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Embryonic stem (ES) cells are derived from the embryo and are pluripotent,
thus possessing the capability of developing into any organ, cell type or tissue
type or, at least potentially, into a complete embryo.

20 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 cells evolved out of work
on mouse teratocarcinomas, (tumours arising in the gonads of a few inbred
strains), which consist of a remarkable array of somatic tissues juxtaposed

25 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 cell) which could give rise to the
multiple types of tissue found in the tumours (Kleinsmith and Pierce, 1964;
review, Stevens, 1983). The field of teratocarcinoma research (review, Martin,

30 1980 ) expanded considerably in the 70's, as the remarkable developmental
capacity of the EC stem cell became apparent following the generation of

chimaeric mice by blastocyst injection of EC cells, and investigators began to
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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 could differentiate in vifro into neurons and other cell

20 types (Andrews et al., 1984, Thompson et al., 1984). Subsequently, cell lines
were developed which could differentiate into tissues representative of all three
embryonic germ layers (Pera et al., 1889). As analysis of the properties of
human EC cells proceeded, it became clear that they were always aneuploid,
usually (though not always) quite limited in their capacity for spontaneous

25 differentiation into somatic tissue, and different in phenotype from mouse ES or
EC cells.

The properties of the pluripotent cell lines developed by Pera et al.
(1989) are as follows:

o Express SSEA-3,SSEA-4,. TRA 1-60, GCTM-2, alkaline phosphatase,

30 Oct-4
. Grow as flat colonies with distinct cell borders

. Differentiate into derivatives of all three embryonic germ layers
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reported the e Hom “fhat Cof the “manmoset (Thomson et al, 1995, 1996)has been
described. These primate cell lines were diploid, but otherwise they closely
resembled their 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,
15 which would be rather different in phenotype from a mouse ES cell, could likely
be derived from a human blastocyst.

Bongso and coworkeré (1994) reported the short term culture and
maintenance of cells from human embryos fertilised in vitro. The cells isolated
by Bongso and coworkers had the morphology expected of pluripotent stem

20 cells, but these early studies did not employ feeder cell support, and it was
impossible to achieve long term maintenance of the cultures.

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

25 derive mouse ES stem cells: the trophectoderm, thought to be inhibitory to ES
cell establishment, was removed by immunosurgery, the inner cell mass was
plated on to a mouse embryonic fibroblast feeder cell layer, and following a
brief period of attachment and expansion, the resulting outgrowth was
disaggregated and replated onto another feeder cell layer. There were no

30 significant departures from mouse ES protocols in the media or other aspects of

the culture system and a relatively high success rate was achieved. The
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SUMMARY OF THE INVENTION

In one aspect of the present invention, there is provided a purified

preparation of undifferentiated human embryonic stem cells capable of
20 proliferation in vitro.
In another aspect, there is provided a somatic cell differentiated in vitro
from an undifferentiated embryonic stem cell. There is also provided a
committed progenitor cell capable of giving rise to mature somatic cells.
Preferably the undifferentiated cells have the potential to differentiate
25 into extraembryonic and embryonic (somatic) lineages when subjected to
differentiating conditions.
More preferably, the undifferentiated cells are capable of maintaining an
undifferentiated state when cultured on a fibroblast feeder layer.
In another aspect of the present invention there is provided an
30 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. Preferably, the celis express the transcription factor Oct-4
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further aspect of the present invention, there is provided a nethod of
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method of preparing undifferentiated human embryonic stem cells, said method
including:

16 obtaining in vitro fertilised human embryo;
removing inner cell mass (ICM) cells from the embryo;
culturing ICM cells on a fibroblast feeder layer to obtain proliferation of
embryonic stem cellis; and
recovering stem cells from the feeder layer.
20 In a preferred aspect of the invention the method further includes the
following steps before removal of inner cell mass cells, said steps including:
treating the embryo to dislodge the trophectoderm of the embryo or a
portion thereof:
washing the embryo with an appropriate blastocysts culture medium: for
25 example G2 or S2 (Scandinavian-2 medium) to dislodge the trophectoderm or a
portion thereof; and
obtaining inner cell mass cells of the embryo.
Preferably, the treatment of the embryo includes treating with an
antbody or antiserum reactive with epitopes on the surface of the
30 trophectoderm. More preferably, the treatment with antibody or antiserum is
combined with treatment with complement. Most preferably, the combined -

antibody and complement are either anti-placental alkaline phosphatase

14
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anti body and conpl enent are either anti-placental alkaline phosphatase
propagating the undifferentiated stem cells. The methods of propagation may
initially involve removing clumps of undifferentiated stem cells from colonies of
cells. This is preferably done by chemical or mechanical means. More
preferably, the cells are treated chemically and washed in PBS or they are
15  mechanically severed from the colonies or a combination of the two methods.
in another aspect of the invention there is provided a method of
induction of differentiation of stem cells. This method involves cultivation under
conditions which limit stem cell renewal but do not result in stem cell death or
unidirectional differentiation into extraembryonic lineages such as
20 extraembryonic endoderm. The method also facilitates the derivation of
committed lineage progenitor cells which are no longer pluripotent but may give
rise to mature somatic cells. Preferably the method provides for induction of
somatic cells from embryonic stem cells.
In a further aspect of the invention, there is provided a method of
25 producing large quantities of differentiated and undifferentiated cells.
In another aspect there is provided an undifferentiated cell line produced
by the method of the present invention.
Preferably, the undifferentiated cell line is preserved by preservation
methods such as cryopresérvation. Preferably the method of cryopreservation
30 is a method highly efficient for use with embryos such as vitrification. Most
preferably, the method includes the Open Pulled Straw (OPS) vitrification
method.
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met hod also facilitates the derivation of coomitted |ineage progenitor
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somatic 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-Z. E, high density culture, cell body

20 and processes of a cell stained with anti-neurofitament 68kDa protein. F, high
density culture, cluster of cells and network of processes emanating from them
stained with antibody against neural cell adhesion molecule. G, high density
culture, cells showing cytoplasmic filaments stained with antibody to muscle
actin. H, high density culture, cell showing cytoplasmic filaments stained with

25 antibody to desmin. Scale bars: A, 100 microns; B-D, and F, 200 microns; E, G
and H, 50 microns.

Figure 5 shows RT-PCR analysis of the expression of Oct-4 and beta-
actin in ES stem cells and high density cultures. 1.5% agarose gel stained with
ethidium bromide. Lane 1, DNA markers. Lane 2, stem cell culture, beta actin.

30 Lane 3, stem cell culture, Oct-4. Lane 4, stem cell culture, PCR for Oct-4

carried out with omission of reverse transcriptase. Lane 5, high density culture,

beta actin. Lane 6, high density culture, Oct-4. Lane 7, high density culture,

&
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; progeny. A, ESScale barst &, 400 wmiomns; &t 60msiotonsl st ai ning for al kal i ne
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protein. F, frirahdirrentiatingléuiturés. Lhnetet0®bp erarker,dane 2ebetar &ctirf, HX da@sses
emanating fromthem stained with anti body agai nst neural cell adhesion

nol ecul e. Gnetirghlagtomat positive gostrok dane 3 helz raptipy tngwrals Rregenitosnganele
stained wit honaer}tlégg glybet:tg anéﬁ?icr{e%ral progenitor sample 2; lane 4 nestin HX 142; jane 5
nestin neural progenitor sample 1; lane 6 nestin but no RT, neural progenitor
15 sample 2; lane 7 nestin, neural progenitor sample 2; lane 8, nestin but no RT,
neural progenitor sample 2; lane 9 Pax-6 neural progenitor sample 1, lane 10
Pax-6 but no RT, neural progenitor sample 1; lane 11 Pax-6 neural progenitor
sample 2; lane 12 Pax-6 but no RT, neural progenitor sample 2.
Figure 8 shows phase contrast appearance of spheres of ES dervied
20 neuronal progenitor cells and mature cells derived from them, and indirect
immunofluorescence detection of markers characteristic of primitive
neuroectoderm and mature neurons in these cells. A, phase contrast
appearance of a spherical structure formed in serum-free medium after isolation
of neural progenitor cells from a culture of differentiating ES cells; B,
25 polysialyated N-CAM staining of such a sphere; C, Nestin staining of cells
growing out onto the monolayer from a sphere; D, phase contrast morphology
of an attached sphere with cells with elongated process emanating from it; E,
structure similar to that in D stained with antibody to MAP-2ab; F, structure
similar to that shown in D stained with antibody to neurofilament 160kda
30 protein; G, individual attached cells derived from a structure similar to that
shown in D stained with beta-tubulin. Scale bar: A, 100 micron ;B, 100 micron;

C, 100 micron; D, 50 micron; E, 50 micron; F, 200 micron; G, 25 micron.
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WO 00/ 27995 preparation of human undifferentiated embryonic stePCuelisoSapabln o
PCR for Cct-4 carried out with om ssion of reverse transcriptase. Beta
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, squanous epi pRAbHYMTHEESefs dfe S\stantidlysaidintaingdEdh 2n Gndifterghtiated statad
iand striated nuscle, HES-1. D, bone and cartilage, HES-1. E, gl andul ar

epi thel i um IRESferably, thei ¢ellst are mwintained wpdemeonditipngimdich dospal idygescell
A-E, 100 mcrons; F, 50 mcrons.,.Figute -7 shows RT-PCR anal ysis of the

: expr essi on odeg obﬁm?'%@’%cmfé‘égm%derml markers nestin and Pax-6
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More preferably the cells have the potential to differentiate in vitro when
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15 subjected to differentiating conditions. Most preferably the cells have the
capacity to differentiate in vitro into a wide array of somatic lineages.

The promotion of stem cells capable of being maintained in an
undifferentiated state in vitro on one hand, and which are capable of
differentiation in vitro into extraembryonic and somatic lineages on the other

20 hand, allows for the study of the cellular 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.

Once the cells are maintained in the undifferentiated state, they may be

25 differentiated to mature functional cells. The embryonic stem cells are derived
from the embryo and are pluripotent and have the capability of developing into
any organ or tissue type. Preferably the tissue type is selected from the group
including blood cells, neuron cells or muscle cells.

in another aspect of the present invention there is provided an

30 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. Preferably, the cells express specific tranécription factors

*
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the cells are nai ntal ned und

colonies of ES cells which are fixed by conventional fixation protocols then
stained using antibodies against stem cell specific antibodies and visualised
using secondary antibodies conjugated to fluorescent dyes or enzymes which
can produce insoluble colored products. Alternatively, RNA may be isolated
from the stem cells and RT-PCR or Northern blot analysis carried out to
determine expression of stem cell specific genes such as Oct-4.

in a preferred embodiment the undifferentiated cells form tumours when
injected in the testis of immunodeprived SCID mice; these tumours include
differentiated cells representative of all three germ layers. The germ layers are
preferably endoderm, mesoderm and ectoderm. Preferably, once the tumours
are established, they may be disassociated and specific differentiated cell types
may be identified or selected by any methods available to the skilled
addressee. For instance, lineage specific markers may be used through the
use of fluorescent activated cell sorting (FACS) or other sorting method or by
direct micro dissection of tissues of interest. These differentiated cells may be
used in any manner. They may be cuiltivated in vitro to produce large numbers
of differentiated cells which could be used for transplantation or for use in drug

screening for example.

derived fromthem and indirect
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when culture n a.fibroblast feeder |ayer preferably under
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undifferentia n-enbryonic stemc wherein the cell :
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lineages may include Genesis, GDF-3 or Cripto. Analysis of these gene

156 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
populations of cells from ES cultures is called cytomics. Methods of analysis of
gene expression profiles include RT-PCR, methods of differential gene

20 expression, microarray analysis or related techniques.

Differentiating cultures of the stem cells secrete HCG and AFP into
culture medium, as determined by enzyme-linked immunosorbent assay carried
out on culture supernatants. Hence this may also serve as a means of
identifying the differentiated cells.

25 The differentiated cells forming somatic cells may also be characterised
by expressed markers characteristic of differentiating cells. The in vitro
differentiated cell culture may be differentiated into a single somatic cell type or
it may differentiate into multiple somatic lineages. These multiple lineages may
also be identified by detecting. molecules such as neural cell adhesion

30 molecule, neuro-filament proteins, desmin and smooth muscle action.

In a further aspect of the invention, there is provided a method of

preparing undifferentiated human embryonic stem cells, said method including:

L4



vitro. 5 Preferably, the stemcell will constitute a purified

preparation oOVORN2IMdi fferentiated stem cell line. Mre prefRFHAPYYOWOR
stem cell line is a permanent cell |ine, 1?“ stingui shed by the
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whi ch are fixed by conventional fixatjon protocols then 15 _stained, using
anti bodi € agiferentiaiamand cell death.rand premalsreliferation pkundifferantiated gtem
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pr oduce i nsofPGBF eI or ed products. Alternatively, RNA may be isolated from
the stem cells anqekdveridg fem\ssilshern bl ot analysis carried out to

determ ne expression of stemcell specific genes such as Cct-4. 20
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it fer ent | at SERER et HOARPr B hiirat SnbGarH Sy P A gishpd

| ayers aj@ priﬁglggiﬁp[y endoderm nesoderm and ectoderm Preferably, once the
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+differentiated celdbtainiresarin vitrodgrtifised hamarf embrnya; sel ected by any net hods
ravailable to the skilled addressee. For_.instance, |ineage specific markers
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~These differentiate
;cul tivated i rrbiyonid stent csliscaniar ge nunbers 30 of differentiated cells

whi ch could be used for transplantation or for use in drug screening for
exanpl e. 16 recovering stem cells from the feeder layer.

Embryonic stem cells (ES) are derived from the embryo. These cells are
undifferentiated and have the capability of differentiation to a variety of cell
types. The "embryo" is defined as any stage after fertilization up to 8 weeks
post conception. [t develops from repeated division of cells and includes the

20 stages of a blastocyst stage which comprises an outer trophectoderm and an
inner cell mass (ICM).

The embryo required in the present method may be an in vitro fertilised
embryo or it may be an embryo derived by transfer of a somatic cell nucleus |
into an enucleated oocyte of human or non human origin which is then activatd

25 and allowed to develop to the blastocyst stage.

The embryo may be fertilised by any in vitro methods available. For
instance, the embryo may be fertilised by using conventional insemination, or
intracytoplasmic sperm injection. It is preferred that any embryo culture method
is employed but it is most preferred that a method producing high quality (good

30 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. These criteria can be assessed by the skilled addressee.
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carried out on culture supernatants. Hence this may al so serve as a neans
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5
char act er st c oftclPETElTEs ApRGURTRANs the BRI sUbiotBh iy Roekiiats)
cul tureqfay digestidhf &5 esiovecthd BbRa deHubdacos @pbiiors thérebf PePRiferably the
' blastocyst is subjected to the digestion at an expanded blastocyst 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
20 thereof from the blastocyst. Examples 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 S2 medium. Preferably the PBS and Scandinavian-2 medium is diluted
1:1.  For digestion of zone peliucida from the blastocyst, approximately 10
25 units/ml of Pronase may be used for a period sufficient to remove the zona
pellucida. Preferably approximately 1 to 2 mins, more preferably 1-1.5 mins is
used.
The embryo (expanded blastocyst) may be washed in G2.2 or S2
medium, and further incubated to dissolve the zona pellucida. Preferably,
30 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.

+
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a further preferred aspect of the present invention there is provided a
met hod of ptrepaectogieomdirtd podioni theeadfhambn enbryonic stemcells, said
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stem cel | s peboniy acekasibied Preferablyethenfooptiectdtersne is separated from the ICM.
undi fferentiated and have the capability of differentiation to a variety of
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t r ophect odefimhfifd-aiirgery. Preferably it is treated with an antibody or antiserum reactive
with epitopes on the surface of the trophectoderm. More preferably, the
treatment of the embryo, (preferably an embryo at the blastocyst stage devoid

15 of zona pellucida) is combined with treatment with complement. The antibody
and/or antiserum and complement treatment may be used separately or
together. Prefered combinations of antibody and/or antiserum and
complement include anti-placental alkaline phosphatase antibody and Baby
Rabbit complement (Serotec) or anti-human serum antibody (Sigma) combined

20 with Guinea Pig complement (Gibco).

Preferably the antibodies and complement are diluted in G2.2 or S2
medium. 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.

25 Preferably the embryo or blastocyst (preferably having the zona
pellucida 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.

Following the antibody exposure, it is preferred that the embryo is

30 washed. Preferably it is washed in G2.2 or S2 medium. The embryo or
blastocyst preferably is then subjected to complement, preferably for a period of
approximately 30 mins.
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cell death may include cultivating the embryonic stem cells on a fibroblast
15 feeder layer which does not induce extraembryonic differentiation and celi
death.

Mouée or human fibroblasts are preferably used. They may be used
separately or in combination. Human fibroblasts provide support for stem cells,
but they create a non-even and sometimes non-stable feeder layer. However,'

20 they may combine effectively with mouse fibroblasts to obtain an optimal stem
cell growth and inhibition of differentiation.

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-

25 100,000/cm?. The feeder layers are preferably established 6-48 hours prior to
addition of ES cells.

Preferably the mouse or human fibroblast cells are low passage number
cells. The quality of the fibroblast cells affects their ability to support the stem
cells. Embryonic fibroblasts are preferred. For mouse cells, they may be

30 obtained from 13.5 day old foetuses. Human fibroblasts may be derived from
embryonic or foetal tissue from termination of pregnancy and may be cultivated

using standard protocols of cell culture.
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Some mouse strains yield embryonic fibroblasts which are more suitable

for stem cell maintenance than those of other strains. For example, fibroblasts

15 derived from inbred 129/Sv or CBA mice or mice from a cross of 129/Sv with
C57/BI6 strains have proven highly suitable for stem cell maintenance.

Isolated ICM masses may be plated and grown in culture conditions
suitable for human stem cells.
It is preferred that the feeder cells are treated to arrest their growth.

20 Several methods are available. It is preferred that they are irradiated or are
treated with chemicals such as mitomycin C which arrests their growth. Most
preferably, the fibroblast feeder cells are treated with mitomycin C (Sigma).

The fibroblast feeder layer maybe generally plated on a gelatin treated
dish. Preferably, the tissue culture dish is treated with 0.1% gelatin.

25 The fibroblast feeder layer may also contain modified fibroblasts. For
instance,' fibroblasts expressing recombinant membrane bound factors
essential for stem cell renewal may be used. Such factors may include for
example human multipotent stem cell factor.

Inner cell mass cells may be cultured on the fibroblast feeder layer and

30 maintained in an ES medium. A suitable medium is DMEM (GIBCO, without
sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah), (betamercaptoethanol - 0.1mM (GIBCO), non essential amino

’
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mechanical means or both. Preferably mechanical isolation and removal by a
15  micropipette is used. Mechanical isolation may be combined with a chemical or
enzymatic treatment to aid with dissociation of the cells, such as Ca*/Mg** free
PBS medium or dispase.
In a further aspect of the invention, the method further includes:
replating the stem cells from the fibroblast feeder layer onto another
20 fibroblast feeder layer; and

culturing the stem cells for a period sufficient to obtain proliferation of
morphologically undifferentiated stem cells.

A further replating of the undifferentiated stem cells is performed. The
isolated clumps of cells from the first fibroblast feeder layer may be replated on

25 fresh human/mouse fibroblast feeder layer in the same medium as described
above.

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

30 ratios, prominent nucieoli and compact colony formation. The cell borders are

often distinct and the colonies are often flatter than mouse ES cells. The
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may conbi ne effectively with nouse fibroblasts to obtain an optiml stem

cell gro¥@h ewdry Hidaysti on of differentiation. The cell density of the
fibroblast l.ayer affects .its, stahi sty 2and RAYAN!
approxi mately 25, Béh?nf'ﬁ%frmﬁm?ﬁgiﬂ) %?I&gp‘g%%ﬁég@ﬁpré ﬁg%tgtm feduce
preferred. i a ' §D0 TRindees, c8lls gredially Gtanito
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cells, tl‘1§y 'TRe é?\earp edge of the pipette may assist with cutting and the isolation of the
clumps.

An alternative chemical method may include the use of an enzyme. The
enzyme may be used alone or in combination with a mechanical method.
‘Preferably, the enzyme is dispase.

20 An alternative approach includes the combined use of mechanical
cutting of the colonies followed by isolation of the subcolonies by dispase.
Cutting of the colonies may be performed in PBS containing Ca®" and Mg®*.
The sharp edge of a micropipette may be used to cut the colonies to clumps of
about 100 cells. The pipette may be used to scrape and remove areas of the

25 colonies. The PBS is preferably changed to regular equilibrated human stem
cell medium containing dispase (Gibco) 10 mg/ml and incubated for
approximately 5minutes at 37°C in a 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 Ca®* and Mg®" and transferred to a

30 fresh fibroblast feeder layer.

The fibroblast feeder layer may be as described above.
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- also maintain a diploid karyotype.
16 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 which are inhibitory to stem cell renewal or survival. Therefore
20 selection against such differentiated cells, facilitated by the introduction of a
construct such as that described above, may promote stem cell growth and
prevent differentiation.

The stem cells may be genetically modified at any stage with markers so
that the markers are carried through to any stage of cuitivation. The markers

25 may be used to purify the differentiated or undifferentiated stem cell population
at any stage of cultivation.

Progress of the stem cells and their maintenance in a differentiated or
undifferentiated stage may be monitored in a quantitative fashion by the
measurement of stem cell specific secreted products into the culture medium or

30 in fixed preparations of the cells using ELISA or related techniques. Such stem

cell specific products might include the soluble form of the CD30 antigen or the
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' extraembryonic lineages. A gradual withdrawal from optimal conditions for
15  stem cell growth favours somatic differentiation. The stem cells are initially in an
undifferentiated state and can be induced to differentiate. Generally the
presence of a fibroblast feeder layer will maintain these cells in an
undifferentiated state. This has been found to be the case with the cultivation
of mouse and human ES cells. However, without being restricted by theory, it
20 has now become evident that the type and handling of the fibroblast feeder
layer is important for maintaining the cells in an undifferentiated state or

inducing differentiation of the stem celis.
Somatic differentiation in vitro of the ES cell lines is a function of the
period of cultivation following subculture, the density of the culture, and the
25 fibroblast feeder cell layer. !t has been found that somatic differentiation 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 direct contact with the feeder cell
layer (in contrast to areas adjacent to the feeder cell layer where rapid stem cell
30 growth is occuring 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

L
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enbryonal cafcCinona nes such as 27 X-1. In an even further

aspect of the invEath®atch bffreshipqiteparcdisrimarncembepgonic Gpeadastsgs roetinely
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In both nmethods, cells may be propagated as clunps of about 100 cells about
Fresh primary embryonic fibroblasts are preferred in supporting stem cell

renewal and/or induction of somatic differentiation as compared to frozen-

15 thawed fibroblasts. Nevertheless, some batches will retain their supportive
potential after repeated freezing and thawing. Therefore each fresh batch that
has proved éfﬁcient 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.

20 Any mouse strain may be used although crosses between the strains
129/Sv and C57/BL6 or inbred 129/Sv or CBA mouse are more preferably
used.

Once a suitable fibroblast cell line is selected, it may be used as a
differentiation inducing fibroblast feeder layer to induce the undifferentiated

25 stem cells to differentiate into a somatic lineage or multiple somatic lineages.
These may be identified using markers or gene expression as described above.
Preferably the fibroblast feeder layer does not induce extraembryonic
differentiation and cell death.

The modulation of stem cell growth by appropriate use of fibroblast

30 feeder layer and manipulation of the culture conditions thus provides an

example whereby somatic differentiation may be induced in-vitro concomitant
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characteristic ur I'po
may also induce differentiation, modulate differentiation or induce maturation of

cells within specific cell lineage so as to favour the establishment of particular

15 cell lineages.

Chemical differentiation may also be used to induce differentiation.
Propagation 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.

20 Applicants have found that Oct-4 is expressed in stem cells and down-
regulated during differentiation and this strongly indicates that stem cell
selection using drug resistance genes driven by the Oct-4 promoter will be a
useful avenue for manipulating human ES cells. Directed differentiation using
growth factors, or the complementary strategy of lineage selection coupled with

25 growth factor enhancement could enable the selection of populations of pure
committed progenitor cells from spontaneously differentiating cells generated
as described here.

Genetic modification of the stem cells or further modification of those
genetically modified stem cells described above may be employed to control

30 the induction of differentiation. Genetic modification of the stem cells so as to
introduce a construct containing a selectable marker under the control of a

promoter expressed only in specific cell lineages, followed by treatment of the

e
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| 15 progenitor cells. Isolation may be achieved by various techniques in cell

biology inclpding 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

flourescence microscopy, panning, immunomagnetic selection, or selection by

20 flow cytometry; selective conditions favouring the growth or adhesion of specific

cell lineages such as exposure to particular growth or extracellular matrix

factors or selective celi-cell adhesion; separation on the basis of biophysical

properties of the cells such as density; disaggregation of mixed populations of

cells followed by isolation and cultivation of small clumps of cells or single cells

25 in separate cuiture vessels and selection on the basis of morphology, secretion

of marker proteins, antigen expression, growth properties, or gene expression;

lineage selection using lineage specific promoter constructs driving selectable

markers or other reporters.
For example areas of cells which are destined to give rise to clusters of
30 neuronal cells as shown in Figure 3 F may be identified in high density cultures

by characteristic morphological features identified under phase contrast or

stereo microscopy. These areas of cells may be isolated and replated in

:
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i munocheni sdesgribggrabavesand have thapeopestiesdeseribas above.subcul ti vation as
; descrl b‘?g above iIrr"l another aspect of the invention there is provided a cell composition
I including a human differentiated or undifferentiated cell 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.

20 The differentiated or undifferentiated cells may be preserved or
maintained by any methods suitable for storage of biological material.
Vitrification of the biological material is the preferred method over the traditional
slow-rate freezing methods.

Effective preservation of ES cells is highly important as it allows for

25 continued storage of the cells for muitiple future usage. Although traditional
slow freezing methods, commonly utilised for the 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
methods is extremely low. ES cell lines differ from other cell lines since the

30 pluripotent cells are derived from the blastocyst and retain their embryonic
properties in culture. Therefore, cryo-preservation using a method which is

efficient for embryos is most appropriate. Any method which is efficient for cryo-
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strains Much attention recently has been devoted to the potential applications of

156 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 rﬁedicine for the first time. ES cells potentially can
address the shortage of donor tissue for use in transplantation procedures,
particularly where no alternative culture system can support growth of the

20 required committed stem cell. ES cells have many other far reaching
applications in human medicine, in areas such as embryological research,
functional genomics, identification of novel growth factors, and drug discovery,

and toxicology.

The present invention will now be more fully described with reference to

25  the following examples. It should be understood, however, that the description
following is illustrative only and should not be taken in any way as a restriction

on the generality of the invention described above.
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di fferent i atRSePIRALOR); ) Seauential madia, according to a standard co-culture free
‘ protocol (Fong C.Y., and Bongso A. Comparison of human blastulation rates

15 and total cell number in sequential culture media with and without co-culture.
Hum. Reprod. 14, 774-781 (1999)). After zona peliucida digestion by pronase
(Sigma, St. Louis,MO)(Fong C.Y. et al. Ongoing pregnancy after transfer of
zona-free blastocysts: implications for embryo transfer in the human. Hum.
Reprod. 12, 557-560 (1997)), ICM were isolated by immunosurgery (Solter D.,

20 and Knowies, B. Immunosurgery of mouse blastocyst. Proc. Natl. Acad. Sci.
US.A. 72, 5099-5102 (1975)) using anti-human serum antibody (Sigma)
followed by exposure to guinea pig complement (Life Technologies,
Gaithersburg, MD). ICM were then cultured on mitomycin C mitotically
inactivated mouse embryonic fibroblast feeder layer (75,000 cells/cm2) in

25 gelatine coated tissue culture dishes. The culture 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, S0u/mi penicillin and 50ug/ml
streptomycin (Life Technologies). During the isolation and early stages of ES

30 cell cultivation, the medium was supplemented with human recombinant
leukemia inhibitory factor hLIF at 2000u/m! (Amrad, Melbourne, Australia). 6-8
days after initial plating, ICM like clumps were removed mechanically by a

L
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15
(b) Zona pellucida digestion.

- Zona pellucida digestion was performed at the expanded blastocyst
stage on day 6.
The digestion solution included Pronase (Sigma, TC tested) 10u in PBS
20 and Scandinavian 2 medium (1:1).

The embryos were incubated in pronase solution for 1-1.5 min , washed
in 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.

25 (¢} Human stem cell culture.

Human stem cells 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

30 hours before culture of the stem cells. Mouse fibroblasts only could aiso support
the growth of the stem cells. However, while human fibroblasts could also

support stem cells, they created an uneven and unstable feeder layer.

L
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! carrier thatnotaievessasy.the cells. It nmay be PBS or ES medium 20
- The differentiated or undifferentiated cells may be preserved or naintained
© by any 4t hods suitable for storage of biological material. Vitrification
of the biological material is the preferred nethod over the traditional
slowrate freezing nethods. Effective preservation of ES cells is highly
i mportant as it allows for 25 continued storage of the cells for multiple
t future usage. Although traditional slow freezing nmethods, comonly utilised
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i are derived fromthe Dlastocyst and retain their enbryonic
; ' differentiated celis developed. The ICM clump was isolated and removed

mechanically by a micro-pipette with the aid of using Ca/Mg free PBS medium
to reduce cell to cell attachments,
The isolated clump was replated on fresh human/mouse fibroblast feeder layer.
20 Following 2 weeks of culture, a colony with typical morphology of primate
pluripotent stem cells developed. The stem cells were further propagated in one
of two methods. in both methods cells which appeared nondifferentiated were
propagated in clumps of about 100 cells every 5-7 days.
In the first method, Ca/Mg free PBS medium was used to reduce cell to
25 cell attachments. Foliowing about 15-20 minutes, celis gradually start to
dissociate 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
30 mechanical 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 micropipetie was used to cut the colonies to clumps of about

*
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Mich attention recent has 0 the potential applications of
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tand imortality are unique to ES cells and _enable investigators to approach
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15 blade. The straws were sterilised by gamma irradiation (15-25 K Gy). Two
vitrification solutions (VS) were used. Both were based on a holding medium
(HM) which included DMEM containing HEPES buffer (Gibco, without sodium
pyruvate, glucose 4500mg/L) supplemented with 20% fetal bovine serum
(Hyclone, Logan, Utah). The first VS (VS1) included 10% dimethyl sulfoxide
20 (DMSO, Sigma) and 10% ethylene glycol (EG, Sigma). The second vitrification
solution (VS2) included 20% DMSO, 20% EG and 0.5M sucrose. All 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 VS2 for 25 seconds.
They were then washed in a 20ul droplet of VS2 and placed within a droplet of
25 1-2ul of VS2. The clumps were loaded into the narrow end of the straw from the
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 (Vatja et al 1998). Three seconds after removal from liquid
30 nitrogen, the narrow end of the straw was submerged into HM supplemented
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.
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16  used for karyotyping.

3. Oct-4 expression studies.
To monitor expression of Oct-4, RT-PCR was carried out on colonies
consisting predominantly of stem cells, or colonies which had undergone
20 spontaneous differentiation as described below. mMRNA was isolated on
magnetic beads (Dynal AS, Oslo) following cell lysis according to the
manufacturer's instructions, and solid-bhase first strand cDNA synthesis was
performed using Superscript il reverse transcriptase (Life Technologies). OCT-
4 franscripts were assayed wusing the following primers: 5'-
25 CGTTCTCTTTGGAAAGGTGTTC (forward) and 3-
ACACTCGGACCACGTCTTTC (reverse). As a control for mRNA quality, beta-
actin transcripts were assayed using the same RT-PCR and the following
primers: 5'-CGCACCACTGGCATTGTCAT-3 (forward), 5'-
TTCTCCTTGATGTCACGCAC-3' (reverse). Products were analysed on a 1.5%

30 agarose gel and visualised by ethidium bromide staining.

4, In-vitro differentiation.
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389- 3910 1l@etected in control medium comditioredEKIVDY mﬁr 1. Deri vati on

and propagation (Hlfferen(ilakeds cultures were fixed 6-7 weeks after passage (26 — HES-1

and 9 — HES-2) for immunofluorescence detection of lineage specific markers.

After fixation with 100% ethanol, specific monocional antibodies were used to

detect the 68 kDa neurofilament protein (Amersham, Amersham U.K), and

15 neural cell adhesion molecule (Dako). Muscle specific actin and desmin were

also detecied by monoclonal antibodies (Dako) after fixation with

methanol/acetone (1:1). Antibody localisation was performed as described

above.

Clusters of cells destined to give rise to neural precursors were identified

20 by their characteristic morphological features in central areas of ES cell

colonies 2-3 weeks after plating. The clusters were dissected mechanically by a

micropipette and replated in fresh serum free medium. Within 24 hours they

formed spherical structures. The expression of the transcription factor PAX-6

and the intermediate filament nestin by these clusters was demonstrated by

25 RT-PCR as described above. The following primers were used for PAX-6 and

nestin respectively: Pax-6 forward primer,
5’AACAGACACAGCCCTCACAAACAZ, Pax-6 reverse primer,
5'CGGGAACTTGAACTGGAACTGACS', nestin forward primer,
5’CAGCTGGCGCACCTCAAGATG3Z', nestin reverse primer,

30 5'AGGGAAGTTGGGCTCAGGACTGG3'.
The clusters were plated on poly-D-lysine (Sigma) and laminin (Sigma).

They were fixed after 5 hours using 90% acetone in water for the immuno-

»
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15 the resulting tumours were fixed in neutral buffered formalin 10%, embedded in

paraffin and examined histologically after hematoxylin and eosin staining.

EXAMPLES
Example 1 - Derivation of cell lines HES-1 and HES-2
20 The outer trophectoderm layer was removed from four blastocysts by
immunosurgery to isolate inner cell masses (ICM), which were then plated onto
a feeder layer of mouse embryo fibroblasts (Figure 3A). Within several days,
groups of small, tightly packed cells had begun to proliferate from two of the
four ICM. The small celis were mechanically dissociated from outgrowths of -
25 differentiated cells, and following replating they gave rise to flat colonies of cells
with the morphological appearance of human EC or primate ES cells (Figure
3B, C stem cell colonies). These colonies were further propagated by
mechanically disaggregation to clumps which were replated onto fresh feeder
cell layers. Growth from small clumps of cells (<10 cells) was not possible
30 under the 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 3D).

L
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Example 2 - Marker expression and karyotype of the human ES cells

Marker and ka{yotype analysis were performed on HES-1 at passage
levels 5-7, 14-18, 24-26 and 44-46, and on HES-2 at passage ievels 6-8. ES

15 cells contained alkaline phosphatase activity (Figure 4A). Immunophenotyping
of the ES cells was carried out using a series of antibodies which detect cell
surface carbohydrates and associated proteins found on human EC celis. The
ES cells reacted positively in indirect immunofiuorescence assays with
antibodies against the SSEA-4 and TRA 1-60 carbohydrate epitopes, and the

20 staining patterns were similar to those observed in human EC cells (Figure 4B,
C). ES cells also reacted with monoclonal antibody GCTM-2, which detects an
epitope on the protein core of a keratan sulphate/chondroitin sulphate
pericellular matrix proteoglycan found in human EC cells (Figure 4D). Like
human EC cells, human ES cells did not express SSEA-1, a marker for mouse

25 ES cells. Both cell lines were karyotypically normal and both were derived from
female blastocysts.

Oct-4 is a POU domain transcription factor whose expression is limited in
the mouse to pluripotent cells, and recent results show directly that zygotic
expression of Oct-4 is essential for establishment of the pluripotent stem cell

30 population of the inner cell mass. Oct-4 is aiso 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

¢
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e b adreeha RiAan ki S oA M el Al e
| conbined usejffyunoassay in the supernatants of cultures grown to high density.
156  Alphafetoprotein is a characteristic product of endoderm cells and may reflect
either extraembryonic or embryonic endodermal differentiation; the levels
observed (1210-5806 ng/ml) are indicative of extensive endoderm present.
Human chorionic gonadotrophin secretion is characteristic of trophoblastic
differentiation; the levels observed (6.4-54.6 |U/Litre) are consistent with a
20 modest amount of differentiation along this lineage.

After prolonged cultivation at high density, multicellular aggregates or
vesicular structures formed above the plane of the monolayer, and among
these structures clusters of cells or single cells with elongated processes which
extended out from their cell bodies, forming networks as they contacted other

25 cells (Figure 3F) were observed. The cells and the processes stained positively
with antibodies against neurofilament proteins and the neural cell adhesion
molecule (Figure 4E and F). Contracting muscle was seen infrequently in the
cultures. While contracting muscle was a rare finding, bundies of cells which
were stained positively with antibodies directed against muscle specific forms of

30 actin, and less commonly cells containing desmin intermediate filaments
(Figure 6G and H) were often observed. In these high density cultures, there

was no consistent pattern of structural organisation suggestive of the formation

¢
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15 three germ layers. Differentiated tissues seen included cartilage, squamous

epithelium, primitive neurcectoderm, ganglionic structures, muscle, bone, and
glandular epithelium (Figure 6). Embryoid bodies were not observed in the
xenografts.
Example 5. Identification and characterisation of neuronal progenitor
20 cells and mature neuronal cells after induction of differentiation in vitro.
Differentiation was induced by culturing for prolonged periods and areas
destined to give rise to neuronal cells cultures were identified by their
characteristic morphology under phase microscopy or sterec microscopy.
These aggregates of cells were isolated and replated into fresh serum free
25 medium. They formed spherical structures. RT-PCR and immunofluorescence
analysis showed that cells within these spheres expressed markers of primitive
neuroectoderm including nestin, Pax-6 and polysialyated N-CAM.  After
cultivation for a brief period, cells migrated from the spheres onto the
monolayer, where they acquired the morphological appearance of neurons;
30 immunofiuorescence analysis revealed that these cells expressed markers of

mature neurons including the 160 kd neurofilament protein and MAP-2AB.
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Il expression studies. To nonitor expression of Cct-4, RT-PCR was carried out

1 on col oni es All clumps (n=25) survived the procedure and attached and grew after thawing.

. Vitrification was associated with some cell death as evidenced by the reduced

15 size of colonies originating from vitrified clumps two days after thawing in

: comparison to colonies from non-vitrified control clumps. However, two days in

| culture were sufficient to overcome this cell deficit, and 8 days after plating the
size of colonies from frozen-thawed clumps exceeded that of control colonies at
7 days. Vitrification did not induce differentiation after thawing. Thawed cells

20 retained a normal karyotype and the expression of primate stem cell markers,
and formed teratomas in SCID mice.

Finally it is to be understood that various other maodifications and/or

alterations may be made without departing from the spirit of the present
invention as outlined herein.
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15 4. A purified preparation of human embryonic stem cells according to any
one of claims 1 to 3 and capable of differentiation in vitro under differentiating
conditions.

5. A purified preparation of human embryonic stem cells according to claim

20 4 wherein the stem cell is capable of differentiation into a somatic cell selected
from the group including a committed progenitor cell capable of self renewal
and further differentiation into one or several types of mature cell, or a mature
differentiated cell.

25 6. An undifferentiated human embryonic stem cell wherein the cell is
immunoreactive with markers for human pluripotent stem cells including SSEA-
4, GCTM-2 antigen, and TRA 1-60.

7. An undifferentiated human embryonic stem cell according to claim 6

30  wherein the cell expresses Oct-4.
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W th 4% par af or mal dehyde in PBS was used to denonstrate nestin. Five days
after plating, di#¥ aethodapterepanng sngdifarentiatedohvman emhiyanis sfen gelised
wi t h et hano] fd% hﬂ)e m@gﬂg -fluorescence denonstrati on of NF160 KD

(Boehri nger sAIGDR eq 'em ca) and with 4% par af or mal dehyde in PBS for

VAP- 2a+b obtaining an in vitro fertilised human embryo and growing the embryo to
a blastocyst stage of development;
15 removing inner cell mass (ICM) cells from the embryo;
culturing ICM cells on a fibroblast feeder layef to obtain proliferation of
undifferentiated stem cells; and

recovering stem cells from the feeder layer.

20 10. A method according to claim 9 wherein the fibroblast feeder layer is a
mouse and/or human fibroblast feeder layer.

11. A method according to claim 10 wherein the fibroblast feeder layer
comprises embryonic fibroblasts.

25
12. A method according to any one of claims 9 to 11 wherein the fibroblasts
are tested for their ability to promote embryonic stem cell growth and to limit
extraembryonic differentiation.

30 13. A method according to claim 12 wherein the fibroblast cell strain is highly
suitable for the promotion of embryonic stem cell growth and the inhibition of

extraembryonic differentiation.



(Neomar kers,  cl one AP ' al i sation was performed_as descri bed
above. 5. VRRUZTA% ﬁmmmnmmre Conbi ned | mmunodef i cPERAUEERIBY 10-
mce. At the time of reuts ne passager cldnmps of about 200 cells with an

undi fferenti at ed norphol ogy were harvested as descri bed above, and injected

into the téstis_of 4-8 week old SCID mice (CBLl7 strain fromthe Walter and
Eliza Hall 44nstiaf H‘ﬁ?th,ouebé&'ﬂ'ﬁﬂfg t@%éfn?!‘l@wﬁ&e% thé UiBroblaas tdel) strBim/ igveeks

later, 15 the resulting tunours were fixed in neutral buffered formalin
10% enbedderivead fromn diié inbreddneuserstraihshi 28/8vo giBAlor heittass ofeh28/Oxyand and
eosi n staini % EXAMPLES Exanple 1 - Derivation of cell lines HES-1 and :
HES-2 20 C57/BI6The outer trophect oderm | ayer was renoved from four

bl astocglsts by i mmunosurgery to isolate inner cell masses (ICM, which were
then pltated onto a feeder |ayer of nouse enbryo fibroblasts (Figure 3A).

Wthin sevesal gayfethatorssording 18! dny toreghbf theasikiiens Eltd s Thdviereim the
proliferate fromtwo of the four ICM The snall cells were nechanically

di ssoci at efibrablastoexpfiesst lesoptbirant membranenkeund dacters essemtipl ffer Invmany
lating t ' f| at, .cql qni f cells with,th hol ogi cal
e nc P RRHAFete B 5B Rpeolot B Radgp, o0

colonies). These colonies were further. propagated by nmechanically

di saggregation to clunps which were replated onto fresh feeder cell |ayers.
G owt M@ r otBsnmalA nedthodsacdordinlg to @nyOone df Hlaimss 8ntt PO Suither irgdudingnaler

yi el ding. cBFRETRAr FEREnABY PR GEBHIVe) Bh UabeRlE. SO et ARIGTAE: vas
frequently obseriesindUirie et tBuiBRUBRIhelrobRECcEBblR dFHBIEREIS or a VO
portion thereof;
washing the embryo with a G2.2 or S2 (Scandinavian-2) medium to
16 dislodge the trophectoderm or a portion thereof; and

obtaining inner cell mass cells of the embryo.

17. A method according to any one of claims 8 to 16 further including the
steps of:
20 replating the stem cells from the fibroblast feeder layer onto another
fibroblast feeder layer; and
culturing the stem cells for a period sufficient to obtain proliferation of

morphologically undifferentiated stem cells.

25 18. An undifferentiated cell produced by the method according to any one of
claims 8 to 17.

19. A method according to any one of claims 8 to 17 further including the
step of growing cells under cuiture conditions that induce somatic
30 differentiation, and wherein said conditions do not permit continued stem cell
renewal but do not kill stem cells or induce their unidirectional differentiation

into extraembryonic lineages.
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the early phases of the establi$hnent* of 4dhe cell lines, it was
subsequently found to have no effect on the growh or differentiation of
established cultures (not shown). Cell 5 | ine HES-1 has been grown for 60

passages i 2@.itrA anethddS-acooding0 tpaskinged 8 cwhewipothie ngonditian mingludes of
approxi mately 360 and 90240 popul ati doubl.i ngs, res tively,.based on the
aver age | ncﬁ'@&%ﬂgq<ﬂ %&tl'\(?r‘&?”siogetﬂﬁui“na%ef%“ﬁiqtﬁ‘g ?thgéa%g',% Qﬁdabgffﬁer@@ 13491 nes
still consi; i.n e i ; I ; o ; méége

|l i nes have 'E‘gggmguﬁ%%dys‘?%l H?% re gé%@%ﬁ%‘@@?o%%!%tﬁégge%@? Pgﬁ. %méte 2
- Mar ke exfpiugtisé eonitit lirvaget ype of the human ES cells Marker and

karyotype anal ysis were performed on HES-1 at passage | evels 5-7, 14-18,
24-26 and 44-46, and on HES-2 at passage levels 6-8. ES 15 cells contained

cel s vas C2TvTof BiRARY; Hbcdralng fSiaaq MITRBRE R iRrE it ion, By
surface car folflist 168daNByas ROF hids dMATbPhOmarRBTA0RSt fear (Bekel | s, The

ES cells reacted positively in indirect imunofluorescence assays with
anti bodi es agai nst the SSEA-4 and TRA 1-60 carbohydrate epitopes, and the

(R gur A0 Z2p " Bomedng agedtdh s 8P 2D RBEISR-henThtobity Teedet yer
whi ch det ec&é’é‘?@?@#@'ﬁ'ﬁgﬁwmbgﬂa n core of a keratan

sul phat e/ chon I ate pericellular matrix proteoglycan found in
human EC cells (Figure 4D). Like human EC cells, human ES cells did not
express SSEA-1, a marker for nouse 25 cells. Both cell |ine

ES
kar yot ypi calBy néymethegaceerding g anyieppi¢laimend gz vigrein Hl%lg?r\g’%r"‘leiﬁ -4

muce o pi A% SetBof ShBE itk 3 RonfiBSEmBRERR Sit d<L bl Ent o ife
expressi®n giktriBbiydsicfiffgrentiation.or establishment of the pluripotent stem
cell 30 popul ati on of the inner cell mass. Cct-4 is also expressed in

human EC cells and its expression is down regul ated when these cells
different abﬁi U?‘l rr}%tﬁg& according to any one of claims 19 to 23 wherein the embryonic

fibroblasts are prepared and tested for their ability to allow somatic

differentiation of embryonic stem cells.

20
25. A method according to any one of claims 19 to 24 wherein the culture
condition includes cultivating the cells for prolonged periods and/or at high
density in the presence of a differentiation inducing fibroblast feeder layer to
induce somatic differentiatidn.

25

26. A method for the isolation of committed progenitor cells from a culture of
differentiated cells said method comprising:

preparing a culture of differentiated cells according to any one of claims
19 to 25; and

30 isolating committed progenitor cells from the culture.



SPtCeRmt o C%r %}gf%g@@y ﬂ!“ljﬂl‘““ﬁ"llslsﬂ)'!ﬁt ed col onies consisting mainly of

PCT/ AU99/ 00990 35 cells,” we showed that M&man ES cells al so express Oct-4

(Figure 5, nes a2: I g&;&% OH,%@; d,an
to be ident ?g'al (\odﬁjerggﬁﬁ%ce{afz%lfﬁg S eéi"mﬁ?tﬁg g@n%cgﬁgdiﬁ&‘aﬁf ?@ g)rﬁﬁhgrlinon
of human ESclaihksi9to 26tro Both cell |ines underwent spontaneous

t differentiation under standard culture conditions, but the process of
i spontaneous differentiation could be accel erated by suboptinmal culture

w thout  r epPlceménitpretipfed 6 SEES G, 61 RO 27WAE] iR: B 80htET 86 e
g?t Cil \IM? | BeleceBH @#oMnS ithy gﬁ’bhb%@l&dir@(Er@tﬁﬁhﬁﬂfed)fprw@niﬁdr%élpééﬂ)aﬁlérdﬁeéelf
- s either undetectable or strongly downregul ated relative to the

| evel s of t renewaiseskdifprenfiajiondntacone ac sene(atisgmaticdingagess o a7flly mature

Al phafetoprotein a hu hori oni ¢ gonadotrophin were readily detected by
immnoassaysPWag’ﬁé{}&%%{lﬁg?cgﬁ?@ of cultures grown to high density. 15

Al phafetoprotein is a characteristic product of endodermcells and may
reflect either extraenbryonic or enbryonic endodernmal differentiation; the
| evel s obseRfed ALAIDHARSGIESHY. ) are indicative of extensive endoderm
present, Human chorioni c gonadotrophin secretion is characteristic of
trophob1Q;1sti c differentiation; the |evels observed (6.4-54.6 IU Litre) are

consi stent whth : %npf@g_ amount of differentiation along this |Iineage.
After prol o\F?Béd ?‘u?%l {}% i on tgt’ hi gh density, multicellular aggregates or

vesi cul ar structures formed above the plane of the nonol ayer, and anong
these structures clusters of cells or single cells with el ongated processes

whi ch ext enddd od fibrellashaell strain wdtchds hight syitablendork thexprometion of

cont act o4 oLliryARic 58h Self SioWthar the IR B Sf SaFheriBR ohi [dnéiaftiblicn.
15

32. A fibroblast cell strain according to claim 31 derived from the inbred

mouse strains 129/Sv, CBA or the cross of 129/Sv and C57/BI6.

33. A method of preserving a differentiated or undifferentiated cell wherein
20  the cells undergo vitrification.

34. A method according to claim 33 wherein the vitrification is Open Pulled
Straw (OPS) vitrification.

25 35. A method of preventing and treating a congenital disease, said method
including:
obtaining an undifferentiated stem cell according to claim 18;
introducing a genetic modification to the congenital disease; and
inducing differentiation to a somatic cell line capable of transplantation to

30 a patient in need.
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w th anti bodiwe ¢ageogst oteins and t he neural ﬁﬁ%ﬁdoon
nol ecul e (Fi gure 4E anc“m“l Iﬂg\“ H“[ny:?cl e was seen | nfrequen(’?y iI'n the
cultures. Wile contract+ ng mesche tvas* a rare finding, bundles of cells
which were stained positively with antibodies directed against nuscle
specific fo of . 3 actin,, and, | ess conpon cells ntai ni ng desm

i nt er nedi at il a’ﬁeﬁf‘@aﬂ: efibryopis é?ﬁi“ “\B‘P"@ycﬁst é'l?rﬁ'b‘g’éf(?f@d deﬁﬁ”?%swlthl gh
density cult I onsi stent pattern of structural

or gani sat i Onﬁiﬁ%agé??&@e%?ﬁgﬁﬁe#(ﬂ mat i on WO 00/ 27995

PCT/ AU99/ 00990 36 of enbryoid bodies simlar to those forned in nouse ES
cell aggregates or arising sporadically in marnoset ES cell cultures.
Exanple 4 - Differentiation of human ES cells in xenografts 5 When
HES-1 or HES-2 colonies of either early passage level (6; HES 1 and 2) or

| ate passage |level (HES-1, 14 and 27) were inocul ated beneath the testis
capsule of SCID mce, testicular |esions devel oped and were pal pable from
about 5 weeks after inoculation. Al mce devel oped tunours, and in nost
cases both testis were affected. Upon autopsy |esions consisting of cystic
10 masses filled with pale fluid and areas of solid tissue were observed.
There was no gross evidence of netastatic spread to other sites wthin the
peritoneal cavity. Histol ogical exam nation revealed that the | esion had

di spl aced the normal testis and contained solid areas of teratoma.

Enbryonal carci noma was not observed in any lesion. Al teratonmas contai ned
tissue representative of all 15 three germlayers. Differentiated tissues
seen included cartil age, squanous epithelium primtive neuroectoderm
ganglionic structures, nuscle, bone, and gl andul ar epithelium (Figure 6).
Enbryoi d bodi es were not observed in the xenografts. Exanple 5.

I dentification and characterisation of neuronal progenitor
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(54) Title: EMBRYONIC STEM CELLS \/

(57) Abstract

cell capable of giving rise to mature somatic cells.

The present invention relates to undifferentiated human embryonic stem cells, methods of cultivation and propagation, production
of differentiated cells and in particular the produchon of human ES capable of yielding somatic differentiated cells in vitro, as well as
committed progenitor cells capable of giving rise to mature somatic cells and uses thereof. In one aspect of the present invention, there is
provided a purified preparation of undifferentiated human embryonic stem cells capable of prohferatlon in vitro. In another aspect, there is
provided a somatic cell differentiated in vitro from an undifferentiated embryonic stem cell. There is also provided a committed progemtor
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Vitrificatian was agsociated with sone cell death as evidenced Qy t he
reduced 15 ¥PAY2E¥>colonies originating fromvitrified cl unp&Ctatd Yy4Re0
after thawing in conparison to colonies fromnon-vitrified control clunps.
However, two days in culture were sufficient to overcone this cell deficit,
and 9 days after plating the size of colonies fromfrozen-thawed cl unps
exceeded that of control colonies at 7 days. Vitrification did not induce
differentiation after thawing. Thawed cells 20 retained a nornmal karyotype
and the expression of prinmate stemcell markers, and forned teratomas in
SCID mce. Finally it is to be understodd7that various other nodifications
and/or alterations nmay be nmade w thout departing fromthe spirit of the

present invention as outlined herein. WO 00/ 27995
PCT/ AU99/ 00990 38 CLAI Ms: 1. A purified preparation of human
undi fferenti at ed _ jc stemcel | s 5 e | ] ) in vitro.

2. A purified
claim1 capable

under conditions on and
cell death. 10 389 mcells
according to cl aj dhe cells
on a fibroblast # uman
enbryonic stemc {pabl e of
differentiation purified

preparation of h

FIG 1
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20 4 wherei Rygbhgrpbemcell is capable of differentiation into '
cell selected fromthe group including a commtted progenitor EgTégggggg?e -

of self renewal and further differentiation into one or several types of

mature cell, or a mature differentiated cell. 25 6. An undi fferenti ated
human enbryonic stem cell wherein the cell is inmmnoreactive with markers
for human pluripotent stemcells including SSEA- 4, GCTM 2 antigen, and TRA
1-60. 7. An undi fferentiated human enbryonic stemcell according to claim
6 30 wherein the cell expresses Cct-4. 2/F\D 00/299I
PCT/ AU99/ 00990 39 8. A net hod of preparing undifferentiated human
enbryonic stemcells, said nethod including: obtaining an in vitro

age of

fertilised human ; ey 5 WD 178 retarat
devel opnent; 5 / ] It i e ' :
enbryo; culturingg
extraenbryonic di€
undi fferenti ated %
preparing undiffe

I_f' )
fser at i on of

el O5y

I ncl udi ng: obt ai ns R ng t he
enbryo to a bl ast RRner cel

mass (ICM cells
feeder layer to o
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undifferentiated stemcells; and recovering stemcells fromthe feeder
layer. 20 Y® %2Rt hod according to claim9 wherein the fi BCIHEE00990
feeder layer is a nouse and/or human fibrobl ast feeder layer. 11. A method
according to claim 10 wherein the fibroblast feeder |ayer conprises
enbryonic fibroblasts. 25 12. A method according to any one of clains 9 to
11 wherein the fibroblasts are tested for their ability to pronote
enbryonic stemcell growh and to limt extraenbryonic differentiation. 30
13. A nethod according to claim1l2 wherein the fibroblast cell strainis
highly suitable for the pronotion of enbryonic stemcell growh and the

I nhi bition of extraenbryonic differentiation. 14. A nethod according to
claim 13 wherein the fibroblast cell straiyyis derived fromthe inbred
nouse strains 129/ Sv, CBA or the cross of 9/Sv and C57/B16. 5 15. A

met hod accor dig , D5 s % : ' F T
express recont
stemcell ren
met hod accor diii
prelimnary t
I ncluding: tr
or a portion
mediumto 15
obtaining inn

T e B




. A nethod LOhg to any one of clains 8 to 16 further including the
teps of: 20 ‘98%8&ﬂ$£plating the stemcells fromthe fibroblasfcﬁgéég@mmo
1 ayer onto another fibroblast feeder layer; and culturing the stemcells
for a period sufficient to obtain proliferation of norphol ogically
undifferentiated stemcells. 25 18. An undifferentiated cell produced by
‘t he met hod according to any one of clains 8 to 17. 19. A nethod according
ito any one of claims 8 to 17 further including tyyg step of growing cells
aunder culture conditions that induce somatic 30 differentiation, and
wherein said conditi0@§ do not . permtt . R

not kill stemcells ofr i ndugggiei:r: i
iextraenbryoni c |ineages:
sdaccording to claim 19.wh
wof the undifferenti at
fibroblast feeder |a
xmul tiple somatic lin
differentiation indu
| brobl ast feeder |a
wherein the fibrobla
‘met hod according to
‘tested for their abili ie7
§15 extraenbryonic differentiati
.clains 19 to 23 wher gfg
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fibroblasts are prepared and tested for their ability to allow somatic

differentiahggﬂygg%%nbryonic stemcells. 20 25. A nethod according to any -

| one of claing 18170 24 wherein the culture condition includesFEdATNAPAg

| the cells for prol onged periods and/or at high density in the presence of a

: differentiation inducing fibroblast feeder |ayer to i nduce sonatic :

i differentiation. 25 26. A method for the isolation of commtted progenitor

I cells froma culture of differentiated cells said nmethod conpri sing:

i preparing a culture of differentiated cells according to any one of clains

i 19 to 25; and 30 i sol ating com@/yted progenitor cells fromthe

i cul ture. WO 00/ 27995 PCT/ AU99/ 00990 42 27. A differentiated cel

| produced by the nethod according to any one of clains 19 to 26. 28. A

{ differentiated cell according to claim 27 which is a somatic cell 5
sel ected fr gk G 5 Dies

e of

sel f renewaSEu. or a
- fully mat ur G 30. A
i cell line HE le for
! the pronoti §

ext r aenbr y o -
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32. A fibroRlaskiéml | strain according to claim31 derived fﬂggﬁkbﬁy&ﬂ?%ed
nouse strains 129/ Sv, CBA or the cross of 129/Sv and C57/ B16. . A méthod -

of preserving a differentiated or undifferentiated cell wherein 20 the
cells undergo vitrification. 34. A nethod according to claim 33 wherein
the vitrification is Open Pulled Straw (OPS) vitrification. 25 35. A

nmet hod of preventing and treating a congenital disease, said nethod

i ncludi ng: obtaining an undifferentiated ste@fftell according to claim18;

i ntroducing a genetic nodification to the congenital disease; and inducing
differentiation to a somatic cell |ine capable of transplantation to 30 a
patient in need. WO 00/7995
A hwmneanﬁ%@ﬂ@mggg”
to the exanples.wﬁf T
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