WO 03/ 104442 PCT/ AUO3/ 00713 METHODS OF REGULATI NG DI FFERENTI ATI ON | N STEM
CELLS Technical Field The present invention relates to nethods for

i nhi bi ti /yogpamsaneous 5 differentiation of stemcells. Pag/Autwseortisaon al so
relates to nedia useful in propagating stemcells in an undifferentiated
state, methods for identifying agents useful for inhibiting stemcell

differentiati %Fﬂmbs%hwbegfmﬂg@ DIKFERERMATPION 1R!S¥EM cEBpsders. 10
Background Art eral, stemcells are undifferentiated celTs which can
give rise to a succession of mature functional cells. For exanple, a
haemat opoi eti c, St eﬂheﬁII may give rise to any of the different types of

termnal |y be¢hrica ed biood cells. Enbryonic stem (ES) cells are

derived from t heTgatyr¥germnifvantorl Pelbtdd iPRictidds FAUMhRMGHSE SpbAGINEDES
capability of developing into any organ,. cell type or tissue type or, at

| east pdt endiffaranfiatipntaef stegoeplist dhenthvestiorsliserelatesntyy magiaaseiddnf r om

the inner cell th | as A t Id.] & .
differentia @Pﬁggﬁﬁg %E% e(gele’e@r é@g‘ﬁ\%i\fﬁréﬁﬁ%? dp‘ﬁé%t’ hrﬁgtg Oggbﬁpbtéa/n?rﬁ%rég m

| ayers (nmesgg@itsiusefilddeinhibieing etemniell difidrantibtion,hend xtathodsof yreating 20
tissues that support devel opnment. Human enbryonic stemcells (hES cells)
are pluri postent celerglated fisordges.i ved fromthe i nner cell mass of the

bl ast ocyst. These cells have the ability to differentiate into functional
ti ssues representative of the three enbryonic germlayers (nmesoderm

ect odermd eBdokgroond Artl i nto extra-enbryonic 25 tissues that support

devel opnent. Because of their Pt eperate these different cellular
fates, hES cell s'nag%r'%’éhsqt%r@gfgt%eﬂé‘dgﬁer P_E%t@g;ﬁﬁ"éﬁ’i’i'ﬁh RHave {568
ther api es. #%%E@SrdsaorﬁafMé%r{equhbﬁ&&ebnwoa é‘xé’rh@l!é?arﬁa%n%’cbbéiéﬂgﬁ{eﬁﬁ' cel|

lines have a tendency to spontaneously differentiate. Because tF
pl uri pot encgelbmay3givehdse toeinys of éhasd;%@‘eat ées of temainallygifferertialadi at ed

oL ot | P b obl Sl (5% Se A e B3RO SRS avd e
| eukenig | nilubpbRY, thastpdssebsihy tHe@apablity OF éawslbpihfentPany argesell
different] att Do Ot];s Egst Celolrs a£ lleést Tg?:ﬁtiaﬁ Ci%’?grgncom lete embryo. ES cells

ype or ussue type or, P Y, p ry

may be derived from the inner cell mass of the blastocyst, which have the

ability to differentiate into tissues representative of the three embryonic germ

layers (mesoderm, ectoderm, endoderm), and into the extra-embryonic

20 tissues that support development.

Human embryonic stem cells (hES cells) are pluripotent cell lines
derived from the inner cell mass of the blastocyst. These cells have the ability
to differentiate into functional tissues representative of the three embryonic
germ layers (mesoderm, ectoderm, endoderm), and into extra-embryonic

25 tissues that support development. Because of their ability to generate these
different cellular fates, hES cells are considered to be of great potential for
future therapies.

However, during routine culture in vitro, established hES cell lines
have a tendency to spontaneously differentiate. Because the pluripotency of

30 these cells is associated with their undifferentiated state, it is desirable to find
a way to limit this spontaneous differentiation. Contrary to what is seen in
mouse embryonic stem cells, leukemia inhibitory factor (LIF) does not

prevent the spontaneous differentiation of hES cells [1]. Thus, a common
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Sphingosine-1-phosphate (S1P) and lysophosphatidic acid (LPA) are
two small bioactive lysophospholipids, present in serum (at concentration of
up to 1 and 5 uM respectively) [4], released by activated platelets, which act
on a wide range of cell types derived from the three developmental germ

20 layers. Most of the effects of these lysophospholipids seem to be mediated
by specific lysophospholipid G-protein coupled receptors (LPL receptors)
previously named endothelial differentiation gene (Edg) receptors.

Up to now, eight distinct mammalian LPL/Edg receptors have been
identified: S1P+/Edg-1, S1P2/Edg-5, S1P3s/Edg-3, S1P4/Edg-6 and S1Ps/Edg-

25 8 are specific for S1P while LPA{/Edg-2, LPA-/Edg-4 and LPA3/Edg-7 are
specific for LPA (for reviews see [5, 6]). Each of these receptors is coupled to
at least one G protein and can activate or inhibit specific signalling pathways.
For instance, all these receptors are coupled to Gy, proteins (for review see
[5, 6]).

30 By activating notably these Gy, proteins, S1P and LPA can stimulate
the extracellular-signal-regulated kinases 1 and 2 (ERK1/2), which are
members of the mitogen-activated protein (MAP) kinase family, and thus are
involved in regulation of major cellular events, such as cell proliferation or



t he extracel | ul ar-signal -regul ated kinases | and 2 (ERK1/2), which are
menbers of the mtogen-activated protein (MAP) kinase famly, and thus are
i nvol ved wo isaguiat i on of nmajor cellular events, such as e@ertAyBodiBerati on
or WD 03/104442 PCT/ AU0O3/00713 3 diffegentiation. SI P and LPA are potent
bi ol ogi cal agents involved in nunmerous cell events, such as proliferation,

di 1 er ent | 4R l8ghN Sfp ThAALPAN ark BtoheVhiBMchas bgbitss imddanvery

early stages o eve opmnent stimul ates manmmal | an angi ogenesi s, at
| east via Shineroud &Il d@nt duchld prolifesstiorsidiferentiatian deaitfc or mi@'wtlpﬂrpal red
bl ood vesse& mat urati o ver n,the zebrafish, Sl .Pis required for

nor mal hear OW&Y@VX’)E%&D swgeﬁgeyﬁ%earl)hs’r[agggé)f AVERPReN e nutation of the

gene nff that en r oy IS1m Ame STegnal i an
SI P2 receptor) ?g?‘ﬁs&&rﬁsﬁgﬂﬁ%@t&ﬁglygéegéeé{%r%tgjgnﬂ\g? SceFImll s [11]. 10 On

t he ot hé& haath). nnaﬁusasetﬁ krmdkeuhmmyshpmmp@wd lthvewiéea%lraqmz] For
t | | | |
changes. andviobedver: B e GRBGTSE.iS G e R ERLER hofifoaf YePoRpR s,

LPA, pr ObabﬂM]Wﬁ;é%&heé@%lrﬁét@stﬁémmmrﬁbfctre ?én@%ﬂtﬁﬁtt@idddesrthur ons to
their final destination. Last but not |east, LPAI knockout nice 15 pr esent

abnor mal  ceB#Br eceptort Mielvesy sivilande dhg mamysalian Shidtd (REREOR dMPAiSai r ed
devel opnent |aI for a normal brain

devel opnentwgféﬂ&q%?%i;dﬁ&sq%#ﬁ]}"téf %‘Pﬁsﬁq ‘Derived Gowh Factor (PDGF) is a
nej or @y ot ei N goAhB JtAst Rand,NRA iseemseterbwmwy ineseed ede@ganpsisent

m t ogen of 20 numerous . ki nds ‘of cells. e&g& l?een shown to i nduce
chenot axi s, [1&d+ i o e'néﬁaé‘éfﬁt 2 hPPon prefably ovlﬂ t a%'ﬂ?ﬂ% h.%’CS% owt h
factor bel Or?%?‘?ﬁ gl@af ﬁﬁél{\%%é)f ngf B8 WfigtatiBhOsTEul reﬂoédfﬂéélt helGroplRkds, A

B, Cand D erent~tyrosi ne ki nase receptors: PDGFR-a
and PDGFR- PMoSédvexn L PRDGirobably widdLPAgaukiés the migaatiom@ﬁ(ﬂ@sbhmctblgl cal

B oS eSSt PRl ibe” Lt LR b LEROKO G ke L,
(2001) , 4sandpRaen bRkl derdmal Ebrifto Bl r @tRtoryhBlIbBD@TobAblyudes a8 cel |
impaired development, demonstrating LPA; is essential for a normal brain
development {13]. ’
| Within serum, Platelet-Derived Growth Factor (PDGF) is a major
protein growth factor that has been widely described as a potent mitogen of
20 numerous kinds of cells. PDGF has also been shown to induce chemotaxis,
actin re-organization, and to prevent apoptosis. This growth factor belongs to
a family of dimeric isoforms of polypeptide chains, A, B, C and D that act
through different tyrosine kinase receptors: PDGFR-a and PDGFR-B.
81P and PDGF have additional effects that induce biological
25 responses. Thus S1P and PDGF are able to regulate smooth muscle cell
migration, proliferation and vascular maturation. Moreover, Hobson ef al.
(2001), and Rosenfeld et al. (2001) demonstrated that PDGF-stimulated cell
motility is S1P;-dependent in HEK 293 cells and MEF [14, 15] while Kluk et
al. (2003) showed that this effect was independent of S1P¢ in vascular
30 smooth muscles and MEF [16]. Last but not least, it is now proposed that
PDGF is able to stimulate the enzyme sphingosine kinase, which leads to an
increase in S1P intracellular concentration [17], an effect that would be
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present 4 nventi ofy RRMsleassedteliz0frédent invention provides a serum free or
substantially serum free medium useful for modulating spontaneous
differentiation of a stem cell, comprising an agonist of a LPL receptor and/or
a ligand of a class Il tyrosine kinase receptor.
Another aspect of the present invention provides a method of treating
20 or preventing a disorder of stem cell differentiation comprising administering
to an animal in need thereof a composition containing an agonist of a LPL
receptor and/or a ligand of a class Ill tyrosine kinase receptor.

Another aspect of the present invention provides a pharmaceutical

composition comprising a class lll tyrosine kinase receptor ligand and/or a
25  LPL receptor agonist.

In a further aspect the present invention provides a method of
producing a population of proliferating undifferentiated stem cells from a stem
cell which method comprises incubating the stem cell in the presence of an
agonist of the LPL receptor and/or a ligand of a class [l tyrosine kinase

30 receptor

In another aspect the ‘present invention provides a method of
producing a population of proliferating undifferentiated stem cells from a stem
cell which methad comprises incubating the stem cell in the presence of an



produci ng a popul ation of proliferating undifferentiated stemcells froma
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for differentiation of hES cells. These findings provide a basis for the

15 establishment of a serum-free culture medium for stem cells and in particular
hES cells.

Throughout the description and claims of this specification, the word
“comprise” and variations of that word, such as “comprising” and “comprises”
are not intended to exclude other additives, steps or integers.

20 In a first aspect the present invention provides a method for
modulating spontaneous differentiation of a stem cell, which method
comprises incubating the stem cell in the presence of an agonist of a LPL
receptor.

In a second aspect the present invention provides a method for

25 modulating spontaneous differentiation of a stem cell, which method
comprises incubating the stem cell in the presence of a ligand of a class 1lI
tyrosine kinase receptor.

In a third aspect the present invention provides a method for
modulating spontaneous differentiation of a stem cell, which method

30 comprises incubating the stem cell in the presence of an agonist of a LPL
receptor and a ligand of a class IIl tyrosine kinase receptor.

Sphingosine-1-phosphate (S1P), an agonist of the LPL receptors has

the ability to at least partially inhibit the spontaneous loss of stem cell
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the agonist is a phospholipid, 1 us herei.n, ..t he term "phospholi pid"
refers to .aPH%‘PE!@@F%"Sﬁﬁhépm%'ﬂ?fgé@g&“%ﬁﬁﬂm@ 'H’P'lbgme?fe({'&érte\ﬂgaﬁ&f‘ty aci d
nmoi eties and a phgﬁﬁggyﬁ,e 8HOKiBt is ' 31Bh gre on which the fatty acid

nol ecul es are attached is Variable and may be based on glycerol or

Eplhi ngoi@ ne for é;sagﬁe@.hexeirdifagr mmgf‘mzo&j’éw{ipiigé rﬁfﬁf§pﬂ¢lolai plolegue sihek/vnd
. tt ' | Fat t ' Tk ! | pi d"
oters to alsinsihal bl Eudrnfid slo Y i el SR RBARAE' fas

been removedroufe Tesaekboie arf diHioh algé datty acid molecules are attached is
variable and may be based on glycerol or sphingosine for example. A

diagram of a generic phospholipid is shown below.

15 The term “lysophospholip ers to a phospholipid molecule where
one of the fatty acid chains has been removed. The removal of a fatty acid
chain may be accomplished by treatment of the phospholipid with an enzyme
such as phospholipidase A2.

The phospholipid or lysophoholipid may have a sphingosine

20 backbone, and particularly, the lysophospholipid may be a phosphorlyated

"~ amino alcohol. Preferably the agonist is selected from the group consisting
of S1P, dihydro S1P, LPA, PAF and SPC or functional equivalents thereof.

In a highly preferred form of the invention the lysophospholipid is

sphingosine-1-phosphate (S1P) or a functional equivalent thereof. S1P is a

25 small bioactive phospholipid, present in serum, released by activated

platelets, which has the following structure:



chain may be acconplished by treatnent of the phospholipid with an enzyne
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WO 03/ 104442 PCT/ 0713 7 |CHO- O cH X o- b_ The skilled person wll
under stand that bioactive noledq es s as 5 phospholi pids and

| ysophosphol i pids may be altered in a nunber of ways and still retain

bi ol ogi cal activity. Accordingly, the scope of the present invention

I ncl udes altered forns of phospholipids and | ysopholipids that retain
their LPL receptor agonist activity. The scope of the present invention

al so includes synthetic peptidic agonists of the LPL receptors. 10 The

skilled person wrhe Qﬂllécﬂ@e’rscﬂfvm tiRdemstdrt thathbiohcthanrivtecuiyd sadh dso
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froma 20 ce such as serum dition, mast cells and
nonocyt é8 are The skilled person will be familiar WIth methods which can be applied

to testing phospholipids or lysophospholipids for the ability to modulate the
ability of a stem cell to differentiate. Suitable methods are found herein, and
include reactivity with antibodies such as GCTM-2 which are directed to stem
cell specific markers, and simple morphological evaluation of cells by light

15  microscopy.

For example, the effect of the agonist on the differentiation of stem
cells into neuronal or endodermal lineages may be studies by analysis of
marker expression as shown in PCT/ AU01/00278 and PCT/AU01/00735.

The phospholipid or lysophospholipid may be extracted from a

20 biological source such as serum. In addition, mast cells and monocytes are
able to produce S1P while adipocytes produce LPA, however the main
source of LPA and S1P is activated platelets. Alternatively, the phospholipid
may be synthesised by procedures well known in the field of organic
chemistry. *

25 Preferably, cells that have been exposed to a LPL receptor agonist are
not substantially negatively affected in their ability to proliferate. Therefore,
an advantage of the methods and compositions described herein is that it is
possible to expand a population of hES cells without leading to a loss in
pluripotency. Methods for determining the proliferative capability of a hES
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acet yl chol i ne ag®héeshsthoslemasnaiso prioludsoLise sif e -alplra, WGFapairve grawth

cel | Types. AR TUREEaNE depasing: raRdsler serqheetpiomol satess et * o'
tissue. Clrfaéég%@ebéwbéuﬁagitﬁal haveradERveehd _syﬁ@r?fsﬁbééﬁeﬁlqé dehssemigel | is

a hES . used herein the term"enbryonic stem cel means a cul tured
cell |1he dthercelitypasn prei npl antati on stages of devel opnent capabl e of 15

differentiation i |.S r gepr ' |l thr onic germ

| ayers. Theses iﬁ%%&é%csegjﬁ?)égg d%égﬁa %&%&qé}tﬁfkﬁ A}-ag@,lﬁ 2, al kaline
phosphat ase and Thésfem dallaytascdllyain ES| sull. eRrefériablydingtsteet caliesla heSder s 20
- Differentiate into derivatives of all three enbryonic germlayers - Are

feeder cel | c@lbpd¥dasrd hesrindhe derm “ephsyenie stgmocglh means a cultured cell
line derived from preimplantation stages of development capable of

15  differentiation into tissues representative of all three embryonic germ layers.
Theses celis:
- express SSEA-3,SSEA-4, TRA 1-60, GCTM-2, alkaline
phosphatase and Oct-4
- Grow as flat colonies with distinct cell borders
20 - Differentiate into derivatives of all three embryonic germ layers
- Are feeder cell dependent (feeder cell effect on growth not
reconstituted by conditioned medium from feeder cells or by
feeder cell extracellular matrix)
- Are highly sensitive to dissociation to single cells and show
25 poor cloning efficiency even on a feeder cell layer
- Do not respond to Leukemia Inhibitory Factor
In a fourth aspect the present invention provides a serum free medium
useful for modulating spontaneous differentiation of a stem cell having a LPL
receptor, comprising an agonist of the LPL receptor and a ligand of a class 11l
30 tyrosine kinase receptor.
In a fifth aspect the present invention provides a serum free medium
useful for modulating spontaneous differentiation of a stem cell, comprising a

ligand of a class lll tyrosine kinase receptor.



reconstituted by conditioned mediumfromfeeder cells or by feeder cell
extracellular matrix) - Are highly sensitive to dissociation to single

cel | s andwehemn4425 poor cloning efficiency even on a feed@cTedioB/odbager - Do
not respond to Leukenmia Inhibitory Factgr In a fourth aspect the present

I nvention provides a serumfree nmedium useful for nodul ati ng spont aneous

differentiation a cel PYals) ; CRQIBRr kSl
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li gand i% a PDGFlrora f preferrechagmbaqdimentethe tiReGEofis PPFaayr 5Gféab<i¢fase

recept or méB@:PDGFR-a or PDGFR- (3. 5 In a preferred enbodi nent the PDGF
i s PDGFaa, 'or PDGFbb. The nmedium may al so i ncl ude TNF al pha, NGF

(nerve growt h fagharhediuft At 4186 in@ed WINFhalphae NGP (hert/e grewtiufacter) phor bol
esters - which again are conpounds that have additive or synergistic
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The stem cells may be derived from foetal tissue or adult tissue.
The stem cells are typically embryonic stem cells.
15 Preferably the stem cells are from embryonic tissue.
Typically the stem cells are of human origin.
The base medium is typically a standard serum free medium that is
supplemented with phospholipids and ligand as well as a buffering agent. A
suitable buffering agent is 26mM Hepes.
20 The medium is of use in inhibiting the differentiation of pluripotent
stem cells.
The cell culture medium may be based on any of the base media
known in the art useful for the growth and/or maintenance of stem cells such
as hES cells. Such media include but are not limited to Dulbecco’s Modified
25 Eagles Medium (DMEM), KNOCKOUT-DMEM or hES medium. In a
preferred form of the invention the medium is based on DMEM supplemented
with insulin, transferrin and selenium.
The optimal concentration of LPL agonist in the medium may be
determined by routine experimentation. However, in a preferred form of the
30 invention the agonist is present in the medium at a concentration of from 0.1
uM to 10uM where the agonist is S1P. In a highly preferred form of the
invention the agonist is present in the medium at a concentration of about

10uM. It would be expected that the optimum concentration will vary



suitable buffering agent is 25nM Hepes. 20 The nediumis of use in
inhibiting the differentiation of pluripotent stemcells. The cell culture
nmedi um neyold/ibesed on any of the base nedia known in thecaravoasefial for
the growt h and/or maintenance of stemcel0ls such as hES cells. Such nedia
I nclude but are not limted to Dul becco's Mddified 25 Eagl es Medi um ( DVEM ,

KNOCKQOUT- DVEMoairdingSona diuniber! 6f pardphétery ifliding theTsphbbrRsi SVAGEAIST thoe
medi umis based on DVEM supplemented wth insulin, transferrin and
sel eni um THESRE plean celisdeng euiteedothe basagdaedivm used handretharnsuliaye be

' ' ' ' ' f f ar,m of the
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the invention the agonist is present in the nmediumat a concentration of
about  1°0pNBY foutiRg xpermestiian: edoweyer, ima rsplariaddornd éhe inventanthe | vary
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ligand is pr, t i e nedium at a.conceptration of. 20 ng/m . Again, it
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such as te fdity-e, carbon di oxi de concentration, and humdity. The
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15 hES cells on feeder cells, and the present invention contemplates methods
including the use of such feeder cells. The concentration of agonist may also
need to be optimised according to the feeder cell line used.

In a fifth aspect the present invention provides a stem cell grown
and/or maintained in a cell culture medium of the invention.

20 Cells of the present invention will find many uses in biology and
medicine. The properties of pluripotentiality and immortality are unique to ES
cells and enable investigators to approach many issues in human biology
and medicine for the first time. ES cells potentially can address the shortage
of donor tissue for use in transplantation procedures, particularly where no

25 alternative culture system can support growth of the required committed stem
cell. However, it must be noted that almost all of the wide ranging potential
applications of ES cell technology in human medicine-basic embryological
research, functional genomics, growth factor and drug discovery, toxicology,
and cell transplantation are based on the assumption that it will be possible

30  to increase the proliferation and therefore grow ES cells on a large scale, to
introduce genetic modifications into them, and to direct their differentiation.

The present invention provides a method of producing a population of
proliferating undifferentiated stem cells from a stem cell which method



I ncluding the use of such feeder cells. The concentration of agonist may
also need to be optimsed according to the feeder cell line used. In a
fifth aspwotostima4present invention provides a stemcell gPEEMUANGTIBr

mai ntained in a cell culture mediumof §he invention. 20 Cells of the
present invention will find many uses in biology and nedicine. The
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nodi fications into them and to direct their differentiation. Thé present

i nventi on ppopuidieonafrpolifetatity pndiffersniigted pigpuicalis fronvd giewl ¢¢lewhidhng

undi fferenti ated,stemcell.s fraom a,st cell.which method WO 03/104442

T ALo3) 00 Pieiio) FobTiser Bel iAot gt Fel i i QeelBhPs A KD RWRLENEE or an
agoni st 19f theLPPlecégiopptor and a ligand of a class (Il tyrosine kinase
receptor. The present invention also provides a nethod of producing a

popul ati on of prdiheser aethesuierefeeepfovide Jostthem expansion g atest etelcel |
which 5 rrebggﬂla%ﬂgri ses incubating the stemcell in the presence of a
ligand of a ass tyrosi ne kinase receptor. The present invention

further provi des Thermvéntibrodlsppoovidesa poputation oft urediffedenfiateldi stenatelizg
undi fferentiated stemcells f ;’n a stemcell which nethod conprises

ro
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popul ati ons.
S1P1, 8S1P2 and S1P3.
Typically the agonist is a phospholipid.
Preferably the agonist is selected from the group consisting of S1P,
dihydro S1P, LPA, PAF and SPC or functional equivalents thereof.
20 In a highly preferred form of the invention the lysophospholipid is
sphingosine-1-phosphate (S1P) or a functional equivalent thereof.
Typically the ligand is a PDGF or functional equivalent thereof.
The tyrosine kinase receptor may be PDGFR-a or PDGFR-(3.
In a preferred embodiment the PDGF is PDGFaa, PDGFab or
25 PDGFbb which bind to the two types of receptors.
The ligand may also be TNF alpha, NGF (nerve growth factor),
muscarinic acetylcholine agonists, serum or phorbol esters.
The stem cell may be derived from foetal tissue or adult tissue.
The stem cell is typically an ES cell. Preferably the stem cell is a hES
30 cell
Another aspect of the present invention is a method of treating or
preventing a disorder of stem cell differentiation comprising administering to
an animal in need thereof a composition containing an agonist of a LPL



The invention al so provides a population of undifferentiated stemcells
produced by at | east one of these nethods. 15 Preferably, the LPL receptor
i s sel ectwo oBnotms he group consisting of SIP1, S1P2 and BCPBUIMwizal | y

t he agonist is a phospholipid. Preferabyy the agonist is selected fromthe
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I ncorporated herein. 5 The present invention also provides a nethod of '
treating or"¢fePi@nting a disorder of stemcell differentiation conpri sing
adm nistering to [ e o] an
agoni st of a LPLA?IQE@e%%edt% the grséeslr%ﬁ { ?ﬁ{/eéﬁ'to ﬁoﬁpgﬁ@%{% SPQ% %H %t hod of

treating or pm\@nangla\glsoed@ @fos‘[da'r celf diffieeantiatibh Gbnh[f)reslmnadatlmletermgn(pr i sing

adm ni stering to an.ani ma
a ar%mal in neec] thereof a composition containing an agonist of a LPL

15  receptor and a ligand of a class lli tyrosine kinase receptor.
The present invention also provides a method of treating or preventing
a disorder of stem cell differentiation comprising administering a stem cell as
described herein. Disorders of stem cell differentiation are well known to
those skilled in the art, and include, but are not limited to the following:
20

Acute Leukemias

Acute Lymphoblastic Leukemia (ALL)
Acute Myelogenous Leukemia (AML)
Acute Biphenotypic Leukemia

Acute Undifferentiated Leukemia

Chronic Leukemias

Chronic Myelogenous Leukemia (CML)

Chronic Lymphocytic Leukemia (CLL)

Juvenile Chronic Myelogenous Leukemia (JCML)
Juvenile Myelomonocytic Leukemia (JMML)

Myelodysplastic Syndromes

Refractory Anemia (RA)



10 need thereof a conposition containing a ligand of a class Ill tyrosine
ki nase receptor. Another aspect of the present invention is a nethod of
treati ng woo3pogventi ng a di sorder of stemcell differentipaTiAan3oonpri si ng
adm nistering to an animal in need thergof a conposition containing an
agonist of a LPL 15 receptor and a ligand of a class Ill tyrosine kinase

receptor. T i i . i.des hod of treating or
preventing n@eﬁﬁgﬁg&?élﬁ}ée@ﬁgwr&@cf%” @Mbgﬁsﬁi?ﬁ% conpri sing

admi ni steri 53(‘3?%{]%%}71]3 wit rEd‘@@é? E‘ﬁﬁs ﬁéﬁ@ . Disorders of stem cell

di f f er ent i atfReffaciery ARgmiawihuExcess Blasteinskianstatmation{RAGR-T) and i ncl ude,
but are not Chronicddy¢lomdmocltic Levkamia MMt e Leukeni as Acute

Lynphobl astic Leukem a (ALL) Acute Mel ogenous Leukemia (AM.) Acute

Bi phenot ypi GiLHlIEE ' HGYiE Undi fferentiated Leukem a Chronic Leukem as
Chroni c Myel a (CW) Chronic Lynphocytic Leukem a (CLL)
Juvenil e Chronic el ogenous Leukem a (JCM.) Juvenile Myel onbnocytic
Leukem a (JM?StiC%mmW(ﬁﬂvﬁe) ¢ Syndrones Refractory Anemia (RA) WO
03/ 104442 PEHEnBLABAROMIS 13 Refractory Anemia with Ringed Sideroblasts

(RARS)  Ref imgt %ﬁq@(?etgrﬁ% %nﬁ?‘%ﬁ@éu%%ﬁ%ﬁ?( RAEB) Refractory Anema with
Excess Bl as | nsfor i on - oni ¢ Myel ononocyti c Leukem a
(CMWL) Stemt%é{elgegéﬁé‘@r%g’i Apl astic Anem a (Severe) Fanconi Anem a

Myeloproliferative Disorders

Acute Myelofibrosis

Agnogenic Myeloid Metaplasia (myelofibrosis)
Polycythemia Vera

Essential Thrombocythemia

Lymphoproliferative Disorders

Non-Hodgkin's Lymphoma
Hodgkin's Disease

Phagocyte Disorders

Chediak-Higashi Syndrome
Chronic Granulomatous Disease
Neutrophil Actin Deficiency
Reticular Dysgenesis

Inherited Metabolic Disorders

Mucopolysaccharidoses (MPS)

Hurler's Syndrome (MPS-IH)

Scheie Syndrome (MPS-IS)

Hunter's Syndrome (MPS-II)

Sanfilippo Syndrome (MPS-IIl)

Morquio Syndrome (MPS-|V)

Maroteaux-Lamy Syndrome (MPS-VI)
‘ Sly Syndrome, Beta-Glucuronidase Deficiency (MPS-Vil)

Adrenoleukodystrophy

Mucolipidosis Il (I-cell Disease)

Krabbe Disease



Par oxysmal Nocturnal Henogl obinuria (PNH) Pure Red Cell Aplasia

Myel oproliferative Disorders Acute Mel ofibrosis Agnogenic Mel oid

Met apl asiwO(oapeddef | brosis) Pol ycythem a Vera Essential TirCamamepoham a
Lynphoproliferative D sorders Non-Hodgf n's Lynphoma Hodgkin's Disease
Phagocyte Di sorders Chedi ak-H gashi Syndrome Chronic G anul omat ous

Di sease Ne trthi,I Actin Deficiency Reticular Dysgenesis Inherited

Met abol i c D&?b‘ FOBTS - 'W&pol ysacchari doses (MPS) Hurler's Syndrone
(MPS-1H)  shlipmansyick Bif€asiPS-1S) Hunter's Syndrone (MPS-11) Sanfili ppo
Syndr onme ( MA®Iinah)Distbseui o Syndrone (MPS-1V)  Mar ot eaux- Lanmy Syndrone
(MPS-VI) Sl mierydhibaisic LBrRikad(Aweptyoni dase Deficiency (MPS-VII)

Adr enol eukodyst rophy Mucolipidosis Il (I-cell Disease) Krabbe D sease WO
03/ 104442 PCT/ AUO3/ 80713 14 CGaucher's Di sease N emann-Pi ck D sease

Wol man Di sehlgtiocytic Disorders

Familial Erythrophagocytic Lymphohistiocytosis
Histiocytosis-X
Hemophagocytosis

Inherited Erythrocyte Abnormalities

Beta Thalassemia Major
Sickle Cell Disease

Inherited Immune System Disorders

Ataxia-Telangiectasia

Kostmann Syndrome

Leukocyte Adhesion Deficiency

DiGeorge Syndrome

Bare Lymphocyte Syndrome

Omenn's Syndrome

Severe Combined Immunodeficiency (SCID)
SCID with Adenosine Deaminase Deficiency
Absence of T & B Cells SCID

Absence of T Cells, Normal B Cell SCID
Common Variable Immunodeficiency
Wiskott-Aldrich Syndrome

X-Linked Lymphoproliferative Disorder

Other Inherited Disorders

Lesch-Nyhan Syndrome
Cartilage-Hair Hypoplasia
Glanzmann Thrombasthenia
Osteopetrosis

Inherited Platelet Abnormalities

Amegakaryocytosis / Congenital Thrombocytopenia

I:’lasma Cell Disorders




Met achromati ¢ Leukodystrophy Histiocytic Disorders Famli al
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Amegakar yocyt.osi,s {_ Congenital Thronbocytopenia Plasma Cell Di
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Breast Cancer

Ewing Sarcoma
Neuroblastoma

Renal Cell Carcinoma

Thus, the present invention may be used to treat a patient having a
stem cell related disease by administration of a composition described
herein, or by administering populations of stem cells produced by a method

5 described herein

The agonist is typically a phospholipid. The phospholipid may be a
lysophospholipid and may have a sphingosine backbone. Preferably the
agonist is selected from the group consisting of S1P, dihydro S1P, LPA, PAF
and SPC or functional equivalents thereof. S1P and dihydro S1P are

10  lysophospholipids with a sphingosine backbone, as is SPC, while LPA is a
lysophosphospholipid with a glycerol backbone, and PAF is a phospholipid
with a glycerol backbone.

The tyrosine kinase receptor may be PDGFR-a or PDGFR-B and the
ligand a PDGF or functional equivalent thereof.

15 In a preferred embodiment the PDGF is PDGFaa, PDGFab or
PDGFbb.

The method may also include use of TNF alpha, NGF (nerve growth
factor), muscarinic acetylcholine agonists, serum or phorbol esters - which
again are compounds that have additive or synergistic effects with S1P in

20 other cell types.

Also provided is a pharmaceutical composition comprising a class ]l
tyrosine kinase receptor ligand and a LPL receptor agonist. The composition
may also include use of TNF alpha, NGF (nerve growth factor), muscarinic
acetylcholine agonists, serum or phorbol esters - which again are compounds

25 that have additive or synergistic effects with S1P in other cell types.
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The amount of agonists or ligand used for preparation of a

pharmaceutical composition should be varied according to principles well

known in the art taking into account the severity of the condition being treated

15 and the route of administration. In general, such a pharmaceutical

composition would be administered to a warm blooded animal, preferably a

mammal and most preferably a human, so that an effective dose, usually a

daily dose administered in unitary or divided portions, is received. Dosages

depend upon a number of factors, including the condition or disease being

20 treated, characteristics of the subject and the type of pharmaceutical form or
formulation used. Such deviations are within the scope of this invention.

Suitable pharmaceutically acceptable carriers for preparing a

pharmaceutical composition include inert solid fillers or diluents and sterile

aqueous or organic solutions. The antagonist and/or ligand are present in

25 such pharmaceutical compositions in amounts sufficient to provide the

desired dosage according to the range described above. Thus, for oral

administration the agonist and/or ligand may be combined with a suitable

solid or liquid carrier or diluent to form capsules, tablets, powders, syrups,

solutions, suspensions and the like. The pharmaceutical compositions may, if

30 desired, contain additional components such as flavorants, sweeteners,

excipients and the like. Controlled release, sustained release, and delayed

release oral or parenteral compositions may be used.
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preparation of sterile injectable solutions or dispersions. In all cases, the form
must be sufficiently fluid to enable incorporation into a syringe and injection
therefrom and must be substantially stable under the conditions of
20 manufacture and storage. In addition, the form must be substantially sterile
and must be preserved against contamination of microorganisms such as
bacteria and fungi. Sterilization may be achieved by filtration through
microorganism retaining filters, by incorporating sterilizing agents into the
compositions, or by irradiating or heating the compositions wherein such
25 irradiation or heating is both appropriate and compatible with the applicable
formulation.

Additional pharmaceutical forms may include suppositories, sublingual
tablets, topical dosage forms and the like, and these may be prepared
according to methods which are commonly known by those skilled in the art.

30 The present invention provides use of an agonist of the LPL receptors
and a ligand of a class lll tyrosine kinase receptor for modulating
spontaneous differentiation of a stem cell having a lysophospholipid (LPL)

receptor and PDGF receptors.
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these may be prepapézlly the ligand is a PDGF or functional equivalent thereof.
The tyrosine kinase receptor may be PDGFR-a or PDGFR-B.
In a preferred embodiment the PDGF is PDGFaa, PDGFab or .
PDGFbb which bind to the two types of receptors.

20 TNF alpha, NGF (nerve growth factor), muscarinic acetylcholine
agonists, serum or phorbol esters may also be used as compounds that have
additive or synergistic effects with S1P in other cell types.

The stem cell may be derived from foetal tissue or adult tissue.

The stem cell is typically an ES cell. Preferably the stem cell is a hES

25 cell.

The present invention provides use of an agonist of the LPL receptor
and a ligand of a class 1l tyrosine kinase receptor in producing a population
of proliferating undifferentiated stem cells from a stem cell.

The present invention also provides use of a ligand of a class lli

30 tyrosine kinase receptor in producing a population of proliferating

undifferentiated stem cells from a stem cell.



according to nethods which are commonly known by those skilled in the art.
30 The present invention provides use of an agonist of the LPL receptors
and a |igaod3abs4a2 cl ass 111 tyrosi ne ki nase receptor for moaw@asioeys

spont aneous differentiation of a stemcegyl having a | ysophospholipid (LPL)
receptor and PDGF receptors. WO 03/104442 PCT/ AU03/00713 18 The present
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a hES 25 cell. In a preferred embodiment the PDGF is PDGFaa, PDGFab or
PDGFbb which bind to the two types of receptors.
15 The ligand may aiso be TNF alpha, NGF (nerve growth factor),

muscarinic acetylcholine agonists, serum or phorbol esters.

The stem cell may be derived from foetal tissue or adult tissue.

The stem cell is typically an ES cell. Preferably the stem cell is a hES
cell.

20 Another aspect of the present invention is use of a composition
containing an agonist of a LPL receptor and a ligand of a class Il tyrosine
kinase rebeptor in a method of treating or preventing a disorder of stem cell
differentiation.

The present invention also provides use of a composition containing a

25 ligand of a class Ill tyrosine kinase receptor in a method of treating or
preventing a disorder of stem cell differentiation.

The agonist is typically a phospholipid. The phospholipid may be a
lysophospholipid and may have a sphingosine backbone. Preferably the
agonist is selected from the group consisting of S1P, dihydro S1P, LPA, PAF

30 and SPC. S1P and dihydro S1P are lysophospholipids with a sphingosine
backbone, as is SPC, while LPA is a lysophosphospholipid with a glycerol
backbone, and PAF is a phospholipid with a glycerol backbone.



The present invention provides use of an agonist of the LPL receptor and a
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stemcell may be derived fromfoetal tissue or adult tissue. The stem cell
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differentiation. The present invention also provides use of a conposition
cont ai ni ng #itogen-activated protein kinase; MEF: mouse embryonic fibroblasts; hES

cells: human embryonic stem cells; LPA: lysophosphatidic acid; LPL:
15 lysophospholipid; PAF: platelet-activated factor; PCNA: proliferating cell
nuclear antigen; PDGF: platelet-derived growth factor; PDGFR: platelet-
derived growth factor receptor; S1P: sphingosine-1-phosphate; SPC:
sphingosylphosphorylcholine; SPK: sphingosine kinase.

20 Brief Description of the Accompanying Figures

FIGURE 1:shows hES cells are target of S1P, LPA and PDGF. RT-PCR
for LPL receptors (A, B), PDGFR-a (alpha) and PDGFR-B (beta) (C), SPK-1
and SPK-2 (D), with (+) or without (-) RT. Immunostaining of hES cells with
Hoechst 33342 (E, H), PDGFR-a (F) or PDGFR-B (I) and GCTM-2 (G, J)

25 antibodies. S1P, LPA and PDGF stimulate ERKs phosphorylation in hES
cells. (K) Western blots experiment were performed using protein lysate from
hES cells. Cells were pre-treated or not with U0126 (30 uM, 1 hr) and
incubated for 5 min in the absence (C, controf) or presence of S1P (S,10
uM), LPA (L, 50 M) or PDGF (P, 20 ng/ml). The phosphorylation of Erk1 and

30 Erk2 (P-Erk1 and P-Erk2) was assessed by immunoblotting with a polyclonal

anti-active MAP kinase as described in Materials and Methods. After a
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15 FIGURE 3 shows S1P and PDGF inhibit the spontaneous differentiation
of hES cells independently of MEF. hES cells mechanically dissociated and
cultivated for 4 days in the absence (C, control) or presence of S1P (10 pM)
or/and PDGF (20 ng/ml) in a media depleted in serum. (A) Quantification of
the number of GCTM2+ cells. (B) Qu.antiﬁcation of the number of

20 PCNA+/GCTM2+ cells. These data are the mean + SEM of results obtained

in at least 3 independent experiments.

FIGURE 4 shows hES cells are target of S1P, LPA and PDGF. RT-PCR
for LPL receptors (A, B), PDGFR-u (alpha) and PDGFR-B (beta) (C), SPK-1
and SPK-2 (D), with (+) or without (-) RT. Immunostaining of hES cells with

25 Hoechst 33342 (E, H), PDGFR-a (F) or PDGFR-B (I) and GCTM-2 (G, J)
antibodies. S1P, LPA and PDGF stimulate ERKs phosphorylation in hES

cells.

FIGURE 5 shows S1P and PDGF inhibit the spontaneous differentiation

of hES cells in the absence of serum. (A-C) hES cells with or without (control)



25 anti bodies. SIP, LPA and PDGF stinul ate ERKs phosphorylation in hES
cells. (K) Western blots experinent were perforned using protein |ysate
from hESVOaBlisi44Lel | s were pre-treated or not with U0126 PC3AyBoo7a3hr) and
incubated for 5 mn in the absence (C, €8ntrol) or presence of SIP (S, 10
pM, LPA (L, 50 M or PDGF (P, 20 ng/m ). The phosphorylation of Erkl and
30 Erk2 (P-Erkl and P-Erk2) was assessed by inmmunoblotting with a
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After a WO 03/104442 PCT/ AU03/00713 21 strip in_%] rocedure, the sane blots
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Erkl and Erk2. These data are representative of results fromat |east 3
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cel I's i ndepexaigotypingbf MES. cdiEYroanlia the phesencel ofyS ti° 3sBDIGH, grhisaage 8.
cultivated for 4 days in the absence (C, control) or presence of S1 P (10
pM  or /1and (AD®eurdhalndifietentiation inte dicaraspiiecesdl)i fiubeliruimmupgstaining
Quantification of the nunber of GCTM2+ cells. (B) Quantification of the
nunber of 20 PCYAGUEHM-shoelsl EdgTieesptatanBRNAs ardexpezasedSBEVIDS callsul t s

RN C Y I WL T
(al pha) and FEXERLESificiirRdrs(fet hudflis Edg receptors. In each case, experiments
were conducted either in the presence (+) or absence (-) of reverse
15  transcriptase. The RT-PCR products were separated by electrophoresis on
1.5% agarose gel and revealed by ethidium bromide fluorescence. Molecular
sizes (in bp) of the products were calculated using 1 kB plus DNA ladder
markers (M). These data are representative of at least 6 independent
experiments, each carried out on mRNAs prepared from different cultures of
20 hEScells.
FIGURE 8 shows S1P inhibits the spontaneous differentiation of hES
cells. (A) hES cells grown with feeder, before the depletion in serum. (B)
hES cells grown without serum-after 8 days (B, C) and 12 days (D, E), in
absence (B, D) or presence of S1P (C, E, 10 uM). These data are
25 representative of at least 3 independent experiments.
FIGURE 9 shows S1P inhibits the spontaneous differentiation of hES
cells. Double staining experiments were performed using antibodies for
PCNA and GCTM-2. These data are representative of at least 3 independent

experiments.
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Best Method and Other Methods of Carrying out the Present Invention

EXAMPLE 1

20 Cell culture

hES-3 cells were cultured as previously described . The serum-free culture
medium consisted of DMEM (without sodium pyruvate, glucose 4500 mg/l,
Invitrogen, Mount Waverley, VIC, Australia) supplemented with
insulin/transferrin/selenium 1%, B-mercaptoethanol 0.1 mM, NEAA 1 %,
25 glutamine 2 mM, Hepes 25 mM, penicillin 50 U/ml and streptomycin 50
mg/mi (all from Invitrogen). Medium was changed every 2 days and cells
were passaged every week. S1P and dihydro-S1P were obtained from
Biomol (Plymouth Meeting, PA, USA) and were dissolved in methanol. LPA
was obtained from Sigma (Castle Hill, NSW, Australia) and was dissolved in

30 ethanol. Extemporaneous dilutions of all lipids were made in water containing



25 representative of at |east 3 independent experinents. FIGURE 9 shows SIP
inhibits the spontaneous differentiation of hES cells. Double staining
experi merwe oaaod4per f ormed usi ng anti bodies for PCNA and PGTAW2/007IBese
data are representative of at |east 3 izadependent experinments. WO

03/ 104442 PCT/ AU03/00713 23 FIGURE 10 shows SIP stinulates ERKs

phosphoryl ation in hES cells. Western blots experinents were perforned
using proteyn Wﬁaﬁ}/eaéuaﬂmehs&mé%lekm dlBhimive (BSAYSigmm)e - HumanedDGF-not
with U0126 (30 M and incubated for 5 min in the absence (C
control) orpBr PB@F—NXJmeFFBB Werdrobn PBXprodketh Iner(Rocky tilk Nl USA).
different tine perlods in the absence or presence of SIP (10 M. (C Cells
were incubated for 5 min with various concentrations of S1 P. The
phosphoryl ation of Erkl and Erk2 (P-Erkl and P- Erk2) was assessed by

i mmunobl ot talﬁ%gﬁ(&?t h a 0I¥ | onal anti-active MAP Kkinase as described in
Materi al s *a stripping procedure, 10 the sane blots
reprobed with a monocl onal anti - MAP ki nase, allowed the detection of Erkil

and Erkz, These {iglfriR WRPLAMRIADHPhES lls'?ﬁﬁfﬁfv%rséﬂgﬁ&%é@lrmﬂ

experi ts. The e nor e escribed wth reference

to the fol GvQPOHE witt hods
of Carryi ngé%\lﬁ}rg?ﬁﬂagr%%erfbbpgiv@l??(?nm s%ﬁ%ﬁl&e%é@gﬁl@ P,t ure hES-3

cell's were éﬂ§e“éﬁ6‘ eﬁfﬁlth§<¥ ipsery (SrfAa) Besighed Toe thieespeaeific detentivhusfe
medi um consi st ed of (W't hout sodi um pyruvate, glucose 4500 ny/|,

| nvi trogen, rd&ﬁét(dﬁéalﬁbt %MOV\MD Gr HAman DNA)tasggipderuemces (Wable 1) using
insulin/transferrin/selenium 1% R-nmercaptoethanol 0.1 mM NEAA 1 % 25

gl ut ani ne 2Tadyl DNRppelyRteraté (Biotech IIhiennaiiorial itdarmerty WAt duadiaiab@s ng/ nd
(all fromlnvitrogen). Medi Eem was changed ever% 2 days and cells  were
passagetd evpreyiousikdestibeth. dhaspesifisiarpplifiadDbis: Bpamgnts ware sized by
electrophoresis on 1.5 % (w/v) agarose gel and stained with ethidium.
Molecular sizes (bp) were calculated using 1 kb plus DNA ladder markers
(M). The amplicons were purified and sequenced. Experiments were
performed on hES-2 and hES-3.
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Table 1 : Sense and antisense primers

Gene sense and antisense primers Size  Annealing References
(bp)  temp (°C)

S1P; CCACAACGGGAGCAATAACT 480 52
GTAAATGATGGGGTTGGTGC

S1P, CCAATACCTTGCTCTCTCTGGC 502 52 2
CAGAAGGAGGATGCTGAAGG

S1P; TCAGGGAGGGCAGTATGTTC 505 52 2
CTGAGCCTTGAAGAGGATGG

S1P, CGGCTCATTGTTCTGCACTA 701 52 2



Bi omol (Pl ymouth Meeting, PA USA) and were dissolved in nethanol. LPA was

obtained fromSigm (Castle H I, NSW Australia) and was dissolved in 30
et hanol . \Eotoempasaneous dilutions of all 1ipi ds wer e rmade PCR/AN&B/@0713
cont ai ni ng WD 03/ 104442 PCT/ AU03/ 00713 224 0.1 % fatty acid-free bovine

serum al bum n (BSA) (Sigma). Human PDGF- AB, PDGF AA, PDG--BB were from
PreproTech I nc. (Roc lé%g)n- RT- PCR experinments. 5 Total RNA was
extracted from hES cé%l?’ia-llr?@%\(ferse transcrl bed (RT) as previously
described '.The cDNA sanples were anplified by PCRwith sense,and

anti sense pBiRsers (Sl“ngﬁ')GAJé??PQﬁéGT@ BGEhe spedffic Betection of mouse
(data not shown) or human DNA target sequences (Table 1) using Taq DNA

pol yner ase (Biotech |gigssetiaatcdtarrcPerth, WA, Australia) as 10

previ ously described 18. The specific anplified DNA fragnents were sized by

electrophore5|s on 1.5 % v nd ain W th ethidium
Mol ecul ar sH¥s (bp) T%é%%ﬁéﬁﬁ%q kbétpl)l us&gNA | adder markers
(M. The anplicons were purified and sequenced. Experinments were perfornmed
on hES-2 and hES-3. 168TG@BCATIGCTEEAEETERAGENt | sense primers Gene sense and
antisense priners Size Annealing References (bp) tenmp (C) S1 P,
CCACAA TAACT A80188AGACETOEATERIGERETTIGRCC 551 P2
CCAATACCTTC 502 52 CAGAAGGAGGATGCTGAAGG  SI P3
TCAGGGAGGGCAGTATGTTC 505 52 2 CTGACGCCTTGAAGAGGATGG Sl P4
CGGCTCATTGTTCTGCACTA T84 TSHCCAG GHASAA42ThCT/ AU03/ 00713 25
GATCATCAGCACCGTCTTCA

LPA; CCATAGCAACCTGACCAAAAAGAG 482 56

TCCTTGTAGGAGTAGATGATGGGG

PDGFRa ATCAATCAGCCCAGATGGAC 891 58 4
TTCACGGGCAGAAAGGTACT

PDGFRp AATGTCTCCAGCACCTTCGT 698 58 4
AGCGGATGTGGTAAGGCATA

Crypto CAGAACCTGCTGCCTGAATG 185 55
GTAGAAATGCCTGAGGAAACG

SPK-1 ACCCATGAACCTGCTGTCTC 227 55
CAGGTGTCTTGGAACCCACT

SPK-2 TGGCAGTGGTGTAAGAACC 200 55
CAGTCAGGGCGATCTAGGA

Oct-4 CGTTCTCTTTGGAAAGGTGTTC 320 55 °

ACACTCGGACCACGTCTTTC



SI PS5 TTCTGATACCAGAGTCCGGG 460 52 2 CAAGGCCTACGTGCTCTTCT LPAL
GCTCCACACACGGATGAGCAACC 621 56 3 GIGGTCATTGCTGIGAACTCCAGC LPA2
AGCTGCACABOOEDMHECCCCGT 775 56 3 TGCTGTGCCATGCCAGACCT TGICPCITRAAD3/00713
CCATAGCAACCTGACCAAAAAGAG 482 56 3 TCCRBGTAGGAGTAGATGATGEEG PDGFRa
ATCAATCAGCCCAGATGGAC 891 58 4 TTCACGGGCAGAAAGGTACT PDGFR( 3

MTGFCFW@%@GE& 4 AGCGGATGIGGTAAGGCATA O ypt o]

CAGAACCT 5 55  GTAGAAATGCCTGAGGAAACG SPK-
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Slides were Baerved b
10 evidenced by Hoechst-33342 Slides were mounted and observed by

fluorescent microscopy with a Leica microscope at X10, X20 and X40.
Specificity was verified by the absence of any staining in the negative
controls. In some experiments, cells were counted to determine the ratio of
GCTM-2 positive (GCTM2+), PCNA positive (PCNA+) and GCTM2+/PCNA+

15  cells within the global population.

GCTM-2 quantification.
hES-3 cells plated with MEF, were fixed in ethanol and immunostained
with GCTM-2 and then with an alkaline phosphatase-coupled secondary
20 antibody (Dako). The activity of alkaline phosphatase was detected by adding
a solution of 4-nitrophenyl phosphate (Roche, Mannheim, Germany),
followed by reading the optical density (OD) at 405 nm. In order to validate
the technique as a relevant indicator of the proportion of GCTM-2 positive
cells, standard curves were done with the teratocarcinoma cell line
25 GCT27C4, known to express GCTM-2. This showed a linear correlation
between the number of cells and the OD read at 405 nm (data not shown).

Western blot analysis.
hES-3 cells plated without MEF for 24 hrs were depleted of serum for
30 a further 18 hrs. Cells pre-treated or not with U0126 (Sigma, 30 uM, 1 hr),
were incubated in the presence of the different agents for 5 min and were
lysed by removal of the supernatants and addition of a reducing loading

buffer containing 1 mM sodium orthovanadate (Sigma). Protein lysates



fluorescent mcroscopy with a Leica mcroscope at X10, X20 and X40.
Specificity was verified by the absence of any staining in the negative
cont rol s.wDr3gom2 experi nents, cells were counted to detePrirnaosherisati o of
GCTM 2 positive (GCTM2+), PCNA positive2{ PCNA+) and GCTM2+/ PCNA+ 15 cells
wi thin the global population. GCTM 2 quantification. hES-3 cells plated
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phosphoryl ated MAPK peptide (Promega, Madison, W, USA). .

Per oxi dase- aotippdigs swersnalaoy parformediy usinakbe smedeiosette 1By desgibad e of

aut or adi ogrthi c films in the presence of a chem | um nescent detection

r eagent (ECE‘ O¥Srer sham). Stripping of antibodies was achieved and
menbrangs were then reprobed with rabbit polyclonal anti-ERKI/2

Protein quantification.

hES-3 cells were lysed and the amount of proteins was determined
using a colorimetric assay based on the Bradford dye-binding test (Bio-Rad
Laboratories, Regents Park, NSW, Australia).

20
Statistical analysis.

Each set of experiments was performed at least 3 times (n refers to
number of independent experiments performed on different cell cultures).
Data are expressed as the mean + SEM. Significance of the differences was

25 | evaluated by using the ANOVA foilowed by Student-Newman Keuls test.
Values of P < 0.05 were considered significant and were respectively

indicated by *.

RESULTS

30 hES cells (Figure 1A) expressed mRNA transcripts for three S1P
receptors: S1P4, S1P, and S1P; and for each of LPA recéptors: LPA4, LPA2
and LPAs (Figure 1B), while these cells did not express mRNA for S1P4 and
S1Ps (data not shown). hES cells also expressed mMRNA transcripts for



10 anti bodies (Pronega), and then w th peroxi dase-coupl ed secondary

anti bodi es (Dako). Menbranes probed with either rabbit polyclonal anti-
active p38o(Bnoemmyga) or rabbit polyclonal anti-active JNKPCRraawsgen3

anti bodi es were al so performed, using tbg sane procedure as descri bed
above. 15 Protein quantification. hES-3 cells were |ysed and the anmount of
proteins wa IRy si olpyd&peLe | ¢Fj y S h ford
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shown). hES cells al so expressed, nRNA transcripts for WO 03/104442
PCT/ AU03/ 00 stimulaied pheshospheidatian of ERKmin pbcreells (Rigirgul ). arceffast wel |

th . . e I : I ) 1
£y ver LERPRAS B IARBIEA g TrabER R MERTHRIRR OIS (O BIE = (5
but nei® he(FigureP#K).SI P5 nor LPA3 (data not shown), as previously shown by
5 others 6-8. Because the MAP ki nases ERKs are inplicated in cell
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PDGF- AB (PDGF) on't fvation rn ®LPA and
PDGF the fate of hES cells. When hES cells were grown on MEF, in a serum-free

culture media, they spontaneously differentiated. As shown in Figure 2, after
8 days in such conditions (control), the colonies were bigger than those
15 observed before the removal of serum (Figure 2A) and hES cells gave rise to
different kinds of cells (Figure 2B). After 8 days, LPA (up to 50 uM) did not
have an obvious effect on growth of the colonies, as ascertained by
morphological (data not shown) whilst in the presence of either S1P (10 yM)
or PDGF (20 ng/ml), the colonies appeared flatter and less differentiated as
20 compared to the control condition (Figure 2C, 2D). Thus, after 8 days of
treatment, when GCTM-2 levels of cells were quantified by measuring the
activity of alkaline phosphatase, cells treated with S1P or PDGF were
respectively 16.6 £ 4.1 % (n=7) and 16.6 + 7.0 % (n=7) more GCMT2+ than
the control cells (Figure 2F). Strikingly, the co-incubation of both S1P (10 pM)
25 and PDGF (20 ng/ml) induced a strong inhibition of spontaneous
differentiation, not observed in the presence of one or the other agent (Figure
2E) with a higher percentage of GCTM2+ cells of 40.1 £ 7.5 % (n=7) than in
the control cells (Figure 2F). As GCTM-2 is a stem cell marker, these results
suggest that the combination of PDGF and S1P in a serum-free culture

30 media strongly prevents the spontaneous differentiation of hES cells.



stinmul ated the phosphorylation of ERKs in hES cells (Figure | K), an effect
that was totally inhibited in presence of the MEK i nhibitor U0126 (30 pM
10 (Fi gurwOb3Hhp444Next, it was exam ned whether SI P, LPA aaa/ARDE&STsUl d
nmodul ate the fate of hES cells. \Wen hE§p cells were grown on MEF, in a
serumfree culture nmedia, they spontaneously differentiated. As shown in
Figure 2, after 8 days in such conditions (control), the colonies were

bi gger than tho 0 r Vv ' 1=} and
NS ool | o gave 1 eEED 8 Ry e ST (DS ST B, M, s,

LPA (up to 28 oflt éxpelimdhdy  hiedWeotttcad files tcefld tardifblendatd, by 1)
col oni es, as ascertained by norphological (data not shown) whilst in the

presence of médHaeiicallyPdicdbciatidg themPBEIord Mating ahil, 2)t Yrowing chemsimatipear ed
flatter and less differentiated as 20 conpared to the control condition
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cel | s trBat evedilmhasl pheir affects anrdiffercatiatian 'anél@roﬁferailomw.ere/fqpaﬂgbechnd
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cells, carrie experinments in whi orced the cells’to

di fferentiatgyg Pa%%éctivggg%i’é btV aRASAY NG 8 bE MBS of thePallsi Wereand 2)

growing themin t a nce of MEF and serum SIP or/and PDG- were added

to the cul t\geThwadigresans bfisoth SFF and POGFAWifher the hBSicen papdiation,
proliferation were quantified by imunostaining the cells with PCNA a

mar ker of praplardee pedpartion @xgreSEANPRNAFshowimg3that fid arajerityay sheése stedi um
wi t hout serum nost of the
cells still proliferated (Figure 3B). However, there was no statistically
15  significant difference in the proliferating rate of hES cells between the control
cells and the ones treated with either S1P or/and PDGF (Figure 3B).
Altogether, these data suggest that S1P and PDGF mostly act on the
differentiation of hES celis grown in the absence of serum rather then on the
proliferating state of hES cells. Moreover, because the hES cells were
20 cultivated in absence of MEF, these experiments clearly show that S1P and

PDGF are able to directly target the hES cells.

We next investigated the effect of dihydrosphingosine-1-phosphate
(dihydro-S1P, 10 pM), an S1P analogue that can only mimics the receptor-
dependent effects of S1P. By measuring the GCTM2 levels of the cells, we

25 showed that the effect seen in presence of S1P and PDGF was mimicked by
dihydro-S1P and PDGF (125.7 = 9.7 % of control (n=3)), demonstrating that
S1P's effect is receptor-dependent (Figure 2F). We then investigated which



control cells were differentiated, with only 30.8 7.7 % (n=13) of GCTM2+
cells (Figure 3A). By contrast, when either SIP (10 pM or PDG- (10 ng/m)
10 was acwedsto4she nedium 47.9 3.8 % (n=13) or 53.7 1¥CT/A60gne3} of the
cells respectively were GCTM2+, and 533 3.5 % (n=3) of the cells were
GCTM2+ in presence of both S1 P and PDG-. Wthin the hES cell popul ation,

a |large proportion expressed PCNA, showing that the majority of these stem
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P to show that these cells when culture% in serum free conditions with PDGF

and S1P have maintained a normal karyotype.

15 DISCUSSION

Since hES cells spontaneously differentiate in culture, a phenomenon
that leads to a loss of their pluripotency, the identification of the compounds
that are able to prevent this differentiation is of particular interest. In this

study, we describe for the first time that hES cells are targets of S1P, LPA
20 and PDGF.

As revealed by RT-PCR analysis, these cells express the mRNA for the
receptors S1P;, S1P2, S1P;, LPA;, LPA; and LPAs.. Referring to studies
performed in rodent or in human, these receptors are widely expressed in the
body (for reviews see *'°). The absence of expression of S1P; and S1Ps in

25 these cells is in accordance with the fact that these receptors seem to be
mostly expressed in highly differentiated tissues, such as lymphoid tissue for

S1P; " and in brain’s white matter for S1Ps ™. Moreover, hES cells express



probabl e expression of the enzynes as well as the stemcell markers Cct-4,
and Crypto. After passage 8: karyotyping of hES cells - is being carried
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PDG- and S1 P have maintained a nornalgkaryotype. 15 DI SCUSSI ON Si nce hES
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presence of ﬂﬂéﬁ iéa'dflbrél%ﬁ—bhgéﬁrnh?&t%r%f am%eérhﬂdt@h thhR the @hles dbzeRddeimd to a
stronger inhibition of differentiation than the ones observed in
presence of either S1P or PDGF. Also reported is a new cross link between
PDGF and S1P signais, in which both molecules need to be present. Such a
15  mechanism has recently been described for the first time by Katsuma et al.

(2002) "in mesangial cells.

As shown by others, $1P, LPA and PDGF receptors are expressed in
MEF 7 and these molecules are able to regulate multiple signalling pathways.
Thus, Ishii ef al. (2001) demonstrated that in these cells, S1P activates
20 phospholipase C, inhibits the production of cAMP and activates Rho " In
MEF, PDGF stimulates migration. The effect observed in presence of PDGF

and S1P on hES cells might be in part due to an effect through the MEF.

S1P, LPA and PDGF are all present in serum from different species,

including bovine and human. However, the concentration of these molecules

25 varies from one species to another. Thus, it is believed that this could explain
the commonly observed phenomenon with current cell culturing techniques

where there is not only species dependant variation in the performance of



presence of either S1 P or PDG-. Also reported is a new cross |ink between
PDGF and S1 P signals, in which both nol ecules need to be present. Such a
15 mecharwermshes4r ecent |y been described for the first ti meThywokatdsnma et
al. (2002)17in mesangial cells. As shd¥h by others, SIP, LPA and PDGF
receptors are expressed in MeF 7 and these nol ecules are able to regul ate
multiple signalling pathways. Thus, Ishii et aL (2001) denonstrated that
in these cebsésym Ss8ddotsupplese@Ocalhadhire|sypteses Out iatdn intrasspeoiesgpbatthct i on
of cCAWMP and activates Rho 7. In MEF, PDGF stinulates mgration. The effect
observed i ntopbatsbrvegiationeBsWwelland S1 P on hES cells might be in part due to
an effect through the MEF. SIP, LPA and PDGF are all present in serumfrom
di fferent species, including bovine and hunan. However, the concentration

of these nol eCUARégetﬁé{,‘éﬂfésésdété%ﬂr?@é%t $mc\ivﬂﬁintﬂ1eam§l&§%¥nd fHeproteinsi s

bel i eved that .this cou expl ain the commonly observed phenonenon with

current cel pregeht Uhtd1dhé esdramgussith 8P antthPDGF sareokep nélgmepes i sthe
dependant variation in the performance of WO 03/104442 PCT/ AU0O3/ 00713 32

serum used tegubatitpl esfespontankeous| diffeserdiatioansf bhiESakskts.i tdendifisation esf bat ch
to batch variations as well. Altogether, these data suggest that within the
| i pi ds and ctrappundeihaving resebitityi too inhibié differentiation allowp theddesigr efr e key
elements in the 5 regulation of spontaneous differentjiation of hES cells.

| dent i fi cat $implefcubiyrp mastia mareistiable WsinES gell ropagation. Mareeyefdn at i on.
allows the design of  sinple culture nedia nore suitable for hES c%,ell
pr opagat i onthetap@igiceyiew; i isimpartand e defemine gempeunds lﬁ??ﬁ(ﬂ"?‘é/rﬁu FU®Bt er mi ne
conmpounds thﬁt‘%gl I ﬁw_cul tivation aof hES cells in a serumfree environnent.

10 EXAMPLE 9 19eMlg i 2 ResumpEee 8MUEIRNTEeler e cul tured as previously

described 1. The serumfree culture nmedium consisted of DVEM (w t hout
sodi um pyruvate, glucose 4500 ng/l, Invitrogen, Munt Waverley, VIC,
Austral1tn) EXAMREER ed with 15 insulin/transferrin/selenium 1%
(3-nercaptoethanol 0.1 mM NEAA | %

Cell culture.

hES-3 cells were cultured as préviously described '. The serum-free

culture medium consisted of DMEM (without sodium pyruvate, glucose 4500

mg/l, Invitrogen, Mount Waverley, VIC, Australia) supplemented with

15 insulin/transferrin/selenium 1%, B-mercaptoethanol 0.1 mM, NEAA 1 %,
glutamine 2 mM, Hepes 25 mM, penicillin 50 U/ml and streptomycin 50
mg/ml (all from Invitrogen). Media was changed every 2 days and cells were
passaged every week. S1P and dihydro-S1P were obtained from Biomol
(Plymouth Meeting, PA, USA). LPA was obtained from Sigma (Castle Hill,

20 NSW, Australia). Extemporaneous dilutions of all lipids were made in water
containing 0.1 % fatty acid-free bovine serum albumin (BSA) (Sigma). S1P

and dihydro-S1P were used at 10 mM. Human PDGF-AB, PDGF-AA, PDGF-

BB were from PreproTech Inc. (Rocky Hill, NJ, USA) and were used at 20

ng/ml.

25 RT-PCR experiments.



glutamne 2 mM Hepes 25 nmM penicillin 50 Um and streptonycin 50 ng/m
(all fromlInvitrogen). Media was changed every 2 days and cells were
passaged woasso4erek. SIP and di hydro-S1 P were obtai ned f romiARi06/0w113
(Plymouth Meeting, PA, USA). LPA was oklgzmined from Sigma (Castle Hill, 20
NSW Australia). Extenporaneous dilutions of all |ipids were nmade in water
containing 0.1 %fatty acid-free bovine serumal bumn (BSA) (Sigm). SIP

and di hydro- S1 PTegi RNA ShséxtidbtedfronuNES RilsFamBrevERE-transcriBBGHR BB ver e
from PreproTech Inc. (Rocky Hll, NJ, USA) and were used at 20 ng/m . 25

RT- PCR expegs mravipushiOsribed4YPh@CDNACmpies Ivere3amplitied RNAP Gt Witkt r act ed

fromhES cells and reverse transcribed (RT) as previously descrjbed '.The

cDNA sanpl esemss endngntisenee priynétSKSigma) deeig@eda‘gdt%sp@réﬁ@éietﬁqﬂ@ar%f

(Sigm) designed for the specific detection of nouse (data not shown) or

human DNA t mmayse (et oot shopmisirenumanddNG targetosanuenses itablesd) UBING: ech

| nt ti | Ltd, Perth, WA, Australi [ I i bed, 18. Th

Speci 115 BRI DNA DRIYMSTagRIatoqR rBtarhaBnal (o FEET dporBSETBh 28 5 o

w : I d stai i th ethidiup I ' J

cal cul ated_ Bevigely Rissead Tnhecsrgeternilies DR ieeflentn fRfe. 6RB AT C
ified and d. Ex [ t 0 S- i hES- 3.

ot | uor ESEURPEOTR L o & A13aeososs, aPORRE! BERAD Y ehftEpcrr

t ai ni 00, .% ' t akned i I ' 1

using he ¢ BIaGRkiAg SERATER) AR, SRR BERGLL P P DNAIAIEE I

Syst I 1 ' , i) | : -1- 60

Car e Trom BT HIRBRZSS wel: PR gy P e T e

USA), Tgp 30 %H?I’ edlORESI04Yd hEBUS! ei were counter-stained with
Hoechst - 332 emcon). Specificity was verified by the absence of any

staining in the negative controls. 20 Sphingosi ne kinase activity.

Immunofluorescence.

Cells were fixed in paraformaldehyde 4% (for PDGFR staining) or 100

% ethanol and immunostained as previously described ! using the following

antibodies: anti-human PDGFR-a or PDGFR-B (R&D Systems Inc,

15  Minneapolis, MN, USA), GCTM-2 (this laboratory), TRA-1-60 (gift from P.

Andrews, University of Sheffield), Oct-4 (Santa Cruz, CA, USA), TG-30 (this

laboratory). Nuclei were counter-stained with Hoechst-33342 (Chemicon).

Specificity was verified by the absence of any staining in the negative

controls.
20 Sphingosine kinase activity.

hES-3 cells plated without MEF fo'r 24 hr and depleted of serum for a
further 18 hr were incubated in the presence of PDGF (20 ng/ml) for various
time periods and were harvested and lysed by sonication (2 W for 30 s at
4°C) in lysis buffer containing 50 mM Tris/HCI (pH 7.4), 10% glycerol, 0.05%

25  Triton X-100, 150 mM NaCl, 1 mM dithiothreitol, 2 mM NasVOy4, 10 mM NaF,

1 mM EDTA and protease inhibitors (Complete™, Roche, Mannheim,



hES-3 cells plated without MEF for 24 hr and depleted of serumfor a
further 18 hr were incubated in the presence of PDG- (20 ng/m ) for various
ti me periwovsamdsnere harvested and | ysed by sonication (2CWAWB/0803s at

4C) in lysis buffer containing 50 MM Trgs/ HCl (pH 7.4), 10% gl ycerol, 0.05%
25 Triton X-100, 150 mMM NaCl, 1 mMdithiothreitol, 2 nM Na3vQ4, 10 mM NaF,

1 mM EDTA and protease inhibitors (ConpleteTM Roche, Mannheim WO

03/ 104442 Pl 08PK acihvityCaasn itlermSRi ainigv Dkarytne-shHimgosimedindsi ng

D-eryt hro-sphi ngosine and [a32P] ATP as substrates, as previously described

19. Prot ei n|¢BPRETR 3t subitratéd) & plevivusiydeatrisediét. @rdidie rconoeutratiars
Coomassie Brilliant Blue reagent (Bio-Rad, Regent Park, NSW Australia)
usi ng bovi n¢n sell honwgenates were Betdramiied withGadmassjedrilliantdBiueoeagert | s
were fixed in 100 % et hanol and inmunostained with GCTM 2 followed by

al kal i ne ph¢BiphRads Regenp|Rarks MWV dystealia) bisinge Hoyingk sprum plRemim &s
phosphat ase activity was detected by adding a solution of 4 10 nitrophenyl
phosphat® (Rtatgerd. and the concentration of the reaction product was
determ ned by reading the optical density (OD) at 405 nm In order to
validate the_techni que as an accurate indicator of the proportion of GCTM 2
positive celGGTMs2 guantificaliPles were carried out with the embryonal
carcinoma cell line GCT27C4, known to express GCTM 2 20. This showed a 15

(daca not shoan) CRBArBRar et RudDFCR efniEahd mRftngiaittl s R 20
11, 13-15 i f j ' ' I i Dagd?e

t hen int o) ne !Og‘éﬁegrlggaﬂggrm%f g)g%)bﬁrﬁé{gg%gﬁpgkageglgéog%&z?g@lﬂgﬂdgl%t escri Bted in
PCT/ ALO1/ 007A§|§a|&%§ Z»%%bﬁé?t%%eaﬁéﬁ\lé@i frasAldeteeebyTRMdIn g SsdngidroroTed. at

| east 3 times. are expresse as the mean "SEM of at | east 3
I ndepenggnt rﬁtw&{érprhésprﬁtgmkgbﬁ@n@ﬂdqﬁe cbheertidtforr sfthe senetiorepraiduat ed

usi ng an ANOVA fol 'owed by Student-
was determined by reading the optical density (OD) at 405 nm. In order to
validate the technique as an accurate indicator of the proportion of GCTM-2
positive cells, standard curves were carried out with the embryonal
carcinoma cell line GCT27C4, known to express GCTM-2 20 This showed a
15  linear correlation between the number of cells and the OD read at 405 nm

(data not shown).
Neuronal induction of hES cells.

hES-3 cells (passages 11, 13-15) were differentiated into noggin cells
by a noggin treatment then into neurospheres and last into neurons as

20 previously described in PCT/AU01/00735.
Statistical analysis.

All experiments were performed at least 3 times. Data are expressed
as the mean + SEM of at least 3 independent experiments. Significance of
the differences was evaluated using an ANOVA followed by Student-

25 Newman Keuls test. Values of P < 0.05 were considered significant (*).



25 Newman Keuls test. Values of P < 0.05 were considered significant (*).
WO 03/104442 PCT/ AU03/00713 35 Results hES cells expressed nRNA

transcri pwe oBao44shree S1 P receptors: SI P1, Sl P2 and SPCPAw@sdofiar each
of the LPA receptors (Fig. 4A-B). Howevgs these cells did not express nmRNA
for SIP4 and S1 P5. Contrary to nouse 5 enbryonic stemcells, hES cells
expressed gisanscripts for PDGFR-a and PDGFR-(3 (Fig. 4C) as well as
the corresponding proteins, as revealed by inmmunostaining (Fig. 4E-J). As

previously showﬂhE@/cénst@E%g@séd HSRAUA traﬁscr?r@vmtthaée P esqeptovse818], P1, Sl
P2, S1 P3, LPAl, LPA2, PDGFR-a and PDGFR-13. Thus in a co-culture system

S1 P, LPA amiBDiid ®IPd &l d6it bueh ofGherlRA trbeeptord (Figy dé\-B)\eHaeever
exam ned whether S1 P, LPA and PDGF could affect growh or differentiation

of hES cel | shedtheallh BB aet lexpressemiRiiuforn 8 1RERiNch Sd Pse Comirafy é@ neelseur e
medi um they spontaneously differentiated into_different kinds of cells.
After 2 Beelesnbryoricsstenmeélise B cels exprssag mBNSotrangorinis faPRSHRW ous
effect on size or norphology of hES cell colonies whilst in the presence
of either Sand PRGHRVP Gig. appvelbpesthe sormagpengingtnieteing. A Rve ear ed
flatter and less differenti:ated conpared to the controls. sghdfeeover, the
co-i ncubat i &Y Hamenosiaging Iﬁﬁgz‘“%jhcéﬂ REEWPHYN SR BY: PEETdf  spofneous

o oo e LTS bR S S, 1300, DA BORR AR 5
wth st p o PEER-GER B bhteiuls Sigoh. SIPThPiSand Bar SBlihe SeqE 2°,
nd POGRvel 4EEr PG Oy ore GCThRS than ¢ he control s 25 (Fig.
S5A). Using the same technique, we showed that cells treated with S1 P and
bser ved vi {h SIMe Y PEEInoPRegE S B4 PA 203 FOGF sous AT giarowEal "
o oifferentiating, ohhES s et RES defls Witk orBRh s fer h'8 sBhifict VO
free culture medium, they spontaneously differentiated into different kinds of
cells. After 2 weeks in a serum-free media, LPA (up to 50 yM) had no
15 obvious effect on size or morphology of hES cell colonies whilst in the
| presence of either S1P (10 uM) or PDGF-AB (PDGF, 20 ng/ml), the colonies
appeared flatter and less differentiated as compared to the controls.
Moreover, the co-incubation of S1P and PDGF induced a strong inhibition of
spontaneous differentiation. To quantify these effects, we used an ELISA-
20 based assay to measure expression of the stem cell surface antigen GCMT-2
(GCTM2+) in cells treated for 2 weeks with different agonists. Thus, cells
treated with S1P or PDGF were respectively 18.0 = 17.0 % (n=3) and 50.3 +
18.4 % (n=3) more GCMT2+ than the controls and the ones treated with both
S1P and PDGF were 152.7 + 54.9 % (n=3) more GCTM2+ than the controls
25  (Fig. 5A). Using the same technique, we showed that cells treated with S1P
and either PDGF-AA or PDGF-BB showed a GCTM2 expression similar to
the one observed with S1P and PDGF (PDGF-BB: 294.3 + 77.3 % of control,

n=3, PDGF-AA: 220.3 * 49.0 % of control, n=3; Fig. 5A). Moreover, the effect



36 of SIP in conbination with PDG- was m m cked by the use of

di hydr osphi ngosi ne-| - phosphate (di hydro-SIP, 10 mMM, a S1 P anal ogue that

m m cs i tworaaegudr - dependent effects, in conbination w tRCPRAEB3O@AT. O

59.9 % of control (n=3), Fig. 5A). Furt®¥ernore, dihydro-S1 P on its own had
a 5 nore potent effect on hES cells than SIP (223.0 27.0 % of control,

n=3;, Fig. 5A). Together, these results suggest that the conbination of
PDGF and Sof PSAR anseonmbinatien cwithurRDGEdiWas primigked thie theorisenedlus
differentiation of hES cells. This effect endent on S|P

r eg eptors admydfbﬂﬂi):“FMSF&'ﬂ -Rhpspbete (dmmfpgﬁiﬁ?,dleigm'\@, P&ﬂg%-aﬁaWSPﬁih@DG:- AB
PDGF 10 BB, bi . M \ |1

i t n the Nﬁmims:;g% er%&’ewfgz:g-gef)%ﬁf%ﬁf éﬁemgﬁggﬁﬁm%@ﬁ%% BRpF B2 e

[ i_Ri S| P . i Ei g.
5By o 'oﬂg:ﬁgfgt %Jafg@‘?rﬁéﬁ%ﬁiﬁq-r@?@%ssmvﬁ' @%%ﬁ-@ﬁ?ﬁ@%ﬁ%"ﬁ?é a o
undi 1 f _-e]E §ﬁ§ ritrg ot &iRct & LERISLE AT @20 areEoCRy 9t =Bhuays,
ot ossi on 619 AT, TEEREBrothesETobIRS SR tnatind Esmgtisn RPOGEU 1
PDG- nodul alggp g s@in-YideYoulttird Bedigh! pre(énitd the Bpontaneetis d@ferastidtion

enhanced in a tinme-dependent manner the SPK activity in hES cells (Fig.

5D). This ebfeats! aalsedrhisr efféct! RAglepBAdentnupod SPR'sagécetbls 20dr bathhed 1.6
fold the basal values (75.3 3.92 nnmol/mn/ng, n=3) after 30 mn of

i ncubat i on EBHGEFREDhs ADGENA fondyt binde®6 RDGFRya WhHiledPDGIOAB amtl OG-
significant statistical activation of SPK in MEF. Mreover, treatnment of
hES cehlbs BB bindi tebbiH sedeiptorss iMereODBNE tre@itmentof) hESCpells witbrthe pdAFY i ¢
inhibitor of SPK, for 7 days, inhibited the effect of PDG- and 9l P,
suggest i ng &inage Kinass inhikitar WH12h(Promagse 10amM)diead cdays: tofely inhikjted
undi fferenti ated state. To date, hES CCS(%JES have been ?lg,owr]\?é)n si‘ serumfree
medi um  supiherifect PfWPDGKEME S M) Mapexpresgiang (o) 3Ry stengissages.
As WO 03/104442 PCT/ 00713 .. 37 ese cells still express SPK-1_ and
SPK-2 nRNA EHOGESIHIS) ﬁ’%(‘%éﬁ%&m# n}en%"tlfftiéﬂyE‘étﬁ'@%ﬁ'i%ﬁ“'@?eds%llaf‘%s fe
involved in ré(?uelreDJ & ﬁ%ﬁ%t'a%nh@é &e'ﬁ§ u%e(‘uliilfesrentiated. As SPK is a key molecule in
15  PDGF signalling pathways, we verified the presence of SPK transcripts in

hES cells and showed expression of both SPK-1 and SPK-2 mRNA (Fig.4D).

We next investigated if PDGF modulates SPK activity in hES cells (Fig. 5D).

PDGF (20 ng/ml) enhanced in a time-dependent manner the SPK activity in

hES cells (Fig. 5D). This effect lasted for at least 60 min and SPK activity

20 reached 1.6 fold the basal values (75.3 + 3.92 nmol/min/mg, n=3) after 30

min of incubation (Fig. 5D). In contrast, PDGF (20 ng/ml) did not induce a

significant statistical activation of SPK in MEF. Moreover, treatment of hES

cells with dimethylsphingosine (DMS, 3 uM, Fig. 5C), a non-specific inhibitor

of SPK, for 7 days, inhibited the effect of PDGF and S1P, suggesting an

25 involvement of SPK in the maintenance of hES in an undifferentiated state.

To date, hES cells have been grown in a serum-free medium

supplemented with S1P (10 uM) and PDGF (20 ng/ml) for 19 passages. As



RT- PCR studi es showed that hES cells expressed the nRNA for Cct-4 and
cripto (Fig. 6B), and inmmunostai ni ng showed i nmunoreactivity to the stem5
cel | mar kwp93@FiML 2, Cct-4, TG 30 and Tra-1-60 (Fig. 6C FPCTR@®SEINMES
cells retained a normal karyotype (Fig.376G). Mreover, these HES cells
still responded to noggin treatnent and were able to form

neur ospheres. (Fig. 6H) and neuronal cells as ascertai ned by imunostai ni ng

for (3tubuljastFidis §il) expr¥e® BPKESAMD SFILRARRMNAYEHN 6B)- warsamnex et 00
(Pera et al submtted). 10 Altogether, these data denonstrate that HES

cel I's gr ownihenPbBF-aERERIdHEOS PKSIoPh@ el oRIXE i theapropialgetion arf diiSecelts.i cs of -
HES cell s propagated in nornmal serumconditions. Discussion In this

study, we SROVWPECRrstubiiest shicawed itat hESicelESxXpresised dhe mBNgefos Qat-4 asds| P,
LPA and PDG- and we al so show an interaction between SIP and PDG- signal,
in that extcrptel (Fig.a8B)5| anchirdneDCEtaiied showss pravsarcactivifetnéie stefBxert a

potent biological effect. Katsuma et al. (2002} 17 reported__a si r%'ﬁ%ar
mechani €in i eelhowiligisaCEEV1Z Qpled e TEpHl ad: Ten 160 &igpb&r)- Pibese hEer eases

Phose ol soali tehaingid npEnakaEbEedFEl S0y tlotenyar. DatsuEE s ans il ol | ow
? 'E%E :(E: Z? lt %TE%EE?%Z? ?ﬁﬁﬁ{ﬁb{ﬁgﬁﬁfﬁf{éﬁ%ﬁ?&@s %Oﬁ 1§ g gﬂ&f@_ﬁ‘%‘?@%_ﬁgﬁ%gﬁ@{%@am
formation ofndNAraRg, qugaggéls\é@&%pgﬁ %ﬁﬂgb?@ﬁg}l %eiggggdrb;ﬂ!légkgf éa{gte as an
intracel | ul Rlap2> fERIRC hfaptScI ; B,simsfﬁ?d&ﬁ? Al Ni%do?gf*é.%t @My OduAitte Y M

honeost asi s e ressi on of apoptosi as shown I n

fi br obl 75t SakdoSRdr GhBSE ik ldchidtrate Bat HEBRUNSIgrShR i she préstined o _act s

as a second nessenger nee o be further investigated. However, because
the mai nt engRpeyf PIGF ¢eldirs theé cRaradferldticd Of HES Cells ?k&ﬁgﬁ@gdl'm né&dnal

undi fferentiated state only occurs in the presence of both PDGF and SI P,
we coul d exgemi cohditionstracel lular SIP, produced in response to PDGF, acts
within the cells, as its cell-surface receptors are likely to have al ready
been engag%d by SIP previously added to the culture nmedia. To our

know edge, Iscussion

In this study, we show for the first time that hES cells are targets of

15 S1P, LPA and PDGF and we also show an interaction between S1P and
PDGF signal, in that extracellular S1P and PDGF need to be present
together to exert a potent biological effect. Katsuma et al. (2002) " reported

a similar mechanism in mesangial cells where application of S1P and PDGF
increases proliferation. In hES cells the addition of both $1P and PDGF

20 maintains these cells in the undifferentiated state, and still allows them to
follow differentiation. These combined effects could be attributed to the fact

that (i) S1P acts extracellularly through its réceptors to modulate intracellular
signalling pathways; (i) and that PDGF stimulates the formation of
intracellular S1P which would either be secreted or act as an intracellular

25 messenger, for instance in the regulation of calcium homeostasis ** and in
the suppression of apoptosis, as shown in fibroblasts '* and other cell types

1516 \Whether S1P is secreted or acts as a second messenger needs to be

further investigated. However, because the maintenance of hES cells in an



5 this study is the first one to report a cross-talk involving SIP and two
I sof orns of PDGFR, instead of only PDGFR- (3. These data denobnstrate that

SI P and PBROR3aca4key el ements in the regul ati on of spont ame®wa03/00713
differentiation of hES cells. Their idegsgification as conpounds having an
ability to inhibit differentiation allows the design of a sinple serumfree
10 culture nmediumnore suitable for hES cell propagation. The foll ow ng

materi al s anghdisrantistetadtateconlp obs@enh ése Brésente of Body PMIGE ShdP SARDWELA ver e
obtained from Bi onol (Pl ynouth Meeting, PA, USA) and were dissolved in

met hanol . Froesild expeep Hratdintfiacelulan$16%, prgduced sn réSporse tordRBGFN achd er
containing 0.1% fatty acid-free bovine serumal bum n (BSA) (Sigm).
Prot ease, sodthimtie tcels,aas iatcelleawiface receplors: afe bkely 3o drave aleeadyrlbeen
Cal bi ochem (San Di ego, CA, USA). Pertussis Toxin (PTX) _was fromList

Bi ol ogi cal lengagaddy &4 P pravimisly added ta)trg culbarevnediaocko aur kippymgdge,
Hoechst - 33342 20 Cel| culture hES-3 cells were cul tured as _previ qusl
descri be@ [ this piunissthenfirsbong {gerePQyt Aueress- 'BY‘%‘&'PQdSEPb?BQI Q‘é(%/s'

e
[ ' 25, 000 70, 000 . cn? ' T
D)t S RT3 Y a8 A ALY

rouse 11 b oBSER MY OHES BB TRERS ek 0o S, AR o

created an upgy “tog%ibw iﬁ@#&ti&ﬁ@#%{lloh@ﬁ%r%%fgwgfeé Oéiﬁlg)é Re iR

fibroblasts were c ned wmth t nouse asts WO 03/ 104442

PCT/ AU03600 ¢l tureé3thediurn taaRNSuiribib RF RESYEelbgiopapatsmport of growth and
prevention of differentiation. The nmediumthat was used for the growth of

human stemwas DVEM 5 (G BCO, without sodi um pyruvate, with glucose
4500mg/ L) suppl ellﬁeenftoﬁgwing materials and methods relate to Examples 3 to 5.

Reagents
S1P AND LPA were obtained from Biomol (Plymouth Meeting, PA,
USA) and were dissolved in methanol. Freshly prepared dilutions of agonists
15 were made in water containing 0.1% fatty acid-free bovine serum albumin
(BSA) (Sigma). Protease, sodium orthovanadate and U0126 were from
Sigma. was from Calbiochem (San Diego, CA, USA). Pertussis Toxin (PTX)
was from List Biological Laboratories (Campbell, CA, USA). GCTM-2, Oct-4,
PCNA, Hoechst-33342
20
Cell culture
hES-3 cells were cultured as previously described [1]. Human stem
cells were grown on MMC treated fibroblasts’ feeder layer. Fibroblasts were
plated on gelatine treated dishes. A combination of human and mouse
25 derived fibroblasts were used at a density of approximately 25,000 and
70,000 cells per cm2 respectively. The fibroblasts were plated up to 48
hours before culture of the stem cells. Mouse fibroblasts only could also
support the growth of the stem cells. However, while human fibroblasts could
also support stem cells, they created an uneven and unstable feeder layer.
30 Therefore, the human fibroblasts were combined with the mouse fibroblasts



with 20% FBS (Hycl one, Utah) (2-mercaptoethanol - 0.1mM (G BCO, Non
Essential Am no Acids - NEAA 1% (A BCO), glutamne 2mM (A BCO, penicillin
50u/ m, awo ostio@pt onycin 50ng/ M (G BCO 10 For direct ob®emadiosoeri3 hES- 3
cells were coated into 12-well plates (39 colonies per well), with or

wi t hout nouse enbryonic feeders (MEFS). The day follow ng the plating,
cells were itjc ! i f t gl r f hu

cont ai ni ng Itﬁsgpgﬁ%ﬂ% \rl\%ﬁ@f égﬁf}ﬂ% gﬁ%&gtgluggigﬁm%f I\/giﬂ\@ﬁmgga @ﬁ'ﬁgﬁght Ewe 2r,d
day and t hedifferentiationdlays. 15 For i nmunostai ning, hES-3 cells were coated
on chanber slides after nechanical dissociation, in order to obtain a
nonol ayer culture. The day following the plating, cells were incubated

with the differenthaagRfiimitRattwasdea felemledrodth bf hamam stthivas WNMERhanged
the 2"d day and the cells were 20 fixed 4 days after the first treatnent.

For i muBobl(GiB@fhal yitheyt sedium pwiuvate, aith cluease A680mg/lesuppiemented 8

| oni . i t , ot b
of oer um fomilt2hte PR tHyoldls cuihldpeRbetdiBhng T RR S BICN Morf o °1°
hr with U01ZGgseaflal Mmiab Aeids1S NEAAW 1% REIBCOY0 gultamine BRmMNPCBIB®I[ i nent s

30 Cells were washed with PBS and hES col onies were renoved by treatnent
with prot eageniqilip i50udsl, arstigpiorayein K0regnil (GHBEES cul tures " using
Dynabeads(r) digo (dT)25 (Dynal, Oslo, Norway), according to the WO

03/ 104442 PCT/ AU03/ 00713 40 supplier's instruction. RT was performed using
superscrnopt TM | | FeradiedttobBemeatior, AESE cellpivase coated into d2wellplhtes (3

the CDNAsablaien.iee i Miher WNOBcRIqYSen BEDEa TS f6edere: QUREShr ier s
For 't he. spearh, ENGRING YN KRR, oS WafS nbaBiiR Wih e bl apbnfifR grec
Edg- 6, Edg- Beaunn fEsynedDNA dontajeing insulin, transferring and selenium. Media was
changed the 2" day and then every 2 days.
15
For immunostaining, hES-3 cells were coated on chamber slides after
mechanical dissociation, in order to obtain a monolayer culture. The day
following the plating, cells were incubated with the different agents in a
media depleted in serum. Media was changed the 2" day and the cells were
20 fixed 4 days after the first treatment.

For immunoblot analysis, cells were transferred into 24 well piates (8
colonies per well) without MEFs, and 24 hr later, were grown in the absence
of serum for 18 hrs.

25
In some experiments, cells were pre-treated for 1 hr with U0126 (30
pM) or for 18 hrs with PTX (100 ug/mi).
RT-PCR experiments
30 Cells were washed with PBS and hES colonies were removed by

treatment with protease. Purified mRNA was extracted from hES cuitures
using Dynabeads® Oligo (dT)us (Dynal, Oslo, Norway), according to the



sequences. The prinmers used for Edg-1, Edg-3, Edg-5, Edg-6 and Edg-8 were
previously designed by Hornu et al. (2001) [1]. These priner pairs were 10
5' - CCACAALGBBAMIANTAACT- 3" (sense) and 5' - GTAAATGATGCGGT TBCTATH03/00713
(antigens) (expected PCR product: 480 Rkp) for Edg-1 ;

5' - TCAGGGAGGCCAGTATGITC- 3" (sense) and 15 5' - CTGAGCCTTGAAGAGGATGG 3'

57" Cacancch SRRSO T e o G Ptk > Riaserae) and

5 - CGGCTCATRE%@@cmmCﬁpta@ee (seiroged, lbfe Catmidiopies)Cacradingats: the

B g

and Edg- 4, tFk@RpWItﬁE%eH%réndj%t@'éﬁg BNm@?@t(é%rl‘hbs@ ‘?eﬂéﬂﬂgd MR S mased
5' - GCTCCACACA sens%ﬁand TGCTGTGAACT GC-3'

(anti senke) Q@msylsppa‘sde mlﬂ,gAusoaI@) igned foressmaiitorelectosp! funatense)

03/ 104442 PEHORLD 5180715007 R AekeFS ERG sy pud o8P s Gocr 1 -

et aL (2000)sewBEAcEsThe |mé?§AIMMCEE @Yg-8, Edgedr @ Beg-8
5' - TCCTTGTAGGAGTAGATGAT (anti sense experiments were

48
per for ned i rYV%l’erﬁrQV@IU§IY(¢Q§IQﬂ§d '@bhb&mlhﬁﬁg; (é@@ﬂ) [&ﬁm@sgfprmww@r@mr ase
(Biotech International Ltd, Perth, WA, Australia) and 2 pM of each priner
in a buffer ‘including 67 mMTris-HCI, pH 8.8, 1.5 nM MyCl 2, 16.6 nM

[ NH4] 2598, G'EOATAACBCEAGOAATAZCTHY (fensB) aadh dATP, dGTP, dCTP, dTTP.
Ab f cont "
sence of COM B AT AGEELAEGTEL-3' (antigens) (expected PCR product: 480

bp) for Edg-1 ;

5-TCAGGGAGGGCAGTATGTTC-3' (sense) and
15  5-CTGAGCCTTGAAGAGGATGG-3' (antisense) (505 bp) for Edg-3 ;

5'-CCAATACCTTGCTCTCTCTGGC-3' (sense) and
5'-CAGAAGGAGGATGCTGAAGG-3' (antisense) (502 bp) for Edg-5 ;

20 5-CGGCTCATTGTTCTGCACTA-3' (sense) and
5'-GATCATCAGCACCGTCTTCA-3' (antisense) (701 bp) for Edg-6 ;

5'-TTCTGATACCAGAGTCCGGG-3' (sense) and
5'-CAAGGCCTACGTGCTCTTCT-3' (antisense) (460 bp) for Edg-8 .

25
For Edg-2 and Edg-4, the primer pairs designed by Goetzl ef al. (1999) were
used: ,
5'-GCTCCACACACGGATGAGCAACC-3' (sense)
and 5-GTGGTCATTGCTGTGAACTCCAGC-3' (antisense) (621 bp) for Edg-
30 2,

9-AGCTGCACAGCCGCCTGCCCCGT-3' (sense) and
5-TGCTGTGCCATGCCAGACCTTGTC-3' (antisense) (775 bp) for Edg-4.



was confirmed by control reactions with nRNA that had not been treated

W th reverse transcriptase. PCR experinments were run with the foll ow ng

st eps: i nwoioaliodenat uration at 94C for 5 mn, 35 cycl es offCisntaBae7asi on at
94C for 30 sec, annealing at 52C (Edg- 1 Edg-3, Edg-5, Edg-6, Edg-8) or
56C 15 (Edg-2, Edg-4, Edg-7) for 2 mn, extension at 74C for 2 mn, and a
final extension at 74C for 7 mn. The specific anplified DNA fragnents
were purified by electrophoresis on 1.5 % (wv) agarose gel, stained with
et hi di um brkon Edg-anthepprimegpaiph ddsignbe bgrﬁbéﬂmelwlm@ﬂé)opwe'ré usddand

sequenced. | | PBS, fixed with MeOH,
and i m"runostzé é%’g‘%égﬁﬁééﬁ&éﬁéﬁ%&g% |5m stem cel | narker

anti body CCHBMLCandTACCASTRGATCATEGGE-O! cahﬁééﬁéé)rm%lp PCNA- Cell's
were then washed and the nucleuses were stained wth Hoec -33342 (1

pg/m). 8lides were nounted 25 and t hen observed by fl uor escent m croscopy.

Cells were then ted 2y to etermnether tolif ting
stem cerl s witni e ReRaets Wle weernRo Toanlshfe s T fanBliad S84 ess
celI's were lymited d‘forrb \ADNJM @lgm@rasé (Bi6teeH P fitaaiztiBhal hycd Pelshitt,| <WA0f a
reduci ng | oadi ng buffer (2% S 62.5 MM Tris pH 6.8, . 1M DIT 01%

br onophenol ANSiE) Iao\,@n@laz HNh@f @aGhPEBGT mrﬁd@qﬁ%m'a@ag@ ! Msimhml

PCT/ AU03/ 007% 13000
for 15 mi n. i ST NGCPs oR 8 L 1931256, (S45% TAR SElid, d 28R br 190000
SDS- pol Wacr ydzsmi dATREldGE? e@@TPF'&quTPSWos(eH%% cﬂ%dﬁﬂéﬁﬁﬁeﬁlﬁg‘;@en%l@ DNA ot ei ns

were transferred to nitrocellul ose (Hybond- ECL, Anmersha
i nunobl ot t IWI@ﬁ wasfivaed ibydcentrolseactiong awithi mRMWA yibabhad roftbeer treated

prosonar ot TS fe R, R SR \afé AR wd il

Per oxi dase- aieipd:dnitiabdardaratioaritidaogyfof B@ﬂﬁﬁ) 35\/@90Ie§l©f geha@ratiorean®s@ e of
aut or adi ographl c filnms in thebgr esence of em | um nescent det ectl on

reagent (ECHOr AResesh appealiig abpR g (BA91h Feﬁﬁ 3b5§9& Egs6aEdo)er 38°C
I ncubat 189 YRegrEMREGAC EHY-T %39 Min) &temfiln at 74°C for 2 min, and a final

extension at 74°C for 7 min. The specific amplified DNA fragments were
purified by electrophoresis on 1.5 % (w/v) agarose gel, stained with ethidium
bromide and photographed. The amplicons were purified and sequenced.

20 Immunofluorescence

Cells were washed in PBS, fixed with MeOH, and immunostaining
was performed, using the specific stem cell marker antibody GCTM-2, and
the specific cell proliferation marker PCNA. Cells were then washed and the
nucleuses were stained with Hoechst-33342 (1pg/ml). Slides were mounted

25 and then observed by fluorescent microscopy. Cells were then counted in
order to determine the ratio of proliferating stem cells within the overall
population.

Western blot analysis

30 hES3 cells were lysed following removal of the supernatants by
addition of a reducing loading buffer (2% SDS, 62.5 mM Tris pH 6.8, 0.1 M
DTT, 0.01% bromophenol blue) containing 1 mM sodium orthovanadate.



in a buffer containing 100 mM ner capt oet hanol, 2% SDS, 62.5 nM Tris-HCl pH
6.7. The nmenbrane was then reprobing with rabbit polyclonal anti- ERKLl/2
ant i bodi e’o(0BPnowweya), and then w th peroxi dase-coupl ed se®cmadNg/00713

anti bodi es (Dako). 15 Blots probed wthgeither rabbit polyclonal

anti-active p38 (Promega) or rabbit polyclonal anti-active JNK (Pronega)

or nouse po e sane
procedur e a?gﬁ@gcrl b%%%g\;gmggﬂ@rgﬁde:eﬁﬁﬁﬁ #F??gpggﬁ E1S§§1(1:@ Iagawere

| ysed and tbmtémql?yg@ﬁest(yapmcﬂﬂggyrwmd stazparaied@;aSD&bohyaawlamldea@day
based on the Bradrford d bi ndi ng test (Bio-Rad  Laboratories, ents

Park, NSW elestroghprgsis Eéé@% MVaﬁvlém,l WéNt o TRtRINp Wt ﬁws&"ﬁ* 49t 3

(i

i freront " cottotglifoa 2 BORER Gl ARGRRRRY R fffihodBling et capfERed,

i ndi cat eg t haﬁtghﬁab@ﬁEy polympgalsEzadté a@ﬁw\% \A;]rmmml Fagiivatédr prateirt hi(HAPB)P

xpr bss. RNANBRdEs Gages rRasns. 0 gl BNVRRNORYTRG, AT Bevtde ?ﬁ%ﬁ%oia”} L"
express nR tﬁqﬁez

E)o(lg 7S?F| gureéc{}%ﬁ}éc\le,hel%u'&é)loeo?'%ggaggqﬁ (I:egs% %’?O 4442 / A 3/ 00713 43

of all puri He&;ttétﬁ%;pre)qmswaevm‘r auforadicgeabhia dfilms, dal the twedendaleft acal to

th the h
ropl | cant s’ AERTIGEVEGERbd RiRetRE, TERBREE i modSNaraTL. (P e
cel I's. @e“ahﬁb':oaaééknﬁas%rﬁe@édﬂw nr%”ud&ﬁﬁg,thém@nswmlﬁm@%mﬁ@ls@red in

serum ey spontaneously differentiate shown in Flgure after 8
days i n sucin adndier icontainingd 0feimi mastaptoethatioh 29 S 5r|@%Tf|$-éiQ|ened

[PA (up 0 Pbl S6r e Bt aBe ol it corSphg” S e e, ot o
not shown). EFiKH/Qreﬁﬁle}@%so(fPngé}(brrd\&he& Witly peroXidiesesobwpled Secenganyor e
compact andam’uboduas (Dako).
15 Blots probed with either rabbit polyclonal anti-active p38 (Promega) or
rabbit polyclonal anti-active JNK (Promega) or mouse polyclonal GCTM-2
antibodies were also performed, using the same procedure as described

above.

20  Protein quantification

hES3 cells were lysed and their quantity was determined by using a
colorimetric assay based on the Bradford dye-binding test (Bio-Rad
Laboratories, Regents Park, NSW, Australia).

Each set of experiments was performed at least 3 times (n refers to

25 number of independent experiments performed on different cell cultures).

EXAMPLE 3

The results presented in Figure 7A indicate that hES cells expressed

mRNA transcripts for the three S1P receptors : Edg-1, Edg-3 and Edg-5

30 while these cells do not seem to express mRNA for Edg-6 and Edg-8 (data
not shown). Moreover, hES cells express mRNA transcripts for each of LPA
receptors : Edg-2, Edg-4 and Edg-7 (Figure 7B). The nucleotide sequences



|l ess differentiated than in the control condition (Figure 8C). This effect
of S1 P was nore obvious after 12 days of treatnent (Figure 8D, 8E). The

i nhi bit oryooafib@ez of SIP on cell differentiation and thePCacoehorasfect of
LPA were al so 15 observed when hES cel |l 43vere grown w t hout MEFS,
suggesting that S1 P did not directly act on the feeder cells (n=3, data

not shown). bﬁatbrgi@iﬁequ@Rdeo‘ahém\Aé@aﬁH@@éHL&}hd P&ve2id £t befidehficaNo! he

spont aneous differentiation of hES cells, "doubl e i nmunostai ni ng experi ments
wer e carri edthugorresponding regiensoinehe Avprarceaseptarganeswo speci fic

anti bodi es, 20 one as a stemcell marker, GCTM 2, and one for
proliferation, PCNA, a marker that is only expressed during the S phase of
the cell cycle, in order to determne the ratio of proliferating stem
cells (Fi gurEXAMPRKEt4er 41 days in a nedia wthout serum nost of the
control cells were differentiated (Figures 9A, 9C and 9E), as reveal ed by
the fact & hat onlAppcantshexhdetarhiised wihetha?5S ¢Rpraedd edodiilatd the Ftgwife

10A). B t | 1 dd th dia, 68 %of th
cel 15 vr o COESRSNEOMRBES chls Merd BE iR 6F MEES. I culireduedis danpieriog
stem cel | s (ifi geruas tﬂB;&\ﬁﬁnté’rFecﬁM aRentitedl AstdRReh it Hi ur@o@,“él d gns, a

| arge part expressed P .., suggesting that nost of these temcells still
prol i f er at eddq¥s iguaush aadiiensobES cedasolaniemeontainesderiorgtid fiaftemedesdlls t he

Preat ed wi ¢ nairR nfied SyUE St Sule Gl 0k, 280 syin &fier 12,880 78 G °
03/ 10444m PAd/F0NR) AT hdt sédmstaasrfset tiehGlowth BT TS tbionisy @84 nbhShown).

differentiation of hES cells observed in absence of serumrather then acts
on the prolilneprgsenee oF S ¢10 nid B slays), thexxaidics veseBaomisemphet M@

Ki ERK gl in.cell_. j ti

di ferenti areoadriper e e ST opBiteh (EigbrEROhrTih oS 1R o

then i nvest iwgas exbreASbvisusbafien]2 Sals of tatrabat(RiGere BDOSBHOTHE Mhiibrpf ERKs
n effect that was totally 1nhibited in presence

BP P Eg K/ElKl ?ﬁfﬁ%%fﬁﬁ F%J(%’)I'é%glk diffexgntpatiog and tealackpfréfiert afi LA avare alsxs f or
at | east1560 gBseritfiwhBnhER? BERMWERS bRV RRASIANEFsBRGSEsting' 4 §1A%y 100 -
not directly act on the feeder cells (n=3, data not shown).
In order to understand and quantify the effect of S1P on the
spontaneous differentiation of hES cells, double immunostaining experiments
were carried out. For that purpose, Applicants used two specific antibodies,
20 one as a stem cell marker, GCTM-2, and one for proliferation, PCNA, a
marker that is only expressed during the S phase of the cell cycle, in order to
determine the ratio of proliferating stem cells (Figure 9). After 4 days in a
media without serum, most of the control cells were differentiated (Figures
9A, 9C and 9E), as revealed by the fact that only 16 % of thé cells still
25  expressed GCTM-2 (Figure 10A). By contrast, when S1P (10 uM) was added
to the media, 68 % of the cells were GCTM-2 positive, suggesting that most
of the cells remained stem cells (Figures 9B, 9D, 9F and 10B). Within these
cell populations, a large part expressed PCNA, suggesting that most of these
stem cells still proliferated (Figures 9G and 9H). However, no marked
30 difference in the proliferating rate of hES cells between the control cells and
the ones treated with S1P were observed (Figure 10). Altogether, these data



These results show clearly that treatnent of human ES cells with S1 P
results in inhibition of spontaneous differentiation. S1 Pis a major
conmponentwomB/1erum and is therefore likely to account f@®@cThmuwbowfi3the
beneficial effect of 15 calf serumin hdggan ES cul tures. Al though human ES
cells express receptors for both SIP and LPA, the latter |ysophospholipid
I's inactive Q@gebiiiRR HP aRldt§-actioh thE AIRSTERtiAIEH opﬁEts 6&llsPbbsEride s Of
the Edg recep or famly have distinct effects on human ES cell behavi our.
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results in inhibition of spontaneous differentiation. S1P is a major component
of serum, and is therefore likely to account for much of the beneficial effect of
15 calf serum in human ES cultures. Although human ES cells express
receptors for both S1P and LPA, the latter lysophospholipid is inactive on
human ES cells. This suggests that particular members of the Edg receptor

family have distinct effects on human ES cell behaviour.
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6. A nethod according to any one of clains 1, 3, 4 or 5 wherein the

agoni st is a phospholipid. 7. A nethod according to claim®6 wherein the
agoni st iwoggletrd from 20 the group consisting of S|P, pdiraso0731 P,

LPA, PAF and SPC or functional equival gpats thereof. 8 A nmethod according
to claim7 wherein the agonist is SIP or functional equivalent thereof. 9.
A net hod acwmﬁ to claim7 wherein the agonist is dihydro S1 P or 25
functional eqUi ent thereof. 10. A nethod according to any one of clains
2 to 9 wherein the tyrosine Kkinase receptor is PDGFR-a or PDGFR-(3. 11. A
met hod according to any one of clains 2 to 10 wherein the ligand is a PDGF

or functiondl- equ yaelEiRe forgredilating spontanequsiferntiation 1f 4 stemagelh 11
st o1 e TcE BRSOty REEAN ol QR JA AT B 0071

48 13. A ne accordi 0 any one oOf clarns conpri Singuse o
TNF al pha, N®a (Plerseegoowt h factor), a nmuscarini c acetyl choline agonist, or

a serum or phorbol ester. 14. A nethod accordi ng.to any one of clai l1to
13 wherein téhe stperﬁ_‘% ed fog m%le%WQ/éBOFE%&%OfJée&ﬁ?fqﬁ%éﬁ%_<§ra stemicglh ssue.
15. A met hogvlﬁﬁﬁ% Bd %@ﬁs%éﬁbm Richstbhif call ?rmI'Feeé)llles'eﬁcé'bf%Scl‘é%' :

16. A method according to aim 14 ein the stemce is a hES cell.

17. A serumlltgesine kinbse sauepdrl y serum free nmedi um useful for nodul ating
spont aneous . di fferentj ation of temcell, cqg i Si ng,.an oni st of, the
P 20 recébt or A TaEACLE sivq et BpEiarieali) B iPreRne Bty
useful for rpgigh ahifitbd SBAIPHBES dHEUIHLHE RN Istérhi e8Il M the SpreebA6e lof an
conprising a ligand of a class Ill tyrosine kinase receptor. 19. A serum

free or subsgamstapf yhe diRlmreeepioneiidua ligand| off ar classidilatyregjne 1§nase
spont aneous rgicérgtglgenti ation of a stemcell, conprising an agonist of a LPL

4. A method according to any one of claims 1 to 3 wherein the
modulation is inhibition of differentiation.
15~ b. A method according to any one of claims 1, 3 or 4 wherein the LPL
receptor is selected from the group consisting of S1P1, S1P2, S1P3.
6. A method according to any one of claims 1, 3, 4 or 5 wherein the
agonist is a phospholipid.
7. A method according to claim 6 wherein the agonist is selected from
20 the group consisting of S1P, dihydro S1P, LPA, PAF and SPC or functional
equivalents thereof.
8 A method according to claim 7 wherein the agonist is S1P or
functional equivalent thereof.
9. A method according to claim 7 wherein the agonist is dihydro S1P or
25 functional equivalent thereof.
10. A method according to any one of claims 2 to 9 wherein the tyrosine
kinase receptor is PDGFR-a or PDGFR-B.
11. A method according to any one of claims 2 to 10 wherein the ligand is
a PDGF or functional equivalent thereof.
30 12. A method according to claim 11 wherein the PDGF is PDGFaa,
PDGFab or PDGFbb.



receptor and a ligand of a class Ill tyrosine kinase receptor. 20. A nedium
according to any one of clains 17 to 19 wherein the nodulation is .

i nhi bi ti owmowB/1di4iif erentiation. 21. A nedium accordi ng to &ay/Adme/owf3cl ai ns
17 to 20 wherein the 20 nediumis serud8ree. 22. A nedium according to
any one of clainms 17, 19, 20 or 21 wherein the LPL receptor is selected

fromthe grousg, conshétﬁdalgadabrcﬁﬂa éangﬂon%f%nﬁ& t$2 cONBfdingugsepr ding to

any one of clainms 17, wherein the agoni'st I's a _
phosphol i pi dTNF=alpha, NGFe(cmemﬁ Q&yﬁhdaﬁgr)ta)mwamlzaomclmlmetamr@oor st is

selected fro ting of S1 P, dihydro S1 P, LPA PAF and
s fithud dhie® - i

SPC. or functrona thereof. 25 A nedium according to claim24

wherein the #goni Atmetho8ld2cording 4o ahly @ ofeslaimes! &9t 3 ISR the3%erRtellA
medi um accordi ng, to claim?24 wherein the agonist is dihydro S1 P or

functional ei§dsrieddfomn fieetablissugror adulblissue. accor ding to any one of cl a| s

wh
03/ 104442 PO AL BEHRY St PG SR Bloi e R PG AVES 6Pl e 10
to 27 wherei 16t heAl mgﬁmxﬂ accordingD6Rclaim funwhiersirlthe gtemadetin 4 herseedl. 29. A

medi um accor 'n o cla rein the PDGF i s PDGFaa, PDGFab or PDGFbb.
5 30. A nmedi oseeawn f%%%%%“%‘b’ %ﬂramﬁeqqudﬂmw@m’rﬁ@r mpdylating

al pha, NGF (wmsnsmvamemm.bh of%a I YelinbompASY AT BLbARt B B 2

serum or phorbol ester. . A nmedi um acco _ ; to
30 wher €i0n thieseptarm ceII is derived fromfoetal tissue or adult tissue. 10

35, A medi unl oo ARG S el RIE, riim Fee Siedire oiety ormagaedn
34. A nedi unegmmansbuid diferaitiatioReofod st dEl, E8rripPisg #MMBLAE L8188
tyrosine kinase receptor.
19. A serum free or substantially serum free medium useful for modulating

15 spontaneous differentiation of a stem cell, comprising an agonist of a LPL
receptor and a ligand of a class Ill tyrosine kinase receptor.

20. A medium according to any one of claims 17 to 19 wherein the
modulation is inhibition of differentiation.
21. A medium according to any one of claims 17 to 20 wherein the

20 medium is serum free.

22. A medium according to any one of claims 17, 19, 20 or 21 wherein the
LPL receptor is selected from the group consisting of S1P1, S1P2, S1P3.

23. A medium according to any one of claims 17, 19, 20, 21 or 22 wherein
the agonist is a phospholipid.

25 24. A medium according to claim 23 wherein the agonist is selected from
the group consisting of S1P, dihydro S1P, LPA, PAF.and SPC.or functional
equivalents thereof.

25 A medium according to claim 24 wherein the agonist is S1P or
functional equivalent thereof.

30 26. A medium according to claim 24 wherein the agonist is dihydro S1P or
functional equivalent thereof.

27. A medium according to any one of claims 18 to 26 wherein the
tyrosine kinase receptor is PDGFR-a or PDGFR-B.



15 nediumis a standard serum free nedium 35. A nedium according to any
one of clains 17 to 34 conprising 25mM Hepes. 36. A nedium according to
cl ai m 34 wp 03504aer ei n t he base nediumis based on DVEM Pappl@aeetiad with
insulin, transferrin and selenium 20 349 A nedium according to any one of
claims 17 or 19 to 36 wherein the agonist is S1 P and is present in the

medi um at a nc o : M : BRSHh di ng
to any one of cl ?%@%%&%&Jlﬁ@@%ﬂ%oerelﬁﬂ? e Vgg@%@@h. S p?&gﬁwn t he
medi um at a isarRRBFratfuncticrfal @hoivalerdphére@d 39. A nedi um according to any

one of clai 18 to 38 wherein.the ligand. . is present Ln _the Lum at a
concentrat i d¥-of A FBRSINM, Gogprding f@n@lgl‘ﬂ‘ %%é’?"égfeﬂmgnﬁigﬁﬁﬁi'Q%Sbﬁéﬁ»
PDGFaa, PDGWGF%b%‘P@ﬁ@FbB.O- A medi um according to any one of clainms 18 to
39 wherein the ligand 1s present in the nmediumat a concentration of 20

ng/ m . 36 4B0.Use otfeditme acediding o anypne s clatims |1 9s29 gomprigingi TNF
propagati ng st,em l1s, preferably.human enbryoni ¢ stemcell.s, in an
indi 1 Fer ent iAR11 PG (BSvelgsowih Tt & TUSSAROI Heiefolie 34 Red! A2 cel
cul ture nediggiymasghodbsl®stér. any one of claims 15 to 35. 43. A stemcell
derived fromthe stemcell according to claim42. WO 03/104442

PCT/ AU03/ 00813 3o mpedium ageendiogltp amyaene of glaimeakt tpdptwhereip the stem

differentiat %ﬂé.g?{a'h\\éeeogﬁr&é’?@\?gﬁiﬁ%gg}Sﬁg*(#ia&?&ordi ng to claim43 or 44. 45,

A net hod of ct er of stemcell differentiation

conpri siMog @21 nifstrediurg sceortingito olaimi3 wieerdirt ther stefn cell 8 anoBEBalt | on
contai ning an agoni st of a LPL receptor. 46. A nethod of treating or

preventing azli SQU fRYdith atE8MINGHD clafth B8N REYeirrhelRe OB s RES cell.
adm nistering to an animal in need thereof a conposition containing a

o o S g SRRt %56 058 P Lplme 7 1R T s o
adm ni stigr i mgedianeis sastandard seroaefteé hesdiom. a

35. A medium according to any one of claims 17 to 34 comprising 25mM

Hepes.

36. A medium according to claim 34 or 35 wherein the base medium is

based on DMEM supplemented with insulin, transferrin and selenium.

20 37. A medium according to any one of claims 17 or 19 to 36 wherein the
agonist is S1P and is present in the medium at a concentration of from 0.1
pM to 10uM.

38. A medium according to any one of claims 17 or 19 to 37 wherein the
agonist is present in the medium at a concentration of about 10uM.

25 39. A medium according to any one of claims 18 to 38 wherein the ligand
is present in the medium at a concentration of from 1 ng/ml to 20ng/ml where
the ligand is either PDGFaa, PDGFab or PDGFbb.

40. A medium according to any one of claims 18 to 39 wherein the ligand
is present in the medium at a concentration of 20 ng/ml.

30 41. Use of the medium of any one of claims 17 to 40 in propagating stem
cells, preferably human embryonic stem cells, in an undifferentiated state.
42. A stem cell grown and/or maintained in a cell culture medium
according to any one of claims 15 to 35.

43. A stem cell derived from the stem cell according to claim 42.



conposition containing an agoni st of a LPL receptor and a |igand of a cl ass
[11 tyrosine kinase receptor. 48. A nethod according to any one of clains
45 to 47 wbesais4t he nodulation is inhibition of differemCirattiosno71d5 49. A
met hod according to claim45 or 47 wheregjpn the LPL receptor is selected
fromthe group consisting of S1 Pl S1 P2, S1 P3. 50. A nethod according to

any one of ciai o &fom 41 tH& 9%t p’ﬁ‘éftf%iugg‘iﬁe nfR0! derivieR e Ble | P! 0.

51. A nethod according to any one 0 erein the 20
agoni st is scmlmnoedimgmtdna@muMcony sting of SI P, di hydro S1 P, LPA,

PAF d SPC t ts th A cord| g to
cl ai magl V\/ne‘} nc %88& é)?qw?\é%”&nﬁ pf‘?e)’rﬁ@?f’gn @'&9@ t E af8r &61 .
A et hod aCCdlfféﬂe'ﬁﬂaﬁ@n Cdcthprising wﬁ&ﬂhm.ﬁeh ROYM Hnirhal Fh YEEP tRbRF a 2_5

functional equival ent thereof. E@ according to any one of clains
46 to 535vmamnposmm cquamlm@anlagmﬁorfaddﬁi raceiptorPDGFR- a or PDGFR- 1i . 55.

A net hod acc n e.of . .clains 46 t 54Wnre| th a Is a
PDGF or func d‘? 69% Qﬁt tr?ﬂg'r"%of)r Eﬁ\@@ijnﬁ et 88r &?d?t%“t& el| ai m
55 wherein tchﬂer%ﬁ%tlcbﬁ dIpiading  EdradteAng OGP antBa0H 18kt 3hereof a

PCT/ AU03/ 00713 51 57. A nethod according to any one of clains 45 to 56

conpri si ng wRMpIsitionForipistig anigand eéevaasy bliyrogine kinase racepiotar i ni c

acetyl chol i a [ or..p ster ordi ng
Ry one. o PR Hetndd of  BERHT hr PRENEANNG® 2 isBtier oy SR BEf
foetal t10ss whfferentstion dompmtﬁ‘ng 5@dmm|$tehhg)dtoa<a¢10raﬂirﬁ§l i st Th&Rorhgrei n
the stem cell iss§| ES cel | . A nmethod _according to claim58 wherein

the stem cel4OMROSHig{EeORigINing 90 momsi ¢frat-RedegePiosianchadeand iad@ €as®ri si ng
a class I11 ”my,@gn@q("l%sr@lseecepg&_cept or ligand and/or a LPL receptor agoni st.

48. A method according to any one of claims 45 to 47 wherein the
modulation is inhibition of differentiation.
15 49. A method according to claim 45 or 47 wherein the LPL receptor is
selected from the group consisting of S1P1, S1P2, S1P3.
50. A method according to any one of claims 45, 47, 48 or 49 wherein the
agonist is a phospholipid.
51. A method according to any one of claims 45 or 47 to 50 wherein the
20 agonist is selected from the group consisting of S1P, dihydro S1P, LPA, PAF
and SPC or functional equivalents thereof.
92. A method according to claim 51 wherein the agonist is S1P or
functional equivalent thereof.
53. A method according to claim 51 wherein the agonist is dihydro S1P or
25 functional equivalent thereof.
54. A method according to any one of claims 46 to 53 wherein the tyrosine
kinase receptor is PDGFR-a or PDGFR-B.
55. A method according to any one of claims 46 to 54 wherein the ligand
is a PDGF or functional equivalent thereof.
30 56. A method according to claim 55 wherein the PDGF is PDGFaa,
PDGFab or PDGFbb.



62. A pharmaceutical conposition according to claim61 conprising TNF

al pha, NGF (nerve growh factor), a nuscarinic acetylcholine agonist, or a
serum or wboshei44ester. 15 63. A nmethod of produci ng a poparattiosnoas
proliferating undifferentiated stemceldis froma stemcell which nmethod
conprises incubating the stemcell in the presence of an agonist of the

LPL receptorgy 64-Aﬁ1éfﬁbagﬁcgiqi§%waﬁ'y Bele df RS %@Eoﬁlgﬁéihbﬂs@ bing

undi fferentiated stemc ma stemcell which method conprises
i ncubati ng tTYF sipim,NGF (newve growtle fanter ea trussariaid aceiyighelinesagonists or | |

tyrosi ne ki nase receptor,. .65, A nmethod of producing a popul ati on of
proliferati @%WW@?‘QFR‘?‘&%%— stemcells froma stemcell which nethod

conpri ses i nggibat A ethbd SRMBG! o aryohd>f ISARLS téf57awhaammitsd sedma LPL
receptor and a ligand of a class Ill ~ tyrosine kinase receptor 25 66. A

met hod adcoratilig desived diom fadablissss itisstiBe LPL receptor is selected

fromthe gr cofs) St > R : accordi ng
to any one of”cl d&i@&éga%ggggﬁ&%g}%@@ﬁ”ﬁﬁ%léghgeg%?ﬁz?"séaﬁﬁg%éﬂbl i pid.
68. A nethod accordi ng to any,one of . clai 63,,65,, 66 or.67 erein the
30 agoni st i@P-sel’dét ijra&ﬁP{qﬁ'%g 8'@5“@%&&6%@'?131%#951‘3@?'3& hggr (ﬁSI P, LPA,
PAF and SPC or functional equivalents thereof. 69 A nethod according to

cl ai m 6810whefbi n A hasgweesticalscanpogiiion conyyrishithie elgas JHIteiosinenkingse. Wo

03/ 104442 ng/ﬁéwi/“g%zé%gﬁ& Jepﬁirgﬁ%éwgaggﬁigfdi ng to claim®68 wherein the

agoni st is func rval'ent thereof. 71. A nethod
accordi ng togany Aphadhactalics compositich adeerding td bkimi @kaoomprising TRFG- or

functional equivalent thereof. 5 72. A nethod _ accor |gﬁgto any, one of

claims 64 tAlPhaviNEFeineryegrawthdarier)., aunHecarnie aeply e peRRiRL O &

PDGFR- (3. 7 M ing to claim71 wherein the PDGF i s PDGFaa,
PDGraD o7 P BR6HHBPESEE

15 63. A method of producing a population of proliferating undifferentiated
stem cells from a stem cell which method comprises incubating the stem cell
in the presence of an agonist of the LPL receptor.

64. A method of producing a population of proliferating undifferentiated
stem cells from a stem cell which method comprises incubating the stem cell

20 in the presence of a ligand of a class Il tyrosine kinase receptor.

65. A method of producing a population of proliferating undifferentiated
stem cells from a stem cell which method comprises incubating the stem cell
in the presence of an agonist of a LPL receptor and a ligand of a class Il
tyrosine kinase receptor

25 66. A method according to claims 63 or 65 wherein the LPL receptor is
selected from the group consisting of S1P1, S1P2 and S1P3.

67. A method according to any one of claims 63, 65 or 66 wherein the
agonist is a phospholipid.
68. A method according to any one of claims 63, 65, 66 or 67 wherein the

30 agonist is selected from the group consisting of S1P, dihydro S1P, LPA, PAF
and SPC or functional equivalents thereof.

69 A method according to claim 68 wherein the agonist is S1P or

functional equivalent thereof.



74. A nmethod according to any one of clainms 64 to 73 conprising use of 10
TNF al pha, NG (nerve growh factor), a mnmuscarinic acetyl choline agonist,
or a serwmosnoqghorbol ester. 75. A nethod according to amgTot@3né71sl ai ns
64 to 74 wherein the stem cell is derividd fromfoetal tissue or adult
tissue. 76. A method according to claim75 wherein the stemcell is an ES

cell. 15 777p9A nntm%o@%o@aing 16 @IitnPeSrwheréihahg iagohlke isdingures i Pigr a hES

cell. 78. A population of undiTferentiated stemcells produced by at |east
one of the fusctiond emdalaniierapfany one of claims 63 to 77 or using a

medi um acc I ng,to_an ne of clains 17 7,9 f . l.gt of a
LPL recept o?}?'or ’ﬁﬂﬁﬁwi %‘@C%@E}ﬂﬁar?&%%&e Qgglc?iﬁ%?gr‘le% ?@ﬁ@ﬁe'ﬁﬁh%q@?bﬁm cel | .
80. Use of asld PB®F ef fumctibAaBeduivalét tberets. ki nase receptor in nodul ating
spont aneous differentiation of a stemcell. 81. Use of a ligand of an

agoni st & a72.DL Aduelhodraceeiliag &0 sy onelofiajaigsi Gikto k1 whekeip the ptresinen
modul ating s i f b Al iPHGeR-@ stemcel | 25 82. Use according
to claim?79 @ﬁgégp%eﬁ%ﬁs] é[ﬁggﬁéﬂ%&ecepfgr@i s selected fromthe group
clonsi sting of3.S1 le\,;egiodl’Qac&Umddh ifg 103 cldi®. 7Wswhaesinr then®DGF aisy POGF 2,
clainms 79, 81 or_ 82 erein the agonist is a phospholipid. 84. Use
accordi ng toPQ@F%]@BP(%%-WB 79, 81, 82 or 83 wherein the 30 agonist is

sel ect ed 11 o t NeaghOWRCRRRFSh RS o, oRbas IAIH E ook BhsinBAe gnd_SPC

or function equi va . Use according to claim rein

t he agonitst TNF3pharNGEnoeneangiowtk factog| amiusdasinéoacetyiCholBiel8gadriat, or

PCT/ AU03/ 00713 53 86. ﬁfﬁ according to claim84 wherein the agonist is

di hydro SI P 3FerY X PhG fval ent thereof. 87. Use according to any one

of claims 80740 8R MERILAI dbdoRfing tIARY ohe o cldiFseto T4 WHerSiRdhe Sfitrhval ent
thereof. 5 88. Use according to any one of clainms 80 to 87 wherein the
tyrosi ne cell is derived from foetal tissue or adult tissue.
76. A method according to claim 75 wherein the stem cell is an ES cell.
15  77. A method according to claim 75 wherein the stem cell is a hES cell.
78. A population of undifferentiated stem cells produced by at least one of
the methods according to any one of claims 63 to 77 or using a medium
according to any one of claims 17 to 40.
79. Use of an agonist of a LPL receptor for modulating spontaneous
20 differentiation of a stem cell.
80. Use of a ligand of a class lll tyrosine kinase receptor in modulating
spontaneous differentiation of a stem cell.
81. Use of a ligand of an agonist of a LDL receptor and a class Il tyrosine
kinase receptor in modulating spontaneous differentiation of a stem cell
25 82. Use according to claim 79 or 81 wherein the LPL receptor is selected
from the group consisting of S1P1, S1P2 and S1P3.
83.  Use according to any one of claims 79, 81 or 82 wherein the agonist is
a phospholipid.
84. Use according to any one of claims 79, 81, 82 or 83 wherein the
30 agonist is selected from the group consisting of S1P, dihydro S1P, LPA, PAF
and SPC or functional equivalents thereof.
85. Use according to claim 84 wherein the agonist is S1P or functional
equivalent thereof.



ki nase receptor is PDGFR-a or PDGFR-(3. 89. Use according to claim 87
wherein the PDGF is PDGFaa, PDGFab or PDGFbb. 90. Use according to any one
of cl ai rew093t104489 wherein the stemcell is 10 derived fPecmAwWavedi3ti ssue
or adult tissue. 91. Use according to ckaim90 wherein the stemcell is an
ES cell. 92. Use according to claim90 wherein the stemcell is a hES

cel . 93. Usgp of 34k a@eBidiig @b &8RN LAY WIRGERI Bie iddoBlsPdycdiRgdd BaPubpt i on
of proliferating undifferentiated stemcells froma stemcell. 15 94. Use

of a |i gand fafctional gguivalenttaresf.ne ki nase receptor in producing a

popul ati on prqliferatin ndi fferent | t | s from tem cell
55 'Use of - agatie el K ahy st BES 50 RoaG Sropely B eR &
tyrosine KiPRGE drdaaslichal equivatiehérgost popul ati on of proliferating
undifferentiated stemcells froma stemcell. 20 96. Use of a conposition

cont ai ni Ag &8 agdsssaceerding o arycepe Rt ¢lainas Ginhdd whetqiedhpnlyrasine
preventing a:di.so f, DRERS € ' entiation. 97. Use of a

conposi ti onq{(':rgén%aﬂi’e(élghtgoqés F’I gaan%lo4‘)r gbgﬁ "I'l'l tyrosine kinase receptor in
a nethod of 89 eatlistgaotordingvientlaing 84 wherelrdihe BDGH BrPDEHaa, PDGFab or
differentiation. 25 98. Use of a conposition containing a |igand of a cl ass
11 tyrosi ndREFBBe receptor in a nmethod of treating or preventing a

di sorder of gy em%% ggﬁﬁpyﬁoggﬁg» BhbQ c?gimsAVg‘fc? oy Rérelirt! 8HY "s{é{ﬁ 28113s

conpound capabl e spont aneous differentiation of a stemcell,
whi ch n#ohodieriveg ficer foddal tisspesorragudt tisBuer ecept or to a test conpound; and

o om0l O Sl SR i b B R gen 00 A e

di fferentiatgoon Qislagdstingab!clait0C WHEPEIRQHe SRR &5 a WR 86104442

PCT/ AU03/ 00713 54 exposing a ligand of a class IIl tyrosine kinase

receptor to 93.t edise ep@poaaeniskat the LPL receptor in producing a population of
proliferating undifferentiated stem cells from a stem cell.

15 94. Use of a ligand of a class lll tyrosine kinase receptor in producing a
population of proliferating undifferentiated stem cells from a stem cell
95. Use of an agonist of a LPL receptor and a ligand of a class Il tyrosine
kinase receptor in producing a population of proliferating undifferentiated
stem cells from a stem cell.

20 96. Use of a composition containing an agonist of a LPL receptor in a
method of treating or preventing a disorder of stem cell differentiation.

97. Use of a composition containing a ligand of a class Ill tyrosine kinase
receptor in a method of treating or preventing a disorder of stem cell
differentiation.

25 98. Use of a composition containing a ligand of a class Il tyrosine kinase
receptor in a method of treating or preventing a disorder of stem cell
differentiation
99. A method of identifying a compound capable of modulating
spontaneous differentiation of a stem cell, which method comprises

30 exposing a LPL receptor to a test compound; and

determining binding of the test compound to the LPL receptor.
100. A method of identifying a compound capable of modulating
spontaneous differentiation of a stem cell, which method comprises



determ ning binding of the test conpound to the tyrosine kinase receptor.
5 101. A nethod according to claim99 or 100 wherein the nodulation is

i nhi bi ti owoaB/10i4#f erentiation 102. A nethod according to @caiAtod®oms 101

wherein the LPL receptor is selected f34omthe group consisting of S1 P1,

S1 P2, S1 P3. 103. A nethod according to claim100 or 101 wherein the

tyrosine kinase S P NeCcRPGSH ActiBhtopdoagcestli ng to
cl ai m 103 wherei nig%glﬁg%—harégge%?gralggs |I§ R- geolg}ﬁlé;s[)eé:R- . 10% A net hgd

accor di ng t compaundl&¥ wherein the PDGF is PDGFaa, PDGFab or PDGFbb. 15

gg?l ;A\s nﬁé??\?egcgg{ﬁ%{“ﬂg&g ‘%af@)ﬁg tg‘fp %ﬁ?: {%W%ggh(g tolgzﬁ\h&rqe;ér?% l{;ﬁ%ccor di ng
to claim10f, gin the stemcell is an ES cell. 108. A nmethod according

to claim2106 erein the stemcell is a hES cell. 20 25
5 101. A method according to claim 99 or 100 wherein the modulation is

inhibition of differentiation
102. A method according to claim 99 or 101 wherein the LPL receptor is
selected from the group consisting of S1P1, $1P2, S1P3.
103. A method according to claim 100 or 101 wherein the tyrosine kinase
10 receptor is a PDGF receptor.
104. A method according to claim 103 wherein the PDGF receptor is
PDGFR-a or PDGFR-B.
105.‘ A method according to claim 103 wherein the PDGF is PDGFaa,
PDGFab or PDGFbb.
15 106. A method according to any one of claims 96 to 105 wherein the stem
cell is derived from foetal tissue or adult tissue. . '
107. A method according to claim 106 wherein the stem cell is an ES cell.
108. A method according to claim 106 wherein the stem cell is a hES cell.

20

25



