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enbryonic stem (ES) cells by culturing ES cells in the presence of BMP-2
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In general, stem cells are undifferentiated cells which can give rise to a

.succession of mature functional cells. For example, a haematopoietic stem cell

20 may give rise to any of the different types of terminally differentiated blood cells.

ES cells are derived from the embryo and are pluripotent, thus possessing the
capability of developing into any cell.

Much attention recently has been devoted to the potential applications of

stem cells in biology and medicine. The properties of pluripotentiality and

25 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 the shortage of donor tissue for use in fransplantation procedures,

particularly where no alternative culture system can support growth of the

required committed stem cell. However, it must be noted that almost all of the

30 wide ranging potential applications of ES cell technology in human medicine-

basic embryological research, functional genomics, growth factor and drug

discovery, toxicology, and cell fransplantation 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



2 short of these goals. Present systens for the growh of human ES cells
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undifferentiated stem cell stage and prevent a default pathway to
20 extraembryonic differentiation. Where somatic lineages are desired, a means of
regulating against extraembryonic differentiation of ES cells is an impbrtant
aspect in governing the fate of the cell. More importantly, greater control of the
differentiation process is achieved when various stages of the differentiation
process are regulated for instance, at a progenitor cell stage.
25 Accordingly, it is object of the present invention to overcome or alleviate
some of the problems of the prior art and to achieve some regulation of the

differentiation process of ES cells to somatic or extraembryonic lineages.

SUMMARY OF THE INVENTION

30
In a first aspect of the present invention there is provided a preparation of

undifferentiated ES cells sustainable for a prolonged period in an

undifferentiated state which will undergo stem cell renewal or somatic



3 differentiation. Preferably the cells are capable of somatic
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provi ded a net hod |, of odugci n .somatic cell froman ES cell, said nethod
ininfpraiegist cRBofinaeith theopi@merbiWanka) panides a méthod of

conpri sing: obt ai
culturing undifferentiated ES cells, said method including:

obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of an indirect or direct antagonist of
20 a BMP-2 mediated default pathway of extraembryonic endoderm differentiation.
Accordingly, in a preferred embodiment of the present invention, there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of noggin. ,
25 In another aspect of the present invention, there is provided a method of
producing a progenitor cell from an ES (ES) cell, said method comprising:
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of an antagonist of a BMP
mediated default pathway of extraembryonic endoderm differentiation for a
30 period sufficient to differentiate the ES cell to a progenitor cell.
In yet another aspect of the present invention there is provided a method
of producing a somatic cell from an ES cell, said method comprising:

obtaining a source of undifferentiated ES cells;
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15 obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of a cell derived insulin or insulin
analogue induced factor.
In another aspect of the present invention there is provided a method of
culturing undifferentiated ES cells, said method including:
20 obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of insulin or an insulin analogue.
In yet another aspect of the present invention there is provided a method
of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and
25 culturing the ES cells in the presence of a fibroblast and insulin or an
insulin analogue.
Accordingly, this aspect of the invention provides a method for culturing
ES cells so as to enhance stem cell survival and growth during routine culture
and to enhance the extent and variety of somatic cells obtained under
30 differentiation conditions.
In another aspect of the present invention there is provided a method of
culturing undifferentiated ES cells capable of somatic differentiation in vitro, said
method including:

obtaining a source of undifferentiated ES cells; and



met hod i ncl udi ng: obtaining a source of undifferentiated ES cells; and WO
01/ 98463 PCT/ AU01/ 00735 5 culturing the ES cells in the presence of a cell
derived iwauol/fs36dr insulin anal ogue induced factor. The PoUAUDEeEs] | at ed
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al ready established cultures of ES cell ? as described in 5 PCT/ AU99/ 00990.
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i nduced factor. |In another aspect of this invention there is provided a

pluripotent prolfeRN®iGer @specidpisiheryesenidpvantionthess is pravidased nigthodeeft nent
?rl‘) r :)Eggleﬁtet I@tgltdm@[he?oﬁge%%géﬂ BE iBRhphBRY & oM ticHirShagesy # sitdf shgne
15  method including: 1
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of insulin or an insulin analogue.
In another aspect of the present invention, there is provided a cell
derived insulin or insulin analogue induced factor capable of maintaining ES
20 cells in an undifferentiated state but favouring somatic differentiation. The cells
deriving the factor may be cultures containing ES cells.
In yet another preferred embodiment of the present invention there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and
25 culturing the ES cells in the presence of an antagonist BMP mediated
default pathway of extraembryonic endoderm differentiation and a cell derived
insulin or insulin analogue induced factor.
In -another aspect of this invention there is provided a pluripotent
progenitor cell distinct from an ES cell obtained by treatment of the latter with
30 noggin or other inhibitors or antagonists of bone morphogenetic proteins (BMP),
which is capable of differentiation in vitro into a wide variety of somatic cells
In another aspect there is provided a differentiated committed progenitor

cell line capable of differentiation into somatic cells.



which is capable of differentiation in vitro into a wide variety of somatic
cells In another aspect there is provided a differentiated commtted
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passages. 2€elfs 44 fespirafsiyendbaigiugpnt rast nor phol ogy of differentiating ES
cell cultures grown in control nedium (A) or in the presence of insulin

(B-O. 10Cont rol cul tures consist mainl y of squanous epithelial cells which
formcysts, while insulin tested C“'ltil'd‘,rl?ﬁEéet ain a range of cell types.
Figure 4 shows agarose gel el ectrophoresis-of RT-PCR analysis for 25

mar kers of endodernmal |ineages obtained fromstemcells or spontaneously
differentiating ES cells. Mrkers include al phafetoprotein, HNF3 al pha,

transferrin, vit FIGHER t1h Shaws i3 graphs Abliae PHmbﬁHiocféleQS/RRﬂanXu@ﬁ@IW.W BBure 5
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anal ysi1® of 7 edgyses JihenperfceBtage2 ofirells treactive with stem cell marker GCTM-2 is
shown in Figure 1B.
Figure 2 shows agarose gel electrophoresis analysis of RT-PCR for Oct-
4, GCNF, cripto, GDF-3, genesis, and B actin on control ES cell cultures (A) ES
cell cultures maintained in insulin for five passages.

20 Figure 3 shows phase contrast morphology of differentiating ES cell
cultures grown in control medium (A) or in the presence of insulin (B-C).
Control cultures consist mainly of squamous epithelial cells which form cysts,
while insulin tested cultures retain a range of cell types.

Figure 4 shows agarose gel electrophoresis of RT-PCR analysis for

25 markers of endodermal lineages obtained from stem cells or spontaneously
differentiating ES cells. Markers include alphafetoprotein, HNF3 alpha,
transferrin, vitronectin. Actin is shown to indicate RNA quantity.

Figure 5 shows a section of a teratoma formed when ES cells grown in
the presence of insulin were injected into immunodeprived mice.

30 Figure 6 shows RT-PCR analysis of expression of BMP-2 and its
receptor subunits in cultures of ES cells. For each pair of products, left hand
lane shows control and right differentiated culture. Lanes: molecular weight
marker, BMP-2, BMPR1a, BMPR2 beta actin, and activin receptor beta. '



receptor subunits in cultures of ES cells. For each pair of products, |eft
hand | ane shows control and right differentiated culture. Lanes: nol ecul ar
wei ght a0 kees46BVP- 2, BMPRL a, BMPR2 beta actin, and actP@T/AUPE@ER Or
beta. WD 01/98463 PCT/ AU01/ 00735 7 Figure 7 shows RT-PCR anal ysis of the
effect of BMP-2 treatnent of human ES éells on their expressi on of stem

cel I and endoderpglirérr KRbfs REIHCRhaiflysis @8, theasrtdc®l of BMIND thadithetit dst

BWP-2 treated. Shown are products representi nﬂ transcripts for
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cyt oker at i nepheddritiggrteardtyiptnidr blphagatopastein, hbpaticratclexdr ficedred Alphbadiori N in
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contras® mi AN VitkheCHB) betajachidand gglanactione Rdae@urats cel I's (B).
Figure 10 shows t | rtd hypag,, ES
cell s expressi ngﬁpkgé:si% ggd&ﬁ?hﬁhﬁ%{(@?é% gﬁ'algggcgf ggga%%é} %%énagai nst

gp- 130 has molesufazareight Efolefdtiaséh{fFigtico8A) anditbakexirgcallllacakatfx predgionse
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products repres i ng cDNA for t-4, Cripto, phaf et oproteiln,
t ransf dilr i nireatedfoneetls (B).-nestin, Pax-6, beta actin, and no RT control for

beta actin are s ) - ' .ar I rkers

al phaf et opr ot ei néla%gﬂroa sch\Aé% ?ﬁg?{}gﬁnﬁééjq'ﬁrt%f?i%‘gﬂhgﬁrtbe Png'ﬁB’r?/fo}ﬁ‘i"Pan
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The ES control culture has begun to differentiate and therefore lacks the

Cripto trar@RPBhduneRPres 8BsESafifReniiagpn otelicatingdat lpekstfeiespansg afel |
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cells. RT-PCR products representing cDNA for Oct-4, Cripto, alphafetoprotein,
transferrin, vitronectin, nestin, Pax-6, beta actin, and no RT control for beta
actin are shown. Oct-4 and Cripto are stem cell markers, alphafetoprotein,
20 transferrin, and vitronectin are extraembryonic endoderm markers, and nestin
and Pax-6 are markers of early neuroectoderm. The ES control culture has
begun to differentiate and therefore lacks the Cripto transcript but expresses
alphafetoprotein and transferrin as well as nestin and Pax-6.
Figure 12 shows noggin cells which were serially cultivated on a mouse
25 embryo fibroblast feeder cell layer.
Figure 13 shows phase contrast image of a neurosphere derived from
noggin treated ES cell cultures.
Figure 14 shows a fluorescence micrograph of noggin treated
neurosphere allowed to attach to a dish coated with laminin undergoing
30 differentiation into neuronal cells; staining is with antibody to 200kDa
neurofilament protein '
Figure 15 shows a fluorescence micrograph of noggin treated ES cells
grown in monolayer culture in standard ES cell culture medium in the presence

of serum; staining is with antibody to glial fibrillary acidic protein.



30 differentiation into neuronal cells; staining is with anti body to 200kDa
neur ofi l anment protein Figure 15 shows a fluorescence m crograph of noggin
treated BB o0®H4463 grown in nonol ayer culture in standard BESr/asbi/owsd ture
mediumin the presence of serum staining is with antibody to glial
fibrillary acidic protein. WD 01/98463 BCT/ AU01/ 00735 8 DESCRI PTI ON OF THE
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extraembryoni c | inngfigst.aspeeooitheyiredart igastionthe@nis prdvidedianmrepardtivinsof
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undi fferentiated state giving greater capacity for manipul ation of
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preferable that the cells are capable of differentiation particularly
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particularly into somatic lineages.
The preparation of the present invention is preferably a purified
20 preparation and is capable of prolonged cultivation and are substantially
maintained under conditions which do not induce cell death or differentiation.
However, it is preferable that the cells are capable of differentiation particularly
toward somatic lineages such as when a differentiating signal is introduced.
Preferably, the embryonic cells are capable of maintainihg an
25 undifferentiated state when cultured on a fibroblast feeder layer generally under
non-differentiating conditions. Desirably the fibroblast feeder layer does not
induce cell death or extraembryonic differentiation.
The cultured celis maintained in the undifferentiated state may have the
potential to differentiate in vitro when subjected to differentiating conditions.
30 However when a differentiation signal is given it is best that the cells have the
capacity to differentiate in vifro 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 somatic lineages on the other hand, allows for the



30 However when a differentiation signal is given it is best that the cells
have the capacity to differentiate in vitro into a wide array of somatic
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herein these proteins and related proteins of the TGF-p superfamily are .
collectively known as BMPs. Untreated cultures of ES cells grown under
20 standard conditions express transcripts for both BMPs and their receptors.
Moreover, cultures treated with BMPs will undergo differentiation into a cell type
with a morphology similar to the flat squamous cells found in spontaneously
differentiating cultures, and will express immunochemical markers and genes
characteristic of this cell type. It is therefore posulated by the applicants that a
25 BMP-mediated autocrine loop driving extraembryonic endoderm differentiation
in human ES cell cultures may lead to extinction of stem cells (undifferentiated)
or inhibition of production of desired somatic types.
The *“undifferentiated ES cells” of the present invention may be obtained
by any means available to the skilled addressee. It is intended that this term
30 encompasses newly isolated undifferentiated ES cells as well as established
and cultured undifferentiated ES cells. However, they may be obtained by the
methods outlined in PCT/AU99/00990 which includes ES cells derived from an
embryo as a culture of ES cells. The entire contents of that application are

incorporated herein.



The "undifferentiated ES cells" of the present invention may be obtained
by any neans available to the skilled addressee. It is intended that this
term 30 vemousgrasses new y isolated undifferentiated ES ceCT/avasoored | as
established and cultured undifferenti at ES cells. However, they nay be
obtained by the nethods outlined in PCIYAU99/ 00990 which includes ES cells

derived from an TREBMPsafeanakifurnetionall cytSkifs lamd rhemibis iofehé s Eskta s of
that application are incorporated herein. WO 01/98463 PCT/ AU01/ 00735 10
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Col1S. oo BB by Exereato P Bt PRI ot a1 i+ oot Cor di s ect
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differentiation, This was a surprising result since i's not

previ ol y eHbuingtundigerentinipddt S sells, rﬁ&!%@%mmm of stemcell renewval
or favouring so |f urally occurring
i ndi rect orgdi rrergt%tjaﬁ]'?ggoskﬁiﬁggtﬁﬁ%ﬁ&enﬁﬁwgecgﬁg %gc?f[l fied. Direct

ant agoni sts of BidMuringythe E® ek mothérp@asé:’r& oftHIOIndire B Ldi ratd antigonisttof
restricted t%Mﬁtu' n, o&% chordin, gremin, follistatin, 20 cerberus,
ami onl ess, @ -2omegipted defryirpathway Oéﬁmﬂnpéyweﬂé%%ﬂlﬁefﬁ'ﬁtaépﬁ) or

i gand bi ndi ng dpnRiRSs %r%ﬂélhgtreg%sfrﬁ%eﬁﬂ/fﬁﬁ is FRlo®] ‘?é\ﬂ%ylx wnBMPb% act

ant agoni st i s noggi n. antagonist is oes no
di rect Mp onnBMredbint theseahaeddreent afi Stetm acc&lall Irehewals iog nédviongng as brwayis
whi ch rmdul@ffe the.action 25 of BMP. Preferably an indirect BMP ant agoni st

is insulin ﬁ{gﬁf PR anal ogue.

A number of naturally occurring indirect or direct antagonists of BMPs
have been identified. Direct antagonists of BMPs maybe selected from the
~group including, but not restricted to fetuin, noggin, chordin, gremlin, follistatin,
20  cerberus, amnionless, DAN, or the ectodomain of BMPR1A (a BMP receptor
protein), or ligand binding domains from other BMP receptors. Preferably the
BMP-2 antagonist is noggin.
An indirect BMP antagonist is one which does not act directly on BMP
but has an effect on intracellular signaling pathways which modulate the action
25 of BMP. Preferably an indirect BMP antagonist is insulin or insulin analogue.
Insulin or insulin analogues and homologues may antagonise BMP
indirectly, by blocking a stress response of human ES cells. Conditions which
place stress on stem cells may lead to this default form of differentiation toward
extraembryonic endoderm differentiation.
30 Accordingly, in a preferred embodiment of the present invention, there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and

culturing the ES cells in the presence of noggin.



I nsulin or insulin anal ogues and honol ogues may antagoni se BMP indirectly,
by bl ocking a stress response of human ES cells. Conditions which place
stress owa@bvem4eel s may lead to this default form of di fPeT/anbi/eirson
toward extraenbryonic endodernldifferegtiation. 30 Accordingly, in a
preferred enbodi nent of the present inv ﬁtion, there is provided a nethod
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under standard ES cell culture conditions. This range is particularly

ef fect ik fepMabedifferentiationn tarfk2gehrenewaly be added to an
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progenitor cell.The BMP antagonist may be cultured with the cells for any period,
preferably for a period sufficient to obtain a homogeneous population.
In another aspect of the present invention, there is provided a method of
20  producing a progenitor cell from an ES cell, said method comprising:
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of an indirect or direct antagonist of
a BMP mediated default pathway of extra embryonic endoderm differentiation
for a period sufficient to differentiate the ES cell to a progenitor cell.

25 Preferably the antagonist is any antagonist alone or in combination as
listed above. More preferably, it is an antagonist of a BMP-2 mediated default
bathway. Noggin is mostly preferred as a direct antagonist.

The period sufficient to differentiate the ES cell will depend on the
antagonist used. Where noggin is used, a period of at least 5 days may provide

30 progenitor cells differing in appearance to ES cells.

Applicants have found that after approximately 5 days noggin treated
cultures (100-500ng/ml) consisted of colonies of distinct small round cells
differing in appearance from ES cells. In contrast to control cultures, colonies in

noggin treated dishes contained no flat squamous epithelial cells or cystic



25 Preferably the antagoni st is any antagoni st al one or in conbination as
| i sted above. More preferably, it is an antagonist of a BMP-2 nedi at ed
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20 variable proportion of cells present in noggin treated cultures may be reactive
with an antibody recognising the 68kDa neurofilament protein.

The noggin treated cells may be further characterised in biological
assays. Addition of 25 ng/ml recombinant human BMP-2 along with 250ng/m!
noggin has been found by the Applicants to lead to the appearance of

25 squamous cells and cysts characteristic of spontaneously differentiating ES cell
cultures or BMP-2 treated cultures, indi‘cating that BMP-2 could antagonise the
noggin effect. The noggin treated cells could be subcultivated under standard
conditions for ES cell culture and retain their distinctive morphology and lack of
expression of markers for ES cells, extraembryonic endoderm, neural

30 progenitors, or other types of somatic cells under these conditions.

In yet another aspect of the present invention there is provided a method
of produeing a somatic cell from an ES cell, said method comprising:

obtaining a source of undifferentiated ES cells;



assays. Addition of 25 ng/m reconbi nant human BWMP-2 along with 250ng/ m
noggi n has been found by the Applicants to |lead to the appearance of 25
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cell cultures or BMP-2 treated cul tur e% i ndicating that BMP-2 could
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their distinctive norphology and | ack of expression of nmarkers Tor ES
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The use of infeanP¥Bninicaipeaget can produce a progenitor cell which is
capable of differentiation into any somatic |ineage. 10 The progenitor
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medi um spece¢dli)amhicht it Aifflentiaed ol heUFdite deiseaised WAl have a lineage of the
somatic progenitor (neural progenitor). The progenitor culture medium may
also be customised as described above and for instance, for a neural cell, the

20  progenitor culture medium may be a medium specifically formulated for neural
progenitors.

The progenitor cell may be a neural progenitor cell cultured as described
in P‘CT/AU01/00278. The neural progenitor may be induced to differentiate into
mature neurons or glia as described therein.

25 The progenitor cell may also be cultivated on plastic surfaces in
monolayer culture in the presence of serum and the absence of a feeder cell
layer to give rise to glial cells and other cell types.

The BMP antagonists are as described above. Preferably, the
antagonist is a BMP-2 antagonist. Most preferably it is a direct antagonist such

30 as noggin.

Applicants have found that if the noggin treated cells were placed in
neural progenitor culture medium, they formed structures with the appearance
of neurospheres which could be maintained in culture. This finding, along with

the presence of cells expressing the 68 kDa neurofilament protein in noggin



The progenitor cell may be a neural progenitor cell cultured as described
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there is provided a nmethod of = producing a cell of a heurogenic |ineage,

sai d net hodpProdhipingsa agl obatneiuregrnialiseages; saist meththd ¢e@meprisingt ed ES cel | 's;

culturing the ES .S | f. N in, o produce a progenitor

15 cell; obtai ni%@sy'ﬁ%a%ﬁwﬁ? %Qﬁ‘ﬁﬁ%&“@aﬁcﬁeg ﬁ‘?&ﬁi um and culturing the
progeni tor cell ¢ulturing theUEs!cals agend bessetiebt of fogfntlte Brddiceda ppSjefitbr
sufficient to obtain a neural progenitor culture and a cell of a heurogenic

| i neaged cell;
obtaining a neural progenitor culture medium; and

culturing the progenitor cell in the neural progenitor culture medium for a
period sufficient to obtain a neural progenitor culture and a cell of a neurogenic
Iineége. _

20 Freshly prepared and formulated progenitor culture medium may be used
in conjunction with noggin to cause the differentiation of the somatic cell.

In a further preferred aspect there is provided a method of producing a
cell of a neurogenic lineage, said method comprising:

obtaining a source of undifferentiated ES cells;

25 culturing the ES cells in the presence of noggin to produce a progenitor
cell;

obtaining a neural progenitor culture medium derived from another
culture; and

culturing the progenitor cell in the neural progenitor culture medium for a

30 period sufficient to obtain a neural progenitor culture and a cell of a neurogenic
lineage.

The period to culture the progenitor cell may be dependent upon the
progenitor culture medium. However, the period may be determined when a

substantially homogeneous cell population is obtained.



20 Freshly prepared and fornul ated progenitor culture nmedium my be used

I n conjunction with noggin to cause the differentiation of the somatic
cell. Invwobustsber preferred aspect there is provided a ne€Chadouéo7py oduci ng
a cell of a neurogenic |lineage, said nethod conprising: obtaining a source
of undifferentiated ES cells; 25 culturﬂﬁg the ES cells in the presence of

noggin to producgha efsqmmoweuuuﬁel 'Me&Wiﬁ+W9al§on%Hr 2bnBfieAsa HHdiﬁM: ture

medi um derived fromanother culture; and culturing the progenitor cell in
t he neural @klagwd tfeamcaneibes culirenef oreusal B gewitpodcadlaf f iRreéarablyp thist ai n

ool tur o SOt o et s Bk B baRali i alhen ol R RaE fneeigor” ' o
cul ture neddifferertieitienes thé heursior gtlan@lisbe determ ned when a substantially

honogeneous cel |l popul ation is obtained. WO 01/98463 PCT/ AU01/ 00735 15 The
progeni tor cul t ufBY MeRFILM igeSitablerapd reaviBetGopmBaaraially availabls: aPreferatiym

anot her cul iy tnodiufPYs iR aPSRihOhefitl | BraRhRbE el YuhRS (&8RALLA O
medi um i s obtaine rom progenitor cells I°C ave not undergone
di fferenti aPCaMAUOB1400R78Beural or glial cells. 5 Any nediumis suitable and

b i all i | abl e. eferably, the nediumis, derived from
neural progent t ol SRRSE GEPEF Ll HRsErsT oM ISPERSIPICVISERES PPRU G her

aspect of tesrirs@dlls Fr;ﬁp%émmrt B@Irseli)de‘htilﬂéey&ﬂ%r@c&&rp bﬁé'fr%pofog gm

cells or progenitor ce entified by particular patterns of surface 10

ant i genl Gex pariigaroaxpriessiondingudiog babinok limiteddot e, lack bhekpreissioxpofeESiaatl of
ES cell mar ) and surface.antigen expression_by |ack of
reaction to&%&lﬁ(@)‘?}%ﬁ%%es %‘% ﬁﬁ“&?%ﬁ?&eq ﬁ%ﬁ’r&a?'ﬁ tM_l%ﬁf() P@E%%Woéﬂi g MHC
Cass 1 sushpas 1R esildviifg amiibodies MheludiHglBAMEastby isigt MHo! raisd! vl at ed

N-CAM Cam 5.2 reactive wth | ow nol ecul ar wei ght cytokeratins, AM-
reactive w $¥fase wmelgaules. ianticderstinatld) 3raieactive withi belygial\datedORERAM,

e of L) ATl sbau, Y ) 554G WedhSoRbELARL AN, ESARBL B | "2,
w t h a 1 ot énnficaintermediate fiaments, antibody to 160kDa neurofilament protein,
GCTM-2 reactive with a proteoglycan present on the surface of ES cells,
TG42.1 reactive with a 25kDa protein which copurifies with a proteoglycan
recognised by GCTM-2 and is found on stem cells and other cell types,
monoclonal antibody GCTM-5 reactive with an unknown molecule present on a
20  small proportion of cells in spontaneously differentiating human EC cell cultures.

In another preferred embodiment of the present invention there is
provided a method of culturing undifferentiated ES cells, said method including:

obtaining a source of undifferentiated ES cells; and

culturing the ES cells in the presence of a cell derived insulin or insulin

25 analogue induced factor.

Preferably the cells deriving the factor are cultures containing ES cells.

It is intended that the methods described herein, include deriving a stem
cell de novo in the presence of insulin or insulin analogue as well as maintaining
an undifferentiated ES cell culture.

30 In another preferred embodiment of the present invention there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and

culturing the ES cells in the presence of insulin or an insulin analogue.



recogni sed by GCTM2 and is found on stemcells and other cell types,
nonocl onal anti body GCTM5 reactive with an unknown nol ecul e present on a
20 smal | woopessss on of cells in spontaneously differentiapCvgubuerass EC cel |
cultures. |In another preferred enbodi nent of the present invention there
is provided a nethod of culturing undi flPerentiated ES cells, said nmethod
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herei n, include er|V| ceél resence of insulin or

i nsulin anal oguecalturivg) kheaESrekl & nhérpresanoendi &f fsreblaisatestidrSager land
cul ture._ 30, In anot her pref erred enbodi mrent of the present invention there

is pr o delPSHlinef ﬁBdn%‘f“r’b%Pq B9i%g undifferentiated ES cells, said nethod
| ncluding: = obt ahBeadlidyIPOHis SerRbotiitfint S #Y RlfoRSpiRidey ARl 4t | N9

the ES cells in the presence of Insulin or an |nsu In ana ogue 1798463
PCT/ AU01/ 0088uring6E Srrefis tscaamtchenhauroef stemecelestroivahand godwihhdurpigesrine

[ [ h [ vid d f ndi f f tjated ES
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celI's; and @Mje?éﬂtla"ﬂlﬁnt&&\cﬁ%ﬁsm Irfsulin éﬂ%?h%ruﬁﬁ%fa@ogﬂesan{a'ybﬁ% ant

| ayer and 5 insulin or an insulin analogue. Accordingly, this en%odlnent
of the 1|Q1veﬁ'ﬂ‘i36ﬁn|§ﬁlé\ﬁf@@éoath%i3lﬂﬂﬂn@ﬁfdla’f@dldaﬁalulhgamac/el | s so as to enhance
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ant agoni sti c ?ffect Qn BMP nedi at ed default pathway. ES stemcells may
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In a further preferred embodiment of the invention, there is provided a

method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells;
20 culturing the ES cells on a fibroblast feeder cell layer; and

subjecting the cultured cells to an effective amount of insulin or an insulin
analogue:

The cells may be cultured on fibroblast cells and then subjected to insulin
or an insulin analogue possibly after the cells have been initially cultured for a

25 time to establish the ES cell culture.

The Applicants have found a means to achieve this by culturing the ES
cells generally on a fibroblast feeder cell layer in the presence of insulin or an
insulin analogue. The analogue may be IGF-I or IGF-2. Preferably the insulin
analogue is IGF-2. The insulin or an analogue may induce the stem cells to

30 produce a factor(s) capable of supporting stem cell growth and which favours
somatic differentiation.

Insulin or analogues thereof including IGF-1 or IGF-2 have been used to
support the growth and survival of a wide range of cultured mammalian cells.

However, the positive effects of insulin or analogues thereof including IGF-1 or



In a further preferred enbodi nent of the invention, there is provided a
met hod of culturing undifferentiated ES cells, said nethod including:

obt ai ni ngv@oses4sxe of undifferentiated ES cells; 20 cul t uP€vgUubHi@®7ES cel | s
on a fibroblast feeder cell layer; and subjecting the cultured cells to an
effective amount of insulin or an insulilA anal ogue. The cells may be
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may be | GF-firexdtlyl §ittd EBr&flier Rfsulin bhaniamsibgue mapdlineien ihconBination With
insulin or an, anal ogue may i nduce the stemcells to 30 produce a factor(s)
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action of insulin or an insulin ana o%ue such as | G--2 may rectly on

t he ES k| | eontpining the imsulim oainsiubg @ealegyefintideddoiactar reaythierdve infragiuced 5
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| ayer, the gediffetkhtiavedisiats bl sagublé b$ tificfemtiRalbadn® 4 Bowedd ihesger my be
harvested froma separate culture of cells such as stemcells exposed to

insulin or i nsyﬁ!tﬁr%ﬁ'&ﬁ'dgmﬁ E.‘@h‘(‘eel@dﬁay tbﬁgﬁféwnn%?Jihrﬁ@ﬁﬁbfﬁ?dﬁf eell {ayes
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anal ogue neyelrct AMYifide SFxhesk! ctdiemshy &Fith iMsulin or insulin analogue may
further enhance cell growth. Other factors may be produced by insulin or insulin
analogue treated stem cells which will enhance stem cell growth or survival.

20 Insulin or an insulin analogue such as IGF-2 may be added at a
concentration of approximately 10 ng/ml to 10ug/mi to the stem cell culture from
which the factor is liberated and preferably harvested. It may also be added to
an ES cell culture maintained on a fibroblast feeder cell layer, or to act on the
ES cells directly. Ideally, the concentration is 10ug/ml.

25 The insulin or an analogue may be added at the time of cultivation either
directly to the ES cells on the fibroblast feeder cell layer.

In another aspect of the present invention, there is provided a cell
derived insulin or insulin analogue induced factor capable of maintaining ES
cells in an undifferentiated state but capable of differentiation into a somatic

30 lineage. Preferably the factor is induced by subjecting ES cells to insulin or
insulin analogues thereof. The factor is generally found in the culture medium
(supernatant) of ES cells and may be isolated therefrom.

The cell derived insulin or insulin analogue induced factor from

fibroblasts may be identified by the following:



15 conjunction with factors produced by the fibroblasts or by the stem

cells thenselves. The growh factors GDF-3 and cripto are produced by human
ES cel |l svOAdeH463 on of these factors along with insulin opCT/asal/ea13:anal ogue
may further enhance cell growh. Qher factors may be produced by insulin
or insulin analogue treated stem cell s1®hi ch will enhance stem cell grow h
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In another aspect of thi\s invention there is provided a population of stem
cells or committed progenitor cells identified by particular patterns of surface
20 antigen expression, including but not limited to those which are positive for both
GCTM-2 and TRA 1-60, those which are positive for one or other of these
antigens, and those which lack either antigen on their surface -
The effect of insulin or analogue or the insulin or insulin analogue
induced factor is evidenced morphologically by a more tightly packed and
25 uniform appearance compared to colonies grown in the absence of insulin or
~ analogues or the factor. Many more cells of uniform stem cell morphology are
present in treated colonies, and immunostaining methods using stem cell
specific markers to count the number of cells expressing such markers or
estimating their proportion by flow cytometry using such stem cell specific
30 markers may be used to confirm this. Without being limited by theory, it is
considered that the chief effect of insulin or analogue treatment or the effect of
the factor over the short term is to increase the number of cells in each colony
without a marked effect on the proportion of stem cells present, consistent with

an effect on stem cell multiplication or survival.



| ayer of the type described in PCT/AU99/00990. The entire contents of that
application are incorporated herein. 15 The effects of insulin or an

i nsulin av@abogs4es on the stemcell derived insulin induceBCct/atbueo7smy be
evident within 5 to 7 days of subcultivation of an ES colony in nedia
containing insulin. In another aspect ofl9his invention there is provided a
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appearance of stemcells. For exanple, the proportion of cells reactive
with the nedikerent@tipmeapasittonsi stently | ower than that of cells reacting

w th TRA 1-60. Ty BEhG6in sk |8 ordih iRl brebehd @l fndlfin or

mat urati on within the populatron. ul'l'n or "anal ogue Trea
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-)in cont r odbsante efgusulin o the factor) will consist of differentiated cells.

These effects of insulin or its analogues may be interpreted as

20 enhancement of stem cell survival and maintenance of pluripotentiality.

Undifferentiated stem cells may be propagated and subcultured for
multiple passages in the presence of insulin or analogue or the factor.
Successful long term maintenance of stem cells in the presence of insulin or
analogue or the factor may be proven by the continued presence in the cultures

25 of diploid cells bearing stem cell markers and expressing stem cell specific
genes such as Oct-4. Furthermore, in cultures passaged through 20 to 30
population doublings, stem cells may be demonstrated by such cells forming
teratomas in SCID mice which contain derivatives of all three embryonic germ
layers.

30 Hence insulin or an analogue or the cell derived insulin or insulin
analogue induced factor is useful as described in the present invention to
increase the number and persistence of stem cells during routine passage.

Insulin or insulin analogues may also be added to cultures during the
derivation of ES cells from blastocysts as described in PCT/AU99/00990.



anal ogue treated cultures may help identify novel cellular intermediates
with desired properties, such as enhanced colony formng ability or

somati c v bf/essenti ati on capacity. It has now been found poEAUSt/eTsel | s
grown in the presence of insulin or 1526nal ogue or the insulin or anal ogue
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URrb EiCTUgHRe

i ncrease’ t h@ persi stence of stemcells during routine passage.

I nsul'i n or i nsul hBtRMAL RESRFERY uAlTRIdHiIAIES éé?|s<3§hé|ures during the
derivation of ES cells from blastocysts as described i n PCT/ AU99/ 00990. WD

01/ 98463 PCT/ AUOGYIboTREthelgS|gelian thee presspee tof dibretiastralisand insukimor an
there is pr%wrggn dJ tehod of culturing undifferentiated ES cells capable
of somatic di entr¥ation in vitro, said nethod including: obtaining a

source of undiffRranbiner e@pE&t cfethessreadst iRventidrihend is PV g rhsthbl dfhe
presence of a cell derived insulin or insulin anal ogue induced factor.

Preferay y sWiIrtg yrdiferaniipipy ERcallacarppblgred sematis diffeigntighien in vitroasaither
aspect of tﬁﬁetrﬁ)&?ﬁﬁﬂhiﬁ&vem ion there is provided a nmethod of

obtaining a source of undifferentiated ES cells; and

culturing the ES cells in the presence of insulin or an insulin analogue.

In addition to affecting the number and persistence of stem cells during

20 routine passage, the addition of insulin or analogue or the factor can also affect
the outcome of differentiation.

In a preferred aspect of the invention, there is provided a method of
culturing undifferentiated ES cells capable of somatic differentiation in vitro, said
method including:

25 obtaining a source of undifferentiated ES cells;

culturing the ES celis on a fibroblast feeder cell layer; and

subjecting the cultured cells to an effective amount of insulin or an insulin
analogue.

The cells may be cultured on fibroblast cells and then subjected to insulin

30 or an insulin analogue possibly after the cells have been initially cultured for a
time to establish the ES cell culture.

Somatic differentiation is favoured under conditions that limit stem cell
renewal but support cell survival and limit extraembryonic differentiation.

Applicants have found that addition of insulin to fibroblast feeder cells limits



culturing undifferentiated ES cells capable of somatic differentiation in
vitro, said 10 nmethod including: obtaining a source of undifferentiated ES
cells; amdooupsded ing the ES cells in the presence of fibrpor/asvr/essi s and
insulin or an insulin anal ogue. In another aspect of the present invention
there is provided a nethod of 15 cultu ﬂng undi fferentiated ES cells
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feeder cell layer; "and subjecting to an i vé dnount
of insulin suchamankerd urrcludmgltwt@npﬁm faeﬂolrs snuay ae HNF3 mlplda csmd‘ bleta)bl ast

cells and th ect d,to |n 0 or sulln

after the c® Pgerﬁg Hﬂ'”g rﬁyltc? V’ 351 tH"&r % g'g'é’f'gﬁﬁs” §‘Hdt he
ES cel | cul pagemeSonrinisrafefhelkelldsadiichnas Sfybé\llquécﬂl@géﬂdéﬂd EPAAI | 8fsmt hat
limt stemcell renewal but support cell sdarvival and limt extraenbryonic

di f f er it i a€elisnpersigdpongedrin sukiuies treatad withainselitipt Roranalogussthiereoftar the
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type. The pdegrieaseiniirabnithoot m‘newél lo$ aufedaegiyed sorhatediffeyditiztion is

differentiation n]gap be denpnstrated by the | ower proportion of cells
bearing cha?eRdyife PHre%Wﬁ'ér'%e%Pe‘t’tﬁfj@mlW@&ﬂ@orqﬁét%@ﬁoﬁ%dﬂ'&p\'\ﬂ and
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usi ng ithundishescAdersafter, oangadditiynal cell types may be seen in insulin or m_sulln-
induced factor treated cultures that are not usually detected in control cultures
due to high proportions of extraembryonic cells in the latter. These novel cell
types may be characterised by distinctive morphology, surface marker
expression and patterns of gene expression.
20 In yet another preferred embodiment of the present invention there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of an antagonist of a BMP
mediated default pathway of extraembryonic endoderm differentiation and a cell
25 derived insulin or insulin analogue induced factor.
In another preferred embodiment of the present invention, there is
provided a method of culturing undifferentiated ES cells, said method including:
obtaining a source of undifferentiated ES celis; and .
culturing the ES cells in the presence of an antagonist of a BMP
30 mediated default pathway of extraembryonic endoderm differentiation and
fibroblast cells and insulin or insulin analogue.
In another preferred embodiment of the present invention, there is
provided a method of culturing undifferentiated ES cells, said method including

obtaining a source of undifferentiated ES cells; and



such markers including transcription factors such as HNF3 al pha and bet a,
cytokeratins including cytokeratin 19, the cell adhesion nol ecule

Vi tronectwo@ 0a98d63 basenent nenbrane nol ecul es such as TypePCWATol/H@EsEn and
laminin. Stem 10 cells persist longer in_cultures treated with insulin or
an anal ogue thereof or the stemcell défived insulin or insulin anal ogue

i nduced factor agduags#d £9! tdllsen tHBYphkBehBé NbRIaRednddnmit of enewgp of a
feeder layer, somatic differentiation is strongly favoured, wth
neur oect odemedjated udefarl psthavayi 9§ exiragwioamnien €ndadsrm ndiffiecerdigbioss endg

Pax- 6) appear.] prst. _in larger nunbers than in control 15 dishes.
Thereafter,'ﬁﬁg[ﬂgoélcﬁ"éﬂl?ghglo@grI types may be seen in insulin or insulin-

i nduced factor tTeatest ofld BMR-d orﬁéteaﬁdtinslalimdryindﬂlﬁre(étrmbgh%scCﬁ”lfaé0|
cultures due to high proportions of extraenbryonic cells in the latter.

These ndvel deribed; ghave i pay chrrusedein sembiatiansie mrtagenizodipadBME,
surface mrr%%ﬁiat@&%ﬁéggt ‘r)%htﬁ\ﬂgy PRWRE "Sxth HMFoftPEESIAh dfiferbRtidfdn

anot her preferred e nt of the present invention ere 1s provided a
met hod of cRidferabhg thedBMPReastagoaistéds ESBMP-2santegbdistretMost predénathiy) ghe
obtaining a source of undifferentiated ES cells; and culturing the ES cells
in the pres¥NEdoREt BN goni st of a BWP nediated default pathway of

extraenbryoni ¢ eIW%%EH@rdFFéfSFrSGtéﬁ‘a‘bb@ﬁné\ﬂg tAeCBhdifferentidfdd @Mlsi BSiHireR OF
i nsulin anal ogue induced tactor. In another preferred enbodi nent of the

pr esent10 nvaerarding tertbe énventioprdifiergatiate waderatifferensatingicongjtions in vitro to

undi fferenty . J ; i L0, 0 i,ning a source of
undi fferentﬂog%}g)@'&c’ﬁ%aéesandg%gﬁiﬁjggfwggﬁlﬁééq%%é@nlSgé'i%l' t he presence of an
ant agoni st of a BVBnofiernashett eflecefiadrovidati haagoramitesd rp@@?@fiw?n&@ll gingoder m
differentiation ang -fibroblast cells and insulin or insulin anal ogue. In
anot her pr e$aR30iQ ok Aiffsaentationgnto spimalieslis Prefeethly Brpducedy the meiedsded a

met hod of c I ifferentiated ES cells, said nethod including
obt ai ni ng aa%séoddrrb'ggqqoéf*@ﬁ‘lhdi fferentiated ES cells; and WO 01/ 98463
PCT/ AUOE 00735 [22 andther i aspeche tBSrec ekl providédeapsesmtice cefl aapableagsfni st

O R Sy At FbA oA B Dk CTROEOLEA rovided
BVP- ant agonggrhmitietl somakit ReflcabBBl biyiding!rR@UBSMARIrdSomatic cells. The cells
may differentiate into embryonic mesoderm and embryonic endoderm lineages,
including, but not limited to cartilage, muscle, bone, hepatocyte, pancreatic islet

20 cells and respiratory endothelium. Preferably the somatic cells are derived from
any of the methods described herein.

These cells may be obtained by somatic differentiation of human ES
cells, identified by markers. These cells may be isolated in pure form from
differentiating ES cells, in vitro, and propagated in vitro. They may be induced

25 to undergo differentiation to mature somatic cell lineages.

In the presence of a differentiation signal, undifferentiated ES cells in the
right conditions will differentiate into derivatives of the embryonic germ layers
(endoderm, mesoderm and ectoderm), and/or extraembryonic tissues such as
neuron tissue. This differentiation process can be controlled.

30 Conditions for obtaining differentiated cultures of somatic cells from ES
cells are described in PCT/AU99/00990, the contents of which are incorporated
herein.

Once the cells have been induced to differentiate, the various cell types,

identified by means described above, may be separated and selectively



5 descri bed above but may be used in conbination to antagoni ze the BMP-
nmedi at ed default pathway toward extra enbryoni c endodermdifferentiation.

Pr ef er ablwo ot/#s368BMP- ant agoni st is a BMP-2 antagoni st. MspCpaghbeemEbd y, the
ant agoni st is noggin. In another preferred enbodi ment, the undifferentiated
cells cultured 10 according to the i nvédtion differentiate under

di fferenti agilfgate@ndi ThNsrobBnivort £ell§ dnay OdifferPfiBid Gnol BARIESISMIAILEIHE ect
to a differentiation signal. In another aspect there is provided a

committed pPEH§EANI@Mesdderm gad eappayPnic Endgiderar iragesi dacliding, deirandtc
cells, pref Vi Pr Q4 od i I 5 1 t her
aspect, the@éﬁ?éé tg?oc\%?@gggaq}s‘%%%% Lﬂ%équr I ﬁec%%gg)ﬁé’ g‘fﬁlcgﬁtfdeg%lﬁ i%ﬁ"?o%&an
vitro from mspiratbrf eedetitdliatred ES cell. There is also provided a conmmitted

somatic cell capaple of giving rise to mature matic cells., The cells may
differofiate ini6e ORBISRMEHictONd HAvRE BT ﬁﬁlm fiesgﬁaseawm [qfeeagesto

I ncl udi ng, {pial folielirld Q?(afrﬁﬁle%p IP§F15Li1Il:la&éaunaéi%%ﬁ,]g%mer,hﬁaf&%c %%critprt]ign

pancreatic islet 20 cells and respiratory en ium Prefera
somat i ¢ cel fofowing igeitlisteativier omly asdyshufuld inet etthbels inlasy Midseds henesirittiofhese

cells may be gbtained,. matic differentiation of human ES cells,
identified %9%91%93@?@“?%?@@8 '%‘é‘?qt@n '?f‘cﬂgefi@hog?ed in pure formfr.om
differentiating ES cells, in vitro, and propagated in vitro. They may be

induced 25 to undergo differentiation to mature somatic cell lineages. In
the prédence of a differentiation si GXAMPLESi fferentiated ES cells in the

right condi %kgnﬁ)léﬂ%l:l A@igfokef)?'iﬁg&ﬁrﬁ 6 tsﬂ;}cq"?rtw tWa§ﬁ¥eqan%eo?mM?Hi Esderm
| ayers (endoderm nesoderm and ectoderm), and/or extraenbryoniC tlssues
such as neuron tissueelldhis differentiation process can be controlled. 30

Conditions for o inin ifferentiated cult S matic cells fromES
cel s are descri @E@'ﬂ r?r%t%ﬁtﬁﬁilﬁ gbed I'ﬂaL@fﬁ&gﬁ&o@%omr@ﬁ@ﬁé”u"e‘d in
i ncor por at ehe ResRide GRCEINRCEE lissiRY 8nleRRidamgae u@'shf;@ﬁlﬁﬂ%ﬁére’

Ul fR ith
the various cell types, identlfl_ed§%y means descri beglI agove, may
separ atléd apericdd el 4 eegks\OCoIoross 68 treafd 0ddrdT 86lls @re hhniestekdsinghe
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stem cell specific genes (Oct-4, Cripto, Genesis, GDF-3, GCNF) in the cultures
by RT-PCR. Other colonies were dissociated to single cells and stained for the
presence of stem cell specific markers such as the GCTM-2 antigen. The total

20 number of cells per colony was determined and the percentage of stem cells

present was assessed by flow cytometry. (See Figures 1 and 2).

Example 2: Action of insulin on long-term maintenance of human ES
cells.

25 HES 1 and HES-2 were cultivated for at least 10 passages in the
presence of insulin and HES-3 and HES-4 were derived from blastocysts in the
presence of insulin and cultured for at least ten passages. Following this period
of cultivation which represents at least 50 population doublings, the cell
phenotype was determined using immunochemistry and RT-PCR for stem cell

30 markers, the karyotype was assessed by G-banding, and the ability to
differentiate into various cell types was assessed by transplantation of cells into
said mice and by immunostaining of cells grown to high density for various
markers of specific differentiated cell types including neuronal and muscle cells
(Figure 5).



limted to cartil age, nuscle, bone, hepatocyte, pancreatic islet cells and

respiratory endothelium 5 The present invention will now be nore fully
descri beavowt/s4sef erence to the follow ng exanples. It shonhAdobe73s

under st ood, however, that the descripti %2 following is illustrative only
and shoul d not be taken in any was as a<4festriction on the generality of

the invention described above. 10 EXAMPLES Exanple 1: Action of insulin on
short term nmi ntenance of human ES cells. HES-1 or HES-2 cells described
i n PCT/ Au9oFganmle & Effeeh ofi insulin onrpomatic glifferentiation obsuman B$ dellsul i n
and mai ntai ned w ut l?ﬁ:ué r ri o] - | oni,es of
treated or cont m‘ﬁg@elq@mreﬁ E\z/\i/rg\r/%guggaﬁgr{%ﬁgﬁngﬁggaé%eﬁeégﬁggﬂézq% I e?n\%ere

used to det eraintaimedhfer Br@seeke without AnteritpinsfdroMhesd @entcst dxtrseathri/baicgenes
(Cct -4, Crigibo, nesi s, GDF-3, F) in the cultures by RT-PCR O her
col oni e wetHeRERIONVE 355858 rpRolggigak explyalion sif theeprgseaserdie of

stem cel | Sgqgdrhbis K IHANRYCEYR LT M BhIR sofffid AilereBHTer

of cells per colony was determned and the percentage o em ce
present waswassasssesded\pyf novwplwloginet asseséSeat Bindune snrhuandh@hicabstaiping 2:

Act i fi | i I - t i nt of h n ES cells. 25 HES 1 and
HES 2 wer e RUIRTRLt BirrREE O Sebale 2o ThEGegmoiaing metrondsnaie o (BRsul | n
and HES-3 apgyursS34neese derived from bl astocysts in the presence of

insulin and cultured for at | east ten passages. Following this period of
cul tivatd on which represents at |east 50 popul ati on doublings, the cell -

phenot ype rym ' e 0 ) - for stemcell 30
mar ker s, t\kllgﬁﬁgﬁ{l/gﬂ ypgﬁv%/gg%;g'ggggéné“b@%wgg%éﬁ{%%ad%%eﬁ% ability to
differentiate i nUadifferéntisted etémicgfie warasieassds as ¢l POYT/AUIRLToROL at i on of

cells into said mce and b¥ inmfmostai ning of cells grown to high density
for various marREESOFOINGNM LM of thermapes MR aptagenistNpgey, capsising gf a

Lot one oo EGLNG e ndFEaNoa oo QMR AR 02y
HES1 arid HES2ptivker kinlearband e &d regianhef reaeng®1 ¢RI Systemsindas added in
the dose range 100-500 ng/ml to cells grown under standard ES cell culture
conditions.
Applicants have found that the default pathway of extraembryonic
endoderm differentiation seen in ES cell cultures grown under standard
20 conditions may be mediated by endogenous production of the growth and
differentiation factor BMP (bone morphogenetic protein), a member of the
transforming growth factor beta superfamily. Untreated cultures of ES cells
grown under standard conditions express transcripts for both BMP and its
receptors (Figure 6). ‘
25 Cultures treated with BMP will undergo differentiation into a cell type with
a morphology similar to the flat squamous cells found in spontaneously
differentiating cultures, and will express immunochemical markers and genes
characteristic of this cell type (Figure 7 and Figure 8A and B).
After approximately 5 days noggin treated cultures (100-
30 500ng/mi)consisted of colonies of distinct small round cells differing in
appearance from ES cells (Figure 9). In contrast to control cultures, colonies in
noggin treated dishes contained no flat squamous epithelial cells or cystic
structures similar to those in BMP-2 treated cultures. The growth of the

colonies was also inhibited in the presence of noggin, and the proportion of cells



mai nt ai ned for 3-6 weeks without further transfer. The extent of
extraenbryonic 5 differentiati on was assessed by norphol ogi cal eval uation
of the pmwegengsaeédf squanous cells form ng cystic vesicl eBCT/Abel/@xsent of
somatic differentiation was assessed bé nor phol ogi cal assessnent and by
I mmunochem cal staining for known mark Ps of somatic cell | i neages
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receptors. (ihdgoé cBlis a?S riotlréadiRe Witle & folwiifg BMEbvdiek; PP 88cognising
differentiation into a cell type with a norphology simlar to the flat
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cells differli i.n  appearance fromES cells (Figure 9). In caontrast to
control culégrqg@',z E‘%ﬁ‘gﬁﬁey't n2 RORATYIFeRIREN Ihdhecowiasanad e el
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small proportion of cells in spontaneously differentiating human EC cell
cultures,.

The noggin treated cells did not express genes characteristic of
20  pluripotent ES cells, such as Oct-4 or cripto (Figure 11). Neither did they
express transcripts for markers of neuroectoderm, such as Pax-6 or nestin
(Figure 11). Thus, although the noggin cells could form neurospheres, they are
probably not committed to that fate. |
The noggin treated cells may be further characterised in biological
25 assays. Addition of 25 ng/ml recombinant human BMP-2 along with 250ng/ml
noggin led to the appearance of squamous cells and cysts characteristic of
spontaneously differentiating ES cell cultures or BMP-2 treated cultures,
indicating that BMP-2 could antagonise the noggin effect. The noggin treated
cells could be subcultivated under standard conditions for ES cell culture and
30 retain their distinctive morphology under these conditions (Figure 12).
If the noggin treated cells were placed in neural progenitor culture
medium, they formed structures with the appearance of neurospheres (Figure

13) which could be maintained for at least two weeks in culture. This finding,



cultures (Figure 10). The noggin cultures were honpbgenous in appearance,
though at later tinme points sonme showed a tendency to form palisade cell
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Thi's findi ngrog¥Ritoy 88d&se PETHAHRBaP@Rd Yyliat Gifferentiation from human ES cell

cultures. The noggin cells are not themselves neural progenitors, and may be
capable of differentiation into a wide variety of other cell types.

20 Thus, although the identity and differentiation potential of the cells
induced by treatment of human ES cells with noggin has yet to be defined, the
results show that an antagonist of BMP-2 can alter the outcome of
differentiation of human ES cells, as predicted by the BMP autocrine loop
model, and establish proof of principle that the control point regulating

25 extraembryonic differentiation of ES cells is an important regulatory node in
governing the fate of this cell. It may be that different antagonists, such as
Gremlin or uncharacterised BMP antagonists, will also modify spontaneous
differentiation of human ES cells, to enhance stem cell renewal or produce
different forms of committed cell. The noggin results show for the first time a

30 directed differentiation of human ES cells by a polypeptide into a homogenous
cell population.

Finally it is to be understood that various other modifications and/or
alterations may be made without. departing from the spirit of the present
invention as outlined herein.

35



suggests that the noggin cells are capable of undergoing commtnent to
neurogenic lineages, inline wwth effects of noggin in early vertebrate
enbryos. wahevssex)gi n treated cells could be subcul tivat edravd®ni/et7andar d
conditions for ES cell culture in the péﬁsence of a feeder cell layer, and
retain 5 their distinctive norphol ogy der these conditions. If the
noggin treacedim®:| s were subsequently transferred to nmedi um designed to
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di sh, cells,form t 1 ; t | . | aver.
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cultures stained with anti bodies against glial fibrillary acidic protein
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a wde variety of other cell types. 20 Thus, although the identity and
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Gremin or uncharacterised BMP antagoni sts, w'l| so nodi fy spont aneous
differddtiation of human ES cells, to enhance stemcell renewal or produce
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a honogenougompgfihgpopul ation. Finally it is to be understood that various
ot her nodifications and/or alterations may be made wi thout. departing from
the spirit of thebiginiegasoures ehundiffeegntioted EReeeliseard n.

culturing the ES cells in the presence of an antagonist of a BMP
20 mediated default pathway of exira embryonic endoderm differentiation for a

period sufficient to differentiate the ES cell to a progenitor cell.

5. A method according to claims 3 or 4 wherein the source of
undifferentiated ES cells is selected from the group including an embryo, a

25 blastocyst, or a culture of undifferentiated orientated stem cells.

6. A method according to any one of claims 3 to 5 wherein the ES cells are
cultured in the presence of an indirect or direct antagonist of a BMP-2 mediated
default pathway of extraembryonic endoderm differentiation.

30
7. A method according to claim 6 wherein the antagonist is a direct
antagonist of the BMP-2 mediated default pathway selected from the group

including fetuin, noggin, chordin, gremlin, follistatin, cerberus, amnionless, DAN,



35 WD 01/98463 PCT/ AU01/ 00735 27 CLAIMS: 1. A preparation of

undi fferenti ated enbryonic stem (ES) cells maintained in an

undi ff er w0 bR st at e and wherein said cells w Il undergpCeA&mM/ @53

renewal 5 or somatic differentiation. 2. A preparation according to claim
1 wherein said undifferentiated ES cel 148 will differentiate into a somatic

lineage upogr i rQiddmham of mveRMhe(#Bpt Faepts BRREIN) 1 Ryarfd r&?ﬁcﬁsﬂg of
culturing undifferentiated ES cells, said nmethod including: “obtaining a
sour ce of ud#enginsfeemicinedBES weeptorsand cul turing the ES cells in the
presence of an indirect or direct antagonist of a BMP-nedi ated defaul t
pat hway of extraenbryonic endodermdifferentiation. 15 4. A nethod, of ~

produci ng agpr ogAniietiiod eddcofdingn tanclafn C2l Whesin dhmmagonispmbm;:ﬁris@g: a
obtaining a source of undifferentiated ES cells; and culturing the ES cells
in the #es@%é'%@f%ﬁﬂ%ﬁt agoni st of a BMP 20 nedi ated default pathway of
extra enbryonic endodermdifferentiation for a period sufficient to
differentiate the ES cell to a progenitor cell. 5. A method according to
claims 3 or94 wharmethddhacsondiree tofclainndi whercinthatathdgebistelk| s Hunselgct ed
fromthe grq?fg'l)ﬂ% including an enbryo, a 25 blastocyst, or a culture of

undi f f er ent N2U88 "G98¢ht at ed stemcells. 6. A method according to any one of
claime 3 to 5 wherein the ES cells are cultured in the presence of an
indirect or direct antagonist of a BMP-2 nedi ated default pathway of

ext r aer$y yohdc eAd@@@?Qﬁlg@iCW@ﬂ@W @laion 8 Bberin Ahgendggin de comabure EMEI ai m

defaul ¢ pat A0BGC0Er B0bEh oo Ehhne BehTSEh A wia o abeE o8 khor di n
gremin, follistatin, cerberus, amionless, DAN, WO 01/ 98463 PCT/ AU01/ 00735

28
11. A method according to any one of claims 8 to 10 wherein the noggin is in

the range of 100 to 500 ng/mi.

15
12. A method according to any one of claims 4 to 11 wherein the period
sufficient to differentiate the ES cell to a progenitor cell is at least 5 days and

the noggin is in the range of 100 to 500 ng/mi.

20 13. An undifferentiated ES cell prepared by a method according to any one
of claims 3 or 5 to 11.

14. A progenitor cell prepared by the method according to any one of claims
4 to 12.
25
15.  An undifferentiated ES cell or a progenitor cell according to any one of
claims 1, 13 or 14 characterised by being unreactive with any one of the
antibodies including PHM4 recognising MHC Class 1 surface molecules, anti-
desmin, UJ13A reactive with polysialylated N-CAM, Cam 5.2 reactive with low
30 molecular weight cytokeratins, AMF reactive with vimentin intermediate
filaments, antibody to 160 kDa neurofilament protein, GCTM-2 reactive with a
proteoglycan present on the surface of ES cells, TG42.1 reactive with a 25 kDa
protein which copurifies with the proteoglycan recognised by GCTM-2 and is

found on stem cells and other cell types, monoclonal antibody GCTM-5 reactive



or the ectodomain of BMPRLA (a BMP receptor protein) or |igand binding
domai ns fromother BMP receptors. 8. A nethod according to claim7 wherein
t he ant ago@os9s46dnpri ses a 5 donmmin of noggin. 9. A net hpdr/aveuewdshng to
claim8 wherein the antagonist is a hun&g or nouse noggin. 10 10. A nethod
according to claim8 wherein the noggi n“¥s a nouse BMP antagoni st noggin

conpri si ng @ithnanaGirknb@sl dHeRcdle titedd® Un NPUSRaNOBBbEbrtiod 1 of Ac8Ry hpd
according to any one of clains 8 to 10 wherein the noggin is in the range
of 100 to 5eRPHgnePusly gifferentmtingt Movaas&loeell ayturesany one of clains 4 to 11
wherein the period sufficient to differentiate the ES cell to a progenitor
cell is at least 5 days and the noggin is in the range of 100 to 500

ng/m . 20 flﬁaa.l AnAumeittidde raenbiditg do ESainel8 witeepiar the blyl’f@dmiﬁthedznagn@iwi&tng to
any one _of claing 3,01 5 11. 14. A progenitor ce repared by the

ot hod dbooRtPABNEL ofrpechlifs? wedinied drRdl patry eslecled v theremtbat ed
ES cell or pcRidiifMsuih, P8Llin ARSRIGEENSr Bl derRs aﬂﬁunrpbamg@né;anla%@ 14
characterised by being unreactive w th any one of the antibodies i cﬁ‘ udi ng
PHWA r ecognindungdfaatoC ass 1 surface nol ecul es, anti- desmin, UJ13A

reactive with polysialylated NCAM Cam 5.2 reactive with | ow 30 nol ecul ar
wei ght cytokeratins, AMF reactive with vinmentin internmediate filanents,

antibody to1260 KPRethedraticoldngné cRimt® Shid Faivbd ii@adhhve wWith a
pr ot eogl@;t/can present on the surface of ES cells, T&X2.1 reactive with a 25

kDa prit ei n whi ebfainipapisausee of undiffacentietacblcpdlanandcogni sed by GCTM 2
GCTM 5 react ve B HogBEsS B RUBERsBSucd YBRSHITOLAR LR AfRIedBE )
present on a small proportion of cells in spontaneously differentiating
ant agoni st 1% arAHEPEACCOIRATAGHITSL! Nesd APNG CHILTTEg e GErtauPRIC
pat hway sel ged 8dild e ipI8sER QY a fibroblast feeder layer. '
15
19. A method according to claim 18 including the steps of:

obtaining a source of undifferentiated ES cells;

culturing the ES cells on a fibroblast feeder cell layer; and

subjecting the cultured ES cells on the fibroblast feeder cell layer to an

20 effective amount of insulin or an insulin analogue.

20. A method according to any one of claims 17 to 19 wherein the insulin or

insulin analogue is present in the range of 10ng/ml to 10ug/ml.

25 21. A method according to claim 16, said method including:
obtaining a source of undifferentiated ES cells; and
culturing the ES cells in the presence of a cell derived insulin or insulin

analogue induced factor.

30 22. A method according to claim 21 wherein the cell derived insulin or insulin
analogue induced factor is derived from conditioned medium of another culture

of ES cells exposed to insulin or insulin analogue.



including insulin, insulin anal ogue, or a cell derived insulin or insulin
anal ogue- induced-factor. 17. A nethod according to claim 16 said nethod
i ncl udi ngvo o/B46bt ai ni ng a source of undifferentiated ES peT/Asp1/an8s
culturing the ES cells in the presence %f insulin or an insulin anal ogue.
18. A method according to claim17 furt r including culturing the

embryoni ¢ 2@m CRIh&tH é&%r@fn@sl%ndaéianZZE\NIﬂér‘éFereaéihefr%ﬁ@fe bAEY celldisl9 A

met hod according to claim18 including the steps of: obtaining a source of
undi f f er ent @xasedes igsulirsin thelrange of 10ng/nE$o dOLbdnlbn a fi brobl ast feeder
cell layer; and subjecting the cultured ES cells on the fibroblast feeder
cell layer to an 20 effective anobunt of insulin or an insulin anal ogue.

20. A met hogly accap dinifférenaaiedons &l 6f 8ipregdritdraceli%rebarsd By the e n or
insulin analogue is present in the range of 10ng/m to 10g/n¥. 25 21. A

met hod ébcoa@xwgmgdm@nm@ﬁqaf0®an@1ﬁé@%6d i ncl udi ng: obtaining a source of
undifferentiated ES cells; and culturing the ES cells in the presence of a
cell derived insulin or insulin analogue induced factor. 30 22. A nethod
accordi ng t25.cl ahmethodhsfraiitarin @inaifdresterned &6 calRuUbhid PBtHOtSMEIUdingnal ogue
i nduced factor is derived fromcondjtioned nmedi um of another culture of ES
cel I's exposed tcPRtREING @ saurce of indifferpntislrESWS!s 1208463 PCT/ ALO1/ 00735

30 23. A net hod i I ak i ’ : Sqcells
is exposed to .ﬁ@ﬁ{?f’ﬁ JEIP]% %ﬁg%}lgﬁ%%r%g?e@%gﬁ%%f%gn@%%f/%rﬁnal@%&iﬁgg&&t

undi f f elifent ofaa BdIFEESediatedodefaulh paerayt of exteldmipy epiaresdi cog rmtkfferentiation.5
according to any one of clainms 16 to 23. 25. A nethod of culturing

undi fferentiated ES cells, said nethod including: obtaining a source of

undi ff erentp@t edAERetitdd SHccBRding Uot Blairi 924 NendrSirt ehé BIP hiRiineasgek@iof an
indirect and direct antagonist 10 of a BMP-nedi ated default pathway of

ext r aenbr y opatbwaiy de @dBMiFd? mediaied dafaolh patrm@y. A met hod according to claim
25 wherein the BWP nedi ated default pathway is a BMP-2 nedi ated default
pat hway.

15 27. A method according to claim 25 or 26 wherein the culturing of the ES cell

in the presence of the direct antagonist is according to any one of claims 7 to
12.

28. A method according to any one of claims 25 to 27 wherein the culturing
20 of the ES cell in the presence of the indirect antagonist is according to any one
of claims 15 to 23.

29.  An undifferentiated ES cell or a progenitor cell prepared by the method

according to any one of claims 25 to 28.

25
30. A method of producting a somatic cell from an undifferentiated ES cell,
said method including:
obtaining a progenitor cell according to any one of claims 14, 24 or 29;
obtaining a progenitor culture medium;
30 culturing the progenitor cell in the progenitor culture medium; and

obtaining a somatic cell from a lineage of the progenitor.



15 27. A nethod according to claim25 or 26 wherein the culturing of the ES

cell in the presence of the direct antagonist is according to any one of
clainms 7wW001/94463 28. A net hod according to any one of cl aP@FARB1/0I3R7
wherein the culturing 20 of the ES cell in the presence of the indirect

antagoni st is according to any one of éflains 15 to 23. 29. An

undi ff er ent 3 at edARRefR)dl a@iordingt8 SNt I whEHdin BiEpRIRMiIBY cliiRfe TRANAM is
according to any one of clains 25 to 28. 25 30. A nethod of producting a
somati ¢ cel denivashfram arelllfure o0& meuzal quognitass Iwhick giad diferlentiateninite dienigal

obt ai ni ng aoPélg 2‘%?' or cell according to any one of clains 14, 24 or 29;
obtaining a'p % ‘or culture medium 30 culturing the progenitor cell in
the progenitor culture nmedium and obtaining a somatic cell froma |ineage
of the progenitor. WO 01/98463 PCT/ AU01/00735 31 31. A nethod according to
cl ai m 3@ whefei nAtsrEngicoerihpiepared Py themetitndiassasdingdpiclaitn 30 erBA. cul ture
of neural progenitors which can differentiate into neural or glial cells.
5 32. A somatic cell prepared by the nmethod according to claim30 or 31.

33. A neur aB3.cel A m@Ewakcdidhrepatdiebyrtitehodtraccacadirdiggtio ctdimisdd 803 pr. 31 34. A
met hod according to claim30 or 31 wherein the ES cells are cultured 10 in
the absence of a feeder cell layer. 35. Aglial cell prepared by the nethod
accordi ng tggcl ap . I ' [ bReifthd j

i nduced factor cagz]%lfheo dgfﬁccoﬁgm%atibncggﬁn?gg)r%ﬁ%ﬁ%Hitplé;Ea&l Eﬁlﬂﬁ ﬁé@%gt ed
state & claghplabsenceiof adeedei egllloyer.into a somatic |ineage said factor
derived fromES cells exposed to insulin or insulin analogue. 37. A factor
according to claim36 wherein the insulin or insulin analogue is 20
exposed to 3Hie EA gl tesll prepaed banige nthddaeésdidgotoldlginiB4f or a period. of
at least 5 days.

36. A cell derived insulin or insulin analogue induced factor capable of
15 maintaining ES cells in an undifferentiated state but capable of differentiation

into a somatic lineage said factor derived from ES cells exposed to insulin or

insulin analogue.

37. A factor according to claim 36 wherein the insulin or insulin analogue is
20  exposed to the ES cells in the range of 10ng/ml to 10ug/ml for a period, of at
least 5 days.



