E%& @SQ LETYR the invention there is

provi ded s et hodd‘fe@nfgling aggéu.&labaage?ﬁiot f&@llstﬂh%rxﬁﬁes's@ﬁom%ﬂdwé QafC@irhrtive
suspenSI ons. D s- agg ation by usi ng di gestl on With psin or ase

may be i nef f BRYPEE! Ay Peyal st r@'s@cac%%p%e60|b?alya$@e%¢6 Wit h
papai n combi Agds5 Wlﬁt@rn@@ﬁﬁ‘@”'ﬁ%erﬁ' ﬁﬂé'iélﬁé Wlch! Bs %lheénés\ﬂﬁféhtlﬁ’faﬁd“?he

invention, there is provid a method of transplanting 25 ES derived
neur al progeﬁﬁ@@&ﬁ'?ﬁ%&ﬂ% P@aﬁcﬁﬂfbt hod conprising: disaggreaating the

spheres; and inj e&’ﬁtkﬂg%t he, dhéﬂgpr@ga%ﬁﬂ) SRIGL ef, | &Ir?gncag;'préh@&ah&?t

Di saggregation of t pheres nducted in se ara?e t he
30 cel | stlei tprepagatignal | clunps or single cells. Ideally, trypsin or
di spase are not used. , Mechanical disaggregation or tituration my be
adopted to separate the <cells prior to injection. Alternatively the
spheres may Tiee dieaeggregaiied dwls willggsiv a8 sphehespapahshgiiyvasie mableyatdpidpi ned
with rTEChamsCe%mtfrééJ rrﬁiédla A su:tabte media is DMEM/F12 supplemented with growth

factors selected from the group including 827, EGF and bFGF.

15
Further enrichment of the preparation may be achieved by further cultivation in

new media that includes transferring the clumps of cells into new media.

In a further aspect of the invention there is provided a method to dis-aggregate

20 the spheres into single cell suspensions. Dis-aggregation by using digestion with
trypsin or dispase may be ineffective. Dis~agg_fegation may be accomplished by
digestion with papain combined with mechanical tituration.

In another aspect of the invention, there is provided a method of transplanting
25  ES derived neural progenitor spheres, said method comprising:
disaggreoating the spheres; and

injecting the disaggregated spheres into a living host.

Disaggregation of the spheres may be conducted in any way to separate the

30  cells either to small clumps or single cells. Ideally, trypsin or dispase are not
used. , Mechanical disaggregation or tituration may be adopted to separate the
cells prior to injection. Alternatively the spheres may be disaggregated by
digestion with papain preferably combined with mechanical tituration.



I nj ection may be conducted in any manner so as to introduce the cells into
the nervous systemof the host, Preferably the cells are introduced into a
specific site in the nervous system Any nmethod nmay be used to introduce
the cells into 5 a specific location. Preferably, the cells are injected
using a mcro-glass pipette (300m cron outer dianeter) connected to a
mcro-injector (Narishige, Japan). Theyglass pipette may be covered by a
plastic sleeve that will limt the depth of penetration into the host
nervous system The cells nmay be also injected by a hamlton syringe into

pr edet er m negl. i r,eot axi vice, A 10 st.ereaqt axi

i ect o et iadchdy bes &bl 30 Y Hanfie s aad B Fe TS G e
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indication far transplantati on, the |location in t nervous stem and the
speci es of tHIE AGGE nepRUSESIT). AN ERBRRERL bisAd s rsiles BOGIS Nt | 5
per mcrd itgespasifc Mdﬂaﬂéﬁ.eﬁréfékabf}?tlﬁ@b@lls%reciﬂ{e%ﬁdihsiﬁ@rﬁ ricb&Faslf pipstdor n
rats or mce. In another aspect "of the invention there is provided a
neural progedPParcrer|quter: gisumgtarotonnestashic g Bi¢reriniestos (Manskigendanails
system sai d k erl t i S hi t.apliey; f
contributi ngﬁ@nb&aﬁg%ﬁ%o@gzg%i @Qg{ggb?%v@%ﬁ‘%g%tg.ge maﬁa‘ﬁgt“ﬁgt?{hgs&gg??g{)f t he
present i nveprictatioménte the hmsd viedarisasystgrhotihefcellsdumy bg alsoinggdted bgld s in

vivo frome anj C_ S I A o] L.C progenjtors, .said. meihod
conpri si ng: %@@b a?VE‘ut"ﬁg] fﬁés Jggéetegﬁ%gﬁbgg%thi 8&9 efn %tgf)‘?c’%%éic\i/eé%cew iC
progeni tiér selcbsmxipingfctioabhethpd eparsdsiitablére nmet hods descri bed herein; and
transplanting the somatic progenitors into a host to induce differentiation
to somatic cells. 30 The transplanting nay be conducted by any of the

mﬁt hods defsCTﬁebedluh%r E!;calﬂ-isF] inbetadengr &fd ednddr@tion lctlﬁwﬁu@pijh rt_ﬂertﬁinsplaﬁtétht em
the progenitor cells of t present invention w participate in the
processes ofSOtSIPRECREBI b eeihe icaten ertf?fﬁg\anﬁﬁ?@oﬁb‘f E’&aﬁ'% imihe; pegvous
devel opnent alyseieand The s588EE0E Bh REQUPIL{RADIC Sl hferditbls with 95 208-50 Gutd
establ i shed m gratory pathways and w || spread w dely into

cells per microliter are injected to the lateral cerebral ventricles of newborn rats

or mice,

In another aspect of the invention there is provided a neural progenitor cell
capable of transpiantation into a host nervous system said ceil characterised by
20  establishing a stable graft and contributing in the histogenesis of a living host.

in another aspect of the present invention there is provided a method of inducing
somatic cells in vivo from embryonic stem cell derived somatic progenitors, said
method comprising:

25 obtaining a source of embryonic stem cell derived somatic progenitor
cells, preferably prenared by the methods described herein; and _

transplanting the somatic progenitors into a host to induce differentiation

to somatic cells.
30  The transplanting may be conducted by any of the methods described herein.

When engrafted into a developing nervous system, the progenitor cells of the
present invention will participate in the processes of normal development and will



di ssem nated areas of the nervous system The transplanted cells wll
respond to host environnental signals, differentiate in a tenporally and
regionally 5 appropriate manner into progeny from both the neuronal and

glial lineages in accord to the region's stage of devel opnent and in
concert with the host devel opnental program The engrafted neural
progenitor cell is capable of non- disrygtive intermngling with the host

neural progenitors as well as differentiated cells. The transplanted cells
can repl ace s’ﬁéﬁwd to dhe iherehderelopueatal muegl The engraftexd ppegsuitar celits wil

restore defe e e

di stributi On%fngﬁe g@ﬁbhggég@%geéf %@PP‘%@@ ?%W&E{ylg %R? gﬁmEgpt‘%pl \%qﬁ '{}?
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t he devel ope rvous system . forma table raft
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can 20 express forelg genes in host' s nervous system referably the
stabl e gr aft disguptiverig &rrrmllaalwﬁhé@ hcvsttrmrai@mg@mtomasml ag/@ffemnbatedt he

peri pher al u ! e The
neural pr ogenﬂ%r %g%?ffatn‘ég}fa n-tl%e(:é'r egs)ejgﬁ eq)lrl%{?es oﬂr?’ %%f@ciérg gﬁélaﬂteﬁe 25
appl i canfl§ t@OQUht!eertestateedeiechm funetrmemamdrsan Ieapmstaéme@dgénest;he: wide
ability to SO qﬁ% 160kDa neuro-filament protein, MAP2ab, gl utanate,

synapt ophysi n, fani ¢ acid decar boxyl ase (GAD), tyrosine hydroxyl ase,
GABA and ser otonr n. The neural pr ogenitor cells of the present invention

h b | h by th t iff tiate t t d
o1 1 godendr ocyt 8 TR apert SanEesgonibe ES dritvefl il b egemtor fels Suingirang
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dlfferenéﬁ to th varlous somatic cel Ees is particularly useful for

nodi fyi n hA¥ED ”s%ﬁa&lﬁ gt ﬂé@ﬂaé@wﬁamd eiheskRervaes systam. sitergingle cel |

and interact with the host neural progenitors and differentiated ceils. They can
replace specific deficient neuronal or glial cell populations, restore deficient
functions and activate regenerative and healing processes in the host's nervous
system. In an even further aspect of the invention the transplanted cells can

20  express foreign genes in the host's nervous system.

Preferably the stable graft is a graft established in the central nervous system or
the peripheral nervous system. The stable graft may establish in the brain. The
neural progenitor cells of the present invention have been shown by the

25 applicants to differentiate to mature neurons characterized by their ability to
express 160kDa neuro-filament protein, MAP2ab, glutamate, synaptophysin,
glutamic acid decarboxylase (GAD}), tyrosine hydroxylase, GABA and serotonin.
The neural progenitor cells of the present invention have been also shown by the
applicants to differentiate to astrocyte and oligodendrocyte characterized by

30 RNA transcripts of GFAP, MBP, pip and dm-20 or by immunostaining for GFAP,
04 and NG2.



popul ations, restoring deficient functions of the system or activating
regenerative and healing processes in the nervous system 5 In a further
aspect of the invention the progenitor cells are grafted into other organs
such as but not limted to the hematopoietic systemwhere they trans-
differentiate and forma stable functional graft. 10 More preferably the
spheres are ES derived human neural proggnitor spheres which are
transplanted into the living host. In yet another aspect of the present

i nvention, thbeeabilty pr diffederdiate tethrodardus ¢oneattd ol typeens phrtioatadiytuseful by

r epl eni shi ng L . tion in the brain, said_ 15 nethod conprising:
obt ai ning a gogdﬁgég’kyé’?go%?&?&ﬁué §¥Séﬂmcélrlreﬁléf“i”9e f?&ﬁ?ﬁtq%‘rﬁq%g‘ﬁ'%{%ﬁeﬂ
cell's, prefepabligtignsepassidrimy tdeeciant h@stislescoi bg@ hgisedm; andactivating
transpl anting the %omatl C progenitors into a host to pronote their

di fferenti at {SIFNEG¥E ARdihealing peocesgepindheepIaps syst8Mar e di fferenti at ed

from neurml |ineages selected fromneurons, astrocytes and

ol i godendrocyte. Preferably the nental condition is selected fromthe group
i ncl udi ng al Phadifdber asmeddiofdhsdnventipnothigeprogeniter celisnaler pmiteddates pthgr
denmentia. Ity J . t Lovent| Xpress
gl ut amat e, Tﬁgﬁ&%%%\égnégh g%tr 'gﬁ)%ﬁ?d r@ﬁ%{ﬂ %m%ﬁlcéé%ﬁ&%g&ugﬁn\gh%y%g\c}% n%’r ol e
i n the pat hogjffetssitistecard forma stable fahctiorehpadft. conditions. 30 In a further
aspect of the invention there is provided a neural progenitor cell, a
neuronal cell and/or a glial cell that may be used for cell therapy in a
vari ety ¥ Matehptedgriabhl theosishdresnse IHR dedverd hhptann@durbl prdgeditdospheres
neurodegenera]t%ii ve dLrsor scul ar condi ti ons, autoi mmune di sorders,

ers, .51 v
congeni tal dfYEP AL ?n%Fﬂ%tﬁQ "&tr‘?c}hegi"ﬁar@?t-ln a further aspect of the

invention there is provided a neural progenitor cell, a
In yet another aspect of the present invention, there is provided a method of
tréating a mental condition by replenishing a cell population in the brain, said
156 method comprising:
obtaining a source of embryonic stem cell derived somatic progenitor
celis, preferably prepared by the methods described herein; and
fransplanting the somatic progenitors into a host to  promote their
differentiation to somatic cells.
20
Preferably, they are differentiated from neural lineages selected from neurons,
astrocytes and oligodendrocyte.

Preferably the mental condition is selected from the group including alzheimers
25 disease, and other mental conditions causing dementia. 1t is shown that mature
neurons of the present invention express glutamate, TH, GABA and serotonin.
Serotoninergic neurons may have a role in the pathogenesis and treatment of

mental conditions.

30 In a further aspect of the invention there is provided a neural progenitor cell, a
neuronat cell and/or a glial cell that may be used for cell therapy in a variety of
pathological conditions including but not limited to neurodegenerative disorders,



5 neuronal cell and/or a glial cell that may be used for gene therapy.
Cenetically manipul ated neural progenitor cells or neuronal cell or glial
cells may be used after transplantation as a vector to carry and express
desired genes at target organs. 10 In another aspect of the present
invention, there is provided a conmtted progenitor cell line, The
progenitor cell Iine may be expanded tosproduce |arge quantities of
progenitor cells, neural progenitor cells, neuronal cells, mature neuronal
cell's and gl Na$cubav| cenditions, rauipiothiene akisssdersoicongenitahvdisartiens, traeae and e
provi ded co Mt E d neural progenitor cells capable of self renewal or
dlfferentlatlon |nto one or limted nunber of somatic cell |ineages, as
well as mature differentiated cell produced by the nethods of the present

i nvention. 2 nsion o r.o enl cells may he usef ul
when t o nunb? RN ARReehPt i VARG P es demidshiamapdaBoentos D, &
limted. 8n pegnal 6ABSnd/0L¥NPIS e tindt ma;eb@rmamo?g@ﬁew@b? @sﬂéwdaupor
various applications such as the production of sufficient cel

fo
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di scovery st yglegafftanti®n %éaé%etm RY ddPhend B %éstMH Sakddped

above, expansion of progenitor cells fromten sp eres for en passages may
generate 50x2@@ngells that would be sufficient for any application. These
observations on cells of the neural |ineage establish the principle that by

30 using the techni ques described, commtted progenitor cells may be

i sol at edl0 f Inoamethier yaapiect sif etinec prdseatlibyargionp togpag &t @dov:@etpm@emmaﬁaaji ched
and further _induced t.o. uce fully differentiated ce

Urther  aspeRlOB g R tibh e oB RS S it B fiiarte SPapibites ng

| arge quant guargtiesfofdplobentot cellssdnand! prstichiter eetis ahedropeal kslis, | matmet her
aspect there is provided  a .dj fferentlated commi tted progenitor cell line 5
that may be E‘?HrPg@'éiegﬂaf‘grg"BL‘Eﬁ Snged periods and give rise to large
"quantities of progenitor cells and fully differentiated cells.

15 In another aspect of the invention, there are provided commiited neural
progenitor cells capable of self renewal or differentiation into one or limited -
number of somatic cell lineages, as well as mature differentiated cell produced
by the methods of the present invention.

20  Expansion of the committed progenitor cells may be useful when the number of
progenitors that may be derived from ES cells is limited. In such a case,
expansion of the progenitors may be useful for various applications such as the
production of sufficient cells for transplantation therapy, for the production of
sufficient RNA for gene discovery studies etc. For example, by using the

25 technigues described above, expansion of progenitor celis from ten spheres for

appiication.

These observations on cells of the neural lineage establish the principie that by
30  using the technigues described, committed progenitor cells may be isolated,
from embryonic stem cell cultures propagated, expanded, enriched and further

induced to produce fully differentiated cells.



The neural progenitor cells or other conmtted progenitor cells derived by
the nethod described above may be used to generate differentiated cells
fromother 10 |lineages by transdifferentiation. In another aspect there is
provided a differentiated commtted progenitor cell line capable of
differentiation into mature neurons and/or glial cells. Preferably the
progenitor cell is a neural progenitor £ell. 15 In another aspect there is
provi ded an undifferentiated cell |ine capable of differentiation into
neural progehia dirthee Bbgegirod thecipdentyort, teerets pradideld a retprdsigroduding Enge on.

20 Specific LLines. . .HES- 1 and HES- 2 wer.e isol.ated by the procedures
descri bed a@%%ﬂéltlglﬁ8?ﬁg{;éer{tﬁéetg?%%{g?qlﬁ%rgnhgtbegrqegg.d above. In anot her aspect
of the invention there is provided a cell composition including a hunman
differentiated or undifferentjated cell capable of differentiation jnto
neural 25 pPRYEhessPest WS%IS&?F@Y'QBS@ %&%P@@E!@t?dlﬁpnﬁrﬁ@egﬁfﬁ%ﬂ'@r c@\HL\ne
present isvemhi fidy B ultidated’ b Sfolon [dds@ind"BiVe MR eABNaRfY GiAltines epl | Y
acceptabl e carri e‘ry t hat mai nt ai_ﬁs t-kf?eég FS(;egrl I's. 1t " my be PB@%‘? ES medi um
30 The di f f sregenittraglis anddeivididerentiatad €@lisel | s may be preserved or

mai nt ai ned by any nethods suitable for storage of biological material.
Vitrification of the 53 biological material is the preferred nethod over
the traditioh neb@hpregenitor cells wy otimst tamittedl peageinter pelissdenvad on thd ES

cel 15 for e sRERRGHERL BB bl oS o Rhtde ihento Bl R g ofhoP

met hods,10conimeabys by ittansdiffefentiatitve cryo- preservation of cell lines, may be
used to cryo- preserve undifferentiated or differentiated cells, the
efficiency of recovery of viable human undifferentiated ES cells with such

met hods is eaxtaneirashest theRSsGrblided Befffshehfiged dopimbeb Progétilor bbiNRse si nce
the pluripotent cells are derived i
capable of differentiation into mature neurons and/or glial cells. Preferably the
progenitor cell is a neural progenitor cell.
15
In another aspect there is provided an undifferentiated cell line capable of
differentiation into neural progenitor cells produced by the method of the present

invention.

20  Specific cell lines HES-1 and HES-2 were isclated by the procedures described
above and have the properties described above,

in another aspect of the invention there is provided a cell composition including a
human differentiated or undifferentiated cell capable of differentiation into neural

25  progenitor cells preferably produced by the method of the present invention, and
a carrier.

The carrier may be any physiologically acceptable carrier that maintains the
cells. It may be PBS or ES medium.

30
The differentiated or undifferentiated cells may be preserved or maintained by

any methods suitable for storage of biological material. Vitrification of the



10 fromthe blastocyst and retain their enbryonic properties in culture.
Therefore, cryo-preservation using a nethod which is efficient for enbryos
is nost appropriate. Any nmethod which is efficient for cryo-preservation
of enbryos may be used. Preferably, vitrification nmethod is used. Mre
preferably the Open Pulled Straw (OPS) vitrification nethod previously
described by Vajta, G et al 15 (1998) NBlecular Reproduction and

Devel opnent, 51, 53-58, is used for «cryopreserving the undifferentiated
cells. Mre piadégcaibhgteriahis thehefdrrdd soethbe dvebihevpdibonabslast-rate febawg)
Cryo- Letters, B 389 - 392 is enployed. Generally, this method has only
been used f0|mc 9%reserw ng enbryos. 20 The commtted progenitor cell |ine
is efficiently recovered fromcryopreservation wusing the traditional slow

rate cooling thod. The differentiated or undifferentjated cells may be
used as a solfiEliygPraseprationsf EBcef aé%mm%mwﬁarﬁfasnwipwaéﬁbcaméé

i ncl udi ngg bU%td?é‘gﬁe b M 88iid for FhaukiB fiRFd %ége aﬁh&ughf ﬁé@ﬂéﬁatsfw frfe%EFn@r s or

factors control |ngt|ssue re neratlon ey be used
gener ati on ofmeiheds senuwaonlyaitiisad feo s cwmrggéwatlcm@f cell fings.eay f@ﬁwsedl S0

be used for i&‘g.g é@s%@]%%ﬁéreﬁ@%?? ghﬂarf%'é%%ﬁ?éc? ﬁelw Ao 8@%# Blel%tcove

congeni tal dis been devoted to
pot enti al appf viasta bumaofurstiffereniiadbd &9 neHB w:tbgguczh]nmeﬂ’etﬁﬁsclsrmctremﬁy Iow

properties o {.bot i all nd | ty f un| s and
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for the 1(i!rsfrotn the. biaStocest! @ncpwtemtﬂhalrlamb@nn&:dpifo@eﬂieMm dufitarss herefgpee, of
donor tissue for use ig transpl ant ag]lb(gi RB cedur{gfs, ? t| cuharly vvherte no
al ternative EWPERIFES¥PLRRNYIH BuPS Y8R HS oPTCIRE ' @HUTTREY OSc St 'Y ed
stemcel | . Eﬁpp@bhﬁtéﬂa\\ﬁ@ rﬁ@mu@&m@f is§ éfficie 8RR Ichgb-BRIBENGRD @n@mmyoéwmn

nmedi ci ne, in areas such as enbryol ogi cal research, functional genonics,

i denti ficatiBf ‘¢fedadisfergblywviiricat ‘Pﬂr@eﬂ’lﬂﬁid '%Nﬁ@ddlmév%fﬁiﬁfagiﬁdthﬁogp@ﬁl ogy
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enbryoni c CNS are consi derab ere may be rea vant agés to neural
progemtbﬁ cE1998) dMdplegutarf Repraasctien | angd| Bevedspment, 51, 53-58, is used for

cryopreserving the undifferentiated cells. More preferably, the method described
by Vajta, G. et al (1998) Cryo-Letters, 19, 389 - 392 is employed. Generally, this
method has only been used for cryopreserving embryos.

20 The committed progenitor cell line is efficiently recovered from cryopreservation

using the traditional slow rate cooling method.

The differentiated or undifferentiated cells may be used as a source for isolation
or identification of novel gene products including but not limited to growth factors,
25 differentiation factors or factors controlling tissue regeneration, or they may be
used for the generation of antibodies against novel epitopes. The cell lines may
also be used for the development of means to diagnose, prevent or treat

congenital diseases.

30 Much aftention recently has been devoted to the potential applications of stem
cells in biology and medicine. The properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in
human biology and medicine for the first time. ES cells potentially can address



10 ES cell lines derived froma patients' own tissue via somatic cel

nucl ear transfer would produce neuronal precursors which are a precise
match to the recipients own tissue and m ght therefore be nore suitable
for grafting. 15 Moreover the use of nuclear transfer to yield ES cells
fromindividuals with specific genetic predispostions to certain diseases
of the CNS could provide a powerful to for the generation of in vitro
nodel s for di sease pathogenesis. It is quite likely that neural precursors
generated frtm Eortajd of dbhor Bssueelpr U@ iderarsplantdtbnapgicedtres, gadistifarigr

devel oprrenta otent| an co tted enitor fromfe or adult
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not clear that neural A 25 stemcells can do so. ES derived neural

progeni tors ReaRIMedicinReinsaraay sueh agembryolagiesl isseles, prstieral gegemics,
neur ogenesi SigeRRfcdtBRlFRbvE) ggwwﬂ?faicfmerémm@g&%tv , aflup6aegy. of novel

factors enhancing tissue redgeneration I nt er'nedi at es
which 30 mght be nore facile at replacing danaged tissue. It may be that
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ti ssue-either it 8] ga &3 se nodels in vitro or for types of
gene t her apypropgglgncet eriyg FrBHh CY-WESati on and isol ation of neural
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on the generality of the invention described above.
own tissue and might therefore be more sustable for graﬁlng

15 Moreover the use of nuclear transfer to yield ES cells from individuals with
specific genetic predispostions to certain diseases of the CNS could provide a
powerful tool for the generation of in vitro models for disease pathogenasis.

It is quite likely that neural precursors generated from ES cell cultures may
20 demonstrate a greater growth or developmental potential than committed

progenitors from fetal or adult CNS.

There is a huge range of cell types within the adult CNS, and white it is ciear that
ES cells can give rise to any of these in the mouse, it is not clear that neural
25 stem cells can do so.

ES derived neural progenitors may allow the study of early stages of the process

of neurogenesis, and thereby provide important clues for discovery of novel

factors enhancing tissue regeneration, or novel stem cell intermediates which
30  might be more facile at repiacing damaged tissue.

It may be that the frequency of homologous recombination in ES cells is much
higher than that in neural stem cells, and therefore that the only practical route
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stemcell like cells, on nouse feeder |ayer, about every 7 days. The clunps
were either dissociated nechanically, or with a conbi ned approach of
mechani cal slicing foll owed by exposure to dispase (10ng/m, Life

Technol ogies). 30 (a) Enbryo culture Foll ow ng insem nation, enbryos were
cultured in droplets under pre-equilibrated sterile mneral oil in IVF50
medi um (Scandi navian 2 nmedium for 2 dayg. 60 A mixture 1.1 of |IVF-50 and
Scandi navi an 2 medi um ( Scandi navian 2 nedium) was used in the third day.
Fromthe forth day of cultureEXRERINGCHPALRROAGCOL®R i um was used to grow

the 5 cleav ge s e_gnbryvas to bl sto s..(b) Zona pellucida digestion.
Zona pel | uci da digggf’f’ﬁﬂn\ﬁﬁg 'ngf“g? gﬁ ﬁgnéxpanded bl ast ocyst stage on
day 6. 10 The di geetilissu amlcytTeBOWeer:bud@d Rmn@sxﬂaét&mnstagé: (dagt@dftetOu in
PBS and Scandi navi an 2. medi um 0s were incubate ronase

sol ution for MEEMinatigny 'Wﬁgﬁwtfai m@%*ﬂs@&ﬁm i\gna ZStﬁ%%ﬁanF%ﬁH'?‘r”ﬁcUg%t ed
for 30 nmigut Eﬁxodd‘a (FBﬁg Z9Va AP BBAYso ﬂom&ﬁﬁérﬁoﬁlﬁsﬁﬁrﬁ@ﬁ blddtGagsPraes were

further incubated in pronase solution for seconds. éc) Human stem cel |
cul ture. 20 #Reniptasceinnsees Imegugnmlmtbtnrwmcﬂaeﬁthean iviithet gtasitureeeder

ayer . i b A 48" Q)P 98085! AR SohacaUERIGH SAESo opnaR 1 on

of hunman and nbuse S Were use
appr oxi mat el @Smaom badis, MO)(8060g d2 ¥l st pdr Gnﬁomgs;pnegnan@ﬁ yafteﬂ' transfer of

bonst ot 5ol ifcBh 3o BshBe s SRS P DRAETRBRL)
However ,10nhi Repffwrraﬁ 55mm| d983))C HBMdNadesmommpbytrmnmmu@ry £Soltarel).,
cr et o A VY e 1S ARk RE%5h oL s, BREREYE Fyob BB 51
U.S.A 72, 5099-5102 (1975)) using anti-human serum antibody (Sigma)
folowed by exposure to guinea pig complement (Life Technologies,
Gaithersburg, MD). ICM were then cultured on mitomycin C mitotically
15  inactivated mouse embryonic fibroblast feeder layer (75,000 cells/cm?) in
gelatine coated tissue culture dishes. The cuiture medium consisted of DMEM
(Gibco, without sodium pyruvate, glucose 4500mg/L) supplemented with 20%
fetal bovine serum (Hyclone, Logan, Utah), 0.1mM beta-mercaptoethanol, 1%
non essential amino acids, 2mM glutamine, 50u/m! penicillin and 50(g/mi
20  streptomycin (Life Technologies). During the isolation and early stages of ES
cell cultivation, the medium was supplemented with human recombinant
leukemia inhibitory factor hLIF at 2000u/ml (Amrad, Melbourne, Australia). 6-8
days after initial plating, ICM like clumps were removed mechanically by a
micropipette from differentiated cell outgrowths and replated on fresh feeder
25 layer. The resulting colonies were further propagated in clumps of about 100
stem cell like cells, on mouse feeder iayer, about every 7 days. The clumps were
either dissociated mechanically, or with a combined approach of mechanical
slicing followed by exposure to dispase {(10mg/mli, Life Technologies).

30 (a) Embryo culture
Following insemination, embryos were culiured in droplets under pre-equilibrated
sterile mineral oil in IVF-50 medium (Scandinavian 2 medium) for 2 days.



achi eve better support of growth and prevention of differentiation. 30 The
medi um t hat was used for the growmh of human stem was DVEM (G BCO, w t hout
sodi um pyruvate, with glucose 4500ng/L) supplenmented with 20% FBS

(Hycl one, Utah) (-nercaptoethanol - 0.1mM (A BCO, Non Essential Am no
Acids - NEAA 1% (A BCO), glutamne 2nM (d BCO, penicillin 50u/m, and 61
streptomycin 50(g/mM (G BCO. At the inggial isolation of the stemcells
the nediumwas supplenmented by hLIF 2000u/m . It was |later shown that LIF
was not necéswidtyre b1(ad)VEhteand Seandivaviaprdopwgium ¢hcFulinaiamg peditimg,

the isol ated t, eql. was cultured for 6 days. At that stage, a
col ony whi Chwlla%qs% é@mz% @{rg%%y'of stemcells on top of differentiated cells

devel oped. The ICM clunp was isol ated and renoved nmechanically by a mcro-
pi pette with.the,ai f ,Usi Ca/ free PBS medium.to reduce, cell to cell
0" at t achmrenf e Hieforltar e Pt eSS sPd v Baten o aeefe
fibrobl asg feledeagd stnge emtirpdd BVblaStodyseeks of culture, a colony with
typi cal norphol ogy of primate pluripotent stemcells devel oped. The stem

cells were further propagated in one 15 of two nethods. In both nethods

cel I's which gypeapggh ﬁg,%({af@?g&;d,@t ed were propagated in clunps of about
100 cells every 5-7 days. In the first nethod, Cat+/ My2+ free PBS nedi um

was used to Zedmeellediid digestiehl wasipedotmentad.thEaMpenied idrsiocysl Bta®e on

m nut es, celé@{gradually start to dissociate 20 and the desired size
clunps can be™ Sol ated. When cell dissociation is partial, mechanical

di ssoci atd on using the sharp edge of the pipette assisted with cutting and

the isolati f.th I . An alt ti h f by .th
Conbi nod usel B JIRER Caron, BRL el BN aS st o el T PR M "
i sol ati on of S¢hredlisaheobl omedismiqy:1Ji sease. Cutting of the col onies was

performed in PBS containing Ca and My. The sharp edge of mcropipette was
used to cut the colonies to clunps of about 100 cells. The pipette was

al so used tWﬁ&re?%ﬁlﬁyéé‘%ér%m\éﬁbgfeﬂfW%Fﬁﬂﬁbego]ﬁfigx@%?f%ﬁ.@emin, washed in
15 Scandinavian 2 medium and incubated for 30 minutes. If the zona was not
completely dissolved, the embryos were further incubated in pronase solution for

15 seconds.

(c) Human stem cell culture.

20 Human stem celis were grown on MMC treated fibroblasts’ feeder layer.
Fibroblasts were plated on gelatine treated dishes. A combination of human and
mouse derived fibroblasts were used at a density of approximately 25,000 and
70,000 cells per cm® respectively. The fibroblasts were plated up to 48 hours
before culture of the stem cells. Mouse fibroblasts only could also support the

25 growth of the stem cells. However, while human fibroblasts could aiso support
stem cells, they created an uneven and unstable feeder layer. Therefore, the
human fibroblasts were combined with the mouse fibroblasts to augment and

achieve better support of growth and prevention of differentiation.

30 The medium that was used for the growth of human stem was DMEM (GIBCO,
without sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah) (-mercaptoethano! - 0.1mM (GIBCO), Non Essential Amino
Acids - NEAA 1% (GIBCO), glutamine 2mM.(GIBCO), penicillin 50u/m}, and



col onies. The PBS was then changed to regul ar prequilibrated human stem
cells 30 nmedi um contai ning dispase (G bco) 10ng/m and incubated for 5-10
mnutes (at 37(C, 5% CO2). As soon as the clunps were detached they were
pi cked up by w de bore mcro-pipette, washed in PBS containing Ca and My
and transferred to a fresh feeder layer. 62 e) Human stem cell
cryopreservation. Early passage cells wgkre cryo-preserved in clunps of
about 100 cells by using the open pulled straw (OPS) vitrification nmethod
(Vajta et al snregw)nmm H0¢@md (BBREY fAtctitad inial Bokatioh ofi tiie starawslis 2the( 1,

I W, L"A gl S ance were hea a, hot ate, an ed
manual |y unt im® Wé' vy%%gpp {eéfgwgﬂgggﬁggé& Fd”aéb%tﬁr ‘%‘Q“fn @\aﬂﬂh-twas

ori gi nal di amet Béces‘éhg/,straws were allowed to cool to roomtenperature and
were than cut at the narrowest point with a razor blade. The straws were
sterilised by gamma irradiation (15-25 K Gy). Two vitrification 10

sol uti onss (Vi) vver.@m,eéiemagg;; r@ﬁéqsa pased on a hol ding medi um (HVM which
i ncl uded DVEM cont al ni ng bufter (G bco, w thout sodi um pyruvate,

gl ucose 45ooﬁ@ﬂwfn§m@mrrmﬂ @éiatﬁd lCMoamcbedlanﬁmaq@utwe@fﬁr(@g@ys@ﬁé thatogan,
Utah). The fi | k@}\@ﬁ d
TO?/o 2at hyl 2ne @E’téﬂ%g" 2“'%22&&4%%%9'5 ‘?/%tcﬁﬁgl ﬁ) gﬁdso utron ) o

15 i ncl uded 269%IohED, T@%M@Imﬂv@sﬁ%bw amdaremmed)mbdmcalbj lweaemcro—

perfornmed on N tage.at .37 s_of. ES. cel | re. fir
ocubat ed | nPBeREr i e iehdios Yoty SRS, o R an P 16 Fedlo 2640 0 onas.
They wer €0t hehasiasdyetd. in a 200 droplet of VS2 and placed within a droplet

of 1- 2(1 of VS2. The clunps were | oaded into the narrow end of the straw
fromthe 20 droplet by capillary action. The narrow end was i mredi ately

subner ged i nTRe iddiatet Ciith menrepla?eécﬂ VNSFrdeH ﬁurﬁhﬁfmSaemdrbgrabﬂfeéuéf RGen.

Thawi ng was al so . perforned heati ng stage at 37C as previously
descri bed wi Epllayvingng wesld ef (%Htp%sa(qﬂg?@b vath &ypiced omprehoieaye °§élft5’?ﬁi§
after rermva

e b I g

i ncubat i th t éfetvwd omikodeerla Hati tm@hodﬁwﬁatvédch appeared nondifferentiated were
propagated in clumps of about 1060 cells every 5-7 days.

In the first method, Ca®+/Mg*+ free PBS medium was used to reduce cell to cell
attachments. Following about 15-20 minutes, cells gradually start to dissociate
20 and the desired size clumps can be isolated. When cell dissociation is partial,
mechanical dissociation using the sharp edge of the pipette assisted with cutting

and the isolation of the clumps.

An alternative approach was performed by the combined use of mechanical
25 cutting of the colonies followed by isolation of the subcolonies by dispase.
Cutting of the colonies was performed in PBS containing Ca and Mg. The sharp
edge of micropipette was used to cut the colonies to clumps of about 100 cells.
The pipette was also used to scrape and remove differentiated areas of the
colonies. The PBS was then changed to regular prequilibrated human stem cells
30 medium containing dispase (Gibco) 10mg/ml and incubated for 5-10 minutes (at
37(C, 5% CO2). As soon as the clumps were detached they were picked up by
wide bore micro-pipette, washed in PBS containing Ca and Mg and transferred

to a fresh feeder layer.



5 mnutes in HMwith O 1 M sucrose and an additional 5 mnutes in HM 2.
Stemcell characterisation. 30 Colonies were fixed in the culture dishes by
100% et hanol for inmmuno- fluorescence denonstration of the stem cell
surface narkers GCTM 2, TRA 1-60 and SSEA-1, while 90% acet one fi xation
was used for SSEA-4. The sources of the nonoclonal antibodies used for the
detection of the markers were as followgy 63 GCTM 2, this |aboratory; TRA
1-60, a gift of Peter Andrews, University of Sheffield; SSEA-1 (MC-480)
and SSEA-4 (MC-813-70), Devel oprrent al Studies Hybridoma Bank, lowa, |A.
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studies. To nonitor expression of was carried out on col oni es

consisting t8Menasieuemanietyplate. s‘l"“é’rn"é@q @awﬂwrﬁw@% inpeIcHiameieun@gr gone
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vas ber or oSyl SRR, SEFId b gl YT IRLANEEHPICEE (Hid Sitytcation

Technol ogi es). eact1on

al. (1998), s@umms (S okia upbdisBotbDMreabasexiph e okdird m‘%mmdi-mve\{vblsb
(o ot @ Stk B AR KOsl SRS (b, Y fuCRANA AR e
3" - ACACT COGAGIGA6¥sT 4900 AL) evpplsmentetbwith Q0T Tetd! bfoﬁrrne gerfiA (tyalonty Logan,
Fol L ow ng. pr PAEDs MBI O D BebRed AU AIgEtty] S iaxds (DO, Sigma) and
TTCTCCTTGATGISACEH et dlyRY eliss) Sidthaduths Mo?nda'i)ﬂhiyc%@idnoﬂolatldn 53¢s2) -
15  included 20% DMSO, 20% EG and 0.5M sucrose. Al procedures were
performed on a heating stage at 37(C. 4-6 clumps of ES cells were first
incubated in VS1 for 1 minute followed by incubation in V52 for 25 seconds.
They were then washed in a 20( droplet of VS2 and placed within a droplet of 1-
2(l of VS2. The clumps were loaded into the narrow end of the straw from the

et

20  droplet by capillary action, The narrow end was immediately submerged into
liquid nitrogen.  Straws were stored in liquid nitrogen. Thawing was also
performed on a heating stage at 37°C as previously described with slight
modifications (Vajta et al 1998). Three seconds after removal from liquid
nitrogen, the narrow end of the straw was submerged into HM supplemented

25  with 0.2M sucrose. After 1 minute incubation the clumps were further incubated
5 minutes in HM with 0.1M sucrose and an additional 5 minutes in HM.

2. Stem cell characterisation.

30 Colonies were fixed in the culture dishes by 100% ethanol for immuno-
fluorescence demonstration of the stem cell surface markers GCTM-2, TRA 1-60
and SSEA-1, while 90% acetone fixation was used for SSFEA-4. The sources of

the monoclonal antibodies used for the detection of the markers were as foilows:



agarose gel and visualised by ethidiumbromde staining. 4. In-vitro
differentiation. 30 Colonies were cultured on mtotically inactivated
nouse enbryonic fibroblasts to confluency (about 3 weeks) and further on
up to 7 weeks after passage. The nediumwas repl aced every day.

Al phaf etoprotein and beta human chorionic 64 gonadotropin |evels were
nmeasured i n nedi um condi tioned by HES-lgand HES- 2 at passage |level 17 and
6 respectivel After 4-5 weeks of culture, conditioned nedium was

harvest ed 36CkJiM-2. dhise fabogtoryiretRAn! SRary gift (ﬂfdpeilﬁé Andrewsn Univsreits afer e
det db | :
e or e by BpeSSS .  ATMBATSNTRISEL L TESENGT LEBRRRAA Sy,

FL) respecti Mebmdoﬂ@%kcmeUAdAnmmw mahswbeoﬂwpenﬁom bplusingembbm

conditioned o by feeder | ayer,. D|fferen i at tures vver fixed,6-7
Cooks nirer Slidhonbel SERUnpdtElineT 6oRGRIEECTS, Wit RbriSs o
det ecti orp of (DakosCgpiraessiGAx markers. After fixation with 100% et hanol ,

speci fic nmonocl onal anti bodies were used to detect the 68 kDa
neurofil ament protein (Arersham Amersham U.K), and neural cell adhesion

mol ecul e ( D@Kmhhné\/léﬁ&&a‘ié&cééﬂvﬂy%s' dbrﬁﬂﬁst?é%é&”a@ r)’f@!h@u@l}/ %@s@%&?(%hr?y

nonocl onal anti bodi es (Dako) after fixation w th methanol/acetone

15 Anti body Mo@adi Melarsn &aés%maﬁécptétw@éémrm@dlaém@ cslls. Tdylatheds
f t d i t
of fout ine paTaNiol° 28R B8 ST G et techffiep S yeelCrch ™

mor phol dgy vtaryeotblamgested as descri bed above, and injected into the testis
of 4- 8 week old SCID mice (CB17 strain fromthe Walter and Eliza Hall
Institute, Melbourne, Australia, 10-15 clunps/testis). 6-7 weeks | ater,
the resultigy tubokdexperssién satdies. neutral buffered formalin 10%
enbedded in paraffin and 25 exam ned histologically after hematoxylin and
eosin staining. 6. Derivation and culture of neural progenitors.

To monitor expression of Oct-4, RT-PCR was cairied out on colonies consisting

15  predominantly of stem cells, or colonies which had undergone spontaneous
differentiation as- described below. mRNA was isolated on magnetic beads
(Dynal AS, Oslo) following cell lysis according to the manufacturer's instructions,
and solid-phase first strand cDNA synthesis was performed using Superscript |
reverse transcriptase (Life Technologies). The PCR reaction was carried out

20 according to van Eijk et al. (1999), using the solid phase cDNA as template and
Tag polymerase (Pharmacia Biotech, Hong Kong). OCT-4 ‘transcripts were
assayed using the foliowing primers: 5-CGTTCTCTTTGGAAAGGTGTTC
(forward) and 3-ACACTCGGACCACGTCTTTC (reverse). As a control for
mRNA quality, beta-actin transcripts were assayed using the same RT-PCR and

25 the following primers: 8'-CGCACCACTGGCATIGTCAT-3' (forward), 5'-
TTCTCCTTGATGTCACGCAC-3' (reverse). Products were analysed on a 1.5%
agarose gel and visualised by ethidium bromide staining.

4. In-vitro differentiation.

30
Colonies were cultured on mitotically inactivated mouse embryonic fibroblasts to
confluency (about 3 weeks) and further on up to 7 weeks after passage. The
medium was replaced every day. Alphafetoprotein and beta human chorionic



Two approaches were devel oped for the derivation of neural precursors from
30 human ES cells: (a) Derivation of neural precursors fromdifferentiating
ES cells: Colonies of undifferentiated ES cells were continuously cul tured
on nouse enbryonic fibroblasts for 2-3 weeks. The nedi um was changed every
day. 65 Starting fromthe second week of culture and nore comonly at the
third week, areas of tight small diffeggentiated ES cells could be
identified in the colonies both by phase contrast mcrosco as well as
stereo mcr og@'ﬁﬂptfoph“ebé’elﬁrW§ measigad in oastiyomondidioned dirdtieatleand HEShe
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culture, the se mconta{ @ﬁ |um was_ repl aced with serumfree msdl um

that was supfVEfenVEEF wi B Br oMEFiCac TBMUBBERAYMIOT AR 38R o) |

and basi c5f|(tmbg@f$éucgrw&dénﬁaﬂboe Y| %d abitdremetrieceh: m&tim%msa%%apl 10
of DMEM F12 (G bco, Gaithersburg 27 suppl enentati on 50, G bco)

gl ut ani ne 2ntAaAE: BBy, ff}e)rfeépwiva% fiese caﬁwosmfiquﬁmwew& chin' gagtied

G unps of abguhiuhpBosdiBdred bRPLY Yedis rcells were dissected nechani cal I y
by a mcropipette fromthese arfeas and were transferred to plastic tissue

culture dishes containing fresh serumfree nmedium (as detail ed above),

suppl enent e - ) I ym was
uppl emont e ey TR o href Brr WRBKS AT LA T8 - U8 TAY AT
exper i netft s. HEBe2) f:drurs:’ummsofhfor&a:lelnsetde‘taetd:n rmfdmleagadsmu:bﬁa:r pwmrkdrat Afler e
conpri sed of mal | S Wt h 24 h transfer, . Th her es
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det eL m ned ataeoﬁadlgbg rtemrcbﬁl@méhtzﬁr@é:pf(hﬂweﬁ@h@mhgﬁgﬁ‘sha?ﬁ&} f]toa@rﬁi acuel cepher es
at the tinme of sub-culture was ua abgve 0. acs ere
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bet ween 0 s5mm 50% of the rredl um was changed about every 3 days.
Ant!body localisation was performed as described above.

5. Teratoma formation in Severe Combined Immunodeficient (SCID)

mice.

20  Atthe time of routine passage, clumps of about 200 cells with an undifferentiated
morphology were harvested as described above, and injected into the testis of 4-
8 week old SCID mice (CB17 strain from the Walter and Eliza Hall Institute,
Melbourne, Australia, 10-15 ciumps/iestis). 6-7 weeks l[ater, the resulting
tumours were fixed in neutral buffered formalin 10%, embedded in paraffin and
25 examined histologically after hematoxylin and eosin staining.

6. Derivation and culture of neural progenitors.

Two approaches were developed for the derivation of neural precursors from
30  human ES cells:

(a) Derivation of neural precursors from differentiating ES cells:

Colonies of undifferentiated ES cells were continuously cultured on mouse

embryonic fibroblasts for 2-3 weeks. The medium was changed every day.



25 (b) Derivation of neural precursors fromundifferentiated ES cells:

Col onies of undifferentiated ES cells were propagated on nouse enbryonic
fibroblasts as descri bed above. Undifferentiated ES cells were passaged in
cl unps of about 150-200 cells every 7 days. At the tinme of routine passage,
30 clunps of about 200 ES cells were transferred to plastic tissue culture
di shes containing the sane serumfree ggdiumthat was described in iteml

above. The clusters of cells turned into round spheres within 24 hours
aft er transf Startirgdrogs thes peramdswerls ef sulwe @ndune eavomenvalithe thipd weaks as

d bed ab
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NJ) digestion that was fituration. | s were than spun
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15 with EGF(20ng/ml), and basic FGF(20ng/ml). The medium was supplemented
with heparin 5ug/m| (Sigma St. Louis, MO) in some of the experiments. The
clusters of cells turned into round spheres that were comprised of small tight
cells within 24 hours after transfer. The spheres were sub-cultured about every
7-21 days. .The timing of subculture was determined according to the size of the

20 spheres. The diameter of spheres at the time of sub-culture was usually above
0.5mm. Each sphere was dissected according to its size to 4 parts by two
surgical blades (size 20, Swann-Morton, Sheffield, UK) to produce clumps with a
maximal diameter between 0.3-0.5mm. 50% of the medium was changed about
every 3 days.

25
(b Derivation of neural precursors from undifferentiated ES cells:

Colenies of undifferentiated ES cells were propagated on mouse embryonic
fibroblasts as described above. Undifferentiated ES cells were passaged in
clumps of about 150-200 celis every 7 days. At the time of routine passage,

30 clumps of about 200 ES cells were transferred to plastic tissue culture dishes
containing the same serum free medium that was described in item 1 above. The
clusters of cells turned into round spheres within 24 hours after transfer. The



25 Spheres of precursors were transferred into a 1.2nml cryo-vial (Nal ge
Nunc Napervville, IL) containing 0.5-1m of pre-cooled (4C) freezing

medi um (90% serum free nedi um (as above) and 10% DVSO (Signa)). The vials
were slowmy cooled (-1C/ mn) in a freezing container (Nal gene, Nal ge
Nunc Napervville, IL) to -80C and then plunged into and stored in liquid
nitrogen. The vials were 30 rapidly thag&d in a water bath at 37C. The
freezi ng nmedi um was gradualtlét?\/J diluted with 10m serum free culture medi um
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secondary aninebediceserit®of the vERR: bf DB, spheksY. endikidual siHEeds wegma_aaﬁ with
Vect ashi el d nmounting solution with DAPI (Vector Laboratories, Burlingane,

CA). Pri mary™MaRY i well |bdisi Gatphnfe ey Welbr atiipibdiamalehyaspypluated
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pol ysi al1>g atgadug%e%!\ghe%soﬁgs 'é/g%gérelﬂ trc])qhg 'sLFn of volumes of the mother spheres.

The number of cells per sphere and its correlation with the diameter of the
spheres was evaluated in a sample of spheres with various sizes. Each sphere
was mechanically disaggregated into single cells or by enzymatic (papain,
20 Wortinington Biochemical Co, NJ) digestion that was followed by tituration. The
cells were than spun down re-suspended in serum free medium and counted.
The cells were also stained with trypan blue to determine the rate of viable cells.

(d) Cryopreservation of spheres.

25  Spheres of precursors were transferred into a 1.2ml cryo-vial (Nalge Nunc
Napervville, IL} containing 0.5-1mi of pre-cooled (4°C) freezing medium (90%
serum free medium (as above) and 10% DMSO (Sigma)). The vials were slowly
cooled {(~1°C / min) in a freezing container (Nalgene, Nalge Nunc Naperwville, IL)
to -80°C and then plunged into and stored in liquid nitrogen. The vials were

30 rapidly thawed in a water bath at 37°C. The freezing medium was gradually
diluted with 10ml serum free culture medium and the spheres were transferred to

fresh serum free medium.



of G Rougon; 1:50)), A235 (4% par af or mal dehyde fi xati on, nouse nonocl onal
anti body clone 105 from ATCC, 1:20), nestin (4% paraf or mal dehyde fi xati on,
25 rabbit antiseruma kind gift of Dr. Ron MKay; 1:25) and vinentin

(met hanol fixation without, perneabilization , nouse nonocl onal anti body
Vin8B4 from Roche Diagnostics Australia, Castle Hll, NSW 1:20). To

eval uate the proportion of cells that egpressed NNCAM A2135, nestin and

30 vinentin, _spheres that were |tivated 6 8 weeks re di ssaggregat ed
into singlelcell @mﬁ%ﬁlzwwgﬁwmemwl@ﬁ'erﬁh? ﬁi"\g‘é@ﬁm t hout cal ci um
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cross readctivity.

The spheres were plated on coverslips coated with poly-D-lysine (30-70 kDa,
Sigma) and laminin (Sigma), fixed after 4 hours and examined by indirect

20 immunofluorescence analysis for the expression of N-CAM (acetone fixation
without  permeabilization, mouse monbc}onal antibody UJ13a from
Dako,Carpinteria, CA; 1:10 and anti polysialylated N-CAM, clone MenB, kind gift
of G. Rougon; 1:50)), A2B5 (4% paraformaldehyde fixation, mouse monoclonal
antibody clone 105 from ATCC, 1:20), nestin (4% paraformaldehyde fixation,

25 rabbit antiserum a kind gift of Dr. Ron McKay; 1:25) and vimentin (methano!
fixation without permeabilization , mouse monoclonal antibody Vim3B4 from
Roche Diagnostics Australia, Castle Hill, NSW; 1:20).

To evaluate the proportion of cells that expressed N-CAM, A2B5, nestin and
30  vimentin, spheres that were cultivated 6 -18 weeks were dissaggregated into
single cells either by mechanical tituration in PBS without calcium and
magnesium or by enzymatic (papain, Wortinington Biochemical Co, NJ)
digestion that was followed by tituration. The cells were than plated on coverslips



studied in differentiated spheres that were plated on poly-D-1ysine (30-70
kDa) and Fi bronectin (Sigma, 5ncg/nk) or lamnin (Signa), cultured in the
sanme 25 serum free nedi um suppl enented with growh factors for two weeks
and then further cultured two weeks without growh factors

suppl enentati on. The nmRNA was isol ated on magneti c beads (Dynal AS, Gsl o)
followng cell lysis according to t he gmnufacturer's instructions, and

sol i d-phase first strand cDNA 30 nt hesi s was performed using Superscript

|| reverse tFaeer Vit £od/-Deyyee, andg miRir §xed gfteM3pt. hegs 20d exaainageby
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1.5MM'2 in a final volune of As a control for nmRNA quality,

beta-actin transcripts were assayed usi ng the same RT-PCR PCR prinmers

wer e synt hesyged Rynbqpat yég&d;rgﬁge!nﬁo%li afide! éﬁr%‘?eﬁ@% @gfea) on 1N€

followi ng priners were use rimers uct 's1ze orward
5' AACAGATCACAEDEOSIDACaALTARIth Poly- Bﬂyﬂewansieﬁbréhem (W@W@T@C 3

Nestin Forwasd % ver TGG

CTCAGACTGE 3”"%@%@“?%@8&@ %M&A@E&éﬁ%ﬁ’@?g @? ?ﬁg\%

3' - ACACT CCARTBAGISTIUDIgECence analysis for the expression of low molecular weight (LMW)
cytokeratin (4% paraformaldehyde fixation, mouse monoclonal antibody from
Beckton Dickinson, San Jose, CA) and laminin (4% paraformaldehyde fixation,

15 mouse monoclonal antibody, 1:500 dilution, from Sigma).

(b) RT-PCR

Rt PCR was used to study the expression of nestin, the transcription factor PAX-

6, octd, CD-34, FLK-1, AC-133, ultra high sulfur keratin, amylase, a1 anti trypsin,
20 transferrin HNF-30, and alfafetoprotein (AFP), in the spheres.

Expression of the endodermal markers HNF-3a, AFP and transferin was also
studied in differentiated spheres that were plated on poly-D-lysine (30-70 kDa)
and Fibronectin (Sigma, 5mcg/mk) or laminin (Sigma), cuitured in the same
25 serum free medium supplemented with growth factors for two weeks and then
further cultured tvic weeks without growth factors supplementation. —

The mRNA was isolated on magnetic beads (Dynal AS, Oslo) following cell lysis
according to the manufacturer’s instructions, and solid-phase first strand cDNA

30 synthesis was performed using Superscript H reverse transcriptase (Gibco,
Gaithersburg, MD).



beta- Forward: 5'-CGCACCACTGGCATTGICAT-3" 200 bp actin Reverse:

5' - TTCTCCTTGATGICACGCAC- 3' beta- Forward: 5'- TCACCACCACGGCCGAGCG 3' 291bp
actin Reverse: 5 -TCTCCTTCTGCATCCTGICG 3' CD-34 Forward:

5' - TGAAGCCTAGCCTGTCACCT- 3" 200 bp Reverse: 5'-CGCACAGCTGGAGGTCTTAT- 3!

FLK-1 Forward: 5'-GGTATTGGCAGIT GGAGGAA- 3" 199 bp Reverse:

5' - ACATTTGCCGCTTGGATAAC- 3' AC- 133 Forwagg: 5' - CAGTCTGACCAGCGTGAAAA- 3" 200bp
Reverse: 5'-GGCCATCCAAATCTGICCTA-3' 70 Hnf-3a Forward:

5' - GAGTTTACAGHETRETEZECRta' RESovap isriated by:ushg MA&THC@D@&WTﬂ"EeStAFP

5" Crocan ARROCTECTAFER 5 <L FOSTel SRS RN S B R oo R R -

367 bp ReveSsaersEhpiCGlA‘E@M@@Cﬂc -3 SApRiSEipt ABirstattand Synthesis
5' - GCTGEGCTCA TAC-3' 490bp Reverse: 5' - GAC GACAATCT
CTGAGTAG C- 3 V%‘P”b IPCESPaiisbug. i %ﬁ@ﬁ@é“%@? Bps-

trypsin Rgverse: 5' - CCATTGCTGAAGACCTTAGIGATGC- 3" Keratin Forward:
5' - AGGAAATCATCTCAGGAGGAAGGEC- 3" 780bp  Reverse: 5' - AAAGCACAGATCTTCGGGAG
CTACC- 3'  Anpl ¢ iFEdR irepctiosneas camigdvistacagrding tovian Edket @br(1999 wsigl thewed

extenst on a oS P LONARS Sinpalinid Tad b erche (CimAca TaiRAIHong
agarose gel Kaagyifdeanatvety, the Ftﬁﬂﬁlraaﬂ;tmnbwmfwmeccmtalnndn‘g( PCR bNer eagh
differentiat|an.sLHGLER, 0.2uM dNTPs, 1u Taq DNA Polymerase (Gibco) or 1u Tf1 DNA
10 Polymerase (Promega, Madison, Wi) and 1.5 uM Mg*? in a final volume of 25pl.
As a control for mRNA quality, beta-actin transcripts were assayed using the
same RT-PCR. PCR primers were synthesized by Besatec or Pacific Oligos

(Adelaide, Australia). The following primers were used:

Gene Primers Product
size

PAX-6 Forward: | AACAGACACAGCCCTCACAAACATY 274 bp
Reverse: | 5’CGGGAACTTGAACTGGAACTGACS'

Nestin Forward: | 5'CAGCTGGCGCACCTCAAGATGS' 208 bp
Reverse: | ’AGGGAACGTTGGGCTCAGGACTGGS

Oct-4 Forward: | 5-CGTTCTCTTTGGAAAGGTGTTC 320 bp
Reverse: | 3'-ACACTCGGACCACGTCTTTC _

beta- Forward: | 5-CGCACCACTGGCATTGTCAT-3' 200 bp

actin Reverse: | 5-TTCTCCTTGATGTCACGCAC-3'

beta- Forward: | 5'-TCACCACCACGGCCGAGCG-3’ 291bp

actin Reverse: | 5-TCTCCTTCTGCATCCTGTCG-3’

CD-34 Forward: | 5-TGAAGCCTAGCCTGTCACCT-3' 200 bp
Reverse: | 5-CGCACAGCTGGAGGTCTTAT-3'

FLK-1 Forward: | 5'-GGTATTGGCAGTTGGAGGAA-3' 199 bp
Reverse: | 5-ACATTTGCCGCTTGGATAAC-3'

AC-133 | Forward: | 5-CAGTCTGACCAGCGTGAAAA-3' 200bp
Reverse: | 5-GGCCATCCAAATCTGTCCTA-3
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Products were analysed on a 1.5% or a 2% agarose gel and visualised by

ethidium bromide staining.

{c)

Neuronal differentiation studies

In general, differentiation was induced by plating the spheres on an appropriate
substrate (poly-D-lysine, 30-70 kDa, and laminin, Sigma) combined with the

removal of growth factors.

Two protocols were most commonly used: In the first one, differentiation was

induced by plating the spheres on coverslips coated with poly-D-lysine and

laminin in the same serum free medium detailed above without growth factors

supplementation. The cells in the spheres were allowed to spread and
differentiate for 2-3 weeks and the medium was changed every 3-5 days. In
some of the experiments, starting from the sixth day after plating, the medium

was supplemented with all trans retinoic acid (Sigma, 10-6M).



par af or mal dehyde, 1 % gl ut aral dehyde, rabbit anti serum from Chem con,
Tenecul a, CA; 1:200), GABA (4% par af or nal dehyde, Sigma; 1:1000), R-tubulin
(4%par af or mal dehyde, nouse nonoclonal TUB 2.1 from Sigma) and R-tubulin 111
(4%par af or mal dehyde nmouse nonocl onal SDL. 3D10 from Si gma; 1:150). 25
Differentiated cells were al so anal ysed 2-3 weeks after plating by RT-PCR
for the expression of p-actin, glutamgqiacid decarboxyl ase (priners,
Vescovi et al. 1999) GABAA receptor subunit a2 (prinmers, Neelands et al.,
1998) , neur &hithesgroontii protosel, dke spheresorereantated areaovarsiins eoaterhwih WM

(primers, Ku e 9 tlon
were carri edbe g;\r']e éndgg"sng]h E‘d&%i oV ?e(ﬁf&@li@%a'%f ?Jéér{p Edron sde(?aﬁ

At the tinme &ctorsupftared-Batsmdhe spheleseniwion ofgrowth iackdls masomﬁ'eirawm fande
medium (as d alle above. | e d wit eri ovvth
factor (1 ecobRRamRARtREMRA OR0R b cefn Bisgeli it BNy oo,
20ng/ m) . 5Fi farshepeumﬁea f@ffuzheeémdrrnéﬂnmﬁumamsa@t%gl@m e‘vtea,sh dﬁ?ﬂl um every 3
5 days. After culture for 6 days the spheres were plated on coverslips

coated with poly-D-lysine and lamnin in the same serumfree nmedi um
wi t hout gr owtdy f agh&¥asterBHAGH %FB%FEdt@fbd H&foffldelisi N the spheres were

allowed to spread and differentiate for 10-12 days and the nmedi um was
changed ever Bif@fgnﬁ?é% cellg gmwieg wat | Fempthet epfiresaere s@lyseds @nd Weekehe

e A3 WA P RaTI ub SRIEIE R o BT
bFGF (t ohly/ ninarkess: 200edawewsfilanien psplleér ¢ warafotrhaldepyds txhtion, owiees! i ps
cul tured f or ManEERel A RoREC RIS MRER Nolp i NodRERIEE Y1k n DS
(20ng/ M), bﬁéﬂﬁo(z@mmgﬁ mpyotaind (frztiddndl 3ERdMon Tdehcgnow@hnéabmlm%mnwemuseen
e PPN Y PRI, Al st bRl
repl aced by #io@sih (TBAPAINBIRNRSY A’in@l@biém,lAhn@ﬂsham UK ), 70kDa neurofilament
16 protein (Chemicon; 1:100), MAP2 ab (4%paraformaldehyde fixation, mouse
monocional AP20 from Neomarkers, Union City CA; 1:100), glutamate (1%
paraformaldehydeand 1%glutaraidehyde, rabbit antiserum from Sigma; 1.1000),
synaptophysin (4%paraformaldehyde, mouse monocional SY38 from Dako;
1:50), tyrosine hydroxylase (4% paraformaldehyde, mouse monoclonal, Sigmay},
20 serotonin (Sigma; 1:1000), glutamic acid decarboxylase (GAD, 1%
paraformaldehyde, 1 % glutaraldehyde, rabbit antiserum from Chemicoﬁ,
Temecula, CA; 1:200), GABA (4% paraformaldehyde, Sigma; 1:1000), B-tubulin
(4%paraformaldehyde, mouse monoclonal TUB 2.1 from Sigma) and B-tubulin il
(4%paraformaldehyde mouse monoclonal SDL.3D10 from Sigma; 1:150) .

25
Differentiated cells were also analysed 2-3 weeks after plating by RT-PCR for
the expression of B-actin, glutamic acid decarboxylase (primers, Vescovi et al,
1999) GABA, receptor subunit a2 (primers, Neelands et al., 1998) , neuron-
specific enolase, neurofilament medium size chain (NF-M) (primers, Kukekov et
30 al 1999). mRNA preparation and the RT-PCR reaction were carried out as

described above.

{e)  Glial differentiation studies.



alternative approach, spheres that were propagated in the presence of EGF
and DbFGF were plated on coverslips coated with poly-D-Iysine and

Fi bronectin 20 (Sigma, 5ntg/nk). EGF was renoved fromthe nmedi um and the
spheres were cultured in the presence of T3 (30nM and bFG- (20ng/m ) for
a week. The cells were then further cultured for another 3-4 weeks in the
presence of T3 and PDG--AA (20ng/m ). 25 Aigodendrocyte were identified
by indirect imunofluorescence for the expression of the marker 04. The
cells were fAtte ﬁime@lﬁeméhiemashagemepfperberweje enmultureﬂ info dentin freg mediemker

04, rnouse nopgocl g m Ch [,nt n 1: and
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growt h factors supplenmentation. ~ Alternatively, spheres were propagated in

the presenceP@dy-lPHEMea0d RNiBIRGE the samesafwakEsemadiven withaeharew Betas
cover slips &g@é;&ﬂema{r iBn p%é %ellléefslrf‘%@ngphér#eg,[ﬁg?é:t lleedTr}SysﬁFe][aﬁ ghtjoved

to spread int nonol ayer 1 n the presence o ove gr owt actors for
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Phi s pr ot ocortor e Bl MBeotinGosdy pbln Sl T iesd gl e
I ndi rectm( mnmefslplher@so?eree muarddgenespmsfrea Qfecﬂ)JlmaI(asﬁl benailfnarybmei)di c
protein GFAP) ( 4%par af aor € k1 X 0] rom

150y i 11 oS RTAREH Wit Gt oy Bnd) 8 BTG BEithiees
confirmed at Thé\esphéréa?%réemeh pihged eﬂue@véisﬁﬁseb@éfeuawnnnp@ig@ tyeme and

| i neages, Pl res wer pl ated on poly-D-1lysine and fi bronectl n and

cul tured forFbrepssks ( fgr%e’ifef&fowa Wet eufiured, 5 2 wesKdr e SerusEiee hFGr
and PDGF- AA. m@B&nﬁléJp?!&Hérht@B' wghspb@aﬂmween /hﬂf"”bf:G'Ft hedngrit WhgdTWo
weeks without growth factors and in the presence of
15 (30nM). The growth factors were then removed from the medium and the cells
were further cultured for another 1-2 weeks in the presence of T3 only.  Fifty
percent of the medium was replaced by fresh medium every 3 days. In an
alternative approach, spheres that were propagated in the presence of EGF and
bFGF were plated on coverslips coated with poly-D-lysine and Fibronectin
20  (Sigma, 5mcg/mk). EGF was removed from the medium and the spheres were
cultured in the presence of T3 (30nM) and bFGF (20ng/ml) for a week. The cells
were then further cultured for another 3-4 weeks in the presence of T3 and

PDGF-AA (20ng/mi).

25 Oligodendrocyte were identified by indirect immunoflucrescence for the
— expression of the marker O4. The cells were first incubated with the primary (Anti
oligodendrocyte marker 04, mouse monoclonal igM from Chemicon Int. Inc.
Temecula, CA; 1:10) and secondary FITC or rhodamine conjugated antibodies
and were then fixed with 4% paraformaldehyde.
30
To demonstrate differentiation into astrocyte, spheres that have been
propagated in the presence of b-FGF and EGF were plated on cover slips



RT- PCR was used as above to denonstrate the expression of GFAP and the p/p
20 gene. GFAP transcripts were assayed using the following priners: 5'-
TCATCGCTCAGGAGGTCCTT- 3" (forward) and 5' - CTGITGCCAGAGATGGAGGIT- 3'
(reverse), band size 383bp. The prinmers for the analysis of pip gene
expression were 5' - CCATGCCTTCCAGTATGICATC-3' (forward) and

5' - GTGGTCCAGGTGTTGAAGTAAATGT- 3" (reversg). The p/p 25 gene encodes the
proteolipid protein and its alternatively spliced product DM 20 which are

maj or prot ei ¢RAted WithapelyRréising and dibsgprainesr oanansand fyrgier sruurest faggipp
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t a-‘ac S

quality, be ranscripts were assaye sane priners as
above. Products were anal ysed on a 2% agarose gel and visualised by
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mce (Sabra m ce, | an, 5 Jerusal en) rats (Sabra) ¥)u5|n
m cro- gl ass W%mttbe @mmc@roémtb@tm or memmmattwnﬁ%@@@

m cro-injector (Narishige, Japan). The gl ass pipette was covered by a
plastic sleeve that [imted the depth of penetration into the host nervous
system T& 4Fgliawagsthisf pagecol$.ediffpi®ﬂia§OMHn® astestyitest Ww@ddamnsweﬂ@ed

wl th 4% par af gram! AGhyds bRLES:c 19, ! 86l EeN0AN GRRFBEAELI Z8L Hhofly donor
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exam ned by (GiAR}O4Vapiarafognaldéhyde fiationf rabsitiaati oo fnorad2dland: &) wi th 4%

par af or mal dehyde and histologically after hematoxylin and eosin staining.
The transplanted cells were detected by 15 i munuostai ning with anti bodies

for BrdU (Dakifferehtidn ind hovbdyie 8R8@lifbdendrocyte cells was also confirmed at the
15  mRNA level. To induce differentiation to these lineages, spheres were plated on
poly-D-lysine and fibroneetin and cultured for 2 weeks in the serum free medium
supplemented with EGF, bFGF and PDGF-AA. The differentiating spheres were
then further cultured two weeks without growth factors and in the presence of T3.
RT-PCR was used as above to demonstrate the expression of GFAP and the pip
20 gene. GFAP transcripts were assayed using the following primers: 5'-
TCATCGCTCAGGAGGTCCTT-3' (forward) and 5'-
CTGTTGCCAGAGATGGAGGTT-3 (reverse), band size 383bp. The primers for
the analysis of plp gene expression were 5-CCATGCCTTCCAGTATGTCATC-3'
(forward) and 5-GTGGTCCAGGTGTTGAAGTAAATGT-3' (reverse). The pip
25 gene encodes the proteolipid protein and its alternatively spliced product DM-20
..... _ which are major proteins of brain myelin. The expected band size for plp is
354bp and for DM-20 is 249bp (Kukekov et al., 1999). As a control for mRNA
quality, beta-actin transcripts were assayed using the same primers as above.
Products were analysed on a 2% agarose gel and visualised by ethidium

30  bromide staining.

(f) Transplantation studies.
Spheres pre-labeled by the addition of 50 uM BrdU (Sigma) to the culture



I nstructions by the manufacturer), anti human specific ribonuclear protein
anti body (Chem con; 1:20) and anti human specific mtochondrial antibody
(Chemi con; 1:20). BrdU anti body was detected by using the peroxi dase-
conjugated Vectastain kit (Vector Burlinganme, CA), devel oped with 20

Di am nobenzadi ne (DAB) or by using goat'anti nouse |gG conjugated to Al exa
488 (Jackson; 1:100). Anti ribonuclear pgotein and m tochondrial antibodies
were detected with goat anti nouse | gM conjugated to Cy5 and goat anti
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mor phol ogy calm ABRGAEARR Witt WRBoFEsClorP HriBt 8hk Caldd (oWl shRcific

instructions by the manufacturer), anti human specific ribonuclear protein
antibody (Chemicon; 1:20) and anti human specific mitochondrial antibody
{Chemicon; 1:20). BrdU antibody was detected by using the peroxidase-
conjugated Vectastain kit (Vector Burlingame, CA), developed with
20  Diaminobenzadine (DAB) or by using goat anti mouse 1gG conjugated to Alexa
488 (Jackson; 1:100). Anti ribonuclear protein and mitochondrial antibodies were
detected with goat anti mouse 1gM conjugated to Cy5 and goat anti mouse lgG
conjugated to Alexa488, respectively (Jackson; 1:100). Glial cell type identity of
transplanted cells was established by double staining for BrdU and GFAP (Dako;
25  1:100) for astrocytes, CNPase (Sigma; 1:100) and NG2 (Chemicon; 1:100) for
the oligodendrocyte lineage. Neurons were detected by immunestaining with
human specific anti neurofilament light chain (Chemicon; 1:100) and anti Bill-
tubulin (antibody as detailed above; 1:100). Goat anti rabbit conjugated to Cy5
(Jackson; 1:100) and goat anti mouse 1gG conjugated to Alexa488 (Jackson;
30 1:100) were used for detection of primary antibodies. In cases where the lineage
specific antibody was a mouse monocional IgG, double tabeling with BrdU was
performed sequentially, by first completing immunohistochemistry for BrdU and
then performing immunofluorescent staining for the lineage marker (i.e. CNPase



C stemcell colonies). These colonies were further propagated by

mechani cal |y 15 di saggregation to clunps which were replated onto fresh
feeder cell layers. Gowh fromsnmall clunps of cells (<10 cells) was not
possi bl e under the conditions of these cultures. Spontaneous
differentiation, often yielding cells with the norphol ogi cal appearance of
early endoderm was frequently observed;sduring routine passage of the
cells (Figure 1 D). Differentiation occurred rapidly if 20 the cells were
deprived of dardfmﬂdebullnayanaglg@/wr?ré rtakél];e mLasm@cba?fmlﬁktﬁ*,doﬁb?we?s),lli?ilng VWi | e
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been grown for 60 passages in vitro and HES-2 for 40 passages,
corresponding to a m ni num of 25 approximately 360 and 90240 popul ation
doubl i ngs; respectively, based on the E)Fw oy i ncrease in colony size
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conditions of these cultures. Spontaneous differentiation, often yielding cells with

the morphological appearance of early endoderm, was frequently observed
during routine passage of the cells (Figure 1D). Differentiation occurred rapidly if
20  the cells were deprived of a feeder layer, even in the presence of LIF (Figure
1E). While LIF was used during the early phases of the establishment of the cell
lines, it was subsequently found to have no effect on the growth or differentiation
of established cultures (not shown). Cell line HES-1 has been grown for 60
passages in vitro and HES-2 for 40 passages, corresponding to a minimum of
25 approximately 360 and 90240 population doublings respectively, based on the
average increase in colony size during routine passage, and both cell lines still
consist mainly of cells with the morphology of ES cells. Both cell lines have

been successfully recovered from cryopreservation.

30 Example 2 - Marker expression and karyotype of the human ES cells
Marker and karyotype analysis were performed on HES-1 at passage levels 5-7,
14-18, 24-26 and 44-46, and on HES-2 at passage levels 6-8. ES cells contained
alkaline phosphatase activity (Figure 2A). Immuncphenotyping of the ES cells



Cct-4 is a POU domain transcription factor whose expression is limted in
the nouse to pluripotent cells, and recent results show directly that
zygotic expression of Cct-4 is essential for establishment of the
pluripotent stemcell 15 popul ation of the inner cell mass. Cct-4 is also
expressed in human EC cells and its expression is down regul ated when
these cells differentiate. Using RT- PCgto carry out nRNA anal ysis on

i sol ated col onies consisting mainly of stem cells, we showed that human ES
cell's al so expsesarredt -out (#$igar e Seriearm‘s abtilydies TwbicRCRlepraddoelt swalacel oned
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these structures clusters s or single cells wt ongat ed
processéd whpemlation of the inner cell mass. Oct-4 |s also expressed in human EC cells

and its expression is down regulated when these cells differentiate. Using RT-

PCR to carry out mRNA analysis on isolated colonies consisting mainly of stem

cells, we showed that human ES cells also express Oct-4 (Figure 3, lanes 2-4).

The PCR product was cloned and sequenced and shown to be identical to
20  human Oct-4 (not shown).

Example 3 - Differentiation of human ES cells in vitro
Both cell lines underwent spontaneous differentiation under standard culture
conditions, but the process of spontaneous differentiation could be accelerated
25 by suboptimal culture conditions. Cultivation to high density for extended
periods (4-7 weeks) without replacement of a feeder layer promoted
differentiation of human ES cells. In high density cultures, expression of the
stem cell marker Oct-4 was either undetectable or strongly down regulated
relative to the levels of the housekeeping gene beta actin (Figure 3, lanes 5-7).
30  Alphafetoprotein and human chorionic gonadotrophin were readily detected by
immunoassay in the supernatants of cultures grown to high density,
Alphafetoprotein is a characteristic product of endoderm cells and may reflect
either extraembryonic or embryonic endodermal differentiation; the levels



extended out fromtheir cell bodies, form ng networks as they contacted
other 10 cells (Figure 1F) were observed. The cells and the processes
stained positively wth antibodi es agai nst neurofilanment proteins and the
neural cell adhesion nolecule (Figure 2E and F). Contracting nuscle was
seen infrequently in the cultures. Wile contracting nuscle was a rare
finding, bundles of cells which were stained positively with antibodi es
directed agaiBst nmus specific forns_ of 15 actin, and | ess commonly cells
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2G and H)-were often observed. In these high density cultures, there was no
consistent pattern of structural organisation suggestive of the formation of
embryoid bodies similar to those formed in mouse ES cell aggregates or arising
sporadically in marmoset ES cell cultures.
20
Example 4 - Differentiation of human ES cells in xenografts
When HES-1 or HES-2 colonies of either early passage level (6; HES 1 and 2) or
late passage level (HES-1, 14 and 27) were inoculated beneath the testis
capsuie of SCID mice, testicular lesions developed and were palpable from
253  about 5 weeks after inoculation. All mice developed tumours, and in most cases
both testis were affected. Upon autopsy lesions consisting of cystic masses
filled with pale fluid and areas of solid tissue were observed. There was no
gross evidence of metastatic spread to other sites within the peritoneal cavity.
Histological examination revealed that the lesion had dispiaced the normal testis
30 and contained solid areas of teratoma. Embryonal carcinoma was not observed
in any lesion. All teratomas contained tissue representative of all three germ

layers. Differentiated tissues seen included cartitage, squamous epithelium,



Col onies of undifferentiated ES cells fromthe cell lines HES-1 and HES-2
were continuously cultured on nouse enbryonic fibroblasts feeder |ayer for
2-3 10 weeks, At one week after passage, sone spontaneous differentiation
was usually identified by changes in cell norphology in the center of the
colonies. The process of differentiation included at this early stage the
neur oect odermal |ineage as evident by ¥Be expression of early neural

mar kers such_as .nestin an PAX-6 (Figure 19). During the next, K two eks of
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expressed the early neuroectoderimal marker CAM coul d be denonstrated. It
appeared that the N-CAM positive cells were grow ng out from adjacent
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t he earl yd neoel®e dedded melurappiogenio€ai¢dat a not shown). These distinct
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stereo-mcr ogiopyB?ﬂY%l?PeOff@)u.ral‘Pﬁ‘ég%n'éf85@5 EBWI B Ege‘?ﬁ'i?f ied in the
colonies of both cell lines fromthe second week after passage, and they
becane nore_defined fr nei.ghhoring, areas of the col ony duri the third
week of 25 PN PriiReRRiedHe S hOM e insR TER bAne K s vas
enhanced if céMRuSBSYNTEARER! h Nbobse CGhbryHIct HERLIRMK UBLYES 14yeP| Reeplzaf ter
a week or preferably after two weeks from passage with serumfree nedi um
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possi bl e to ROV ER@SProcisges tisRl d:praReipmibCad ryyn&iroBio8 Bk aBhhker N-
CAM could be demonstrated. It appeared that the N-CAM positive cells were
growing out from adjacent distinct areas that were comprised of small piled,
tightly packed cells that did not express GCTM-2, a marker of undifferentiated
20 ES cells or the early neuroectodermal marker N-CAM (data not shown). These
distinct areas had a typical uniform white gray opague appearance under dark
field stereo-microscopy (Figure 26). These areas could be identified in the
colonies of both cell lines from the second week after passage, and they became
more defined from neighboring areas of the colony during the third week of
25 culture (Figure 26). The size and demarcation of these areas was enhanced if
the serum containing ES cell culture medium was replaced after a week or
preferably after two weeks from passage with serum free medium supplemented
with EGF (20ng/ml) and FGF (20ng/ml). The areas were large and well
demarcated sufficiently to allow mechanical removal of clumps of cells by a
30  micropipette in 54% of the colonies cultured in serum containing medium
(67/124, HES-1). Clumps were removed from differentiating colonies of HES-1
and HES-2 and were transferred to serum free medium supplemented with basic
fibroblast growth factor (bFGF) and epidermal growth factor (EGF). At the time



di gestion. Wthin an hour the clunps started to change their shape toward 5
spheres and after 24 hours all the clunps turned into round spheres (Figure
5a). During the initial two weeks in culture, sone cell death was
observed. After 7-10 days in culture, gradual increase in the size of the
majority of the spheres was evident and nost of the spheres were stil
floating or |loosely attached to the dishglO while a mnority attached and
started to spread. A detailed analysis of marker expression and the growth
and di f f er en®©f dgqlatiprpdbe myraps arererorerrises woshy vf tehéayes phdhe smalk tightly
conducted in ' Lyved
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spheres were round and sone had an irregular shape. 20 After 72 hours in
serum free medi um 42% (10/ 24) of the spheres had a round synmetrical
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was observed in the majority of the spheres during is early culture. It
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re-plated i ndf r.es(ﬂ ﬁ)rﬁ?egui | i brated nmedium The spheres were cultivated in
this rmanner 9SG S GBPO3CR x rmonth period (15 passages). Although sone
of the- spheres had an irregular shape at the initial phase of culture, the
rate of round 80 symmetrical spheres increased al on% propagation. In
addi ti on1_,5 whin analtegaative a@fH%@!@;eSQ@%@ differantigtioaapfakeccqlisnpts sgheres of
st ereo- m cr 05RRRKoCEelsNBad HRLeB B tr&sferring clumps of undifferentiated ES cells
into serum free medium supplemented with basic fibroblast growth factor (bFGF)
and epidermal growth factor (EGF). Within 24 hours the clumps have turned into
spheres. Some of these spheres were round and some had an irregular shape.

20  After 72 hours in serum free medium 42% (10/24) of the spheres had a round
symmetrical appearance (Figure 9) and after 12 days 62.5% (15/24). Significant
growth was observed in the majority of the spheres during this early culture. It
was possible to measure and calculate the average volume of the round floating
spheres and it increased by 684% (mean growth of 15 spheres) between days 5

25 and 12. Two preparations of spheres that were separately derived with this

approach were further propagated and characterized.

b) In vitro propagation of spheres of progenitor cells

After 7-10 days in culture, floating or loosely attached spheres with a diameter of
30 > 0.5mm were sub-cultured by mechanical dissection into 4 pieces, which were

re-plated in fresh pre-equilibrated medium. The spheres were cuitivated in this

manner during a five to six month period (15 passages). Although some of the

spheres had an irregular shape at the initial phase of culture, the rate of round



the spheres was irregular, it gradually turned to be uniformat nore
advanced passage |levels. By passage level five (five-six weeks after
derivation) all spheres 5 had a round symetrical shape and a uniform
appearance. Proliferation of the cells was eval uated by determ ning the

i ncrease in the nunber of spheres with each passage as well as neasuring
the increase in the volume of the spheggs along time . In general, the
grow h rate of spheres that 10 were generated either fromundifferentiated
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of spheres generated either from differentiating ES cells or directly from
undifferentiated cells also increased by similar rates (Figures 16 and 17). A
relatively rapid growth rate was observed during the first 5-6 weeks after

20 derivation with a population doubling time of approximately 4.7 days. It was
followed by a 10-16 week period of slow and stable cell growth with a population
doubling time of approximately two and a half weeks. At this point the spheres
ceased to grow and their volume was stable or declined (Figure 31).

25  Dis-aggregation of the spheres by using trypsin digestion could be ineffective in
particular when the spheres were cuitivated for prolonged periods, however it
was possible to dis-aggregate them into a single cell suspension mechanically
following enzymatic digestion with papain. A linear correlation was found
between the volume of spheres and the number of cells within the spheres at

30 various passage levels (3-15 weeks after derivation) indicating the validity of
monitoring the increment of sphere volume as an indirect indicator of cell
proliferation. The coefficients that define the regression line of this correlation
were similar in spheres that were derived from differentiating or undifferentiated



ES cells. Modst of the cells (>90% were viable follow ng the di ssagregation
procedure (Figure 10, Figure 18). Gven the growmh rate of the spheres with
each passage and the nunber of cells 5 (20,000, figure 10, 18) per
averaged size sphere (0.1mmB based on the nmean dianmeter + S.D. of 24
spheres 7 days after passage 5, 0.59 + 0.14mm), it was calculated that 10
clunps of ES cells may generate within gf passages 2500 spheres containing
50 x 106 cells. A cunulative growth curve is presented in Figure 31 to
illustrate tEBscq?JtSt dviostadf ther celigyir$0barwerexyiabisi foiowing Hshdissegragationer e

cultured in brt&%eﬁ gﬁé&ggo gwk‘%@edl um (suppl emented with growth
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factors) for " pro weeks) wi thout passage, tended to attach
to the tissue culture plastic and gradually spread as a nDnoIayer of cells.
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neur al progenltor cells, such"as polysia (Frgure 11,12),
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and 13; RT- r 25 vinmentin (Figure 5d and
15y, and ¢ ne o EIE Bstee M pofTaioE RGN o XTSI 1 | gure 19) . The
expressiqgn of these markers was nmai ntained al ong prolonged cultivation (18
weeks). The franscriptional factor oct4 was not expressed by the cells in

the spheres $Rireathaiyvars stitugdiin the serumatred vl MediumdsHRPIRRIES GHYIth
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15  a high mitotic activity was evident (Figure 7).
It was possible to recover the spheres from cryopreservation.

c) Characterization of the progenitor cells within the spheres.

20 Cells in the spheres that were produced either from differentiating ES cell
colonies or directly from undifferentiated ES cells expressed markers of primitive
neuroectoderm and neural progenitor cells, such as polysialylated N-CAM
(Figure 8b, 11,12), AZB5, the intermediate filament proteins nestin
(immunostaining, Figure 5c¢ and 13; RT-PCR, figure 3b and figure 19) and

25  vimentin (Figure 5d and 15), and the transcription factor Pax-6 (Figure 3b and
figure 19). The expression of these markers was maintained along prolonged
cultivation (18 weeks). The transcripticnal factor oct4 was not expressed by the
cells in the spheres indicating that undifferentiated human ES cells were not
present within the spheres (Figure 19).

30
To evaluate the proportion of cells in the spheres that expressed N-CAM, A2B5,
nestin and vimentin, spheres that were cultivated at least 6 weeks (and up to 18
weeks) were disaggregated to single cell suspension. The resulting single cells



82 were plated on substrate in gromh nmedium Twenty four hours after

pl ati ng, an average of 99+1.6% (n=11 experinments) and 95.5% (95. 7% 96. 7%
n=6) of the <cells fromspheres generated formdifferentiating (three
progenitor cell lines) and wundifferentiated ES cells (two progenitor cell

| ines) respectively were decorated 5 with the anti body agai nst NN-CAM The
average proportion of cells that were pBdsitively stained for nestin, A2B5,
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culturi 5 | 16 ; heb&%%o”u%%eé’ fWeg]e Ocvc\)'tr‘rbpr];sae%t o 3 hi&;iyllenvrvl%ﬁléa preparation of neurai
progenitor cells. An extremely high proportion of cells from spheres that were
derived from differentiating ES colonies also expressed the neural progenitor
markers nestin and A2B5. The proportion of cells expressing nestin was less
extensive in spheres that originated from undifferentiated ES cells. The high
20 proportion of cells that expressed these markers was stable along prolonged

culiivation.

To determine whether cells from other lineages were present within the spheres,
the expression of markers of endoderm, epidermis and mesoderm was
26  examined by RT-PCR and immunohistochemistry.
There was no evidence for the expression of markers of the extraembryonic
endodermal lineage (HNF-3a, AFP, RT-PCR, Figure 24,) by cells of spheres that
were derived by either methods. Moreover, the expression of markers of the
30  endodermal lineage was also not detected in spheres that were derived from
differentiating colonies and that were induced to differentiate by plating on an
appropriate substrate and culturing in the absence of growth factors for 4 weeks
(HNF-3a, AFP, were evaluated by RT-PCR; LMW cytokeratin and laminin



(HNF- 3a, AFP, were evaluated by RT-PCR;, LMW cytokeratin and |am nin 83

wer e- eval uat ed by i mmunohi stochem stry). ES cell colonies that were induced
to differentiate by prolonged culture (3-4 weeks) expressed all of the
above markers and served as positive controls. 5 However, expression of
mar kers of nesodernmal precursors (FLK-1 and CD-34) was denonstrated in the
spheres that were produced by either ne8Bod (Figure 24). In addition,
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colonies (Figure 2). be” concl u that t pheres were conprised
of a highly &mrkelseand %p@damp@altlw caelielal progenitors (>95% and probably
no cells fromthe extraenbryonic endodermal |ineage. The expression of

transcripts of non-neural 15 markers may indicate the presence of a mnute
popul ati o oHoswlves, dxpoessidref makkmeangeﬁesndehina! pnreseuﬁmln@(lélsl( -1AnceCiagdvel vy

it may be that t ri,mtive,neura cursorsvm S press
these mar ker Ses dRnSRRed FEHRTHtres Hhalis Bpodtibed b bfr REMSETRE oo
et al., 2000p4§ hatadamfon! G@ABEMPts od%méﬁsr@ft@(ﬂbn@nmﬁéﬁcﬁidéfhemcahﬁ fyseni ved
from human fetal brains support this 20 possibility. In addition,

expr essi on offangerricandrmyiasedr epidgmindkeratinpaand Heoemptopeistisdipesae itAc] i ne
with the recess| y.or&RRMGHHBIRAH Qﬂﬁ LiAbt Wer«? [dbd f?&rﬁrﬂlﬁﬁehﬁﬁlg%gES

trans-differentiate into a variety tlssues ornson et

C ar ke et0al colop@sdFigurs32H) | n \/ tro neuronal D| fferentiati on Wien pl ated
on .poly-D-l1ysine and | am nin, spheres that were produced either from
differentiating ES cell colonies or fromundifferentiated ES cells

att ached, ahdnéyfti@roenbﬁudé@dhaeltﬂlé sphemsowfer@rﬁcm;irisedn@fnal highiy &nkdeheichem

30 When the bFGE and EGF were renoyed he ti
di fferenti at PARMIALRY | &FHEﬂJaPrQQeQ}S?"éa%ﬁO{S}n qrﬁgﬁqrp{;\atgyr EG] g?tisf 5 ofhe
(Figure 6a, EkeadRbigdhicldndodgrmariMeabel 756 ekpradBion drarahsefpBrinhortidlral- 2
weeks, a nore extensive spreading
15 markers may indicate the presence of a minute population of cells from other
lineages within the spheres. Alternatively it may be that the primitive neural
precursors within the spheres express these markers. The expression of the
hematopoietic marker AC-133 (Uchida et al, 2000) that was recently
demonstrated in neural stem cells derived from human fetal brains support this
20 possibility. In addition, expression of non-neural markers by the neural
progenitors may be in line with the recently reported broad potential of neural
stem cells to trans-differentiate into a variety of tissues (Bjornson et al., 1998,

Clarke et al., 2000).

25 (d) In Vitro neuronal Differentiation
When plated on poly-D-lysine and laminin, spheres that were produced either
from differentiating ES cell colonies or from undifferentiated ES cells attached,

and differentiated cells grew out onto the monolayer from them.

30  When the bFGF and EGF were removed at the time of plating, differentiating
cells gradually spread from them in a radial fashion (Figure 6a, Figure 33) If the
growth factors were removed only after 1-2 weeks, a more extensive spreading
of cells with processes, which formed a monolayer was evident (Figure 8). Two



of cells with processes, which forned a nonol ayer was evident (Figure 8).
Two 84 to three weeks after plating, the differentiated cells originating
from spheres derived by either nethods displayed norphol ogy and expression
of structural markers characteristic of neurons, such as (3-tubulin
(Figure 6h), (3-tubulin Il (Figure 27c, the 200kDa neurofil anment (Figure
6b) and 68kDA neurofilanment 5 proteins &@ad neuron specific enol ase (NSE,
Fig. 34). Mreover, differentiated cells originating from spheres derlved
by either mettAddEeevreks saiterrplptieg. sther dfﬁmniuagedq@ausmygmbm dFonp Hwheaesk Da

neur of i | arrent ;‘&88 ?We{t}'lzérg:‘hfe e da?ﬂlyggéﬁ mgréﬁfl,ogkrgcﬂl %é)%ss:yﬁpofzﬁn{%ﬂrgl gure
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(Figure 35a) GABA ur , _expressed the rate nzyme in
GABA. b osynt HEGPE 27p, i 2008Bh nGERHARER) (E05e Bbfany' GUOATeg N
expr essedst hereememand We@%rﬂ@g@éiﬁé @nvlpee(NSE IFiGe 348) MaRebver C 8ieRintiated
subunits characterl stic of m nergi ¢ neurons (GABAa2, Figure 3d). 15 e)
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VWil e di ffer @fgi Ziguse k), Mapo'i.’/a B dEigare Gearfdgwki 27b)caid synvapdopinsay \’ﬁégur@pon

w thdrawel obrgrauhll(as 40s, B0MB) AR BAIY Ry 3 ARARLd! ke

various prot s were Hevél oped "t o enhance |at| oward
this |i né&ge(thiﬂmﬁe) pse:mtmmh s(Flger@ 3al), Gad3nd (Bigupd @tSbb\geanresmmé rate

progenitor c 0 D, in and fibronectin, which signi antl
enhanced t he(ﬁ'ldmt?rp E %f'? ﬁAQ’%MSMn& ?gg@a@éq pgid %er‘?é’h%(lfg% r‘ﬂ'”g?l"%n of
the medi um wahtl GaPCGexphésddtbthepemaypice grgsina hydrigresi (FRjure @8) andlrédeptat i on
and T3 that induces maturation of oligodendrocytes precursors.
Differentiat ﬁ%umt&@%ﬁ@ea%ttf:rfafc@*b%%\gwnargw Pﬂ@@gé (GABAs@mbisye 3ded by
indirect 30 inmmunofluorescent staining for GFAP. Few positive cells were

occasionally denonstrated when differentiation was i nduced by w t hdrawal
of growt h f agl or s/n vitro ghial differentiation

Differentiation into both astrocyte cells and oligodendrocyte cells was observed
with spheres that were produced either from differentiating ES cells or from

undifferentiated cells.

20 While differentiation at a low scale toward glial cells was observed upon
withdrawal of growth factors and plating on poly-D-lysine and laminin, various
protocols were developed to enhance the differentiation toward this lineage.
These protocols were all based on plating the neural progenitor cells on poly-D-
lysin and fibronectin, which significantly enhanced the differentiation toward glial

25 cells, and supplementation of the medium with PDGF-AA that promotes glial
nrogenitor cell proliferation and T3 that induces maturation of oligodendrocytes

Precursors.

Differentiation into the astrocyte glial lineage was demonstrated by indirect
30 immunoflucrescent staining for GFAP. Few positive cells were occasionally
demonstrated when differentiation was induced by withdrawal of growth factors
and plating on poly-D-lysin and laminin. However, differentiation into astrocytes
was significantly enhanced when the spheres were allowed to differentiate on



and plating on poly-D-lysin and | am nin. However, differentiation into
astrocytes was significantly enhanced when the spheres were allowed to
differentiate on 85 poly-D-lysin and fibronectin. Moreover,
differentiation into astrocytes was highly abundant after the foll ow ng
protocol. The spheres were first propagated six weeks in the presence of
PDGF- AA and bFGF and were then plated og5poly-D- |ysine and fibronectin.
to spread for, a week into a npnolayer 5 in the presence
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decorat ed wi by dnbthedM-2bRgykDbf Ol SitherdRit® TSt bAtR caibliEbntdf™3 and
indicating differentiation into oligodendrocyte progenitors. It was al so

possi bl e to PP&H0AE FisIraidPherentiation into ol i godendrocyte 20
progenitors by incubation of the spheres in the presence of PDGF and basic
FG- for 3 weeks followed by plating on poly Iysine and fibronectin and

cul ture Tor Ta pewkoten diffesentratioon tewatdst lobgegentrocyitec tspheresndverg frotialiywed

by.1-2 weeks kN e .pr Wt t
otop! oment acCUd VB 0 45 R SRERT I afcotl RABbHAES W' EDBEAA
in the prese@feghf) BRGFH FBE (EBg/28) asd everk ahed ptaeg @nycdvesdlins aratied with

fi bronectin d ltured for a week [n the presence of bFGE and T3. The
cell's were t‘%gw[?”&f:‘meré | [POTFRIB i h‘?e ﬁﬂf%%_theé"Ufo WERRHL 99w 3-%}‘)@-4
weeks. Di ffequppléragh@bon.NtTheasieli®Cit ah@nehitdregonenddr it a6l bpraaas ahdr t her
confirmed at . 30 s,he NRNA | evel . _Spheres were plated on p,oI%/-Dlgm ne and
fi bronectd n difigrentiate for 10-12 days. Small cells decorated with the antibody O4 could be
demonstrated at that time indicating differentiation into oligodendrocyte

progenitors.

It was also possible to promote the differentiation into oligodendrocyte

20 progenitors by incubation of the spheres in the presence of PDGF and basic
FGF for 3 weeks followed by piating on poly lysine and fibronectin and culture for
a week in the presence of the growth factors and T3 followed by 1-2 weeks
culture in the presence of T3 without growth factors supplementation (figure 14),
Alternatively, spheres that were propagated in the presence of bFGF and EGF

256  were plated on poly lysine and fibronectin and cultured for a week in the
presence of bFGF and T3. The cells were then further cultured in the presence
of PDGF and T3 for 3-4 weeks,

Differentiation into astrocyte and oligodendrocyte cells was further confirmed at
30 the mRNA level. Spheres were plated on poly-D-lysine and fibronectin and
cultured for 2 weeks in the serum free medium suppiemented with EGF, bFGF
and PDGF-AA. The differentiating spheres were then further cultured two weeks
without growth factors in the presence of T3. The expression of GFAP was



cultured for 2 weeks in the serumfree nedi um suppl enented with EG-, bFGF
and PDGF- AA. The differentiating spheres were then further cultured two
weeks without growth factors in the presence of T3. The expression of GFAP
was 86 denonstrated by RT-PCR indicating and confirm ng the presence of
astrocyte cells (Figure 25, Figure 34). The expression of nyelin basic
protein (MBP) and the pip gene was use@as narkers of differentiation into

ol i godendr oc . j ne..encodes the.prqteolipid protein and
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brai n nyel i ncel8T(FR§iRedt Figire 3. e eidrésdientt alvedn HRBR H6tclie MBPY katied
MBP and bothdm 20 and plp transcripts indjcating that differentiation into
ol i godendr ocg'leep a%e”eoﬂ’g‘ﬁr”@@g IFMRUiers 2of diffgrgptiationyinto eigedentrenyiecalit at i on
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ES-derived neur al rogenitors in vi and to reve er t

precursors cBM-28sybirt are maiergiretebieef ramomnyelingr at e al ong est abl i shed host
brain tracts, differentiate into 15 neural cell types according to a given
region's stage of devel opnent and participate in the devel opnent and

hi st ogenesi sRafPGRIandlysis hbtte, differentigtpdespiteses depioaststeddvBPi arul bothaoh-i nt o
the | ateral r entricles.,.of.ne rn.mce. .. Transpl antation S
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t ranspl ant at ooourreldn€igues 28| Figuagsa, tors were | abeled with BrdU 20 to
facilitate their identification in the host brain. Hi stol ogical and

i mmunochem cal evaluation of serial brain sections was perfornmed mainly

4-6 weeks affyer TrapssiphRMbALF ABural Bsndregnspl anted cells were identified by
their imunoreactivity wth anti BrdU antibodies (Figure 21 and 36E).

Numer ous BrdU+ cel® §Xere the dayriopmentap petastial af theaheprarfededyedrapdraind
et ol proganc o T o 4 10 ANRP RhEofthe nRRR prpEishrs EI s e & 2 e
with anti BrieRsitigeel consi migate plaigubsiablishese hos boamdrests, adiffergntiate into
I unor egCt iyl by Whh Ny 90 N @Bkdindt8 % a&ger?r}teizjio%usn%]age of development and
participate in the development and histogenesis of a living host, dis-aggregated
spheres were implanted into the lateral cerebral ventricles of newborn mice.
Transplantation was performed 9-15 weeks after derivation of the neural
spheres. Prior to transplantation, the neural progenitors were labeled with BrdU
20 o facilitate their identification in the host brain. Histological and immunochemical
evaluation of serial brain sections was performed mainly 4-6 weeks after
transplantation. The transplanted cells were identified by their immunoreactivity
with anti BrdU antibodies (Figure 21 and 36E). Numerous BrdU+ celis were
found in 9 out of 14 transplanted animals and successful engraftment was
25  documented with donor cells from the three neural progenitor clones. The human
identity of cells that were decorated with anti BrdU was confirmed by double
labeling demonstrating immunoreactivity with both anti BrdU and anti human
specific ribonucleoprotein antibodies (Fig. 37B). The identity of the transplanted
human cells was also confirmed by immunofiuorescent staining with a human-
30 specific anti-mitochondrial antibody (Fig. 37A).

Transplanted newborns that were examined during the first postnatal week
exhibited clusters of donor cells lining the ventricular wali (Figure. 36A). At 4-6



specific ribonucl eoprotein antibodies (Fig. 37B). The identity of the
transplanted human cells was al so confirned by i munofl uorescent staining
with a human- 30 specific anti-mtochondrial antibody (Fig. 37A).
Transpl ant ed newborns that were exam ned during the first postnatal week
exhi bited clusters of donor cells lining the ventricular wall (Figure.
36A). At 4-6 87 weeks follomﬁng i npl an8ati on, human cells had left the
cells .into
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BrdU and anti neural cell type specific antibodies. Gial differentiation
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natal period Is predom nant. I'ng 1 mmunochem cal studies for
BrdU and GFAP denonstrated cells that were 20 decorated by both anti bodies
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30 25 and Reglutype éﬁelalf@ndntﬁ)odms Glial differentiation of the transplanted cells was
abundant in the periventricular areas that consist of white matter tracks where
glial differentiation in the post natal period is predominant. Double labeling
immunochemical studies for Brdl and GFAP demonstrated cells that were
20 decorated by both antibodies indicating in-vivo differentiation into astrocytes
(Figure 29, Figure. 37C). Transplanted cells that have differentiated into the
oligodendroglial lineage and were reactive with anti BrdU and anti NG-2 (a
marker of oligodendrocyte progenitors) or anti 2’,3'-gyclic nuclectide 3'-
phosphodiesterase {CNPase), were also demonstrated in these areas (Figure 30
25 and Figure. 37D and E).
Neuronal differentiation of the human franspianted cells was specifically
demonstrated in the olfactory bulb, a region where neuronogenesis occurs after
birth. Neuronal processes of transplanted cells were also detected by a human
30 specific anti light chain neurofilament antibody in the fimbria (Figure. 37 F and
G).



Neuronal differentiation of the human transplanted cells was specifically
denonstrated in the olfactory bulb, a region where neuronogenesis occurs
after birth. Neuronal processes of transplanted cells were al so detected
by a human 30 specific anti light chain neurofilanent anti body in the
fimbria (Figure. 37 Fand G . 88 There was no histol ogical evidence of
tunmor formation in any of the recipientgganimals. Qur data denonstrated

t hat neural ogenitors that were derived fromhuman ES 5 cells in vitro
could res ponﬁj hﬁ%‘p?’@ﬁr pateiglogisah gyigance &f dppErmatiopuBsain ol thep recipient
Fol | owi ng trapngpdi@ntation to the cerebral ventricles of newborn nmice, the
donor <cells mgrated in large nunbers into the host brain parenchyma and
denonstrated w despread distribution. Mgration was not random and t he

transpl ant ed IL1.9rs..f.0l | est.abl ished braj.n h as.10
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differentiated,in vivo |ntq.neurons st rocyte and ol i godendrogcyte cells.
0 tferent i at [ BIPTRE S splio v PhcnBSiel SEMCIR & fawitia TBePadiefg Bul b
where host diéifser@rfrateti 0 1088 hbivberd | RBAIBOGDAE Sbidin t BardPRRyMat aind
period, whereas differentiation into ast ro%a and 15 ol i godendroglia was

denonst r at ed9PROBEERIEH WdasPErashdisiytiony| Migratier| was pReld sanarin egndnide
neur ogenesi st hag, &e8d hufles & a8t Aitds ”Wal%hfeat eestté(]ﬂ{sh&?l braif @@gw‘%@s as

determ ned in a region specific”manner according to a gi egion's
st age of 1@}evéempnetrated oy theiomigrabien atingdhe RAGS T $reggsisting theit espovsiggratse and

participate St ' i IS, Lntain ft -al.on 20
Drol i ferati of teisteR il GuaHREss UF s tndRA b RaB RS 4R is R 2V
Cryo- pr eser viatd apuainshastnc@i® amed lofigodirideopts detls C Differgntegionvieid usaongS
cells by using conventional slow freezjn rofocols were associated with a
very poor oubas e ELRRERan i theidiagopgouBL by bosk SHEEaR Mo Ene
bl ast ocyst antbagetdicars ethe RiEatanb&ridy, RiddsL8ifflefertiztiblifto J4rodRy @nd
post ul at %d tt}at cryopreservation by using a nethod which is . .
1 oligodendroglia was demonstrated in subcortical areas where gliogenesis
predominates and neurogenesis has ended. These data demonstrate that cell
fate was determined in a region specific manner and according to a given
region’s stage of development. it should be noted that the ability to integrate and
participate in host brain histogenesis was maintained after prolonged

20  proliferation of the ES derived neural progenitors in vitro.

Example 6: Cryo-preservation of human ES cells.
Attempts to cryo-preserve human ES cells by using conventional slow freezing
protocols were associated with a very poor outcome after thawing. Since ES
25 cells are derived from the blastocyst and retain their embryonic properties in
culture, we have postulated that cryopreservation by using a method which is
efficient for embryos may be beneficial. Early passage clumps of human ES cells
were frozen by using the open pulled straw (OPS) vitrification method which was
recently shown to be highly efficient for the cryopreservation of bovine
30 blastocysts (Vatja et al. 1998). Both cell lines were successfully thawed and
further propagated for prolonged periods. The outcome of the vitrification
procedure was further studied on cell line HES-1, and recovery of viable cells
with this procedure was found to be highly efficient. All clumps (n=25) survived



efficient for enbryos may be beneficial. Early passage clunps of human ES
cells were frozen by using the open pulled straw (OPS) vitrification

nmet hod which was recently shown to be highly efficient for the
cryopreservation of bovine 30 blastocysts (Vatja et al. 1998). Both cel

| ines were successfully thawed and further propagated for prol onged
periods. The outcone of the vitrificatigg procedure was further studied on
cell Iine HES-1, and recovery of viable cells wth this procedure was
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herein. 90 CLAIMS: 1. A differentiated neural progenitor cell capable of
differentiation and propagation into mature neurons and/or glial cells,
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2. The differentiated neural progenitor cell of claim1, capable of
establishing a graft in a recipient brain. 3. The differentiated neural
progenitor cell of claim1l1, capable of gifferentiating in vivo into other
cell lineages including neurons and glig cells, wherein the glial cells
are selected fromthe group consisting of astrocytes and oligodendrocytes.
4. The differentiated neural progenitor cell of claim1, wherein said

mar kers of n@uAfldSt odermal |ineage and said markers of neural progenitor
cells are selected fromthe group consisting of polysialylated NNCAM
N-CAM A2B5, nestin, vinentin and the transcriptional factor Pax-6, and

whereas thé neural pr&@ﬁ@érgﬁ[at&eﬁé l%i%g?ge@ﬁg}- %&EE&%?}I@%&%@IE at-mffmd can

di fferentiated neural ‘progenitor erein said
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neur oect oderRBlesdeliNARES u@udﬁﬁé %aﬁier@%&lro&[&ﬁﬁﬂéit! a éalnllasrkers of neyral
neuro-filament proteins; nonoclonal antibodies iIncl u 2ab; gl utamate;

91 synapt opiggsiior egllag e e fimi calt petand axonoameal fﬁi&Bédies mchidmg MAR2pbpsI ne

hydr oxyl ase; , ((3_tubu tu 2 tor lial .
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The neural progenitor cell o claim 6, belggmca ab proliferation. 8.

The neural progeiCEdP)cepteystic shelpotids, 3 ohp éie@trewmé{@blﬁ’@m); Bri RY1£86, a

mat ur e neur N, . 9. The neural progenitor cell of claim®é,
wherei n sai gﬂcgﬁ%N(ﬁglgng&Sta%% “transdifferentiation into other cell

| i neages to generate stemcells and differentiated cells of non-neural

phenot ype i ncl uding heman‘%l obl ast, haematopoietic stemcells, endothelial
stein cells, enbPyonidlendfaerintasneuelopeesriforcell of elgm Thecapabie a9
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3. The differentiated neural progenitor cell of claim 1, capable of
differentiating in vivo into other cell lineages including neurons and glial cells,
wherein the glial cells are selected from the group consisting of astrocytes and

oligodendrocytes.

4. The differentiated neural progenitor cell of claim 1, wherein said
markers of neuroectodermal lineage and said markers of neural progenitor cells are
selected from the group consisting of polysialylated N-CAM, N-CAM, A2BS,
nestin, vimentin and the transcriptional factor Pax-6, and whereas the neural

progenitor cell does not express Oct-4,

5. The differentiated neural progenitor cell of claim 1, wherein said celt

can incorporate extensively into a recipient brain.

6. A neural progenitor cell differentiated in vitro from an
undifferentiated human embryonic stem cell, characterized by expressed markers
including markers of neuroectodermal lineage; markers of neural progenitor cells;

neuro-filament proteins; monoclonal antibodies including MAP2ab; glutamate;



neur oect oderm and neural progenitor cells selected fromthe group
consisting of polysialylated N~N-CAM N CAM A2B5, nestin, vinentin and the
transcriptional factor Pax-6, and do not express Cct-4. 11. The neural
progenitor cell of claim®6, capable of &stablishing a graft in a recipient
brain. 12. The neural progenitor cell of claim®6, wherein said cell can

i ncorporate extensively into a recipient brain. 13. A mature neuron cell

prepared by:syRiii@diikig I GMICea@li abiYeRNIGseSt eMBRE | dRfdied 606ad C
progenitors; culturing said progenitor cells on an adhesi ve substrate; and

i nduci ng sailddeayiaset b t@ﬁwfmeﬁeirubulam éll; &/ ddrebi r@@PIOS, gﬂmﬂeﬁtbrd@mﬂlaﬂdws

which favo d fe nt| (o) .9 n euro
characteri zg)éo%%r@mr Sglgo CﬁF nl’l ti(geo IP%SS% %SSEgN a%el) I%J&PZab
gl ut at mat e, @ym@gﬂg@mﬂmswlmhgm c acid decar boxyl ase, GABA, tyr osi ne

hydr oxyl ase and serotonin. 14. An oligodendrocyte cell prepared by:
obt ai ning a source of enbryonic stemcell derived somatic progenitors;

cul turing said progeniyhginGal 5.0 AR AURESE SUBSLEALE orang:dadygi g sai d

cells to dlfferentlateto SO s un condt avour
somatic differentiation, V\/ner e| n the oI i godendrocyte cell is characterized
by RNA transcription 0 and i nost ai_ning for, 04 and

NG5 15 A et héd of T b ﬁ@gawtfg et alm%a%lmﬁ i %euiitinete Ter i ved

neural progefint@hessh sl opalifl cpEt hod conprising: (a) obtaining an
undi fferentiated human enbryonic stemcell by: (i) obtaining an in vitro

fertilized human enbryo and grow ng said enbryo to a bl astocyst stage of
devel opnent; (ii) re i ng _inner | | S, (| cel.ls from.said yo;
Cul turing | v cebt o uleRtuahBter s SRR v siaged <ol iS Saabfe
transdifferentiation into other cell lineages to generate stem cells and differentiated
cells of non-neural phenotype including hemangioblast, haematopoietic stem cells,

endothelial stem cells, embryonic endoderm and ectodermal cells.

10.  The neural progenitor cell of claim 6, which expresses markers of
neuroectoderm and neural progenitor cells selected from the group consisting of
polysialylated N-CAM, N-CAM, A2B5, nestin, vimentin and the transcriptional

factor Pax-6, and do not express Oct-4.

11. The neural progenitor cell of claim 6, capable of establishing a graft

in a recipient brain.

12. The neural progenitor cell of claim 6, wherein said cell can

incorporate extensively into a recipient brain.

13. A mature neuron cell prepared by:

obtaining a source of embryonic stem cell derived somatic progenitors;
culturing said progenitor cells on an adhesive substrate; and

inducing said cells to differentiate to somatic cells under conditions which

favour somatic differentiation,



extraenbryonic differentiation and cell death, and pronote proliferation of
undi fferenitaed stemcells; and (iii) recovering the stemcells; (b)

i nduci ng somatic di fferentiation of said enbryonic stemcell to a neural
progenitor cell by providing a differenffating signal under conditions

whi ch are non-perm ssive for stemcell renewal, do not kill <cells and/or

i nduces unidirectional differentiation toward extraenbryonic |ineages; (c)
identifying a ne%}?élelart@g%uw caﬁhé clﬂxla@@é%&ﬁ%9demésl§%hsopfthaor16mna/e

neur oect oderm and neural stemcells and wherein said markers are selected
fromthe gr omplqﬁrhamwl pyotpiol y MABRlapat glitain@my] skhaprihysin2 Bglutdmicerasidi at e
filament pr s i,ncl nest i & and the transcription

fact or Pax- %Ixyé%se @MM‘PE}P? HE} rf}ﬁ%la??e‘{ﬂ?iﬁle 06?18 en| tor cells to pronote
proliferati on and propogation. 16. The nethod of claim 15, wherein said
conditions for inducing somatic differentiation of stemcells are selected
from any one of tiHe fdh ogadgndrpeid¢ aeli pigpatedibyuri ng the undifferentiated
stemcells for t [ bl ast

feeder cell | ayer%%a%gggﬁ@gm%?f%nﬂ& 1% %%)%al deqﬁ)eérs%)%la@ eggllhigf ?f erenti at ed
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of a chemc |ffee |a|onfactor sel te m the group including
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15. A method of producing an enriched preparation of human ES derived

neural progenitor cells, said method comprising:

(a) obtaining an undifferentiated human embryonic stem cell by:

(i) obtaining an in vifro fertilized human embryo and growing
said embryo to a blastocyst stage of development;

(ii) removing inner cell mass (ICM) cells from said embryo;

culturing ICM  cells under conditions which do not induce
extraembryonic differentiation and cell death, and promote proliferation of
undifferenitaed stem cells; and

(iif)  recovering the stem cells;

(b) inducing somatic differentiation of said embryonic stem cell to a
neural progenifor cell by providing a differentiating signal under
conditions which are non-permissive for stem cell renewal, do not kill
cells and/or induces unidirectional differentiation toward
extraembryonic lineages;

(c) identifying a neural progenitor cell by expressed markers of primitive
neuroectoderm and neural stem cells and wherein said markers are
selected from the group including polysisalyated N-CAM, N-CAM,
A2B5, intermediate filament proteins including nestin and vimentin

and the transcription factor Pax-6; and



17. The method of claim 15, wherein the neural progenitor cells are
cultured as spheres or nonolayers in serumfree nmedi um conprising DVEM F12
suppl emented with B27 and grow h factorgs. 18. The nethod of claim 17,
wherein said gromh factors include E and bFG-. 19. The method of claim
15, further conprising culturing to elimnate non-neural cells, in

particul ar extr Wbry&I‘ﬂuﬁngWﬂQqﬁ:ﬁF@ ?g&dl@r fk %rcfﬁclbtng% Bﬁyhf&‘é{m{ 'aﬁ& ng

further selective ' culturing 1n seru |a I I ng

suppl enent ed wi t h B27prapekagioowm h factors. 20. The net hod of cl a| m 19,
wherein the further culturing includes the transfer of undifferentiated ES
cell clunps into serumfree nmedi um conprised of 94 DMEM F12 suppl enent ed

with B27, bFGE amgl ECGhamskigid tdfvélﬁhﬁnlﬂofwﬁél@inr esHl bdiStioReHralndnEiggeni tor s
as spheres or nonol ayers. 21. Use of in vitro differentiated neural cells

synt hesi zi rgnséicotifaientistom of kemmasllsf aret wstastedf framnadi cnerwitthe delawinged f or
treating nental. di sorders, wherein said in vitro differentiated neural
cell's syntH8 |9nﬁg serotonin are obtained by in vitro differentiation of

undi fferenti at edouiring Whd padigRfcnNFBN@IREND RiCprolRed @klisds 4l swhigh
differentiated neural cells synthesizing serotonin. 22. Use of in vitro

di ff er ent i ateasithews Abrabdgst feedmeldayes tngdopphitfestighen; manuf acture of a
”F‘d' cament ' dentc!uﬁthﬁﬁg h%r e f?&gxilt ed@%%leilgfn s%fﬂﬁﬁ%e ni’éﬁa%e' n sai d ! n V! tro

differentiated neural®cell serotonin are tained by in vitro
differentiation @iftutingi mléen@difﬂemla&e@r stF:)thlbeIKH)toeinTa diffeentinibn ymdicingt em

cells to said differentiated neural ,cells S%mt hesi zi ng GABA. ,23. The use
of clai m 21ikspblost feeghen favphanchivheren spid fibrodlast tepdsttlnuaridoRs pat induce extra

undi ffer enté@%9&l%lfp§lwdagghgﬂ& CQF@% .enbryonic stemcells to said
differentiat neural cells Is ct’ed by: culturing in clunps said
undi f f erenti at eccubtinripg tera bxgheﬁanmmnmmr@mdyeyommsermt}mmcdﬂb memblalqsrsesence
Ofe| |S§r um f raes'\?o gaegte s@uct%(r)es m1m10k1];1g rtfgg }‘?J)Stl ?antatlon phase (()){E)UI]laﬂ dcvef"(l) Pn%ntp geni tor
or
culturing in the presence of a chemical differentiation factor selected from

the group including bone morphogenic protein-2 or antagonists thereof.

17.  The method of claim 15, wherein the neural progenitor cells are
cultured as spheres or monolayers in serum free medium comprising DMEM/F12

supplemented with B27 and growth factors.

18.  The method of claim 17, wherein said growth factors include EGF
and bFGF.

19.  The method of claim 15, further comprising culturing to eliminate
non-neural cells, in particular extraembryonic endodermal cells, said culturing
comprising further selective culturing in serum free media including DMDME/12

supplemented with B27 and growth factors.

20.  The method of claim 19, wherein the further culturing includes the

transfer of undifferentiated ES cell clumps into serum free medium comprised of



i nducing differentiation of said neuroprogenitor cells to

sai d

differentiated neural cells. 24. The use of claim?23, wherein said

i nduci ng differentiation of said neuroprogenitor cells t
differentiated neural cells is effected %y culturing said
cells on lamnin. 25. The use of claim 24, wherein said c

o said
neur opr ogeni t or
ulturing said

neuroprogenitor cells on lamninis effected in a serumfree medi um
wi t hout gr oA ENEET D EuppdiRRi@MRITE 827 OB GPand BET abldeuuseatish ofihairulidng

wherein said culturing said neuroprogenitor cells on | am

ninis effected in

a presence dRuiabpiogenitoraes hezy or megolgyesof claim 23, further conprising

culturing said spheres which conprise neuroprogenitor ce
of B27, basic FGF and EG- for pronoting proliferation of

lls in a presence
sai d

neur oprogeni tor gl | s Use dnnusied Gifsrentsiat edrst@lle sypthegring Gesavrdn ifomduci ng

differentiation. 28. The use of claim 21 or 22, wherei ncﬁ i

progeni t or & mapalactugnait ecgicamegt senheh fQEcaHBE MpYa;

neur al

a
S‘b“g?rﬁvﬁ g9, The

use of cl ai md%0f@2RALALE SAH PRUEANALAGP L RRF Gl oblipcaananl e of

wi de spread distribution 1n host brarn. use o

alm 23, wherein

sai d cul tur ivitep difdtdiftietienti ahdidfecmtiatot wr iphodpendnt huren @ntyyanisenstem cel | s

condi tions. 31.

The use of claim

is effected for 2-3 weeks under adherent,
30, wherei nt%%l%lg’(fgl"‘fw}‘ﬁadleﬁﬁgF?lgéﬂﬁﬁl}??lé‘l"gae@mmrbl uri potent human enbryonic

stemcell s does not generate enbryoi d bodies.

22.  Use of in vitro differentiated neural cells synthesizing GABA for the

manufacture of a medicament identified for treating mental disorders, wherein said
in vitro differentiated neural cells synthesizing serotonin are obtained by in vitro
differentiation of undifferentiated or pluripotent human embryonic stem cells to said

differentiated neural cells synthesizing GABA.

23. The use of claim 21 or 22, wherein said in vitro differentiation of
undifferentiated or pluripotent human embryonic stem cells to said differentiated
neural cells is effected by:

culturing in clumps said undifferentiated or pluripotent human embryonic
stem cells in a presence of serum free medium, so as to form spheres which
comprise neuroprogenitor cells;

inducing differentiation of said neuroprogenitor cells to said differentiated

neural cells.

24, The use of claim 23, wherein said inducing differentiation of said
neuroprogenitor cells to said differentiated neural cells is effected by culturing said

neuroprogenitor cells on laminin.

25.  The use of claim 24, wherein said culturing said neuroprogenitor cells
on laminin is effected in a serum free medium without growth factor

supplementation.
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26. The use of claim 24, wherein said culturing said neuroprogenitor cells

on laminin is effected in a presence of retinoic acid.

27.  The use of claim 23, further comprising culturing said spheres which
comprise neuroprogenitor cells in a presence of B27, basic FGF and EGF for
promoting proliferation of said neuroprogenitor cells in an undifferentiated state

prior to said inducing differentiation.

28.  The use of claim 21 or 22, wherein said neural progenitor cell is

capable of migrating along host brain pathways.

29. The use of claim 21 or 22, wherein said neural progenitor cell is

capable of wide spread distribution in host brain.

30.  The use of claim 23, wherein said culturing undifferentiated or
pluripotent human embryonic stem cells is effected for 2-3 weeks under adherent

conditions.

31. The use of claim 30, wherein said culturing undifferentiated or

pluripotent human embryonic stem cells does not generate embryoid bodies.



