17 OCT 2006 | ~iG WO 03/095628 PCT/ GB03/ 01967 1 CONTROL OF ES CELLVSELF
RENEWAL AND LI NEAGE SPECI FI CATI ON, AND MEDI UM THEREFOR 5 The brieént 2:u0
invention relates to culture conditions and nmethods of.culturing
pluripotert stemcells in order to pronote stemcell self renewal and to
prevent or control differentiation of the stemcells. The invention
further prwoicg@seseet hods for isolating and maintai ni pgT/A|ERGRKAEOUS
preparations of pluripotent stemcehls. The nethods and conpositions
provided are suitable for culturing and isolating 10 pluripotent stem
cells such as enbryonic stem (ES) cells. The establishnment and mai nt enance
of in vitro pluripotent stemcell cultures in the presence of nedi um
cont ai ning serum and Leukaem a I nhibitory Factor (LIF) is well known

(Smth et at. (1988). 5@ ?)6 688- 90 Such net hods have been 15 used to
mai ntain pluripotent© bmn E$ SRLLSHLE RENEWALANR ai ns of perni ssi ve

mce over many pag R@mﬁﬁﬁ pl uri potent stem
cell cultures is ﬁ@@'&%er supgg(? éuéfgﬁﬁ%é are cultured in
the presence of feeder cells or extracts thereof, usually nouse fibroblast
cells. Under such conditions it is possible to maintain human ES cells in

a plur |5potTé1¢t Preseitteingemtion 2itemiy cpliss agaditions and tmmtaods!\oﬁculmrmgl ng probl em
i ntense effor remai ns the case that

inthis fi i S.t esp

pl uri pot e Feirﬁlsgegn BEF[ gogiqqtg pWPtﬁét%P?KL%f EREWRhARA ) preMentor

ext ended Qﬁ)bbﬁ{ﬂﬁd [ es not from
all 25 enbryos. ﬁﬂét%hr%ﬁ%@gé& urﬁ%gﬁ%ﬁrtﬂ%qhﬁﬁﬁggﬂp%g%?ggﬁ@?ﬂsed but can

not then ti@'lsoiahngtaaldmmintamnrtgﬂmwwnéaﬂsmbdrﬂﬁa}r&!ﬁfpwrm@n@st@ﬁﬁﬁéﬁ!@ study of

t he ceIIsT%r htﬁ‘ir genetlc mani pul ation. This is particularly the case for
rodent (ot!hEME fls dpghEoBpesitions revided are sultable for culturing and isolating

10 pluripotent stem cells such as embryonic stem (ES) cells,

The establishment and maintenance of in vitro pluripotent stem cell cultures in the:
presence of medium containing serum and Leukaemla inhibitory Factor (LiF) is
well known (Smith et al. (1988) Nature 336: 688-90). Such methods have been
16 used to maintain pluripotent embryonic stem (ES) cells from strains of permissive
mice over many passages. Maintenance and self renewal of pluripotent stem celi
cultures Is further supported where the stem cells are cultured in the presence of
feeder cells or extracts thereof, usually mouse fibroblast cells. Under such
conditions it is possible to maintain human ES cells ini a pluripotent state over

20 many passages in culture,

A continuing problem in this field is that, despite intense efforts, it remains the
case that pluripotent cuitures of ES cells can be derived and maintained for
extended periods only from a few species and even In those species not frdm ail
25 embryos. Insome cases, piuripotent cells can be identified but can not then be
maintained in culture for sufficient time to enable study of the cells or their genetic
manipulation. This is particularly the case for rodent (other than some strains of

mice) cells.



mce) cells. 1 f DC (UB6 WD 03/095628 PCT/ GB03/01967 2 A further problem

is that ES cells that can indeed be nmaintained in a pluripotent ,is;temg PG
cul ture over nmany passages can only be so nmintained using nmedium’ that

contains serumor serumextract, and hence is undefined, or using cel
culture conditions that require the presence of other cells, such as the
fibrobl astW9 W/@edér cells used to maintain human ES ' eet/sysodonever, where
ES cells are intended to be subjected to subsequent controlled
differentiation into desired cell types, it is undesirable to utilise an
undefined culture nediumor to have heterologous cells present. 10 The
serumtypically used in culturing pluripotent stemcells is fetal calf

( bgvi nﬁ) Sédrtier pighlem is %‘akﬁlﬁmuﬁ @%Gﬁfz@ﬂﬂeﬁhb%wt@ﬁeﬁ%@ BWEP%t_IenEyt oki nes
oot hvays i ISR TSR B, BRsaedh BB, b G HREBnst e FEHLAL' O ¢ e

nmedi um whoggt bavthiaS NefudNort SumeaRict adndobéreen® WRidefihéd, edramfingtelpn i s
unquantifiabl.e, and could be potentially 15 del eterious. ‘Further, each

ser um bat céulfugse condifinnsding reauireditia peesenge ohethencalla: ichasithe fieroplest ocol s.  As
aresult, the ES cells obtained, by ¢ ure in.such c I [ and any
i o it 1 PGS GHISGHRY SreaB e B PHE APSAARER B Eovebhents o
the 20 megichqaatd B8 sibjedsd {o%u%ﬁé@JéﬁcéﬁRﬁéﬁ dfRHdrtiatidiintrdesireganii red to
maintain the ES cells. "These factors mtigate agali nst devel opnment of good
manuf act ur fypgs, primatidesisatfierto thidisa@eutindefmed ot mggilmcen foohgvef ES cells
and their rol%gorby. Vﬂsen deriving a differentiated cell population from an
ES cel | cul§'G{00dqus cpds BiSEsi rable to be able to convert a high proportion
of the ES cells into progeny of the sane type - i.e. to maintain as
honbgeneous a popul ation of cells as

10  The serum typically used in culturing pluripotent stem cells is fetal caif (bovine)

serum, which is known to contaln a complex mixture of cytokines and other
signalling molecules. In order to control differentiation pathways it is undesirable
to introduce unknown cytokines to the culture medium whose influence on the
eventual outcome of differentiation is unquantifiable, and could be potentially
15 deiéterious. Further, each serum batch is unique and introduces variation into

culiure protocols.

As a result, the ES celis obtained by culture in such compiex media, and any
differentiated progeny thereof, risk being contaminated by components of the
20 . media and/or by cells such as feeder cells that are required to maintain the ES
cells. These factors mitigate against development of good manufacturing

practices for therapeutic and other applications of ES cells and their progeny.

When deriving a differentiated cell population from an ES celi culture, it is
25 desirable to be able to convert a high proportion of the ES cells into progeny of
the same type - l.e. to maintain as homogeneous a population of cells as
possible. However, in practice, it is observed that, following differentiation, a cell
population is obtained that contains a heterogenous mixture of cells. Hence, it

is desirable to be able to carry out differentiation of an ES cell population



possi bl e. However, in practice, it is observed that, follow ng
differentiation, a cell population is obtained that contains a 17 nr7 2006
het er ogenous nmi xture of cells. Hence, it is desirable to be ablé to carry
out differentiation of an ES cell population 1 7 OCT 201)6~ WD 03/095628
PCT/ GB03/ 01967 3 obtaining a purer popul ation of progeny. EP 1077254
descri bes WotBods8and conpositions for the differenti acitasonfiosrst romal
cells from adi pose tissue, which may include interleukins, FG-F and 5
serum and anounts of TG (3 sufficient to induce differentiation into
snmooth nuscle. EP 0753574 descri bes nethods and conpositions for ex vivo
human progenitor cell expansion. The culture nmedi um contains stromal
cell's, typbﬂﬂﬁMyapu&m&bFME@dwoﬂ@n@é@woblast cells. WO 00/ 05344 descri bes
mai nt enance of Drosophila germine stemcells and propagation of somatic
stemcells of other species when co-cultured with genetically engi neered

oot oporEr 1 4cen R ARHOG: SRRCLHENRRS 12, M BUR i &l g o

ure

| east onespémal pelRt BHA, adipoddy BdsedS Yhiohhinki tigdludn thiéridliking, tRBFY aggt ract . 20
US 2002/ 0028510 descri bes net hods and conpositions for the differentiation

of pl &ri pouBhtandeameurts o T@GHE Isufisient & indbre iffarantiatieaniorsmoasl | t ypes.
us 575037ﬁ_[ug§%cr_i bes nethods and conpositions for differentiation of
mul ti pote ural stemcells'in culture nmedi um supplenmented with at | east
one 25 growth factor. WIles and Johansson, Exp. Cell Research, 1999 (247)
pgs 241-248 descri bes

EP 0753574 describes methods and compositions for ex vivo human progenitor

cell expanéion. The culture medium contains stromal cells, typically transformed
10 fibroblast cells. ‘

WO -00/05344 describes-maintenance of Drosophila germline stem cells and
propagation of somatic stem cells of other species when co-cultured with
genetically engineered Drosophila cells.

15
WQ 96/40866 describes serum-free culture of human haematopoietic progenitor
and stem cells in a culture medium containing at least one of a peptone, a

protease inhibitor and a pituitary extract.

20 US 2002/0028510 describes methods and compositions for the differentiation of

pluripotent cells from umbilical cord blood into neuronal celi types.

US 5750376 describes methods and compositions for differentiation of
multipotent neural stem cells in culture medium supplemented with at least one
25 growth factor.

Wiles and Johansson, Exp. Cell Research, 1999 (247) pgs 241-248 describes
maintenance of undifferentiated cell lines in the presence of LIF and Fetal Bovine

Serum. When ES cells were grown in a serum free medium they rapidly lost their



mai nt enance of undifferentiated cell lines in the presence of LIF and Fetal
Bovine Serum Wen ES cells were grown in a serumfree mediumthey rapidly
| ost their WD 03/ 095628 PCT/ GB03/ 01967 4 ES cell phenotype and{dével opeéd
into a range of cell types, including neuroectoderm Hence, an object of
the invention is to provide nethods of culturing and culture 5 nedia
sui t abl e fwoopdeszs potent stemcells, which are capabl gcpkp&uwprerti ng sel f -
renewal of said stemcells in an undifferentiated state for many passages.
A further object of the invention is to provide a culturing systemthat
permts maintenance of a pluripotent stemcell culture in vitro until
differentiatiaon of the cells is induced in a controlled manner. A stil
further olf®aelophédrdypen\aendt develosed intdOa praage def oelt Hppbs, aindudiogposi ti ons

t hat enhance the jsolation of pluripotent stem cells and facilitate their

i sol ati on TOMEBIRCKIAENI sns refractory to ES cell isolation or from which
pluri potent stemcells have not yet:been isolated. The present invention is
based on the observation that culturing pluripotent stem 15 cells, such as

ES cel |'s, Hdhceean Bbjebest g Hvantsmirtd pioviieagethods of afiturhg agdtafure(e. g. LI F)
and TG--G3 superfamly (e.g. BMP4) signalling pathways pronotes seif

r enewal5 ofmedia sgtt@bie @ pllgri;?céentrﬁcﬁrﬂ icplise vhiaisaigeaapablerfd suppaTtiv;eelr esence of
001 30 s SRR S ROy LB et BT ) YesbalpRLig g oot o
20 Accor dighghet oledt &iSthedimR@fionok fohstolaBen Uiy S)etsiAhihpemsis of a
conbi nation of: “(a) an activator of a signalling pathway downstream from a
recept or dhaintenendaht ¢ Blusipptent e gell cultdredip il vl differentiation obthea gp130
downstr earge é %qgtlzltljc‘!er&% %%torht%}/e’d r!nerllnner. A still further object of the invention is to
10 provide methods and compositions that enhance the isolation of pluripotent stem
cells and facilitate their isolation from organisms refractory to ES cell isolation or
from which pluripotent stem cells have not yet been isolated.
The present invention is based on the observation that culturing pluripotent stem
15 cetl.s, such as ES cells, in serum-free media comprising agonists of the gp130
(e.g. LIF) and TGF-B superfamily (e.g. BMP4) signalling pathways promotes self
renewal of the stem cells for multiple passages. Hence, in the presence of gp130
signalling, an agonist of the TGF-[ superfamily signalling pathway provides a self
‘renewal stimulus rather than a pro-differentiation signal.
20 .

Accordingly, a first aspect of the invention provides the use of a combination of:-

(a) - an activator of a signalling pathway downstream from a receptor of
the TGF-[3 superfamily; and
25
(b) an activator of a gp130 downstream signalling pathway, in

promoting self-renewal of pluripotent cells in culture.

One or more signalling pathways downstream from a receptor of the TGF-B



pronoting self-renewal of pluripotent cells in culture. One or nore
signal I i ng pathways downstream froma receptor of the TG~ (3 1 ? OCT 2 Qﬁ}:
WD 03/ 095628 PCT/ GB03/ 01967 5 superfam |y can be activated usirig/ api! Zulld
agoni st of a receptor of the TG~ (3 superfam |ly. Exanples of receptors
are the BMP receptor and the TG~ (3 receptor, as well as receptors bound

by acti vi nwanglsanelal . Activation of one or nore signabkicR@Gopat hways is
preferably achieved using an agoni st of a BMP 5 receptor. Activation of

one or nore gpl30 downstream signalling pathways can be achieved by use of
a cytokine acting through gpl30, for exanple a cytokine or other agoni st
of the LIF receptor. 10 An agonist of a receptor of the TG~ (3 superfamly

i s suitablsyparfareifbean dfe kbibvatddChising v pgsrigindt ¥ retestboalthe NGH-gct ors, and
is preferably a bone notphogenetic. protei r&ééBl\/P) such as BMP-4. Known
honol ogueSUBET@NBA, B@awles ORKEEEpint argimy BME deegptor snil ttae | T3F-8s are

honol ogue - I speci.es such 15 a e ent apl eqgi c (dpp) from
Dr osophi | 3oHERe 35 NelT 25 PoresBlys BTy it el aRdabRtahal B iranes 4, o
and 2. quﬁbrp@gﬂéumghpa‘tﬁwagﬂs brSEr B AhReEd YBIniPak ageRisiBf @ BifipBMP4 and
BMP8, which is easier to obtain in sécreted formthan BMP4. The term
"agoni §t" IEeePiPlso i ntended to enbrace minetics, fusion proteins or
chimaeras of TGF-13 superfam |y signalling polypeptides, and fragnments, 20
vari ants and derivatives thereof, capable of activating receptors of the

I i e T g s e T
oncost at i cMesed by Lisé op bugtakline-ating through gp130, for example a cytokine or
other agonist of the LIF receptor.
10
An agonist of a receptor of the TGF-B superfamily is suitably a member of the
TGF-B superfamily of signaliing factors, and is preferably a bone morphogenetic.
protein (BMP) such asABMP-4. Known homologues of BMP4, such as BMP2 and
BMP?7, are also suitable, as are homologues from non-mammalian species such
15 asdecapentaplegic(dpp) from Drosophila melanogaster. Good results have been
cbtained using BMPs 4, 8 and 2. Good results have aiso been obtained using a
chimera of BMP4 and BMP8, whith is easier to obtain in secreted form than
BMP4. The term “agonist’ is also intended to embrace mimetics, fusion proteins
or chimaeras of TGF-B superfamily signalling polypeptides, and fragments,
20 variants and derivatives thereof, capable of activating receptors of the TGF-§

superfamily.

Cytokines capable-of acting through gp130, and thus of activating gp130 signal
transduction, include LIF, CNTF, cardiotrophin, oncostatin M and IL-6 plus siL-6
25  receptor, Suitable cytokines include mimetics, fusion proteins or chimaeras that

can bind fo and/or aclivate signalling though gp130.

The role of cytokines acting through gp130 in the presence of serum is well
established, hut the capacity of those cytokines to sustain undifferentiated cells



25 receptor. Suitable cytokines include mnetics, fusion proteins or
chimaeras that can bind to and/or activate signalling though gpl 30. T e
i

A

rol e of cytokines acting through gpl30 in the presence of serumi $ 9€l il
established, but the capacity of those cytokines to sustain

undi fferentiated cells WO 03/095628 PCT/ GB03/01969 6 in the absence of
serum i s | Whits/e9de28 Pr evi ous data on BMPs, both from devetigpmensal studies in
vivo and in ES cells, points to acivity in driving nmesodermal and
epidermal differentiation. There is no 5 evidence in the literature that
activation 'of the BMP signalling pathway can enhance self-renewal in
pluripotent stemcells. Chemcally defined serumfree nedia for ES cell

di f f er ent inethe abserwasfissrurg idifitecand BMP4 has been previously disclosed by
Johansson and Wles (Mdl. Cell. 10 Biol. (1995) 15(1): 141-51). However,

t he medi um al so contai ned an undefined al bum n conponent and both LIF and

BMP4 wer e j in tour i ed for pro [ _

di f fer ent Fg%'yﬁ%ﬁ%%ﬁg’@gﬁﬂﬂfgr o@n i B iopE e WH&W&PBBH?% eeel 1 s.

Di f f er ent p&ihisQd abtivit) it @iy RXSERIPLIhd MR IRAPARESRliatiN KBbre 985 E,
Brachyury, was observed after 5 days in culture (see page 145, first 15

par agr &phgvidence etheblersderedhaBasivatiomof dive BMRIsignatiinti petvage daim

suppl ement ed wi t h..mich i,ghFr. co%%tra ions of LIF is capable of

mai nt ai ni Aiga"E8 ST PRSI QiUFRRte FkCqlfir ee passages (see page 143, second
colum). Hence, Johansson and W/l es describe a conposition which pronotes
differention induced by formation of nulticellular aggregates and

di f f er ent Chemnimally fietigect sbius-free2 heda fos ESf callefiffevahiiation ESnpeking.LiIFhe present

medi m ¢ 39 R -Eest Ped e esliiSdashroleraseon pasdliodloSaha f eeder
cel | 18Xt BREY1995) 15(1): 141-51). However, the medium also contained an undefined
albumin component and both LIF and BMP4 were only combined in a cuiture
medium used for promoting differentiation of ES: cells into mesoderm and
haematopoietic cells. Differentiation into cells expressing the mesodermal marker
gene, Brachyury, was observed after 5 days in culture (see page 145, first
15 pafagraph). in the absence of BMP4, the chemically defined medium
supplemented with much higher concentrations of LIF is capable of maintaining
ES cells for a maximum of three passages (see page 143, second column).
Hence, Johansson and Wiles describe a composition which promotes differention
induced by formation of multicellular aggregates and differentiation of ES cells,

20 not self renewal of ES cells.

The present invention therefore provides, in one embodiment, culture of ES cells
in medium that may be free of serum, serum exiract, feeder ceils and feeder cell
extract,

25
When using the LIF and BMP4 -containing medium of a specific embodiment of
the present invention extended passaging of ES cells is possible. In one
example, murine ES celis have been mainfained for more than 20 passages over

a three month period. Cells were passaged every 2-4 days depending on the



25 When using the LIF and BWMP4 -contai ni ng nmedi um of a specific enbodi nent
of the present invention extended passaging of ES cells is possible. |n,.
one exanple, nurine ES cells have been muintai ned for nore thah 2QC Z¥%
passages over a three nonth period. Cells were passaged every 2-4 days
dependi ng on the WD 03/095628 PCT/ GB03/01967 7 plating cell density,

t hough occwseivgmaéky cells were passaged 7-10 days aft e rgepdasdrng at | ow
density. Anot her advantage of the present culture systemis that
differentiation of ES cells 5 is reduced conpared to culture in the
presence of serum This is significant because' often the nost pluripotent

ES cells tend to differentiate considerably in serum meking their
mani pul at ptaﬁn?rméliemlnaimltmgw odzeimAbINe cellsSverel psshfed et (Cdhsusfes’ wer e

exam ned and found still to maintain ES cell 10 norphol ogy and to express
ES cel | nglekieg &t fovodensitve staining for alkaline phosphatase). Wien using a
GFP reporter gene under the control of the ES cell specific Cct-4 pronoter

green fluorescence was seen in the ES cells. Simlarly, (3-galactosidase

expr essi OAnbiHerhé it RS SEBERCUNGS STBeR id e difefentiagbh of EEDMgMar ker s
such as Cct4, Nanog, Rexl and Sox2 are expressed, further 15 confirm ng the

cel | s &reisB®duetd somphredror piiforedi thel prdsdéricer efraeinami oFhisfis sighifisantn t he
culture is found.to be: ve |.ow, I r.th a conparative culture of ES
ol | 5" i nDetRr ot S Mot S ol Bhn e e AR Rak e g ot | e
present i i : I £, -t he absence of serum
20 Enbryog?{rgﬂi'tngénklf%ipﬁg rﬁ%@%@ﬁn@%@‘cﬁ%ﬁ g%nfp?%&ghﬂ%nber of manmal i an

sources including nouse (Bradley et al (1984) Nature 309: 255-56),
Aneri can

e o0 Bl RHGES Dot %R0 R T bl oo pec”
127(1hp22(0fhdB) SRW oRBKBfess ES cell markers (positive staining for alkaline
phosphatase). When using a GFP reporter gene under the control of the ES celi
specific Oct-4 promoter green fluorescence was seen in the ES cells. Similarly,
B-galactosidase expression from the Sox2 promoter was maintained. ES cell
mRNA markers such as Oct4, Nénog, Rex1 and Sox2 are expressed, further
15 confirming the cells are ES celis. The morphological differentiation of cells in the
culture is found to be very iow, and lower than a comparative culture of ES cells
in serum-containing medium. Thus, the culture conditions of the present invention

enable ES cells to self-renew in the absence of serum.

20 Embryonic stem cells have been reported from a number of mammalian sources
including mouse (Bradley et al (1984) Nature 309: 255-56), American mink (Mol
Reprod Dev (1992) Dec;33(4):418-31), pig and sheep (J Reprod Fertil Suppl
(1991 );43:255-60), hamster (Dev Biol (1988) May;127(1):224-7) and cow (Roux
Arch Dev Biol (1992); 201: 134-141). It will be appreciated that the methods and

25 compositions of the present invention are suitable for adaptation to culturing of
other mammalian pluripotent cell cultures, including human, primate and rodent,

and avian ES cells.

Specifically, with regard to human ES cells, it is known that human ES cells



Arch Dev Biol (1992); 201: 134-141). It wll be appreciated that the
met hods and 25 conpositions of the present invention are suitable,for, .- =~

YRV

adaptation to culturing of other manmalian pluripotent cell cultéﬁe§?” e
i ncl udi ng human, prinmate and rodent, and avian ES cells. Specifically,
with regard to human ES cells, it is known that human ES cells OCT WO
03/ 095628 WCT#RBA8/ 01967 8 respond to LIF and theref erechizeigedi um and
met hods of the invention, in which 8a self-renewal stimulus is obtained in
response to a conbination of LIF and BMP4, are of application to human ES
cells. 5 Suitable cell densities for the nethods of the invention will vary
according to the pluripotent stemcells being used and the natures of any

desired prexpeny to lGFemd thaefvré hehay@uhem rmdthadedndwedtidn W iiigh embr yoni ¢
stemcells in nonolayer «culture, dissociating the enbryonic stemcells and

subsequentl Selfognewali fignutleeis ebfBingdrin sespamsedeld sombinatiorobhiéy aadil ture on a
culture s ensity,of 1 r 0.2 - 2.5 x 10 cells per. cn2, nore
parti cul aﬁwfﬁ?‘f‘ﬁg&@ﬁgf’%}wﬁg “PP‘@&%% %&[g 1.5 x 10" per cnR: The cells

proliferate as adherent nonol ayers and are observed to have a doubling
time conparable to ES cells grown in serumcontaining nedia together with
LI F. 16 Typitade celldénsities féidhe mathadseofdhie Bentisn will sary acheidingiodiyeny

accordin a the. invention are,culture surfaces,recqgnized in this field
as_usef ul PREPOE] stomgetls PRINg SARd a5 HieTatiles gl LIRS RE QLI pPRRY i cs. not al

conposi t el P149h Mﬂrw : : e?h’&g I e o cul ture

pl ate, wi dely conmercia émgga@lug%ﬁ@ﬁgi s u %@.é Sg%r@h(%ﬁ%lugtri% a eroften a few
cent i net r egiture, dissovitieg.théemisgalie stgm celd snd gpeseguepiatdiuciag the0 be used

at nuch lal[nger di e%rret ers and nmeny re&ggts plate units used. It is further

common f oPTERENAHIER 18 i Meselaysr edivse Pe& @lites pUTiRnseAicfenRitEi n,
10 from 0.2 - 2.5 x 10* cells per cm?, more particularly at a density of from 0.5-1.5

x 10* per em? The cells proliferate as adherent monolayers and are observed to
have a doubling time comparable to ES cells grown in serum-containing media
together with LIF.

16 Typical surfaces for cufture of ES cells and their progeny according to the
invention are culiure surfaces recognized in this field as useful for cell culture, and
these include surfaces of plastics, metal, composites, though commonly a surface
such as a plastictissue culture plate, widely commercially available, is used. Such
plates are often a few centimefres in diameter. For scale up, this type of plate can

20  be used at much larger diameters and many repeats plate units used.

It is further common for the culture surface to comprise a cell adhesion protein,
usually coated onto the surface. Receptors or other molecules on the cells bind
to the protein or other cell culiure substrate and this promotes adhesion to the
25 surface and itis suggested promotes growth, Gelatin coated plates are commonly

avallable and are suitable for the invention, and other proteins may also be used.

in an embodiment of the present invention, including an agent that suppresses

differentiation, such as an inhibitor of the FGF receptor in the culture medium for



usual ly coated onto the surface. Receptors or other nolecules on the cells
bind to the protein or other cell culture substrate and this pronotes
adhesion to the 25 surface and it is suggested pronotes growh.: @e{)@i’i{'ﬁiﬁ?}
coated plates are coomonly available and are suitable for the invention,
and other proteins may also be used. In an enbodi nent of the present

i nventi on, wonghdsgkkng an agent that suppresses differepticai#@fy; such as an
i nhi bitor of the FG- receptor in the culture mediumfor s ( O0;t 2(US WD
03/ 095628 PCT/ GB03/01967 9 at least part of the culturing period is found
to suppress the tendency of ES cells' to differentiate. In one enbodi nent,
the ES cells are cultured in defined serum free nedia conprising LIF and
an FGF recélgeast pariiof tiiet @itufing periciis doifrided sppressthe hefduney bhESKERs r ecept or
inhibitor s renmoved and repl aced by an agoni st of the 5 BWMP signalling
oat hvay (e CITERRUES. 1B@neamtkodinent; tedst 6611 aim pukire & definadcsreme

q . ernal. titiye.inhibit f
the’ FGF 1 ooepbarr s en S PEp bR B BBE b SMeeptor . 1
an al t er nabéfore tbelf@H reeaptor irhiti®r Rrefdivb@and fdpld@d B BY 8gbhg Jf@e r ecept or

10 i nhi it&(ﬂ. Hence, the FGF receptor inhibitor is present in the culture
medi um ? or BMEsianaieg aathwsy{e 6 BMBH). Seitable FSRseanterdnfibitass inshsledive of an

i st of ,anal L " ES-cel | be g in cult
For a1 el By NE SUBAB % PR sBE A BN el pEmPLLEHREbBA e and an For
i nhi bi t or , FER rédiptarhannreu®t, sBMBly 4 bollife & oftRE fePlorl Nhi bitor is not

renoved fromthe nmedium it 1s 15 preferred that it s a specific inhibitor
and has little or no activity on other receptors. A second aspect of the

col | sel T P aEuiT e BhpaTmE ke S1tRG NeRes Eamdis the TRRTBaRUN 20
cont ai fd ndhhibitor. Hence, the FGF receptor inhibitor is present in the culture medium for
an extended period, either in the presence or absence of an agonist of the BMP
signalling pathway. ‘ES-ceHs canbe grown in culture for at least 20 passages in.
N2B27 medium in the presence of LIF and an FGF inhibitor, in the absence of
BMP. If the FGF recepfor inhibitor is not removed from the medium, it is
15  preferred that it is a specific inhibitor and has littie or no activity on other

receptors.
A second aspect of the invention provides a method of culture of ES cells so as
to promote ES cell self renewal, comprising maintaining the ES cells in medium

20 containing:-

(a)  an activator of a signalling pathway downstream from a receptor of
the TGF-B superfamily; and

25 {b)  an activator of a gp130 downstream signalling pathway.

In one embodiment, the method of ES cell culture comprises maintaining the ES

cells in a medium containing:-



(a) an activator of a signalling pathway downstream froma receptor of the
TGF-G3 superfamly; and 25 (b) an activator of a gpl 30 downstream .
signal ling pathway. In one enbodi ment, the method of ES cell cuttufig] 70l
conprises maintaining the ES cells in a nmediumcontaining: | I OCT LG WO
03/ 095628 PCT/ GB03/01967 10 (a) an agonist of a receptor of the TGF43
super fam lwo egoags (b) a cytokine acting through gpl 30pchehMBloheds of the

i nvention can be used for stinulating self-renewal of ES cells in nedium
which is, free of serumand free of serumextract, which cells have

previ ously been passaged in the presence of serumor serum extract.
Preferably, such nethods are also carried out in the absence of feeder

cells and/or %ﬁle)d%rn_a ﬁ‘sl’f-o’eé(ﬁ%&g’ﬁd?"ﬁwmﬁgﬂfﬁﬁaﬁ“ww@ of ES cells can be

carried out c rising the eps of: ining the ES cells-in a
pluripotent state in culture, optionally on feeders, in the presence of a
cyt oki ne acting though gpl 30 and serumor an extract of serum 15
passagi ng the(b&S & @‘"&Qaqﬁ&?@sﬂfw%‘ﬁg@mw-t hdrawi ng the serumor the serum
extract fromthe nmediumand w thdrawing the feeders (if present), so that
the mediumis free of feeders, 20 serum and serum extract; and

subsequemiétiodedithaiimichforiESal Bk lused for dtipulating stibnénestzabtEB relidie presence of
an activator of ‘a signalling pathway downstreamfroma receptor of the TG
0 super f anediymamichuis feei of Reswmodndalree P setBMextrackhmhichyprils| havg

previously been passaged in the presence of serum or serum extract. Preferably,
such methods are also carried out in the absence of feeder cells and/for feeder
" cell extracts. For exalﬁple, culture of ES celis can be carried out comprising the

10 steps of:-

maintaining the ES cells in a pluripotent state in culture, optionally on
feeders, in the presence of a cytokine acting though gp130 and serum or
an exiract of serum;

15

passaging the ES cells at least once;

withdrawing the serum or the serum extract from the medium and
withdrawing the feeders (if present), so that the medium is free of feeders,

20 . serum and serum extract; and

subsequently maintaining ES cells in a pluripotent state in the presence of
an activator of a signalling pathway downstream from a receptor of the
TGF B superfamily and an activator of a gp130 downstream signalling

25 pathway.

At around the time that the serum or extract of serum is withdrawn from the
medium, it is an option to add to the medium an agent that suppresses

differentiation, for example, an FGF-receptor inhibitor. 1t is an option for the



25 pathway. At around the tinme that the serumor extract of serumis
W thdrawn fromthe nmedium it is an option to add to the nmedium an_ agent

L L

that suppresses differentiation, for exanple, an FGF-receptor i nhibi tiop?

It is an option for the WO 03/095628 PCT/ GB03/ 01967 11 i nhibitor of
differentiation to be wthdrawn at the sane tinme as or subsequent to'

mai nt enanc®WOdp/ 0458 cells in the presence of an acti vatraraehs@esi gnal | i ng

pat hway downstream from a receptor1of the TG-- (3 superfamly. 5 The

present invention also provides a nethod of obtaining a transfected

popul ation of ES cells, conprising: transfecting ES cells with a construct
encodi ng a .%l-ecta e marker; 10 plating the ES cells; culturing the ES
cells in t’ﬁé’ Brred egfatieg o aﬁ%ﬁie\yﬁt@igh@ﬁarﬁﬁéml 3s orpubacdiveny & downst r eam

froma recap the. réam ly; and (b) an activator of

gpl 30 domcrgt&bg]r%ﬂé? Sﬁgﬁﬁ Jléﬁ%ﬁ(ﬁ? &)\?ela%i\%g}]gn ag%‘{aégtqqﬁgs‘gﬁ”ﬁ§aé'@@é t hat
express t hiovewfreatranire aetdor of2fe TEF-Belissiahlye marker may encode
antibiotic resistance, a cell surface marker or another sel ectabl e nmarker

as described e.g. in EP-A-0695351. .In a further enbodinent, the present

i nventi®n OV hod of cul.ture of E el-ls, comprising the steps
of transs)f eﬁ{rel E)B&%ﬁt ?%%?@P@Lﬂ?o @?Véfi?ﬁ atH‘egmgiupftﬂb@”{‘@%s%ltfansﬁ@?%ch as an

i ndi vi dualp ldﬁoﬁl@fgspjegqu)onﬂﬁgir@gl turing. the ES cell in the presence of an

activator of signalling pathways downstreamfroma receptor of the TGF R
superfam |y and-an activator of gpl30 downstream signalling pathways, so as

to obtain a clonal .po ation of ES cells, all of which are progeny of a
single ES cell {raV%e%ﬁW%%éﬁls? Wiira eapE ISt 9eGoding a selectable marker;
l‘lO plating the ES cells;

culturing the ES cells in the presence of

- {a) an activator of signalling pathways downstream from a receptor of
15 the TGF B superfamily; and

(b) an activator of gp130 downstream signalling pathways: and

selecting for ES cells that express the selectable marker.

20 The selectable marker may encode antibiotic resistance, a cell surface marker or
another selectable marker as described e.g. in EP-A-0695351.

Ina further'embodiment, the preser_:t invention provides a method of culture of ES
cells, comprising the steps of transferring an individual ES cell to a culture vessel,
25 such as an individual weli on a plate, and culturing the ES cell in the presence of
an activator of signalling pathways downstream from a receptor of the TGF B
superfamily and an activator of gp130 downstream signaliing pathways, so as to

obtain a clonal population of ES cells, all of which are progeny of a single ES ceil.



12 Once a stable, honbgenous culture of ES cells is obtained, the culture
conditions can be altered to direct differentiation of the cell tnfﬂmane‘
or nore cell types selected from ectodermal, nesodermal or endo ernar cell
fates. Addition of, or wthdrawal of cytokines and signalling factors, can
enabl e the derivation of 5 specific differentiated cell populations at high
ef fici encywobiidices entiation of an ES cell towards a pepghRBMigect oder mal
fate may be achi eved by maintainingizthe ES cell in the presence of a

cyt oki ne acting through gpl 30 and an agoni st of the BMP receptor and then
wi t hdrawi ng the cytokine whilst maintaining the BMP receptor agoni st

and/ or adding.a further signalling nolecule capable of directing 10

di f f er ent Oaté abtablyhomasmiLe, cLANROE ES9isoBidRed, hetdufturlmanitenof LIF
| eads- to induction of: mesendodermal cell types. Wthdrawal of agonists of

the gp130°¥hae plpredsto direghdifierangiapen ﬁfﬂmesc%iﬁdmt@ror@ Yorawecalftypet h pat hways

Fanat | - noREb 90 Sloary GRet RIS TRl DRI Ras RAFROTRL T Lo, bt e

di f f er ent \ahdraWabat by@%mes drr sngisarm} eacto@%érvIeﬂabléomb%éiﬁd%h@g (shh),
Wits and FGFs. In use, towards the end of ES cell culture, it is desirable

to renbvesmniic diferbatiated CQOpOpL@t@npasbtgg@ﬁbmy@lﬂeﬁehéatmmtofamﬁfr\ is
initiatedc lhn order -to ensuretha B \?@fc@? decli.nes, a there i s no
| egacy of “F'HEWEH asqoé‘n%‘?“ra’%ﬁt?%"?u ﬁ)é aCfH? YIRENATRBRIEES one

enmbodi nen for one to
t wo passag(glsiﬁg\}herp%ﬁr?g%%?ﬁgﬁ@bwge@tﬁ;ou ﬁgﬁﬁ?@%}%@‘]é%l%gﬁb %gﬁspects of

t he i nventdceptopeny thee W:ﬁrdrmhg ﬂmud:yttmmee whﬂhtma‘izdamsglthe BMEbwabptof ES cel |l s.
One such nedi, um cg r es ?. % medi u Of 0d3/ 095628
PCT1G803/ BaYHst dmg a further Signatilng molecule capable of directing

10 differentiation.

For exampie, exposure to-BMP4 in the absence of LIF leads to induction of
mesendodermal cell types. Withdrawal of agonists of the gp130 and TGF-B
signailing pathways and/or blockade of both pathways leads to induction of a
186 neurectodermal phenotype. Alternatively, other signalling factors can be added
to the culture conditions to direct other differentiation pathways - for example,

activin, sonic hedgehog (shh), Wnts and FGFs.

In use, fowards the end of ES cell culture, it is desirable o remove BMP4 at least
20 . one passage before differentiation is initiated, in order to ensure that the BMP
sighal declines and there is no legacy of the BMP signal during subsequent
differentiation. In one embodiment, an FGF receptor anfagonist is added to the

cultures for one to.wo passages whilst removing BMP from the cultures.

25 Further aspects of-the invention provide for cell culture media for self-renewal of

ES cells. One such medium comprises:-

f

basal medium;



13 an activator of signalling pathways, downstream of a receptor of the'
TGF- (i superfam|ly; an activator of gpl30 downstream signalling pagnh%ys;

5 an iron-transporter; wherein the mediumis free of serum and iséfum:id
extract. 10 Basal mediumis nmediumthat supplies essential. sources of
carbon and/or vitamns and/or mnerals for the ES cells. The basal nedi um
i s general Wwpobnwesof protein and incapable on its owrcobssupgoerting
self-renewal of ES cells. The iron 1Xransporter provides a source of iron
or provides ability to take up iron fromthe culture nmedium Suitable iron
transporters include transferrin and apotransferrin. 15 It is preferred
that the medium further conprises insulin or insulin-like rmh . factor
and is free of feec@"ralﬁléﬂioéOﬁiwa“éwh‘%ﬂsldoé\%‘tw%@d?H@CQH%‘V f%n al so
provi des cell cult edi a prising:- 20 (a) an agonist of a TG~ (3
receptor; and (b) ufég'lgg%pc?g%ﬁ@?’acti ng through gpl 30. 25 The cul ture nedi um
is optionally supplenmented with an inhibitor of differentiation of ES
cells, or, when differentiation is desired, signalling factors that direct
differentiation of ﬂSaazt'BﬂatCesOfgﬂﬁmwfsﬁi@@hﬁi@nfgfmfbﬁéysil t is preferred
that the mediumis free of serumor serumextract. Mst - -preferably, 1 WO
03/ 095628 PCTI GB03/01967 14 the nediumis fully defined. In a preferred
enbodi ment of the i&y%ﬁ_itrgﬁsédp@r;cul ture medi um conpri ses the

wherein the medium is free of serum and serum exfract.

10 Basal medium is medium that supplies essential. sources of carbon and/or
vitamins and/or minerals for the ES cells. The basal medium is generally free of
protein and incapable on its own of supporting self-renewal of ES cells. The iron
fransporter provideé é'source of iron or provides ability to take up iron from the

culture medium. Suitable iron transporters include transferrin and apotransferrin.

15
it is preferred that the medium further comprises insulin or insulin-like growth
factor and is free of feeder cells and feeder cell extract.
The invention also provides cell culture media comprising:-

20

(8) an agonist of a TGF-P receptor; and
(b) ia cytokine acting through gp130.
25  The culture medium is optionally supplemented with an inhibitor of differentiation
of ES cells, or, when differentiation is desired, signalling factors that direct

differentiation of ES cells toward a specific phenotype.

ltis preferred that the medium is free of serum or serum extract. Most preferably,



gpl30 receptor binding cytokine, LIF, at a concentration of between 1 OU m
and 5 1000/ m, nore preferably between 50U nm and. 5000/ m, even nore
preferably in the region of 100 Wm. It will be appreciated by7arperggn
of skill in the art that activation of signalling pathways downstream from
a receptor of the TG~ (3 superfam |y can be effected 10 by either upstream
agoni sts oWotkesd&H- (3 receptor (e.g. receptor |igandsryce@nsdsttutively
active receptors, or activated downst ream conponents of the signalling

pat hway, for- exanple the SMAD signal transduction nolecules. Likew se
upstreameffectors (eg. cytokines) and downstreameffectors (eg. Stats) of
the gpl 30. si gnal transduction pathway are capable of activating this

pat hway 15thgimesliummhigiglly deénest.esent i nvention enbraces all conpositions
conprising nolecules capable of activating TG- (3 receptor superfam|ly
signal l i ng pathways and gpl30 signalling pathways in order to pronote self

reneval  of inkd prefgtedceBinbodiiek ePlcSinidfliohlind Buldfe st Al ed paceor di ng

to the invention, that culture of cells is carrred out erent
cul ture, agp30meenpiondiiedingtytbkine; 7 patta comcértirdtian dpeetwvdepundi/mhatd f ol | owi ng

mai nt enanc cells in_a pluripotent state, differentiation can be induced
with a .ﬁﬂfﬁb&nﬁ&w PisiereBRetYe a0 WM BndhBYR/aY eveninagrelpreferabhdher ent

cul tures - 0F Of y the inclusion of a cell adhesion protein, and
s R RE

in specific ex . the invention gelatin has been used as a coating
for the culture substrate. It is also preferred to culture pluripotent

cells according to the invention in nonolayer culture, though it is
optional bWl pRPresialnsl ki swersan efsipbindhe aridbat activatian obsigpalingel |

e S e e e
3- di metsi dyabitissrr YtrebRS agonists of the TGF-B receptor (e.g. receptor ligands),
constitutively active receptors, or activated downstream components of the
-signalling pathway, -for-example the SMAD signal transduction molecules.
Likewise upstream éffectors (eg. cytokines) and downstream effectors (eg. Stats)
of the gp130 signal transduction pathway are capabie of activating this pathway
15 alsb. Thus, the present invention embraces all compositions comprising
molecules capable of activating TGF-P receptor superfamily signalling pathways
and gp130 signalling pathways in order to promote self renewal of pluripotent

stem cells.

20 . ltisfurther preferred, according to the invention, that culture of cells is carried out
in an adherent culture, and in examples of the invention it has beeﬁ found that
following maintenance of cells in a pluripotent state, differentiation can be induced
with a high degree of unifdrmity and with high cell viability. Adherent cultures may
be promoted by the inclusion of a cell adhesion proteln, and in specific examples

25 of the invention gelatin has been used as a coating for the culture substrate.

It s also preferred to culture pluripotent cells according to the invention in
manolayer culture, though it is optional for cells to be grown in suspension culture

or as pre-cell aggregates; cells can also be grown on beads or on other suitable



A further conmponent of mediumfor culture of pluripotent cells according to
the invention, and which is preferred to, be present, is a factor
pronoting survival 5 and/or netabolismof the cells. In a specif%@ neT I8G
embodi nent of the invention, cells are cultured in the presence of i nsulin.
An alternative factor is insulin-like growh factor and other such

survi val awdbswseret abol i sm pronoting factors may alt ecngBimedsy be used. 10
Cul ture nmediumused in the exanpl esisof the invention preferably al so
conprises serumalbumn. This can be used in purified 'or reconbi nant

form and if in a reconbinant formthis has the advantage of absence of
potential contam nating factors, cytokines etc. The cul ture nmedi um does
not need ts6aitdas sigh amembrandsuriotherrfaddintensionangirontengs.can be omitted or
repl aced by another bulk protein 15 or by a synthetic pol yner (polyvinyl

al cohol) as described by Wles et al. A particularly preferred nedi um of
the i nventd pRnbEcoridiEbr bdlutl fof lfirkn? BluribBichs caRcdimdigeR Agl contain
any conponents which are undefi ned, at s to say conpon S whose

cont ent i snvenkiomvandowhishiis prefayed anbaipressntied arfactoo brozfotingr stirvigalf act or s

t hat agﬁ unapecified. An advant age of Msin%mﬁ_furl¥ defined nediumis that
ef fi ci eht “HAQ@T EBREABERT the selisec dN @ Shseilic gmbedinet @f teuserntient cellgani pul ati on

of plurip : | ) I o4t i s . found.that ., maintenance
of cells %Trrl@éolmﬁo %r'lh?)%‘IQ%Sgﬁ?é;%ﬁé@gaéﬁ%géﬁgp‘ée tﬁgﬁoﬁ?ﬁ{?ﬂ‘ﬂ@g'kg%ﬁWency and
greater prfagorcaadidthby sao duratalvaediotinhdtab@RET JrdRBtie tAdigdchyi n cel l's
cul tured 25 using a defined nmediumthe response to the differentiation

si gnal i s apnativalphegeadus t hen.when undefined nediumis used. A medium
according to the present invention may be used for culture of pluripotent
stemcells fromany adult tissue. 1 UL A WD 03/095628 PCT/ GB03/01967 16

(l;/%e]g Pg??nﬂcgtgn? @%}"Fﬁ‘tm@ iR QxhRplads tri TR eH pRife2Bl4i88 BSbrises
serum albumin. This can be used in purified 'or recombinant form, and if in a
recombinant form this has the advantage of absence of potential contaminating
factors, cytokines efc. The culture medium does not need to contain serum
aibumin and this component can be omitted or replaced by another bulk protein

16 or by a synthetic polymer {polyvinyl alcohol) as described by Wiles et al.

A particularly preferred medium of the invention is one that is fully defined. This
medium does not contain any components which are undefined, that is to say
bomponents whose content is unknown or which may contain undefined or
20 varying factors that are unspecified. An advantage of using a fully defined
medium is that efficient and consistent protocols for culture and subsequent
manipulation of pluripotent cells can be derived. Further, it is found that
maintenance of cells ina pluripotent state is achievable with higher efficiency and
greater predictability and that whén differentiation is induced in cells cultured
25 using a defined medium the response to the differentiation signal is more

homogenous then-when undefined medium is used.

A medium according to the present invention may be used for culture of

pluripotent stem cells from any adult tissue.



conprising culturing a pluripotent cell as described and all ow ng or
causing the <cell to differentiate, wherein the cell contains a selectable
mar kerwhi ch is capable of differential expression in the desiFke@ns w14
differentiated cell conpared with other 5 cell-types, including pluripotent
stemcells, whereby differential expression of the selectable' marker
resul ts i nwonebwsential isolation and/ or survival andpef@byii&on of the
desired differentiated cells. The didferentiated cell can be a tissue stem

or progenitor cell, and may be a 10 termnally differentiated cell. The
present invention also provides a nethod of isolating a pluripotent stem
cell or an EGor EC cell conprising culturing tissue froman enbryo, fetus

or adul t i Methoddictithedvaraioniatey: indibdd & methaydfalptdiginget diferehititediedi gp130; and
(b) an agonist of a TGF Qreceptor; and/or 20 (c) an inhibitor of a FG-
recept or PrEPRIISH SUtUIRG arrldinaientselhas dpseribed mndedowingi anpausing thef ur t her

enbodi nent -] i j - of ination.of.:- 25 (a) an
Crbo! 1ot oot g AABA BRei N BA R El e SR I Sl it )

downst r eanofsdifiershtiail Rgprsabionan shd désitell diferdMidted YO O3hPRAAHPSHHACB03101967
17 in promoting self-renewal of pluripotent cells in culture. The nethods
and pongpswffr%msr-tmlbtdm plunieatentsteracells Whereby diffecenitinl extpeessinadthEanyi ng
drawi ng | nsevl\@tgme' m5arker results in preferential is‘o!aﬁon. and/or survival andfor division

of the desired differentiated cells.

- The differentiated .celi.can be a tissue stem or progenitor cell, and may be a
10 terminally differentiated cell,

The present Invention also provides a method of iselating a pluripotent stem celf
oran EG or EC celi comprising culturing tissue from an embryo, fetus or adult in

medium containing:-

18
(&)  a cytokine acting through gp130; and
(b) an agonist of a TGF 3 receptor; and/or
20 . {c)  aninhibitor of a FGF receptor
Preferably, the medium is a fully defined medium.
in a further embodiment, the iﬁvention provides use of a combination of:-

25

(@) aninhibitor of FGF receptor signalling; and

{(b)  an activator of gp130 downstream signalling pathways



Fig: | shows a light mcroscopy image of ES cells grown at either high or

| ow cell density in the serumfree defined nedia of the invention; cells
expressing the GFP protein under the control of the ES cell speC|qu3, 2008
pronoter, Oct4, fluoresce; 10 Fig. 2 shows |ight m croscopy i mages of 't he"
ES cells stably transfected wth pPCAGtauGFP-1P in-serumfree nediumin
the preseng@ondesdad F and BMP4; 15 Fig. 3 shows a chi npgigefiRuse enbryo (at
enbryoni c day 11) created from blastocysts injected with G-P-expressing ES
cells of Fig. 2; Fig. 4 shows phase contrast and fluorescence i nages of
individual ES cells plated at |ow density in the presence of LIF and BWP4,
and clonal 20 popul ations derived therefromat 6 days post-plating; Fig. 5
shows OS25 and irCeiomgtipgEsifeengwal ohplugpajent3ellyimoouituren DVEM  F12 pl us

neur obasal nmedium (ratio 1:1) supplenmented with 1G=-1 or insulin,
apotransferrin, progesterone, putrescine and sodiumselenite; 25 Fig. 6

shows an i TREBINAGIBYS ISR &t SPBPS{PPé‘%Vérﬂfoho%r@fiil rt%Té%iT%n TAT3,

p- Smadl and p-Snmad2 at 15 mn an hour post adm ni s one or
nmore of LIFCBVPANTIGH d(aBdihg érwhiche ES cells; and O T?iJ6 1, V\D 03/ 095628
PCT/ GB03/ 01967 18 Fig. 7 shows an i mmunobl ot demonstrat ng phosphoryl ation
of ERKs} p38, Snadsl and 2 and STAT-3 at O, 15 mns, 30 mns, 1, 2, 4, 8

and 24 four s PREY SHBWSY IR AfidrO%oB itrbde 6#&§Ee1%“@6wﬂ'a‘t’§itﬁ§méh3&r to BS
low cell density in the serum-free defined media of the invention: cells
expressing the GFP protein under the control of the ES cell specific
promoater, Oct4, fluoresce;
10
Fig. 2 shows light microscopy images of the ES cells stably transfected
- with pPCAG-tauGFP-IP in-serum-free medium in the presence of LIF and

BMP4;

15 Fig. 3 shows a chimeric mouse embryo (at embryonic day 11) created from
blastocysts injected with GFP-expressing ES cells of Fig. 2;

Fig. 4 shows phase contrast and fluorescence images of individual ES
ceils plated at low density in the presence of LIF and BMP4, and clonal

20 populations derived therefrom at 6 days post-plating;

Fig. 5 shows 0825 and Oct4GFP ES cells (passage 3) grown in DMEM
F12 plus neurobasal medi_um (ratic 1:1) supplemented with IGF-1 or
insulin, apotransferrin, progesterone, putrescine and sodium selenite;

25
Fig. 6 shows an immunoblot demonstrating phosphorylation of p-STATS,
STAT3, p-Smad1 and p-Smad2 at 15 min and 1 hour post administration
of one or more of LIF/IBMP4/TGF-B1/serum to ES cells; and



phosphoryl ati on pattern at 1 hour post-admnistration is conpared with that
5 1 hour post-adm nistration of LIF + serum The invention is denopstrated
in use by the followi ng exanples. 10 EXAMPLES: Exanple 1.'Nethdd:fer
growing ES cells in serumfree, feeder cell free defined culture nmedia 15
N2627 (1:1 m xture of DMVEM F12 nedi um suppl enented with nodified N2

(25pg/ M i weuwbAs28100pg/ M apo-transferrin, 6ng/m pregesseroase, 16pg/ nm
putresci ne, 30nM sodi um sel enite ant# 50pg/ M bovi ne serum al bum n) and
Neur obasal nedi um suppl enented with B27) 20 ES cells were cultured in 0.1%
gelatin coated dishes in N2B27 medi um supplenented with LIF (1000/ m) and
BWP4 (long/m)._ For passaging, a standard protein-free cell dissociation
buffer was usedi§-d SHPYWSa8INMENee] demamiratiog phasphorylationsf ERKefp3Bhe cel | s

i mat +5 % 104 A start of cul 4 di
fircner suppr estiadd i S5 b Ty, Bt dcef Bl 2ot on-Cot s
wer e transferregst admpglitatibh @ L0F ‘ﬁ&é@#@bmf TGEYR RABSAARS. eﬂ%%rum e

03/ 095628 PCT/ (B03/01967 19 ES cells were nmaintaine
condi tions for prospiasyatmspaiiesratd houhpes-adoitisirgtienisadmpzedd withease nor mal |y

passag every ,2-4 days depending 0 pl ati ng density. Cccasionally, cell
wer e passaged f%ﬁ'rﬁaééa[g‘?'ﬁ'é{}atﬁﬂr‘a?ﬁQE *ai®V®w cl onal density.

" The Invention is demonstrated in use by the following examples.
10
EXAMPLES -

Example 1. Metho‘d' for growing ES cells in serum free, feeder cell free
defined culture media
15
N2B27 {(1:1 mixture of DMEM!F12 medium supplemented with madified N2
(25Ug/ml insulin, 100ug/ml apo-transferrin, 6ng/ml progesterone,
16ug/mi putrescine, 30nM sodium selenite and 50pg/m! bovine
serum albumin) and Neurobasal medium supplemented with B27)
20 -
ES cells were cultured in 0.1% gelatin coated dishes in N2B27 medium
supplemented with LIF (100U/fnl) and BMP4 (10ng/ml). For passaging, a

standard protein-free cell dissociation buffer was used to dissociate ceils.
25 The plating density of the cells was approximately 1-5 x 10* /om?.
At the start of cuiture, the medium was further supplemented with SU5402 (5uM)

to suppress differentiation. Cells were transferred to media free of SU5402 after
{wo passages.



5 The ES cells maintained pluripotency after nultiple passages. Upon

wi thdrawal of LIF and BWP4 the ES cells differentiated into Soxl
expressing neural precursor cells. In the presence of BWP4 but{ abgenceof
LIF, the ES cells differentiated into large flat cells of characteristic
nor phol ogy. 10 Exanple 2. Oct4-G-P expression is maintained in ES cells
cul tured uwdeswos@erum free conditions= Oct4G-P (cl onep&hplpiel | s were
cultured in N2B27 nmedi um supplenmentead with 15 LIF and SU5402 (see Exanple
1) in 0.1%gelatine coated plates. After two passages cells were cul tured
in N2B27 nedi um suppl enented wwth LIF and BWMP4. After a further two
passages |ight m croscope i mages were taken of the cells under phase
contrast £8 ashewermmplitdioedindhesaneremimessodiiers 10628 REFFAASRHVESEi on of GFP.

The m crogco [ es are . shown in Fig. 1, |t ,i.S . both the
nor phol og rﬁ‘%“’@&;‘%’é@gi ﬁ”%‘f’eréﬂg"i“ﬁ@‘gaéﬁageqz%\%ﬁry%’f‘*tdeér%’g%gégﬁaiéggéages in
serumfre I Hye i i e7.10 B bRet @sking athemot ype. 25
Exanpl e 3§1a§tﬁg'g?% lg'r (a)rgig?ée?@ﬁéi“ hé%lfWéE% Fj(%lglgel‘grselaE14 T&A ES Fgel Igs were cul tured
i n DVEM FtRnpl dessiteur obasal nedi um suppl emented with N2-B27 additives and
al so supplenented with LIF and BMP4. The cells were propagated on 0. 1%
gel ati / coat ed pl ates, harvested and 17 nom OCT '0Q"' WD 03/095628

\IZ/eC;r/eGngg{ gﬁg%@o'ﬁg %ﬁ%fﬂ%ﬁ?ﬂﬁp%@eﬁ@ytatﬁepﬁ%ﬁet ;?éé%ﬁé§. %poﬁr\ﬂﬂﬁfﬁ%!ed cells
of LIF and BMP4 the ES cells differentiated into Sox7 expressing neural precursor
cells. In the presence of BMP4 but absence of LIF, the ES cells differentiated into
large flat cells of characteristic morphology.
10
Example 2. Oct4-GFP expression is maintained in ES celis cultured under

serum freg conditions™

OctdGFP (clone C1) ES cells were cultured in N2B27 medium supplemented with
15 LIF and SU5402 (see' Example 1) in 0.1% gelatine coated piates. After two
passages cells were cultured in N2B27 medium supplemented with LIF and
BMP4. After a further two passages light microscope images were taken of the
celis under phase confrast to show morphology and UV fluorescence to show
expression of GFP, The microscopy images are shown in Fig. 1.
20 *
Itis apparent that both the morphology and expression of GFP indicates that after
four passages in serum free media the ES cells maintained their pluripotent

phenotype.
25 Example 3. Stable transfection of ES celis
E14 TG2A ES cells were cultured in DMEM F12 plus neurobasal medium

supplemented with N2-B27 additives and also supplemented with LiF and BMP4.

The cells were propagated on 0.1% gelatin coated plates, harvested and



10cm di anmeter dish at a density of 106-106 per dish. After 24 hours,
0.5pg/ M puronycin was added to select for positive colonies, 5; WeEN
8-and 10 days later, single GFP positive colonies were picked'i hto''each
single well of a 96 well plate and the cells: cutured in the same nedi um as
descri bed above. Stable transfection of the ES cells by G-P fl uorescence
and expanswonzodss 10 nnrphologlcally undi f ferenti at ed pefc®8idisryWas
observed, as dermonstrated in Fig. 2 Exanple 4. Chineric nouse 15 GFP
expressing ES cells obtained as described in Exanple 3 above were injected
into blastocysts. GFP expressing ES cells contributed to a wi de range of
cell-types in a chinmeric nouse enbryo, as shown in Fig. 3 (enbryonic day
11). Li veel&otmparhi&demﬂcpﬁté@-mm’ Folpt. at rzediectedwiellg vaere he;btareti(bm@at
confirmn hat, the. S were ru%EES cells. 20 Exanp 5. O onal

g
sel f-r ene\/\é{)c"ﬁid'aéﬁet%ﬁ‘ﬁg af ﬁcﬁ@\ﬂsl%af 1 S1Q?449F§“3Rer‘§t%l?ékwf&r@5wlﬁﬁsf erred
into wells n medi um as descri bed for
Exanpl e 3 gg&@cﬁ)}q@%&q oun ?ﬂ)‘}l |Jg{/éeﬁ@§/q8 cloning of these ES cells,
previously grown in serum -free msdl a for at | east one passage, to be
simlar to that obt ai nabl e using serum containing nmedium i.e. about 10%

ef fi ci efcyBetpend aued davelatemainglsubiP b%ltimwmswmmeanm her as
undi fferen n, t.he en OCT . WD Q3/ 095628
pCT) Gaoa) 03Ba% ‘gﬁ[FSQ%dééeWﬁﬂ, 8 LR FKiS e n the same mediim a3

described above.

" Stable transfection of the ES cells by GFP fluorescence and expansion of
10 morphologically undifferentiated ES cells was observed, as demonstrated in
Fig. 2.

Example 4. Chimeric mouse

16 GFP expressing ES cells obtained as described in Example 3 above were
injected into blastocysts. GFP expressing ES cells contributed to a wide range -
of cell-types in a chimeric mouse embryo, as shown in Fig. 3 (embryonic day 11).
Live born chimeric mice were obtained, having a chimeric coat, confirming that
the celis were true ES cells.

20

Example 5. Clonal self-renewal of ES cells

Individual ES cells were picked and transferred into wells of a 96 well plate, and
cultured in medium as described for Example 3 above.

25
We found the efficiency of cloning of these ES cells, previously grown in serum
-free media for at least one passage, to be similar to that obtainable using serum-
containing medium, i.e. about 10% efficiency. The clones grew and could be

passaged and grown further as undifferentiated ES cells in the presence of LIF



I'n previous experiments (data not published) we have discovered that ES
cells grown in serumcontaining mediumwhen transferred directdy @& b
serumfree 5 nedium denpnstrate |ower formation of clonal colonie

Exanple 6. Gowh of ES cells in fully defined nmediumES cells were grown
ina fully defined, albumn free, nediumconprising DMEM 10 F12 plus

neur obasal woedtisssre (ratio 1:1) supplenented with | G- 1pt@pgémdiss¢or insulin
at 5-25pg/m), apotransferrin 100pgim , progesterone 6pg/ m, putrescine
16pg/ M -and sodi um sel enite 30nnol. Oct4G-P ES cells were passaged 6 tines
(cells passaged every 6-8 days) using 15 cell dissociation buffer and

repl ated after each passage at |ow density. M croscopy inages taken after
passage 3 aaf BMHIDWE showhii@Fip4, Exanpl e 7. Use of serumfree medi um and
transient growth factor stinulation 20 ES cells were grown initially in a
medi um conpri sing DMEM F12 plus neurobasal nedium (ratio 1:1) suppl enented
with N2-B27. ES cells. wer | at e t.very low densit a {° 1000- 10, 000
cel l's on 3 BESBHF arrat?fgv%ms;55%@@03ﬂﬁb*b?%aq\%W%ﬁav%gnsﬁ%veré%w%ﬁ@

suppl enen t E g/m or
activin Atgg(ﬁmgr?g%nwn m%@gggiﬁyp rﬁe(g%ﬁ]t\k}(iﬁrﬁtr téfu‘%rg&ﬁ wﬁ“ﬁ 8@; méfr%gl | s grown
on agaibn. natiiuoh demeestrais aweredrmativnef slontl eonghiéd.erenti ated ES cel | s,
indicating 17 ACT 2UU WD 03/ 095628 PCT/ GB03/ 01967 22 i ncreased
proliferation or increased ES cell survival, or both Hence the rank order

of effici %}g%p\(@é é%{-@tﬁ’] 31‘0E§%eﬂs in fully defined medium

ES cells were grown in a fully defined, albumin free, medium comprising DMEM
10 F12 plus neurobasal medium (ratio 1:1) supplemented with IGF-1 10ug/mi (or
insulin at 5-25ug/ml), apotransferrin 100ug/mil, pfogesterone 6ug/mi, putrescine

16ug/mi-and sodium selenite 30nmol.

Oct4GFP ES cells were passaged 6 times (cells passaged every 6-8 days) using
15 cell dissociation buffer and replated after each passage at low density.

Microscopy images taken after passage 3 are shown in Fig. 5.

Example 7. Use of serum-free medium and transient growth factor

stimulation

20
ES cells were grown initially in a medium comprising DMEM F12 plus neurobasal
medium (ratio 1:1) supplemented wfth N2-B27. ES cells were plated at very low
density, about 1000-10,000 cells on a 3.5¢cm diameter plate:and grown onin the
same medium supplemented with LIF and BMP4,

25

intermittently, TGFJ at 1-2ng/mi or activin A at 5ng/ml were added to the culture

medium and the cells grown on again.

We observed enhanced numbers of undifferentiated ES celis, indicating



LIF/ BMP4/ activin AI15 ng/m) > LIF,/ BW4/ TG-(3 (1-2 ng/m) > LIF/
activin A 5 > LIF BW4 > LIF/ TG-(3 1 > LIF only. After nore %5-6) o
passages the rank order of efficacy changed to: LIF/ BMP4 > LI F | BMPR/L0S
activin A > LIF/ BwWP4/ TGF-G3 > LIF /activin A = LIF only. 10 Wen either
TGF(3 or activin A was continuously present, progressive differentiation
of the ES ®@l d3s9sems observed. Administration of LIF ang1RMi4ewas observed
to I ead to phosphorylation of 15 SMADs, ERK and STAT3 (see Figs. 6 and 7)
- denonstrating that there is activation of pathways downstreamfrom

t he. BMP and gpl30 receptors. Exanple 8. Conparison of ES cells grown in
serumfree and serum containing nmedium 20 We cultured Cct4G-P ES cells in
0. 1% gel at iNFreaswdarroferaion gplinareasest £ cabssivival, avfboth.x HeABe ¢l tamkper wel |
in the foll.ow diia:' N2827 plys LIF, N2B27 plus LIF plus BW4 and GVEM
10% FCS pl Sg r’l%g?%ﬁ@%}@@ﬁl?@datpg’es'hom in Table 1. Cell dissociation
buffer was used to dissociate cells. After. passage 5 the nunber of 25
cells growmn in N21327 plus LIF was not sufficient to continue culture. The

i nventi on Lrﬁ@wﬁ\aweiamﬁdhgimi)mmmammgdm(erfg/m;a(&amglr a@ivirER cell's of
r )

many spgci es. WD 03/095628 PCT/ GB03101967 23 .. A
> LIF/BMP4 > LIF/ TGF-B 1 > LIF only.
After more (5-6) passages the rank order of efficacy changed fo:-
| * LIF/ BMP4 > LIF/ BMP4/ activin A > LIF/ BMP4/ TGF-B > LIF factivin A= LIF only.
10

When either TGFB or activin A was continuously present, progressive
differentiation of the ES cells was observed. |

Administration of LIF and BMP4 was observed to lead to phosphorylation of
15 8MADs, ERK and STAT3 (see Figs. 6 and 7) - demonstrating that there is
activation of pathways downstream from the BMP and gp130 receptors.

Example 8. Comparison of ES cells grown in serum-free and serum-
containing medium.

20
We cultured Oct4GFP ES cells in 0.1% gelatin coated 6 well plates at a density
of 4 x 10° cells per well in the following media: N2B27 plus LIF, N2B27 plus LIF
plus BMP4 and GMEM 10% FCS plus LIF. The results are shown in Table 1. Celi
dissociation buffer was used to dissociate cells, Afier passage 5 the number of

25 cells grown in N2B27 plus LiF was not sufficient to continue culture.

The invention thus provides medium and methods for self-renewal of ES celis of

many species.
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oHmy wwO4aacClUuU CKOUUU17 CCT 230b 24 CLAIMS 1. Use of a
conbination of:- 5 (a) an activator of a signalling pathway downstreamfrom
a bone norphogenic protein (BMP) receptor; and (b) an activator of a,g

30 downstream signalling pathway, 10 in manufacture of a conp oél&ﬁm “or
pronoting self renewal of pluripotent cells in culture. 15 2. Use
according to Caim1l, wherein the actpyator of signalling pathways
downstream froma BWP receptor is an agonist of a BWP receptor 3. Use
accordi ng aim2 wherein the agonist of a receptor is a BMP 20 4. Use
accordi ngQ.LE\i@%i m 3 wherein the agonist is BVWP4. 5. Use according to any
of daims 1 to 4, wherein the activator of gpl30 downstream signalling
pathways is a cytokine acting through gpl30. 25 6. Use according to Claim5
wherein the cytekigien tdmblatioh ofUse according to any of Clains 1 to 4
wherein the activator of gpl30 downstream signalling pathways is sol uble
|L-6 ih combination with 30 soluble IL-6 receptor.

(@) an activator of a signalling pathway downstream from a bone
morphogenic protein (BMP) receptor; and

(b)  an activator of a gp130 downstream signalling pathway,

10
in manufacture of a composition for promoting self renewal of
pluripotent cells in culture.
15 2. Use according to Claim 1, wherein the activator of signaliing pathways

downstream from a BMP receptor is an agonist of a BMP receptor
3. Use according to Claim 2 wherein the agonist of a receptor is a BMP
20 4. Use according to Claim 3 wherein the agonist is BMP4.

5. Use according to any of Claims 1 to 4, wherein the activator of gp130
downsfream signalling pathways is a cytokine acting through gp130.

25 6. Use according to Claim 5 wherein the cytokine is LIF,

7. Use according to any of Claims 1 to 4 wherein the activator of gp130
downstream signalling pathways is soluble IL-6 in combination with

30 soluble IL-6 receptor.

8. Use according to any of Claims 1 to 7 wherein ES cells are cultured in
the presence of an agent that suppresses differentiation.
35



8. Use according to any of Clainms 1 to 7 wherein ES cells are cultured in
the presence of an agent that suppresses differentiation. 35 25 797rUsgEi;
according to Claim8 wherein the ES cells are cultured in the presence of a
FGF receptor inhibitor. 10. Use according to Claim9 wherein the FGF
receptor inhibitor is SU5402 5 or PD173074. 11. Use according to any. of
Clains 8 to 10 wherein ES cells are f$5rsjt cultured in the presence of the
agent thit sublseedserrding fter elaimad arheiam theds8qoein 1ajet eulwirageint the

wi t hdrawn. 10 . e Qac LN o any .of Clains 1 to 11 for culture of

pl uri pot ent cgeq%gn%geqf}cﬁgffg%rﬂ%%%@én and avi an pluripotent cells. 13.
Use according to any of Clains 1 to 12 for culture of ES cells selected 15
frommamal i an and avian ES cells. 14. Use according to any of Clains 1 to
13 for clt ur blsefagaondingdioebiaimt @ wherelrn $heskeGécteaptonmhitttteris SUWmA0he,
por ci ne, ovine 3557%“7 te pluripotent stemcells. 20 15. Use according to
any of d ai ns%1 B7for culture of ES cells selected from rodent,

bovi ne, porcine, ovine and primate ES cells. 16. Use according to Claim12
or 13 for culture of rat or nmouse cells. 25 17. Use according to Claim 12
or 13 fof1cul Useeacdordirmpriocahy sof Thaindds@ &scty digrdi® BBycelfs @raifirst | to
17 wherein ES cells are cultured in 30 nediumthat is free of serum serum
extract, feedeyltured|ig thadresenes otthe agent that suppresses differentiation and

subsequently this agent is withdrawn.

10

12.  Use according to any of Claims 1 to 11 for culture of pluripotent cells
selected from mammaiian and avian pluripotent cells.

13.  Use according to any of Claims 1 to 12 for culture of ES cells selected

15 from mammalian and avian ES cells.

14. Use according to any of Claims 1 to 13 for culture of pluripotent stem
cells selected from rodent, bovine, porcine, ovine and primate
pluripotent stem cells.

20
15. Use according to any of Claims 1 to 14 for culture of ES cells selected
from rodent, bovine, porcine, ovine and primate ES cells.
16.  Use according to Claim 12 or 13 for culture of rat or mouse cells.
25

17.  Use according to Claim 12 or 13 for culture of human cells.

18.  Use according to any of Claims 1 fo 17 wherein ES cells are cultured in
30 medium that is free of serum, serum extract, feeder celis and feeder cell

extract.

19.  Use according to any of Claims 1 to 18 wherein ES cells are cuitured in



extract. 19. Use according to any of Clains 1 to 18 wherein ES cells are
cultured in 17 CCT "O'NO 26 a fully defined nedium 20. A grgthoq o,
culture of non-human ES cells so as to pronote ES cell self néwal 4 Uib
conprising maintaining the ES cells in mediumcontaining: 5 (h) an
activator of a signalling pathway downstreamfroma BMP receptor; and (i)
an activator of a gpl 30 downstream sf@nalling pathway. 10 21. A nethod
accordi ng to @ illjhdeinediveedium.t he activator of signalling pathways
downstream froma BMP receptor is an agonist of a BMP receptor. 15 22. A
met hod according to G aim20 or 21, wherein the activator of gpl30

I T e e e i e R S o e

accordi ng to aspewhl, ComprsidPneiintiningeneiFs chis attiedaimrcontaingmgt 30
downstream signalling pathways is LIF, or IL-6 plus soluble IL-6 receptor.
25. AdSnet hod according to any of Clains 20 to 22, wherein the medium 25

a F

further conpri,ses an inhihitor, of . receptor., 26. A nethod of ture
of non- human 195 ce s 20Lualat 4 o Bnalre PR iobstBalt T 3 BitP
pluripotent state irgcghf Wy optionally on 30 feeders, in the presence of
a cytoki ne acting though 'gpl30 and serum or an extract of serum

(i) an activator of a gp130 downstream signalling pathway.

10
21. A method according to Claim 20, wherein the activator of signalling
pathways downstream from a BMP receptor is an agonist of a BMP

receptor.

15 22. A method according to Claim 20 or 21, wherein the activator of gp130
downstream signalling pathways is a cytokine acting through gp130.

23. A method according to Claim 21 wherein the agonist is BMP.

20 24. A method according to any of Claims 20 or 21 wherein the activator of
gp130 downstream signalling pathways is LIF, or IL-6 plus soluble IL-6

receptor.

25. A method according to any of Claims 20 to 22, wherein the medium

25 further comprises an inhibitor of a FGF receptor.
26. A method of culture of non-human ES cells, comprising:-

maintaining the ES cells in a pluripotent state in culture, optionally on
30 feeders, in the presence of a cytokine acting though gp130 and serum

or an extract of serum;



LI LTcru 21 passaging the ES cells at |east once; w thdraw ng the serum or
the serumextract fromthe nmediumand w thdraw ng the feeders ¢if present
so that the nediumis free of 5 feeders, serumand serum extract; and
subsequently maintaining ES cells in a pluripotent state in the presence

of 10 (h) an activator of a signalli n% pat hway downstream from a BWMP;, and
signal Il i ng pathway. 15 27. A nethod

(i) an activataor of.at%p degvmtrea}

accordi ng to G2EFAPYS, @éﬁ%r' lisrﬁj I8334qN%ng the ES cells in the presence
of an agent that suppresses differentiation. 28. A nethod according to
Claim 27 wherein the agent that suppresses 20 differentiation is added to

cul ture nedi uwiditdravpundheheeturmeot lthe seuHMex@ractefrgm exé rpelidnd and
wi t hdrawn. 29. A nethod according to Claim28 wherein at the sane tine as

or subsequenWit§rawing dhgnéeedarst Heptasians sa thel fheswedirof isafreacof vat or

25 of .a signalli p dpwnstream of _a BMP receptor, the agent that
suppréjsses di k#%ﬁﬁt?éﬁ%%@%%%&@%@ a§6. A nethod of obtaining a
transfected popul ati on of non-human ES cells, 30 conprising: transfecting

ES cells with a construct encoding a selectable marker; plating the ES
cells; .7 n" isubsedp@ntBsraintaimingd=$ el €8 egblidpotertt letateriestheqresénce

of
10 (h)  an activator of a signalling pathway downstream from a BMP; and

(i) an activator of a gp130 downstream signalling pathway.

15
27. A method according to Claim 26, comprising culturing the ES cells in the

presence of an agent that suppresses differentiation.

28. A method according to Claim 27 wherein the agent that suppresses
20 differentiation is added to culture medium at around the time that serum

or serum extract is withdrawn.
29. A method according to Claim 28 wherein at the same time as or
subsequent to maintenance of the cells in the presence of an activator

25 of a signailing pathway downstream of a BMP receptor, the agent that

suppresses differentiation is withdrawn.

30. A method of obtaining a transfected population of non-human ES cells,

30 comprising:-
transfecting ES cells with a construct encoding a selectable marker;

plating the ES cells;



(a) an activator of signalling pathways downstreamfroma BMP 5 receptor;
and (b)an activator of gpl 30 downstream signalling pathways; and
selecting for ES cells that express the sel ectable nmarker; 10 31. A et | hod
according to Claim 30 wherein the sel ectabl e marker encodes einh@ot*k@
resistance or a cell surface marker. 32. A nmethod of culture of non-human
ES cells, conprising:- 15 transferringsan individual ES cell to a culture

vessel ; and culturing the ES cell in the presence of 20 (a) an activator
of a signalli ng ath L?nmszroma BMP receptor; and (b) an
activator of a 5@‘1@'&9 NErUEFERES P4t hway, 25 so as to obtain a

cl onal popul ation of ES cel I s, all of which are progeny of the ES cell.

33. A nethod according to Claim 32 wherein the culture vessel is an

i ndi vi dual wel {a)am aaghatter 0 Sgnalfnge tp@@ﬁ'w@? s db@pkirBandi frbey et gw on of
a non-human ES cell towards a neuroectodermal fate, conprising:

mai nt aPni ng t he E&ceRiAr 8Mdt he presence of agonists acting through gpl30
and the BMP receptor; and 5 withdrawi ng the agonists fromthe medium 35. A
met hod of directing differentiation of a non-human ES cell towards a

non- neur oect od@y)aRlactidbfor FYPBOSUSInstream signalling pathways: and

selecting for ES cells that express the selectable marker;

10
31. A method according to Claim 30 wherein the selectable marker encodes
antibiotic resistance or a cell surface marker.
32. A method of culture of non-human ES cells, comprising:-
15
transferring an individual ES cell to a culture vessel: and
cuituring the £S cell in the presence of
20 (@) an activator of a signalling pathway downstream from a BMP

receptor; and
(b)  an activator of a gp130 downstream signalling pathway,

25 so as to obtain a clonal population of ES cells, all of which are progeny of the
ES cell.

33. A method according to Claim 32 wherein the culture vessel is én
individual well on a plate.
30
34. A method of directing differentiation of a non-human ES cell towards a
neuroectodermal fate, comprising:-



10 maintaining the ES cell in the presence of a cytokine acting through

gpl 30 and an agoni st of the BMP receptor; and w thdraw ng the cytokine

whil st 15 (1) maintaining the BVWP receptor agonist; and/or (11) adg,iaflg;g%s
20 “36°

H

further signalling nolecule capable of directing differentiation.
medi um for self-renewal of ES cells, conprising:- basal nedium 25 an
activator of signalling pathways down&treamfroma BVMP receptor; an
activator of gpl30 downstream signalling pathways; and 30 an iron

transporter; whergin th iumis free of serumor serumextract. 1 7 OCT
2r10 30 37, m%ﬁﬁlfmﬁga@%@e*i dndhgi Rregengeyof nagoristioacinagthraddi n or

insulin- |ike gqgmﬁé}mf?’(‘etgma ?&?gﬁ%ﬁg]idum according to Claim36 or 37 a0

wherein the r’rg iumis iree o r cells or feeder cell extract.

An ES cell culture nediumconprising:- (a) an agonist of a BMP receptor; 10
(b) a _cytokine acting through gpl30; and (c) an agent that suppresses ES
cel | i fferenwithdrawing tbe aﬁl?mﬂﬁ% fEgndbeImediltur e nedi um conprising: (a) an
agoni st of a BMP receptor;

35. A method of directing differentiation of a non-human ES cell towards a

non-neuroectodermal fate, comprising:-

10 maintaining the ES cell in the presence of a cytokine acting through

gp130 and an agonist of the BMP receptor; and
withdrawing the cytokine whilst
15 (1} maintaining the BMP receptor agonist; and/or

(I} adding a further signalling molecule capable of directing

differentiation.
20 .
36. A medium for seif-renewal of ES cells, comprising:-

basal medium;

25 an activator of signalling pathways downstream from a BMP

receptor;
an activator of gp130 downstream signalling pathways; and
30 an iron transporter;

wherein the medium is free of serum or serum extract.



(b) a cytokine acting through gpl30; and 20 wherein the mediumi s,}}i,( ee of

serum and free of serumextract. 41. An ES cell culture rrele;lnﬁiﬁ) Wi si ng:

(a) an agonist of a BMP receptor; 25 (b) a cytokine acting through gpl 30;

and wherein the mediumis fully defined. 30 42. A medium according to

Cl ai m 39, furt her corrprl 5| ng an agent_that suppresses differenti at| on of
di n to. clains .37 to

ES cells 4\Vuo a

B e Sars e o B S5t POt e BB o
least 10 U nl ixd4ro HT%@E dtm according to any of Clains 37 to 40, for

cul ture of pl ur| ot ent stemcells fromadult tissue. 45. A nmethod of
obtaining a differentiated cell conprising culturing a pluripotent cell
according to any of Clainms 20 to 35 and allowi ng or causing a pluripotent
cel | to dPffefehtadiin, acansdiontor Réaip) 9bi poBényheein the qoadisinnds dresepect abl e

mar ke whi ch r expression in the desired

di ffe?enti ate cagqe}ﬁ“’%%%ﬁg%%%érvé@hg)g%ﬁr cell-types, including pluripotent
stemcells, whereby differential expression of the selectable nmarker
results in preferential isolation and/or survival and/or division of the
desired 49ff eAsrtd acdcutiere miediumezomprisingod according to O ai m 45 wherein
the differentiated cell is a tissue stemcell or tissue progenitor cell.

(a)  an agonist of a BMP receptor;
10
(b)  a cytokine acting through gp130; and

(c) an agent that suppresses ES cell differentiation.
15 40. An ES cell culture medium comprising:-

(a) an agonist of a BMP receptor;

(b}  acytokine acting through gp130; and
20

wherein the medium is free of serum and free of serum extract.

41.  An ES cell culture medium comprising:-
(a) an agonist of a BMP receptor;
25

(b)  a cytokine acting through gp130; and

wherein the medium is fully defined.

30 42, A medium according to Claim 39, further comprising an agent that

suppresses differentiation of ES cells.



47. A method according to Claim45 wherein the differentiated cell is a O
termnally differentiated cell. 48. A method of isolating a pluripotent
stemcell or non-human enbryo conprising culturing tissue fropfaf feLuS“
adult or non-human enbryo in mediumcontaining: 5 (a) a cytoklne acting

t hrough gpl130; and (b) an agonist of @ BNP receptor and 0 (c) an

I nhi bitor of FGF recegtor 49. A net% 48 wh reln t he

di
medi um i €3a f @ MPAYT AP iingde olgpes ’Jtoﬂr I ngr tgﬁa‘?ﬁg]f’ Kb§ 6?'
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45. A method of obtaining a differentiated cell comprising culturing a
pluripotent cell according to any of Claims 20 to 35 and allowing or
causing a pluripotent cell to differentiate, wherein the pluripotent cell

0 contains a selectable marker which is capable of differential expression
in the desired differentiated cell compared with other cell-types,
including pluripotent stem cells, whereby differential expression of the
selectable marker results in preferential isolation and/or survival and/or

division of the desired differentiated celis.

46. A method according to Claim 45 wherein the differentiated cell is a

tissue stem cell or tissue progenitor cell.

47. A method according to Claim 45 wherein the differentiated cell is a

0 terminally differentiated ceill.

48. A method of isolating a pluripotent stem cell or non-human embryo
comprising culturing tissue from a fetus, adult or non-human embryo in
medium containing:-

(a) a cytokine acting through gp130; and
(b}  an agonist of a BMP receptor; and

0 (c) aninhibitor of a FGF receptor

49. A method according to Claim 48 wherein the medium is a fully defined
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medium.

A method of obtaining differentiated cells, comprising:-
maintaining non-human ES cells in a medium comprising

(a) an activator of a signalling pathway downstream from a BMP

receptor; and
(b)  an activator of a gp130 downstream signalling pathway;
removing one or both of (a) and (b) from the medium;
optionally, adding other signalling factors to the culture; and

thereby obtaining the desired differentiated cells.



