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THEREOF | ntroduction The present invention relates to
woredontiessence of a self renewi ng phenotype in PCT/GB2007/001163

pluripotent stemcells. The nethods and conpositions

provi ded are suitable for culturing and isolating

pluripotent stemcells such as jenbryonic stem (ES)

cells, especially mammal i an, including rat, nouse,

bovi ne, ovine, porcine, and human, stemcells. In

particular this invention relates to self-renew ng

cultures of r@ULTURENVIDDIUMWONTAININGEKINASE s and

to nethods and conpositions th rff iigﬁ%égrnd The .

est abl i shment andﬁ&ﬂﬂﬂﬂéﬁ%ﬁcﬁgﬁl—ﬁﬁﬁﬁll I pot ent

stemcell cultures in the presence of nedi um

contai ning serum and Leukaem a Inhibitory Factor (LIF)

Imrodettiodknown (Smith et al. (1988) Nature 336:

688-90). Such net hods have been used to nmaintain

pluripotent enbryonic stem (ES) cells from
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Mai nt enance and self renewal of plurjpotent st el | .

goint oelbs The mathadsr andSEEMOSHIONAGTEVIdRG. FE BBy Lo cplturing and

cultured in the prese feed . e ChLails, iall
it P olahr, AEBLSRE, Bl S EmErfhe aptbspctt, ol
©anehAliaaN ndlddihg rRQIBdWee bovineRiontne| potving rendShemphs stem cells. In
in_a pluripotent state over pany passaﬁgs in. culture
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culture conditions that require the presence of other
cells, such as the fibroblast feeder cells used to
human ES cel ls. But any undefi ned conponent,
whet her in the nedium or produced by e.g. the feeder
cells, potentially interferes with or hinders research )
Tht estESlighmbdnt pmdpagattemancan i Viter phiripptensrstempeedl cultures in the
B et S oY OB Y <9080 P PRI MG libitory Factor (LIF) is well

known (Smith et al. (1988) Nature 336: 688-90). Such methods have been used to

maintain pluripotent embryonic stem (ES) cells from “permissive” strains of mice over
many passages. Maintenance and self renewal of pluripotent stem cell 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 in a pluripotent state over many passages in culture.

In many cases ES cells can only be maintained, or are best maintained, using medium
that contains serum or serum extract, and hence is undefined, or using cell culture
conditions that require the presence of other cells, such as the fibroblast feeder cells used
to maintain human ES cells. But any undefined component, whether in the medium or
produced by e.g. the feeder cells, potentially interferes with or hinders research into ES
cell pr;)pagati'on and differentiation. This prevents development of good manufacturing

practices for 'xtherapeutic and other applications of ES cells and their progeny. Some



practices for therapeutic and other applications of ES

cells and their progeny. Sonedefined ES cell nedia are
whewini1dsd alternative and preferably i nprovedPdeGB2@®A/001163

nmedi a are needed. In prior applications by the

appl i cants, WD A-03/095628 and a |l ater as yet

unpubl i shed application, cultwdng pluripotent stem

cells, such as ES cells, in serumfree nedia -

&SRRYd BS REl (deliP41e Kndtve ft alBtnd®ive And prdfbiabl r629d defined media

agoni sts of the TGF-b superfamly (e.g. BWP4) or 1d

aediesfed-ng pat hways is used to pronote self renewal of

the stemcells for nultiple passages. In the presence

of gpl 30 signalling, an agonist of the TGF-b
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eedey-condi ti oned diumis desired.. Sato N, et al,
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PP HRAC Bl aWiK TR Eafet Qells id? 4, wRdeidiercomdiidned medium is
used in that study may be significant. The inventors

dskiredhe present invention have tried but failed to

repeat the results, and have in fact found effects

opposite to those described. For preparation of ES

Saed IN Cetl A1t B 22004, | andBX Y 9P55-83 RYiibe thendifvdtdwdla Glycogen

medi a conponents in as pure a form as_possible.
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inventors of the present invention have tried but failed to repeat the results, and have in

fact found effects opposite to those described.

For preparation of ES cell culture media it is desired to provide individual media
componenté in as pure a form as possible. However, most media components are
cytokines the purity of which is compromised by the need to manufacture them in
cellular systems and then remove potential contaminants from the production broth.
Another problem with some cytokines is that they have a narrow range of concentration
over which they are effective and non-toxic. Media components which have a broader
range and/or are less toxic at higher concentrations would be highly useful. Cytokines

can also have limited stability in storage, and more stable media components are sought.



over which they are effective and non-toxic. Media
conponents whi ch have a broader range and/or are | ess
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Cyt oki nes can also have limted stability in storage,
and nore stable nedia conponents are sought. An obj ect
of the invention is to overcong_or at |least aneliorate
problenms in the art, preferably to provide
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of a pluripotent stemcell culfure in vitro until .
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stemcells, such as ES cells, are cultured in nmedi um
preferably serumfree, conprising a MEK inhibitor and
Semals3 of tHa Iakvéafon Of a MEK i nhi bitor and an ant agoni st

of an FG- receptor. Preferably, the nedium conprises a

MEK i nhibitor, a GSK3 inhibitor and an antagoni st of a

F t snal |.. nol ecul K3 i nhi bitor
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.yl tiple passages is thereby pronoted. Hence,
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reeepg@ (e.g. ananal neldcole GSK3 Thiibitoy end hemallagoRcile MEK @dhibitor and
a icati ni. A conbi nati on of GSK3 and MEK, MEK and

a gregh ecea%x GIferatagemistiSelf igaewak olothe stam pells s aylgple passages

is SHePUByPHrO RO ekn&E hidHibition of GSK3 and MEK, inhibition of MEK and FGF

receptor signaling, or inhibition of GSK3, MEK and FGF receptor signalling in the

pluripotent cells provides a self renewal stimulus.

The invention has a number of applications. A combination of GSK3 and MEK, MEK
and FGFR or GSK3, MEK and FGFR inhibition can be used to grow pluripotent cells,
especially ES cells, and, where they have been derived or grown on feeders, to adapt
pluripotent cells, especially ES cells, to grow without feeder cells or a layer of feeder
cells, often referred to as feeders or feeder cells. A method of expanding stem cells in
culture comprises culturing the cells in the presence of a GSK3 inhibitor and a MEK
inhibitor, in the presence of a MEK inhibitor and an antagonist of an FGF receptor, or
preferably in the presence of a GSK3 inhibitor, a MEK inhibitor and an antagonist of a

FGF receptor. Culture medium can be prepared containing one or more GSK3 inhibitors



especially ES cells, and, where they have been derived

or grown on feeders, to adapt pluripotent cells,
wezpeaiahiy ES cells, to grow without feeder cRCT/6€BR007M01163

| ayer of feeder cells, often referred to as feeders or

feeder cells. A nethod of expanding stemcells in

culture conprises culturing thetcells in the presence

of a GSK3 inhibitor and a MEK inhibitor, in the
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3 of the present invention,
ng%? %tgg?&é%ééﬁg%%&?l'pref erably inhibition of
all of GSK3 and MEK and a FG- receptor, in a
luripatent cell_ js _used to pronote self-renewal of
Mﬁ%ﬂ%@&ﬂﬁ%tl on of the Invention
Reference to pluripotent cells includes but is not

limted to reference to enbryonic stem (ES) cells.
Retference &r phiripotent opks hichslembutpﬂsuroit mmieadt tocrefdrence to embryonic stem

ES cells, inclu eex suon of. Ltiple.
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OCetdgid Sot-Due Wl@él?lréléardéﬂjdlsqﬂb{fﬁ[hgt datfidtivelihitinbindftatidn that a cell is
cell. Germline transm ssion in chineras and the

ala@S| qqlly Cermg dwertransmigsion isnelimeras and the ability to generate teratomas or
teratocarcinomas comprising differentiated cells from all three primary germ layers (i.e.

endoderm, mesoderm and ectoderm) are also widely regarded as definitive indications of

a cell being an ES cell.

Reference tc; GSK3 inhibition refers to inhibition of one or more GSK3 enzymes. Thus a
GSK3 inhibitor can inhibit one member, several members or all members of the family
of GSK3 enzymes. The family of GSK3 enzymes is well-known and includes but is not
limited to GSK3-a and GSK3-B. A number of variants have been described (see e.g.
Schaffer et al.; Gene 2003; 302(1-2): 73-81). In specific embodiments GSK3-§ is

inhibited. GSK3-a inhibitors are also suitable, and in general inhibitors for use in the



teratocarci nomas conprising differentiated cells from

all three primary germlayers (i.e. endoderm nesoderm
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i ndications of a cell being an ES cell. Reference to

GSK3 inhibition refers to inhibition of one or nore

GSK3 enzynes. Thus a GSK3 inhi-Bitor can inhibit one

menber, several nenbers or all nenbers of the famly
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inhihifors torbs raaChlykildcmﬁaChd useful in the invention. In
addition, the structure of the active site of GSK3-b
has been characterised and key residues that interact

The NnBiPRGHS igF @BHaiR0 'énﬁiéﬁﬁhéﬂt& z!u@h's L4 B¢ St R and GSK3-q,
identified (Bertrand et al. iol. 2003; 33
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el dof Db ST ind (8> B loosafEhies Mg gprained with CHIR
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reference to GSK3 | C50 val ues refers to the mean
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2952 hroPRIR AT e T8 oSl oS Mdith s, ppsss-os.
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Chem, vol. 277, no. 34, August 23 2002, rr30998-31004

Oglni@ 30n mrre grepsably 0.3 to 10imaigeamendar. vol . 52, March 2003,
pp588- 595.

GSK3 inhibition can also be conveniently achieved using RNA mediated interference
(RNAi). Typically, a double-stranded RNA molecule complementary fo all or part of a
GSK3 gene is introduced into pluripotent cells, thus promoting specific degradation of
GSK3-encoding mRNA molecules. This post-transcriptional mechanism results in
reduced or abolished expression of the targeted GSK3 gene. Suitable techniques and
protocols for achieving GSK3 inhibition using RNAi are known.

Reference to a MEK inhibitor herein refers to MEK inhibitors in general. Thus, reference
to a MEK inhibitor refers to any inhibitor a member of the MEK family of protein
kinases, including MEK 1, MEK2 and MEK3. Reference is also made to MEK.1, MEK2
and MEK3 inhibitors. A MEK inhibitor can inhibit one member, several members or all



Sui tabl e concentrations for use of CH R 99021 are in

the range 0.01 to 100, preferably 0.1 to 20, nore
wee@fetay 0.3 to 10 mcronol ar. GSK3 i nhi bi t PONGB20V7/001163

al so be conveniently achi eved usi ng RNA nedi at ed

interference (RNAi). Typically, a double-stranded RNA

nol ecul e conpl ementary to all gr part of a GSK3 gene
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i nhi bitdr can I bit one nenber, severa nmbers or
dadsarabRIEK mihlbmrs fasideseribed MEKhling es als (2@0aBiberganic & Medicinal

wtabl al ready known in the art,
‘?‘héﬁ“ﬁ‘&% ?fs (25% Egét?nted to the MEKI inhibitors .
PD184352 and PD98059, inhibitors of MEKI and MEK2

U0126 and SL327, and those discussed in Davies et al
I{ﬂz'(bctcs)n oDAYEKskigpsesReattiplsa tmiconvenivtlyCashiaved using RNA-mediated
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en

have a high degree_of sge0|f|C|t and pot enc
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bj t d,.cl 0 Jaser d
rééﬁh&hféln gécgltcgg 5 or® ('ig(glz%%d E}é%@%}é&nrp LUfBL{h:\/E dﬁ%@treg é&fe Suitable
téchaijuss ayd pettdéeisfor h6hi28Rg-MBRSinhlbitidbiding RNAL dfEknown.
ki nases can al so be conveniently achi eved using
RNA- nedi ated i nterference (RNAi ). Typically, a

d
A ﬁHf?lIb@r oF 4 %%\%? %B’ﬂﬁ:@ﬁg ucegﬂx:xlﬁm?g‘t E}Mld&l% g%iK? Mnhibitors and

part of gene | nto p uri po
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%&n‘égﬁ ljg %’e\tlt%dqglt g g}egcsmce orya pe%tl Ee salgs%x%%ec ertrllci) rado (r)]la{)elled ATP.
Phosphorylation of the substrate by the kinase results in incorporation of the label into
the substrate. Aliquots of each reaction are immobilised on phosphocellulose paper and
washed in phosphoric acid to remove free ATP. The activity of the substrate following
incubation is then measured and provides an indication of kinase activity. The relative
kinase acti{/ity in the presence and absence of candidate kinase inhibitors can be readily
determined using such an assay. Downey et al. (1996) J Biol Chem.; 271(35): 21005-

21011 also describes assays for kinase activity which can be used to identify kinase

inhibitors.

Reference to an antagonist of fibroblast growth factor (FGF) receptor (FGFR) refers to a
polypeptide or small molecule or other antagonist of a FGF receptor, typically inhibiting
FGFR1 and/or FGFR2. Thus, a FGF receptor antagonist can be an antagonist of one,



results in reduced or abolished expression of the
targeted MEK gene. Suitable techni ques and protocols
wo e0o7acisvevi ng MEK i nhi bition using RNAI are kpomusB2047/001163
nunber of assays for identifying kinase inhibitors,
i ncluding GSK3 inhibitors and MEK inhibitors, are
known. For exanple, Davies et -al-(2000) describe
ki nase assays in which a kinase is incubated in the
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Thus, a FGF recgptor ant agoni st can be an ant agonj st
for theRGE acesptar. diua) sultn’ehmnsertttatnon@ fr@D 1 B0dpass in the range 1-200
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and present. a region of acidic amino acids (the acidic
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GFR ant ago s are known, jncluding but not
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cam be anal @rassesn dles activity of's gotemiaDadtagod&. mM] pref erably
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It has advantageously been found that the use of a MEK inhibitor in combination with a
GSK3 inhibitor and preferably also an antagonist of the FGF receptor improves the

propagation of ES cells.

In preferred embodiments between around 0.1 uM and around 25 pM MEK inhibitor are
used. Further preferably, between around 0.1 uM and around 5 M MEK inhibitor are
used, more preferably from 0.2 uM to 2 uM.

Particularly preferred media according to the invention comprise 0.8 pM PD184352,
3 uM CHIR99021 and/or 3 uM SU5402. A particularly preferred medium comprises 0.8
uM PD184352, 3 pM CHIR99021 and 3 uM SU5402, preferably in N2B27 medium.



the range 1 - 5 ™M W have found that PD173074 can

substitute for SU5402 and is fully effective at about
wae@ficdses | ower concentrations, consistent w tPCT/G82007/001163

hi gher affinity for the FGF receptor. Thus, suitable

concentrations for PD173074 are in the range 1-200 nM

preferably from5-100 nM especgally in the range

10-50 nM It is also known to inhibit FGR receptor

' ﬁlélga In\cieerﬂgat n(%fr %@;&% ?g (oDt 1%5 rrgo 8 %ottrtnge% plpﬁgotent cell lines,

typi&rllyliﬁnhefm‘geqauqug QHM)eferred to use a small

nol ecul e antagoni st and not a transgenic based

ant agoni sm Sui tabl e assays for identifying

ﬁﬂ&?ﬁ‘@ﬁbﬂ)cﬁow WF qﬁvé %ﬁﬁ%? Yot %@@E‘Pﬂﬁ"htfe%re@eﬁ@@'@f £ G¥K3 inhibitor
cell Tine in h signalling via a FG- receptor

methmt@sh exMEké snhnbltmf ad, rippoispeqifig @xemp@n apeantgghist of the FGF

esthea V. patenti a anta oni st as .
EROET 10 B5udft ibtsheRat fa BieE hodii AERARRE #eeot of Bomoting seir
tareival bPindule %iﬁ}idﬂ@{tl Rlls \h tchltarecﬁﬁpmsﬁab IiRhibRingdGYK3 and MEK or
preferably al so an antagoni st of the FGF receptor
Pabitipg & %@%%E&G@éé’l‘lﬂiﬂ%m‘?eﬂsrcel I's. In preferred
enbodi nents between around 0.1 mM and around 25 nM MEK
i nhibitor are used. Further preferably, between around
Optiondiiya redtissting) dp 53 0ridb Mizkiréanhishiratlingat#n uiedbe @hipdoyed to further

refer bl from02 Particularly preferred

P&}%’Qnt erep?wérh}f gﬂpll@gﬁg GSIS3 gng MK.  Molecules that
f%@é;ﬁ 30%(5@415@6'51%93% ner%”ﬂe%on‘?étﬂés%@e% tolhs P%ll?’o activators or

parti cU preferre I um conprises 0.8 mV
§2L303ag0mSEHI15R9%ﬁdn aficnd arivhSeogi130) duvedstrealnl signalling pathways can
N2B27 ium concentratiqn of SU5402 can b .
SR DR oot 8 SAPERecehte SaReapLib Tebrratbin acytokine or other
4@6@&& i tYle'LrIFt fe:%e;]stapg@ $k§Ie£rMaé9019 -of 20Ehg thPoughaBPI S and thus of
bel ow, we have cultured nouse ES cells |nthe presence B
astivatigsKe 13Ahsignalo trapsdystiner indlode sbuvEnrei mht Himised dadLIF, ciliary

SRR b GRETD. Eisn PR ARS Tiingl, IR I8 receptor hyper

[EX@ARH 95112 SilhPR & yedkiREORR IR Anfifibtdse ARG Bﬂfteli’[@ 6§ @himaeras that
pluripotent cells in culture co ri ses inhibiting GSK3
cangbingtooand/or activate signalling though gpl130. The role of cytokines acting

through gp130 in the presence of serum is well established, but the ¢apacity of those

cytokines to sustain undifferentiated cells in the absence of serum is limited.

An advantage of the invention is that in the presence of a GSK3 inhibitor, a MEK
inhibitor and, optionally, an antagonist of the FGF receptor, pluripotent cells can be
grown in defined medium. A particular advantage associated with using the combination
of a GSK3 inhibitor, a MEK inhibitor and an antagonist of the FGF receptor is that it is
not necessary for the medium to contain other growth factors, such as insulin, N2B27, or
a gp130 agonist (e.g. LIF). The present invention therefore enables alternative and/or
improved culture of ES cells in medium that is free of serum, serum extract, feeder cells

and feeder cell extract.



i nhi biting GSK3, MEK and an FGF receptor. Optionally,

activating gpl 30 downstream signalling can al so be
werploysos to further enhance the pronotion of B&l/GB2007/001163

renewal by inhibiting GSK3 and MEK. Mbl ecul es that

activate gpl 30 downstream signaling are soneti nes

referred to as gpl 30 activator9-or gpl 30 agoni sts.

Activation of one or nore gpl 30 downstream signalling

Ihabbiey enfifoie Aehi QIBCGhAY BES déportedyfoki Ben@fbdrNgf mammalian

t hrough gpl 30, for exanple a cIytoki ne or_other agoni st . )
so1rqe gneludingemepsc Bradiayorti #el 984 Atereo 0% c335nef).. American mink
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t ransducti on, but" ‘dre not’ Tirmte
(@991)ed 325 68) thaopster <DEndiok (198BIN May; dam ¢li)@2# e ind, cow (Roux Arch

(7 PRl aSashall Sessits RGBS tiserh 06e ThRR AR human ES

RII9tAH R¥soOfat CHll R PEintabAbueadwitisNEt Wil Bodppreciateldi that e methods
signal ling though gpl 30.  The rol e of cytokines acting

andcomptesiions of the nresenpinveriiprearsfsuiablgipr adapgdtion to culturing of other

. . e C . . 0O
o Al Lo ARRC S Rb RSB SRty duopan, codent,
ebpedially inedse Al rat)\wadhage pbirigdientistang ol BspepidllydS tells.
the presence of a GSK3 inhibitor, a MEK inhibitor and,
optionally, an antagoni st of the FGF receptor,

PP'SH‘E&RPIE\%Z‘M ¢lths irddhiBE J%.BQ?H@S i nfieidd B gcﬁtﬁﬁ}é:uﬁf plripotent cells,

particu advant age assocliated wth usin

espeiEllyabEB omllsf scaasGeKBronmdte Iself aepeveal VEnprikingimaintaanidg the cells in
an.ant agoni.st of the FGF receptor is that it is not
nf?gi&‘érg§8ﬁ§7mflﬂg"the medi um to contain other growth

factors, such as insulin, N2B27, or a gpl 30 agoni st

(e.g. LIF). The present invention therefore enables

al t erl(hhan whikitot/o§ GSKpraoded culture of ES cells in

medi t hat ..i.s fr f serum serum extract, feeder
cel | gma‘?fbl“\&‘ébég)ér‘)fg@;rlg' extract. Purported enbryonic stem
cells have been reported froma nunber of mammali an
sources including nouse (Bradley et al (1984) Nature
Prdierabbys themythod spmprisesmmaintdiningtihe Felpsyipdnesiym(cpoggying:-
Dec; 33(4):418-31), pig and sheep (J Reprod Fertil
Suppl (1991); 43: 255-60), hanster (Dev Biol (1988) My;
127( () atidhibitoa bAGS®W; ( Roux Arch

(2) an inhibitor of MEK; and

- (3) an antagonist of an FGF receptor.

Methods of the invention can be used generally for growing pluripotent cells, including
growing ES cells in medium which is frée of serum and free of serum extract, which
cells have 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/or feeder
cell extracts. For example, culture of ES cells can be carried out comprising the steps
of:-

- maintaining the ES cells in a pluripotent state in culture, optionally on feeders;

- passaging the ES cells at least once;



Dev Biol (1992); 201: 134-141). Specific exanples
herei n use nouse and human ES cells and al so rat cell
wo cwmpmsdiary outgrowhs. It will be appreci at BCI/GBa107/001163
t he met hods and conpositions of the present invention
are suitable for adaptation to culturing of other
manmmal i an pluripotent cell cul®ures, thus including
primate, especially human, rodent, especially nouse .
and t afithdassing\thaserpinucr the tserim skemtdaim she wediast and yithdrawing

ES cells.. A second aspect of the.inventi,o r.Qvi.das, .
thecderdsas S TEEHeHr B B I PPROPS IR TERP] oodgey Sl ‘?‘? elhm extract;
akEl 1S, so as to pronmote self renewal, conprising

mai ntai ning the cells in nediumcontaining:- (1), an

i nhi bistbsequentsrRintaining B cgHs jim i Riuripptet Stiier the presence of an

. Prefer t t had ri | Dt giscel |'s
e SR e L e LR A RSP
an inhibitor of MEK; and (3) an antagoni st of an FGF
receptor. Methods of the invention can.be us o
Fughsrontiopatlprthe celli ea b BRIGYReh D Eéﬂ?‘r@?"%‘ﬁﬁéﬁ% ththe presence of 2
W H,{fg bR I fivitsr bF @eg@f30s@swist@agh signalling
N%Ige- 0 1t§§r%§ée1§% rngléwvﬁrlmcﬁﬁggﬁ’% %ave %l?{evi ously 5
pitheaypassaged in the presence of serumor serum

extract. Preferably, such nethods are also carried out
in the absence of feeder cells and/or feeder cell

ThE Pfc@gﬁﬁnvé:rﬁfon%ﬁf%ﬁd& Hintdih& of ohiBinid 4 Grangfbctbé population of ES
carried out conprising the steps of> - maintaining the

cdllS, cmhpmsing:-a pl uripotent state in culture, optionally

on feeders;..- S [ t he -~

ot haFaTRnES SR o' PaRity Bibe nf b stbembic iR

medi Ugla#ng thé EBdenw ng the feeders (if present), so

that the nediumis free of feeders, seru nd s .y e

ext r acelturingithe ES cells in the presence of a MEK i 1b?tor, a 85@ inhibitor and,
optionally, an FGFR antagonist;

and

- selecting for cells that express the selectable marker.

Further optionally, the cells are cultured in the presence of a MEK inhibitor, a GSK3

inhibitor and an activator of a gp130 downstream signalling pathway.

The selectable marker may encode antibiotic resistance, a cell surface marker or another
selectable marker as described e.g. in EP-A-0695351, and ’preferably comprises a
" nucleotide sequence encoding the, selectable marker operatively linked to a promoter

which preferentially expresses the selectable marker in desired cells.

In a further embodiment, the present invention provides a method of culture of
pluriﬁotent, especially ES, cells, comprising the steps of transferring an individual cell to
a culture vessel, such as an individual well on a plate, and culturing the cell in the
presence of a GSK3 inhibitor, a MEK inhibitor and, optionally, an FGFR antagonist, so

as to obtain a clonal population of pluripotent, especially ES, cells, all of which are



- subsequently maintaining ES cells in a pluripotent
state in the presence of an. inhibitor of GSK3, a MEK
w0 niv7hi13ses and, optionally, an FGFR ant agoni st PCTFGBR(G121001163
optionally, the cells can be maintained in a
pluripotent state in the presence of a MEK i nhi bitor,
a GSK3 inhibitor and an acti vatlor of a gpl 30
downst ream si gnal | i ng pat hway. The present invention
mbgmyprfwsxdgls callmpiwaaldy, thbbeiﬂsmnag absotreavdfuest imghe presence of an

| at ells risi - - transfecting
HE%[’)%BT ?ég’?%%%hdowgfﬁ%’fll’swﬂm\ﬁ Sa sel ectabl e
marker; - plating the ES ceils; - culturlngthe ES
cells in the presence of a MEK inhibitor,
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I oha cells are cul tur
ebtudepn&is anesa)deﬁnai MEP@ndnﬂeﬂmﬂ otell dateSKAdditherbiafpror awﬁhdrawal of
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sel ectabl e marker as describ e.g. in EP-A-0695351,
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X{%Odl n Oé‘ﬁ Sgé@@r e%ﬁ%ﬁegr}‘héoﬁg rrgtgxlg (%élkg] Kefiti@r and then

vﬁﬁidemxagl e r@&&ﬁhehﬂhl(i@&hdlﬁﬁuﬁﬁé lthe GSKR 1fxl;ﬂbi‘rbﬁ rand MEK inhibitor
enbodi nent, the present invention prow des_a_ net %f
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[Ture vessel, such as a
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Further- aspects of the invention provide for cell culture media. One medium is for éelf-
renewal of pluripotent, especially ES, cells, the medium comprising an inhibitor of
GSK3, an inhibitor of MEK and, optionally, an FGFR antagonist. The medium may also
optionally comprise an activator of a gp130 downstream signalling pathway. Another
medium of the invention is a stem cell culture medium, comprising an inhibitor of
GSK3, a MEK inhibitor and, optionally, an FGFR antagonist. All media preferably
further comprise basal medium. In some preferred embodiments, all media are free of an

agonist of gp130, hence are preferably free of LIF.

The invention provides medium that is free of serum and serum extract. One such
medium comprises:-

- basal medium;

- a MEXK inhibitor; \

- a GSK3 inhibitor; and



activator of gpl30 downstream signalling pathways.

Once a stable, honpbgenous culture of ES cells is
wobioaitmsas the culture conditions can be alt eredI/G82007/001163

direct differentiation of the cells into one or nore

cell types selected from ectodermal, nesodernal or

endodernmal cell fates. Additionldf, or withdrawal of

cytoki nes and signalling factors, can enable the

deani ivaxi-iremspoftespeci fic differentiated cell popul ations

at . hi efficiency. Differentiation of an ES cell
t%%f?@gh%ﬁﬁémﬁ%tﬁ%g&nahé%?ﬁpfﬁ%@ e sepEngxHreved by
mai ntai ning the ES cell in the presence of a cytokine

acting through grl 30, a MEK inhibitor and a GSK3 o
i Hsi miedivm preferahbh algot ¢rdnpriven qnt REFBy atkgorgstnh The tmedium may also

. i i nhibi q i b
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directing differentiation. Alternatively, the cells

;BW be mai ntained in the presence of a MEK inhibitor
raferregsgiediym fomplugipotentistemerella; qsperialhy rator sppuse celds sy be free of
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L
dinfdfgenishof ahi BGF rEheptoet hibstitkasns ob agedib woenminknts can be made as

optignally.include the step of obtaining and/ or
f@gngahﬁ%ﬂldifferentiated cell which is the product

of the process. Further aspects of the invention

provide for cell culture nmedia. One nediumis for

Sasglrmaetbvmlis ofedpinn tha supplics cessptiel wiukgeses$ cadwinl and/artvétamins and/or

j rising,an _inhibitor of 3._an.inhi.bitor .
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basabr meeleust InsuHanmer pinehiei-fikel Al TGS, andl |alb@elina (preferably
are free of ain agoni st _of gpl 30, hence areeﬁ)referably
fecambipany)| qr_ alppmin sybsiitiisnang & free of feedanrrells and; feeder cell extract.

Thé Sndunt HH R0 Lo B s Shhiihor oPABoSISH or any other component that

promotes the maintenance of pluripotent cells in culture.

A particular medium of the invention comprises MEK inhibitor, GSK3 inhibitor, insulin,
albumin and transferrin, with or without additional basal medium. In this medium, LIF
can be optionally included and can be substituted by other activators of gp130 signalling,
though preferred medium comprises the gp130 receptor binding cytokine, LIF, suitable
concentrations of which are generally between 10U/ml and 1000U/ml, more preferably
between 50U/ml and 500U/ml, even more preferably in the region of 100 U/ml. The
GSK3 and MEK inhibitors are preferably as described herein in more detail.

The invention further provides a method of deriving a pluripotent cell from a blastocyst,

comprising:-



medi um conprises :- - basal nmedium - a MEK inhibitor;
- a GSK3 inhibitor; and- an iron-transporter; wherein

wWo b@7exfvaim i s optionally free of serum and sePCMGB2007/001163
extract. The nmedium preferably al so conprises an FGFR
ant agoni st. The nedium may al so optionally conprise an
activator of a gp 130 downstr.gam signalling pathway.
Preferred medi um for pluripotent stemcells,

espeqiabhMiniia Ok e cells, may be free of serum
~and gq‘ﬂg)]p lilsl%taago%i sts and conprises a MEK inhibitor,

a GSK3 inhibitor, and an antagoni st of an FGF

rece [a.Substituti ons .of. nedia co s.can be .y eq

mde aeCy et AP IR R sl BinsSe AR Fuiflhe F k3 inbibitor
supplangsotBaginy, iadlanténte 5f &h FCIH RedHteN & Mtaitl drdifhescell mass;
and/or mnerals for the cells. The basal mediumis

generally free of protein and incapable on its own of

Suppes &i%cﬁﬁh&tﬁ@&?y@?&el?ﬁxagﬁl |'s. The iron transporter

provides a source of 1ron or ’provides the ability to
take up iron fromthe culture nedium Suitable iron

transporters include transferrjn and apotransferrin.
1t 1 S predAtng 341 pgell et difFacieh Bk S pReSs e ne
or nore of insulin or insulin-like growh factor and

al bum n (preferably reconbinant) or al bumn
subs{drauitering the iselatedesslioir delle dietheqetdescaontia MIEI énhibitor, a GSK3

1, . 5 Ih di | '
i BRI b gppdly A B ok PERTSERAY ¢ o

pronotes the mai ntenance of pluripotent cells in

culture. A particular nmediumof the invention L
Optipanllys e weltedtalben erlls asicaltuwad ini the preseneqpf a, MEK inhibitor, a

Ggia{?g@‘l mlatglp grrlr(]i 51?%3{1%{’(%} ﬁg g%%(? dﬁ{vps .(r:éaagrp %it n%l?)i?xigé In‘gﬁ[;l l%lir/ltagonist of an
FGReteeged nadychlsobe pessatbst i t uted by ot her activators of

gpl 30 signalling, though preferred medi um conprises
t he gpl 30 receptor binding cytokine, LIF, suitable

Preferably, the method comprises culturing the blastocyst in LIF, more pvreferably for a
period of from 2 to 4 days. The isolated cell or cells are preferably cultured in serum free
medium. Typically, the cells are replated as clumps. The blastocyst is also preferably
cultured in serum free medium, optionally in the absence of an agonist of the BMP

receptor.

It is further preferred, according to the invention, that culture of cells is carried out in an
adherent culture, which may be promoted by the inclusion of a cell adhesion protein on
culture substrate. It is also preferred to culture pluripotent cells according to the
invention in monofayer 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

scaffolds such as membranes or other 3-dimensional structures.

Culture medium used in the examples of the invention preferably also comprises serum
albumin. This can be used in purified or preferably recombinant form, and if in a

recombinant form this has the advantage of absence of potential contaminating factors,



concentrations of which are generally between | QU ni
and 1000U/ M, nore preferably between 50U n and
wGAONAMs505 even nore preferably in the regi on oPCGB2007/001163
Um. The GSK3 and MEK inhibitors are preferably as
descri bed herein in nore detail. The invention further
provi des a nethod of deriving alfruripotent cell from
a bl astocyst, conprising:-(1) obtaining a bl astocyst;
(Qt)tOkmles gt n@" he mgltmteamteduwmtdoem npheegt s eontaingferum Mthumin and this
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isolating a cell or cells fromthe di ssoci ated i nner
cell mass; and (5) culturing the isolated cell or

cgl #%11'0@1&12 ﬁperfeﬁ%S %@dlﬂfny ,%f VK ih B9 roneathgl.‘g“i%3 fully defined. This

i nh tor , optional an ant agoni st of
reedipuordoeSphotorahthin ankie compba¢isl which are uedéﬁndt gthat is to say
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Sfagtoad lthddGhre Aﬁls?élﬁﬁfgpn A aqua%&% UsBeRtflly RYindd SAedium is that
be present. Preferably, the net conpri ses cul turing

tefficisnt andhegnsistens protpeolpferecigtuse and bu@seqmnt angpépylatioro pf pluripotent
f cel | |
p(’{ee er a%?f/i é% u m“é‘g‘%f r# r;églroum &r %l arlrrtlet ancg L??/epllgzzlgllal R/l tmp otent state is

tdohisvableswvidti highepéficRAcaand lgusas: pr@dih@tabilﬁ? taﬁ@lfh?dt wigen differentiation
al so preferahly cultured in serumfree nediu
dﬁtm@r?&ﬁuy ceHs chldursd Jshigea defined mydiim itheyfespRasegipthe differentiation

@‘Faﬁ'is%oré florh égeBH{xé gh v ﬁf:dg{d]eﬁﬂed ARGRnlNA4 0 the

t1on at culture o SIS carrie out in an
adherent cul ture, which may be pronot ed by the
clusion of a cel], adhesi on ei.n on cuIt
pvgpiion pso; groxides, CBP%?IEF’F% “tthbchc 6% bf éJSB i Hldigygs for culture

%édtﬁmaca‘iﬁr ROt Dnk ?b%ehﬁv% i ﬁ?@qdrﬁ'% JIP00! AY@fe DMdiMGE the resultant
though it is optional for e grown In

sushemshedmg tuddeardance with the mamttlbna@gc kgauf eh;e invehtien comprises first
% sgcl:c?n% go%ta?rrlgr\émthg I}lrsbteca})(tjt atmngoanl\/ﬁ*flgI 181 lt%e second containing a
GSK3 inhibitor. Preferably, the kit comprises a third container containing an antagonist
of a FGF receptor. The kit may also, optionally, comprise a further container containing
an activator of gp130 downstream signalling. The kits are preferably formulated so that
the contents of each container can be added to culture medium so as to obtain a culture

medium of the invention. The kits preferably contain concentrated stock solutions of

their respective components.

Methods of the invention also include a method of obtaining a differentiated cell
comprising culturing a pluripotent cell as described and allowing or causing the cell to
differentiate, wherein the cell 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 cells. The selectable marker may be expressed in the desired differentiated



scaffol ds such as nenbranes or other 3-dinensional

structures. Culture nediumused in the exanples of the
w0 pooentisen preferably al so conprises serum al beei/6B2007/001163

This can be used in purified or preferably reconbi nant

form and if in a reconbinant formthis has the

advant age of absence of potenti@. contam nating

factors, cytokines etc. The culture nedi um does not
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signalling, The kits are preferably fornulated so that
EHIR e Bedimm i (B eocpt o tAden cotlBRS o GIRATCRR { L o

nmedium so as to obtain a culture nedi um of the

invention. The kits preferably contain concentrated
Acooedinglyl atfugher aspect of the invention provides a culture medium, comprising a

MEK inhibitor and an antagonist of an FGF receptor. The MEK inhibitor and the
antagonist of an FGF receptor are as described in relation to other aspects of the
invention. Similarly, the culture medium may further comprise additional components or

factors as described herein in relation to other aspects of the invention.

Yet another aspect of the invention provides use of a MEK inhibitor and an antagonist of

an FGF receptor in manufacture of a culture medium for pluripotent cells.

The invention also provides methods for culturing pluripotent cells and obtaining
transfected populations of pluripotent cells, which may be conveniently carried out as

described for other aspects of the invention. Accordingly, a further aspect of the



their respective conponents. Methods of the invention

al so include a nethod of obtaining a differentiated
w@eior/1e330Ppri sing culturing a pluripotent cell BSI/GB2007/001163

descri bed and allowi ng or causing the cell to

differentiate, wherein the cell contains a selectable

mar ker which is capable of différential expression in

the desired differentiated cell conpared with other

@ebhtidnyResides B ehtHONEF Qikikd BOHRBIpo&n€ BRI 8,10 \phafieleYelf renewal,
differential expression of the selectable marker . .
GOBARIINRE MRiptalTing dhei eallsi Bomadien eerapvsing # WPK inhibitor and an

@ﬁ%&{ kY FlgeQfibhe desired differentiated cells.
seﬁ ect agl e marker

er may be expressed in the desired
differentiatedcells but not expressed in other cel

AR S B fY My SlioBePg e i aRTied EEI gl Piipotent cells,

dongire Aklseps Bg-sel ection for expression of the
sel ect abl e tr?u\g!r;ker. The differentiated cell can be a

t i ssuemginéginiag the By ealls vra platipoteahsfaieey cpluzg, optionally on feeders,
term . -di ff t cell, Cenerally also, the
r}??lg%&lgél% é’ﬁgéseg%isgtt gegfﬁ 5Bt ai ned by foll ow ng any

I nvent
of t he witidrosingoferuhie or N¥epihi eRtral@s (if | presene find . the medium and

Celgés of the invention can be used in_assays for _ drug
Vit & serum and

Bvineythe dgedess Gf prerent)nge that dhe mesdivmds Trss fskader
cel etigiany and thus a nethod of the invention
Scon‘p?%ses’ using a conbination of inhibition of MEK and
i nhi bi subsequehtlGSKdn@midng AR celtvald g, planpatganststen iof the-@rFesence of a

ignalling to derive and/ ar i ntain pluripotent
h@%ﬁﬂggﬂﬂ@??Wfﬂbl ifog 0 BF%EgﬁgcﬂﬂgFapy t heref rom and
using those cells in cell therapy. Optionally, the
conbination is used in the absence of an activator of

Aghirder depaatof thammeinginalpravides dmethodrofadyaning adfansfasted population
gﬁ enéhi on relate to the use of inhibition of MEK and
AR EEESrREEPYIE ™ optional Iy in conbination with

i nhi bittansRc@hg ESIEB1LS Fith R @Bt Ens6dihp haBRMRbldharker;
pluripotent cells. We have found that the conbination

of a-pEingth¢ BStcglls;and an ant agoni st of an FGF

recept of,. i ffegtive. ipn supporti t h of

o ar - solulige B S oI L PoPRERE EEIRR, Rinfhle” aBl ap o receptor
arthgafdsleshdcyt oki nes or growth factors.

- selecting for cells that express the selectable marker.

Also provided is a cell culture medium that is free of serum and serum extract and
comprises:-

- basal medium,;

- a MEK inhibitor;

- an antagonist of an FGF receptor; and

- an iron-transporter.

The combination of a MEK inhibitor and an antagonist of an FGF receptor is also useful
for deriving new pluripotent cell lines. Accordingly, a further aspect of the invention

provides a method of deriving a pluripotent cell from a blastocyst, comprising:-



Accordingly, a further aspect of the invention
provides a culture nmedium conprising a MEK inhibitor
wa@na7amsent agoni st of an FG- receptor. The MEKPCT/GB2007/001163

i nhi bitor and the antagoni st of an FG- receptor are as
described in relation to other aspects of the

invention. Simlarly, the cultlfe medi um may further
conpri se additional conmponents or factors as described
her ei (l)iobtaiainatd Wastbeysgt her aspects of the invention.

Yet anqther aspect. of the invention provides,use of a .
VK | B i agie i Plamiogy ga i Rese 4l A MER i {osand dn entagonist
manuf 8EAMFEFYecdbtéyitd $6i8inRAhHER delrmpsur i pot ent cell's.

The invention al'so provides nethods for culturing
pl ur i Fotdassociating shednderatsilanasishg t ransf ect ed

popul ghi: . ' nt el l.s, whi b i

Conver dRiT aBhir bl ATl atn B ol HapPiiipss: and

aspec{® wituting theisehitdédesll Acelsdhrbt presandeusft hMEK inhibitor and an
aspect of theinvention provides a nethod of culture of

pl ur i pEREeRIstQf|and @regeptop pronote sel f renewal ,

conprising maintaining the cells in nedium conprising

a MEK inhibitor and an antagoni st of an FGF receptor.

TheA ineintivedalas pisctudes  Kitsecompesing ofirsprandi demnd ocwmtthiodrs, the first

R T T e TR e

THe lGtiaya8o QRhprRBdhey cORtaliREIBIHPor conPfttRABial debdibel Berein,
.cells at least once; - wthdrawi ng serum or serum

extract (if present) fromthe nmedi um and w t hdraw ng

s A+f .present), .so th mediumis,free .
fofBet SREELSorehr RIERE bl wi P MESTREbIEE bkt bl Bftagonist of an
FGIb s&@gpintih promotib@ belt-fhebl 6£blugipoferd siiny cel) le§cially pluripotent

state_in the presence of a MEK i nhibitor and an

sfeimcplls B¥Pressing Naops.r dceghated aspect pravides asjssad of expsading a stem
. . : ; i o
I EPHFERPEFHS, o0 oy AAAARSISELC it

anéhh antgbhisaoLanBGFuedepesicodi ng a sel ect abl e narker;

A number of advantages of the invention are described above o'r apparent. Cell culture
components may be identified which are relatively non-toxic and cell permeable. The
MEK inhibitors, GSK3 inhibitors and FGFR antagonists used in specific embodiments of
the invention can be purified easily, especially compared to, say, purification of protein
cytokines. Recombinant.proteins can be expensive to make and the small molecule
medium components may be more cheaply produced and more stable in storage, with a’

wider effective concentration range,

Specific embodiments set out Below used a combination of CHIR 99021, PD184352 and,
optionally, SU5402 in a serum-free, fully defined medium and gave improved self
renewal of mouse ES cells with very little differentiation. It is occasionally reported
when culturing ES cells in the presence of BMP that there is some neurogenesis. This

was not seen in the examples of the invention.



- plating the ES cells; - culturing the ES cells in
the presence of a MEK inhibitor and an FGF receptor
w@nitagosdst and - selecting for cells that expPE€F&BR(12/001163
sel ectable marker. Also provided is a cell culture
mediumthat is free of serumand serum extract and
conprises :- - basal nedium-18a MEK inhibitor; - an
ant agoni st of an FGF receptor; and - an . .
The Bivehticn &pacw durthdhdescibdl maspeoificodxampless illvatiakid; by drawings in
and an antagoni st of an FGF receptor is also useful .
whish: deri vi ng new pl uripotent cell |ines. Accordingly,
a further aspect of the invention provides a nethod of
deriving a pluripotent cell froma blastocy
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antagoni st of an receptor. The 1nvention also

adcomttuttie pukity ofcthepf AES myrted restls.af?) Sewordy cdrdas. & Fxamples of
the first containing a MEK i nhibitor and the second

hybgid coienygo OZ‘?ﬁyagoni st of an FGF receptor. The kit

may al so conprise other containers and/or conponents :
as described herein. Further aspects of the inyenti 012 . "
pr ovFige2 shewsmausvES pellsi dartved andomaintaipehacnordne 4 G, mvention

oSSR AT st potent

Fig 3 shows passage 4 mouse ES cells grown in accordance with the invention;

and

Fig 4 shows mouse ES cells, grown in accordance with the invention, are Oct4

positive.

In the examples the term 2i medium or 2i is used to indicate medium comprising a MEK
inhibitor and an antagonist of an FGF receptor. The term 3i medium or 3i is used to

indicate medium comprising a MEK inhibitor, a GSK3 inhibitor and an antagonist of an

FGF receptor.



stem cel |l s expressi ng Nanog. A rel ated aspect provides
a net hod of expanding a stemcell popul ation,

w@owpnisdihg culturing the stemcells in the preEGEGB2000/001163
a MEK inhibitor and an antagoni st of an FGF receptor.
A nunber of advantages of the invention are described
above or apparent. Cell cul turg conponents nay be
identified which are relatively non-toxic and cel
R AMPPIEs The MEK inhibitors, GSK3 inhibitors and
FG-R antagoni sts used in specific enbodi nents of the
invention can be purified easily, especially conpared

snall nDIecuIe nedlun1conponents nay be nDre cheaply
]Eqrogduced and nore stable in storage, with_a w der
s/ aEh e mella tvesn grayyBndesyarpes eonditions, Heipe 3V2B27 medium

d 0 n. of IR 9902
s ng ViR R, B TR JBENGR0e Ty bl CsIcap inbibior
CHIR Y02 f IARdA(DBduurSL aBB206763 i dwdr @m}dsg%faﬁd%n&t&alMEK inhibitor
mouse ES cells with very little differentiation. It is
%@é&ﬁﬁ%nally reported when culturing ES cells in the

presence of BMP that there is sone neurogenesis. This

was not seen in the exanples of the invention. The

Preperttionwf N2 BIwkdiirrer described in specific
exanples, illustrated by drawings in which: Fig. 1
shows analysis of the effect of PD1843 52 in the

1(@ QWL 0Pk O51uR Hf 'FI%? Bph: i Nal E}?épﬁh ?ﬁﬁ&'é&ﬂb@rﬁgﬁ@i{éka%mg/ml) with

ana yS|s and green escence o
l'ﬁﬂzﬁpd-tramsfermm (fmal mecemtrzmont lllOlﬁg/Zﬁl),l‘l 0167snlaBSar (ﬁﬁﬂa concentration

treatment; (B) Purity check of FACS sorted hybrid
Xng/ ey i PPHA. P{(@FSW dEngly copeeniration ygmi) g@ﬂam}tresmne (final

TR e R -

MR 2.t BRrouf 4 aed ugefwmlﬁﬁqsn@@cht ed cells. (D)
Summary of data. (E) Exanples of hybrid col ony
nor phol ogy. Fig 2 shows nouse ES cells derived and

W/%&E-‘?\‘?z Fedfim d' Pogl(S(Pmlt %Wlbogdd Iml of N2 100x stock solution.
The final concentration of each component of N2 in the DMEM/F12 medium is: insulin,
25pg/ml; apo-transferrin, 100pg/ml; progesterone, 6ng/ml; putrescine, 16ug/ml; sodium
selenite, 30nM; BSA 50ug/ml. Store at 4°C and use within 1 month.

Neurolbasal/B27 medium: to 100ml of Neurolbasal ™ Medium, add 2m! of B27 and 0.5-
1ml of 200mM L-glutamine. Store at 4°C and use within 1 month.

N2B27 medium: mix DMEM/F12-N2 medium with Neurolbasal/B27 medium in the
ratio of 1:1. Add B-mercaptoethanol to a final concentration of 0.lmM from the 0.1M

stock. Store at 4°C and use within 1 month.



and shows high efficiency of chinera contribution by
these ES cells; Fig 3 shows passage 4 nouse ES cells
WQ@r@AN13sp5 accor dance with the invention; and FP@I/¢GB2007/001163

shows nouse ES cells, grown in accordance with the
i nvention, are Cct4 positive. #@ t he exanples the term
2i mediumor 2i is used to indfcate nmedi um conpri sing
a MEK inhibitor and an antagoni st of an FGF receptor.

3i mediumor 3i is used to indicate nmedium
conprising a MEK inhibitor, a GSK3 inhibitor and an
ant agoni st of an FGF receptor. EXAMPLES GSK- 3D
Imndeirir tfedesmedimhG MBK. tibite:, plasih G816 3 pechibinvewds fiffficient to sustain
cel | If-re ewal Nbouse and human ES cells were

own

moues By geflogirensvaltindiegh (b N2 omediume gpd el Al defined medium
ENMES at h &
QRIS Ea R Ralo 3o RACRL LS AT VG JRpidig forther in
mpdiuSBdoniHRing adviB K inkitvds, 4 GISKbBB dhibIk8%h3IAF (data not shown).
Preparation of N2B2 7 nmedium N2 100 stock sol ution.
For 10m: mx Im insulin (final concentration .
[¢d) with Iml apo-transferrin (final

Bx
concentration 10ng/m ), 0.67m BSA (final
.concentration 5ng/m ), 33m progesterone (fi nal

A8 Shov bbb R Bag s ooy RSesen Byl g Nanog in ES

c2l15 ¢a4ih mat EMW@'T% adfftioh, 38l sEMEM ik Nande0l/e Eg cél&ctreated with
and use within mont h. DVEM F12- N2 nedi um_ to

Pd?lwm failed tads:hqwn enbaneing 100ESs teel kselbraneiveh. Irtrrfect these cells

| t f ach co n th
HRhoAOTRERE A 309! R SIIRARE B Bl B s st remcva
pheXatgparby PP 8YEs! i€ mtiate@bg/Ndnogput r esci ne, 16mg/ m ;
sodi um selenite, 3qnM BSA 50rrg/g Store at 40C and
use within 1 nonth.

The effect of PD184352 in reprogramming was also investigated by determining the

conversion of NS cells to pluripotency in the context of cell fusion.

RH ES cells, which express constitutively the dsRed fluorescent protein and hygromycin
resistance, were fused to foetal derived Neural Stem cells (NS TGFP) that express the
fusion protein TauGFP linked via an IRES to puromycin resistance. In one of the fusions
RH cells were treated for 3 days prior and after fusion with 3uM PD184352. In the
control no PD184352 was added. Treated and untreated primary hybrids were sorted 24
hours after fusion and then plated (Figure 1A-C). Hygromycin and purdmycin selection
were added to the ES medium 3 days later. Colonies expressing dsRed2 and GFP
fluorescence and exhibiting ES cell morphology were scored (Figure 1D and E). Results
showed that PD184352 enhanced ES-NS hybrid colony formation by 45-fold.
Interestingly, the percentage of hybrid colonies formed per plated hybrid in PD184352
treated RH cells was just 2-fold lower compared to Nanog overexpressing ES cells
(2.25% vs 4%). This result shows that PD184352 not only enhances ES cell self-renewal

but also enhances reprogramming in the cell fusion context. This effect is likely to be



Neur ol basal / B27 nmedium to 100m of Neurol basal (tm
Medi um add 2m of B27 and 0.5- Im of 200nM
wo2@ra1#Ens ne. Store at 40C and use within 1 noP€TIGB2007/001163
N2B27 medi um m x DMVEM F12- N2 medi umwit h
Neur ol basal / B27 nmediumin the ratio of 1:1. Add
b- mer capt oet hanol to a final €®heentration of 0.InM
fromthe 0.1M stock. Store at 40C and use within 1
lm!Bd'tatedEbgathplmcrﬂ:aded leedsiof Nageg i deatad RHVEHIsi Altdidingly, if Nanog is

B Bl el i MBS U 4 oSt P Nnos e
@b veAbsdoitted efiéds, Rech APRHRsd NN rddriied. - data not

shown. Self renewal of ES cells was inproved further
i n medi um contai ning a MEK inhibitor, a GSK-3b

Eﬂnﬁieir and LI F (data not shown). Exarrpl e 2 1t was
at PD184352, an inhibitor of MEK, increases
the levels of Nanog in ES ceIIs (data not shown). In

ddi ti i.t was shown .t hat -/- ES cells treated . .. .
F%gs‘iPé‘@ZWF%ﬁ cBliied U onedin e lempngnd pdthcdhg GS SK-3  inhibitor

 CRIReIRNMAhe MEK ﬁﬁﬁbmgfrqﬁﬁs@%b' s differentiated

(data not shown) enonstrated that the.
enhanC| ng of ES self-renevval phenotype by PD184352 is

ted e eff PD184 in .
AT o 5P e 3.l Dy PO £ it cols (data
, rﬁ)@@h{(ﬁﬁ@l on of NS cells to pl ur| potency in the context
" of cell fusion. RH ES cells, which express
constitutively the dsRed fluorescent protein and

Eﬁf])égﬁg%ci n resi stance, were fused to foetal derived
temcells (NS TG-P) that express the fusion
protein TauGFP |inked via an | RES to puronycin

resistance. In one of the fusions RH cells were L.
M?lest E§ rells avermyeuliyradonn amedier supplemenish withhthen{#SK-3 inhibitor

Treat gg?md&etﬁﬁlé@mcsﬁt%kpmsﬁ% 284352 was added.

and untrea primary hybrids were sorted 24
hours after fusion and then plated (Figure IA-C).

TSRS R B A e b b et
n&#s éﬁown).

Example 5

Mouse and human ES cells were grown in medium containing CHIR99021, PD184352
and SU5402, prepared as follows:- '

Concentrations of the three inhibitors / antagonist:

Compound | Initial Dilutions Final
concentration Concentration
when added to
media
CHIR99021 10mM Aliquot stock in 20ul aliquots. 3uM
Store at -20 | Initial 1:10 dilution with N2B27 | This
>lyr media = ImM. concentration
Store at 4°C. Add diluted stock to | was used for all




fluorescence and exhibiting ES cell norphol ogy were

scored (Figure ID and E). Results showed that PD184352
wenivanesos ES- NS hybrid col ony formati on by 45-P@t/6B2007/001163

Interestingly, the percentage of hybrid col onies

formed per plated hybrid in PD184352 treated RH cells

was just 2-fold | ower conpared _t® Nanog overexpressing

ES cells (2.25%vs 4% Thi s result shows t hat

U154~554 Mot ONt [y ENances ‘?néa’fg at 7‘3,3;3 t0 rhafcév%tl\]f’ﬁhal cell lines -
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iincreased | evel s 2 H |-Ci dn"N2B27 = | Some cell lines
Accordingly, if |N& 6g | s enco]g’éh%wgpl\é’xﬁﬁ?résaééoct‘h%m were grown in
fhe MEK i nhibitar can be usddnedagplddaifen@8mbinérpland | concentrations

chi eve associ atjed effects, |such as increased varying in the
feprogranm ng. Bxanple 3 Hurran ES cells were cul tured |range=0.5-
iin_nedi a suppl enented with tthe GSK-3 i nhi bitor 1uM
CHURE0221 and t hesthK i nhi biftialtiaPD:34 3§ikitiohhe adedNil an| 2uM

pf LIF to the cUlstwre aedpa |fgmder i nproved Some cell lines

bropagat i on of tiheygell's (datgqqh slaunie le’S@”%reﬁﬂal may need to be

Vbuse ES cells veré cul tureq nent ed s
i th the GSK-3 inhibitor cHl GBS %‘63%’?@% :PIt‘f_msSSg& range
Fal ot e

mhibrtor—Pbi84352—Fthe—addi-t+on—-oef—+H-FHtothe—eculture
medi a further inproved propagation of the cells (data
nMedgdiown) . Exanpl e 5 Mouse and human ES cells were
. grown in nmedium containing CH R99021, PD184352 and
SU5402 prepared as follows:- Concentrations of the
: .st Media : Preparation of

Mot DVEM F12 (G bco
4'124(1(00&11@))1? I&MEMIEDO(fGlb% A04D0-61 @®CHdE Oinliof NR 1JMe stock solution. The

final concentration of each component of N2 in the DMEM/F12 medium is:

Insulin 25ug/ml Putrescine 16pg/ml Transferrin 100pg/ml
Sodium Selenite 30nM Progesterone 6ng/ml BSA 50pg/ml

Preparation of Neurobasal/B27:
T6 100ml Neurobasal medium (Gibco 21103-049) add 2ml of B27 (Glbco 17504-044)
and 1-2M L-glutamine (TC stores 1:100)

Preparation of N2 B27 medium:

Mix DMEM/F12-N2 medium with Neurobasal/B27 medium at the ratio of 1:1.

The media was used to dilute all compounds and grow the cells.

The medium was used for maintenance of human ES cells and for derivation and
maintenance of ES cells from 129 strain mice, and also for derivation of ES cells from

the non-permissive mouse strains CBA and C56/BL6..



final concentration of each conponent of N2 in the
DVEM F12 nediumis: Insulin 25ng/ M Putrescine 16ng/ m
wae@naimnsin | OO/ M Sodi um Sel eni te 30nM Pr oPEFGBR@1H01163

6ng/ M BSA 50ng/ m Preparation of Neurobasal/B27 : TcT
| OOmM Neur obasal medium (G bco 21103-049) add 2m of
B27 (G bco 17504-044) and 1- 2M 45 gl ut am ne (TC stores
1:100) Preparation of N2 B27 d3| Mx DVEMF 12- N2
_rFﬁdi um!ﬁvgt h Neur obasal / B27 medi um at ‘the ratio of 1:1.

¥ was used to dilute all conmpounds and grow
the cells. The nedi um was used for maintenance of
"human ES cells and for _derivation and nainten

Edopsq ES ey et guldired jim th El'@sefé’ﬁd)féfllnslﬁhﬂ’étf’r agarev%‘ﬂ“ ageeptor and a
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tﬁ&bﬁ%a'ﬁ%n&h”ﬁéBZ@ﬂﬁecﬁﬁ&ﬂ YAthiah (%OLIPEWkHo%t \oravilBHl of/ BMP4 (data not

respectivel ty found that addition of either
i Saiaivin) -+ Wndiffgreptintedsubintes foam be @bmuoasiyamsmgsd @fpﬁ’g&t ¢qinlitions while

B8 T P RS RS, UG QRO A0 e e

henanitineftdsss| not ms&mﬁm fnichds®e€ emp‘i*ew@n sf wh géx&s than in cultures

retaini essi aon of the pluripotency narkers Cct4,

Nﬂﬁé@m@ﬁ’g‘ﬁlt@& conm t nent does not occur

despi te nuch Iomer expression of 1d genes than in

cultures maintained with LIF plus BMP. ES cells plated

iES MZIBR2 plaveidiru N2B27hmedivad détholit Bddebhilf t ¢aad#tidrisahat normally elicit
eur al comm remai

nor mal | eI|C|teff|C|ent .
@?ﬁ%e UFRL AR RS, PTG A2 QOFIGE S0 03 gy, ipr several days if
QithBest34pA08r D mﬁsél% MGpdad LsakRoRRl SHBWBYer, these cells
However, these ce

invariably differentiate and/or die after passaging. To reduce potential toxic side effects
we used 2.5 fold lower doses and combined the two inhibitors together. In N2B27 with
0.8uM PD184352 plus 2uM SU5402, some differentiation is observed initially, but ES
cells persist and’' expand after passage (data not shown). Viability is lower and
population doubling time slower in this two inhibitor (2i) condition than in the presence
of LIF, but differentiation is effectively restrained. This finding suggests that the
minimal requirements for ES cell self-renewal may be to deflect differentiation signals

emanating from FGF receptor and Erk signaling while avoiding compromise to cell

growth and viability.
Example 7

We reasoned that reduced growth of ES cells in 2i media could be due to increased
activity of glycogen synthase kinase 3 (GSK-3) consequent to release of inhibitory
phosphorylation by Rsk downstream of pErk. CHIR99021 is a well-characterised highly

selective small molecule inhibitor of GSK-3 that does not cross react with cyclin-



invariably differentiate and/or die after passaging.
To reduce potential toxic side effects we used 2.5
wo odod/1h3soer doses and conbi ned the two inhi bi t PE€EGB2007/001163
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B FehleriiM, TH80b Y1 RIATPhEE S orPpElld B8 that BS cells grew
aechropact Heeel dithetstortal asloaies reboomse Nafieh@ipnoaolageld typically seen in
iﬁ__ms Com ppear.. m)r,&hol ogically undifferentiated . . .

r PS5 ﬁsor e Pitereptigiions wag pegligible indhe threg inhibitors (3i)
Rf ERRER! ' il i i
Ot EP R plorRkpel -AARRROMAG: impoflahl uBRESELRME folonies erew up a
18BR kificisnagnaftSBaaAssafing. darivatigds dotvo apleparndeat pareatdh &S cell lines,

LG to | s. ver, when CHI R99021 is conbi ned

ﬁmﬁ iattfgﬁff# ﬁ@?\@%? ?gtf‘}% hone teFBnePansion oig; Slehtthrlgflg or no overt
diPeEnBR AN Rlat{hbiR9B023. 'THQ&‘E)gﬁr@Q oo N%@%QE@REQI 2hd do not exhibit
such that ES cells gréw as’ conpact three di nensiona
Wt@ﬂﬁbé@ expresmon pfi inedge aptenitdentonalkayse Gatddy Sog d) drybrachyury (data
1ot %ngvrq). In bulk culture ES cells expand with a comparable doubling rate in 3i as in
LIF plus BMP, and the proportion of Oct4-GFP positive undifferentiated cells remains

over 90%.

Thus, 3i medium can be used to culture ES cells without differentiation in the absence of

serum or added cytokines.

Example 8

A rigorous test of the sufficiency of a culture formulation to sustain ES cell self-renewal
is formation of undifferentiated colonies by individual cells. After single cell deposition,
cloning efficiency in N2B27 plus 3i is 25% (98/384), higher than with LIF plus BMP
(11%, 23/192) - data not shown. These colonies express Oct4-GFP and are passageable



LIF plus serumi BMP or in 2i. Differentiation was
negligible in the three inhibitors (3i) and ES cells
w@e@pagsbed rapidly. Most inportantly undifferpel/Ga2@d/001163
colonies grew up at high efficiency after passagi ng.
Derivatives of two independent parental ES cell |ines,
E14Tg2a and CGR8 showed robust-350ng term expansion in
3i with little or no overt differentiation (data not
sisamdjfferdiiRyedeRS @S, Phtd mdBRAGoAfisiRRd MK ifIbAG, an inhibitor of
exhi €| t appreciable e>é&rK(ass_l on_of |'i neage conm t nment )

§ KEPE, resgpior andyp. Dorigbibjtar yis( @hlea thosusisiowthe formation of
I - P npar abl e
e 6 B oot e B P bl oS0 e
proportion of COct4-G-P positive undifferentiated cells
@?ﬁgai N3 gover 90% Thus, 3i nediumcan be used to

MPE”ES cell s W thout differentiation in the

absence of serum or added cytokines. Exanple 8 A

ri gorous test of the sufficiency of a culture )
W¢ Famatned wheshey At wiasnadeguate |fpr thel derivatiemaf new ES cells directly from

f [ i f it | at ed .col onj.es i.ndi vi dual ..
R G Betortl i ASHERM B SLaTRpETIiRE: Hiahigelatt BB e permissive
@29 istraianwyrei platid RArecplly Us NIBA7Bplab % (0984ebdith-codtéd PRistic and cultured

han with LIF plus BVMP. ( 11% 23/192)_ - data not

HondaySTHELE Uosemicas disspriaiaen ard zepttingaply ther mner cell mass, ES cell
P&iSs wogdi r i ce .U
e s TR L P 2 ShuReC P Thiee 3f Wioee "Rk Blpanded and
mgestqst o dteaitary@SKAll plniebhighrraies odlchimidissuahdigerhline transmission

. : : ) ) ,
el We i &b gamulinig £8Golfrar Ca7BLs and non-

o e

Pér5i RPRAUBNCarf OKH 1Ny ih&g?ﬂliﬁg‘th%f 3NEW IS &le t?ansit%on from epiblast

directly fromenbryos or r ected an adaptation o

wslEastll sWedcanchds . th@] disliteratet ES feebsriiohe reumineimesisvfer £28genous LIF
t 1y re plated directly in N2B27 plus 3i 0O

g B DS G o Pommomnis do By elapisyel pajepey
subsequent di ssociation and replating of the inner

cell mass, ES cell colonies were obtained from?7 of 12

EABEFoL - Gonisibusion; pbES aelkederkysdntiedi dad-himacras and production of

germline offspring

Cell line No. embryos { No. liveborn | No. No. No.
injected pups chimaeras* | test-mated transmitting*
CPS1 64 16 12 8 (5m, 3f) | 3f
CPS2 21 5 4 3(Im, 2f) |2f
CPS3 20 15 11 4 (3m, 1f) 2m

: Chimaerism and transmissjon of the 129/0la ES cell genome detected by coat colour
ES cells assumed to be XX.

Thus, ES cells are maintained in a combination of a GSK3 inhibitor and a MEK
inhibi;or, a MEK inhibitor and an antagonist of an FGF receptor or, optionally, a GSK3
inhibitor, a MEK inhibitor and an antagonist of an FGF receptor and the invention also

provides culture methods and media therefor.



injected into blastocysts. Al gave high rates of

chimaeri smand germine transm ssion (Table 1).
wEesampsent |y we have derived nultiple ES cel | BCT/GBR007/001163

C57BL/ 6 and nonperm ssive CBA and MFl strains

indicating that 3i facilitates the transition from

epi blast to ES cell. W conclu#fe-that 3i |iberates ES

cells fromrequirenents for exogenous LIF and

EMoser um wi t hout sel ection or conpromise to

devel opnental potency. TABLE 1 - Contri bution of ES

cells derived in 3i to chimeras and production of

per m Aneliofef hediuhAg compRisBe MPR RRthilor ahé FIGI D thibitor.

the 129/ a ES cell genone detected by coat col our #ES

cells assunmed to be XX. Thus, ES cells are maintained

yn a ' ' f 3.1 Qhd bi.t ar :

Fon b REkefbo? s Bl o, il 1) RipE S PokShie ap appgorist of an
F@Eegeptor.or, optionally, a GSK3 inhibitor, a MEK

i nhi bitor and an antagoni st of an FGF receptor and the

i nvention al so provides culture nethods and nedi a

3.her eA%itQ}@hkeﬁnﬂ-acé’oﬁEﬁgtDw BlaffRY YFD, éihsthegw@ld\/ﬁlﬁibitor is a
inhibitor and a GSK3 inhibitor. 2. A culture nmedium
MEKdridhihgot.o claim 1, further conprising an antagoni st

of an FGF receptor. 3. A culture nmediumaccording to

claiml or 2, wherein the MEK inhibitor is a MKl

4. nhi b tokturedneddumlddcbfBnires %@ewﬁg lclmt 1R the MEK inhibitor
.preceding claim wherein th Kinhibitor is selected

1§ sedeptoTonddd 8433 2pod X058, A cul ture medi um

according to any preceding claim wherein the GSK3
inhibitor is an inhibitor of GSK-3b. 6. A culture

Sredi Woealare hiidigmntaecardyngtoet B Abrogedin gaé18im \Wkéreimthe@SK3 inhibitor
.GSK3.inhibitor is selective for GSK3 over cdc2 and/or

i mhibitor of GSK-33

- 6. A culture medium according to any preceding claim, wherein the GSK3 inhibitor

is selective for GSK3 over cdc2 and/or erk2.

7. A culture medium according to claim 6, wherein the GSK3 inhibitor is at least

100 fold selective for GSK3 over cdc2.

8. A culture medium according to claim 6, wherein the GSK3 inhibitor is at least

200 fold selective for GSK3 over cdc2.

9. A culture medium according to any preceding claim, wherein the GSK3 inhibitor

is CHIR99021.

10. A culture medium according to any preceding claim, further comprising a gp130

agonist.



7. A culture mediumaccording to claim®6, wherein the

GSK3 inhibitor is at least 100 fold selective for GSK3
wor@r/1cde2. 8. A culture nedium accordi ng to cPEi/GBS)07/001163

wherein the GSK3 inhibitor is at |east 200 fold

sel ective for GSK3 over cdc2. 9. A culture nedium

according to any preceding cl ai2f- wherein the GSK3

inhibitor is CH R99021. 10. A culture nedi um according

tld. anyA pubuedinediunt aicegrding thetaimobfyr wheren ehegpp B agonist is LIF,

Lst.11. A.cult . ' ' t | ai m 10,
S g e
oncostatin M IL-6 plus slL-6 receptor or hyper |L-6.

12. A culture nediun1acqordin9.to claim 10, wherein . .
fhe g gultyrgapgdivm; accprding forclaing) 105 whereinde gpl¥) agpnist is (a) LIF,
-pb. tyure medi um according to any
gl?vscljljﬁ%%ndzﬁt g’ Ofg?) b ggan&t he FGF receptor antagoni st
is an antagoni-st of FGFRI. 14. A culture nedi um
cording to claim13, conprising SU5402. 15. A .
31 turke P RRIAEE GPERTHEE © ¥PYaphnglamns £ sy whepgin the FGF receptor
RRAZ3094s ad ntaforitd Su*GFREdi UM according to any
preceding claim conprising an inhibitor of apoptosis.
17. A culture nedium according to any preceding claim
npr i, Si N2 di um and/ Qr B27 dium. .18 [ture
FE T uh el el S050R00s 26 i g CortPhsiag b Bng
PD184352, CHI R99021 and SU5402. 19. A human ES culture
medi um according to any precedin% claim, 20. A nouse
Bs cefcubiure medivppancording soFlaimd 3t ecraprjsing PRILABAEY1 to
18. 21. Use of a MEK inhibitor and a GSK3 inhibitor in
manuf acture of a culture

16. A culture medium according to any preceding claim, comprising an inhibitor of
apoptosis. '
17. A culture medium according to any preceding claim, comprising N2 medium

and/or B27 medium.

18. A culture medium according to any preceding claim comprising PD184352,

CHIR99021 and SU5402.
19. A human ES culture medium according to any preceding claim.
20. A mouse ES cell culture medium according to any of claims 1 to 18.

21. Use of a MEK inhibitor and a GSK3 inhibitor in manufacture of a culture

medium for pluripotent cells.

22. Use of a MEK inhibitor, a GSK3 inhibitor and an antagonist of an FGF receptor

in manufacture of a culture medium for pluripotent cells.



medi um for pluripotent cells. 22. Use of a MEK

inhibitor, a GSK3 inhibitor and an antagoni st of an
wo-agwnesept or in manufacture of a cul ture nedi POT/GBR007/001163

pl uripotent cells.23. Use according to claim2 1 or 22

wherein the nediumis for culture of nouse ES . cells.

24. Use according to claim2 12%-22, wherein the

mediumis for culture of human ES cells. 25. Use

@3c or dUsgyatcordihgitorcidim 2dror22 whereii thetihedingdis for tudtfeoof mouse ES
c:chure of rat pluripotent cells. 26. A nethod of
‘cul'ture of pluripotent cells so as to pronote self
renewal , conprising naintaining the cells in medium
according to any of clainms 1 to 18. 27. A nethod
#bcor dVsepacerdingioglaisy 2\es23i whetein thedhediings foreeuligre of human ES
$gfiym and free of serumextract. 28. A nethod
according to claim 26 or 27, wherein the cells are
nouse cells. 29. A nethod according to claim 26 or 27,

erein the cells are human cells. 30. A nethod

cor d7 17g 269TUNG; 19 P8I r2 b Prdre veicrein He capdisng i forculture of rat
?ﬁlrip%terﬁlgeuﬁ met hod of culture of ES cells, conprising

he "st eps of - maintaining the ES cells in a
pluripotent state in culture optionally on feeders, -

|ls at - - wi t hdr aw
B8 oo gt 00 e of plugPRlesfSe ey ndoned RBGHy self renewal,
addpHibing dﬁeﬁﬂ‘ﬂaﬁﬂn% he ceReftmediubi aRloRERP I anys6r dikials £ RF18.

mediumis free feeders, serum and Serum extract;
and - subsequently maintaining ES cells in a

uri a K 1 nhibitor
B PR od S BB o Bl Ein Spe Dt s e g and free of
gepuml exitiac31, wherein the cells are maintained in a
pluripotent state in the presence of a MEK inhibitor,

a GSK i nhi bitor and an acti vator of

28. A method according to claim 26 or 27, wherein the cells are mouse cells.
29. A method according to claim 26 or 27, wherein the cells are human cells.
30. A method according to claim 26 or 27 wherein the cells are rat cells.

31. A method of culture of ES cells, comprising the steps of:-
" - maintaining the ES cells in a pluripotent state in culture, optionally on feeders,
- passaging the ES cells at least once;
- withdrawing serum or serum extract (if present) from the medium and
withdrawing the feeders (if present), so that the medium is free of feeders, serum and
serum extract; and

- subsequently maintaining ES cells in a pluripotent state in the presence of a
MEK inhibitor and a GSK3 inhibitor.



a gpl 30 downstream signal ling pathway. 33. A nethod
according to claim31, wherein the cells are

woredontigdsned in a pluripotent state in the presPCiéBRi074001163
MEK i nhibitor, a GSK inhibitor and an FG- receptor
antagoni st. 34. A nethod accordifig to any of clains
31to 33, wherein the cells are fibuse cells. 35. A

t hod,accor di 0 an f clains to 33, wherein . . .
(e " CeIBeGpd oh ety inggl C1atmat e G CalmRgnantained in a
tilansdtent Katc R AleidRe OF aIPEREIhfbitdr CABYSKS idhdbitor and an activator of
transfecting ES cells with a construct encodi ng a

setrd30dovastraamesignalling pathwiay .t he ES cells; - cul turing
the ES cells in the presence of a MEK inhibitor and a
GSK3 inhibitor and - selecting for cells that express
t3Be selleahethbd avedking t37clafhnnBl hevhedeinothdi ogllst arec ladintained in a

36, .wherein the ES cells are cultured.in t resence
PR FiR 11 5 PracRsOl AV JRRiianoh G| Gamgpr and an FGE
Ghc t&pdnlgggn;ggvmst ream signal li ng pathway. 38. A

nmet hod according to claim36, wherein the ES cells are
cultured in the presence of a MEK inhibitor, a GSK

i-nhi bitor .and an EGF rece r. ani.a j st 39. A t hod

00 o PR aROrdiiE 1 SR iR B8 Aot oS BT &Y hmouse cells.
are nouse cells. 40. A nethod according to any of

clains 36 to 38, wherein the cells are human cells.

4%. A ‘A@athed pacordingrianymfidheimsil foride vdieraie thersellp gre human cells.
serum extract and conprises:- - basal nedium- a MEK
inhibitor; - a GSK3 inhibitor; and - an
Boon- tA arsipal ¢fobtaifihg AAransfdctydepsprdiation EREDeellsngorhprising: -
claimd4l, gur.t hgr conprising an activator of %

- transfecting ES cells with a construct encoding a selectable marker;

- plating the ES cells;

- culturing the ES cells in the presence of a MEK inhibitor and a GSK3 inhibitor

and

- selecting for cells that express the selectable marker.

37. A method according to claim 36, wherein the ES cells are cultured in the
presence of a MEK inhibitor, a GSK inhibitor and an activator of a gp130 downstream

signalling pathway.

38. A method according to claim 36, wherein the ES cells are cultured in the

presence of a MEK inhibitor, a GSK inhibitor and an FGF receptor antagonist.
39. A method according to any of claims 36 to 38, wherein the cells are mouse cells.
40. A method according to any of claims 36 to 38, wherein the cells are human cells.

41. A cell culture medium that is free of serum and serum extract and comprises:-

- basal medium;



gpl 30 downstream signal ling pathway. 43. A culture
medi um according to claim4 1 or 42, further
w@owpniydihg an antagoni st of an FGF receptor. BEdT/GB2007/001163
cul ture nmedium according to any of clainms 4 1 to 43,
further conprising insulin, albumn and transferrin.
45. A cul ture medi um accordi ng3®e any of clains 4 1 to
44, further conprising an inhibitor of apoptosis. 46.
Aa MER dghibftoider i ving a pluripotent cell froma
bl ast ocyst.,. conprising:- (1) obtaining a blastocyst;
"’2?:'3&91 ‘Pglfh"i‘?&%‘#e bl astocyst in the presence of a MEK
1 hirbi 4Qhsp@ra GSK3 inhibitor, to obtain an inner
cell mass; (3) dissociating the inner cell mass; (4)
isol ati ng a cell or cells fromthe di ssoci ated i nner

81 | i, b Ol DS bRl socvecr of o

gp1B0kiokaistretd sighallRighpathvageor ding to claim 46, wherein
the isolated cell or cells are cultured in the

presence of an activator of gpl30 downstream

i gn %‘l daﬁ'tglcc gﬁf}ﬁg Ll%ﬂé'ré}x}lg?% clj%% é?ég’ nfu?tﬂlapéérﬁﬁnﬁugg an antagonist

crfahIFGFr@epios are cultured in the presence of an

ant agoni st of an FGF receptor, a MEK inhibitor and a

GSK3 inhibitor.49. A nethod according to any of clains

44;6 t 0p 4 n rLn yisit n . .
B aA p@eﬁrlfug@ 'Iﬂédlﬁﬂnogcc%%lgg Afb d%‘l he cgéuﬁ%t %‘ftt% 4% NRlrdter comprising

1whmralbungnandg‘ansfadmsecond containers, the first

contai ning a GSK3 inhibitor and the second cont ai ni ng

a MEK inhibitor. 51. A kit according to claim 50,

45ur t ercuGQRPediuadd adedrBingCoCait 8F RS W1t & M NGir@Br comprising an

inhibitor of apoptosis.

46. A method of deriving a pluripotent cell from a blastocyst, comprising:-
(1) obtaining a blastocyst;
(2) culturing the blastocyst in the presence of a MEK inhibitor and a GSK3
inhibitor, to obtain an inner cell mass;
(3) dissociating the inner cell mass;
(4) isolating a cell or cells from the dissociated inner cell mass; and
(5) culturing the isolated cell or cells in the presence of a MEK inhibitor and a
GSK3 inhibitor. |

47. A method according to claim 46, wherein the isolated cell or cells are cultured in
the presence of an activator of gpl30 downstream signalling, a MEK inhibitor and a

GSK3 inhibitor.

48. A method according to claim 46, wherein the isolated cell or cells are cultured in

the presence of an antagonist of an FGF receptor, a MEK inhibitor and a GSK3 inhibitor.



ant agoni st of an FG- receptor. 52. A kit according to
claim 37, wherein the GSK3 inhibitor, the MEK
w0 niv7hi13ses and the FGFR ant agoni st are as def i PEGBR007/001163
claimse 3 to 9 or 13 to 15. 53. A kit according to any
of clainms 50 to 52, conprising a further .container
contai ning an activator of gpl¥0 downstream
signalling. 54. A kit according to claimb53, wherein .
4%e gpl BBthagorcearding {a)any| 6f ofdiinss46 -tOR48.ngomprising opulturing the

. . f I nhi bi d
et PR LR oRls KBl 2 & ARB of pluri potent

stemcells. 56. Use of a MEK i nhibitor, a GSK3
i nhi bitor and an, an&%?oni st of an FGF receptor in

Pronoti Ky semprisiageliEy B¢ preapd prmiHperst S fEry comgining a GSK3
iHEbR6Rf the S0aNH Mhrdinink STUER! dunftip! alf on. - compr ising

culturing the stemce in the presence of a MEK
i nhibitor and a GSK3 inhibitor. 58. A nethod of

he- b o ahor T i Bt im Rk 4 R Maining en

ai3nisn6f & FOF rebéht@n antagoni st of an FG-
receptor.59. Use of a MEK inhibitor and a GSK3

inhibitor in pronoting self-renewal of pluripotent

55t em&?cgt' a%cgzagg@oslugg? g?”&ﬁereﬁpthe@ﬁ( kb bl the MEK inhibitor and

i hhi bi tor, t or "and an ant agoni

theGFGFR e gohist Arepasadebined ¢h Sleinhs 3 enewali3 @b 18] uri pot ent
stemcel |l s expressi ng Nanog. 61. A culture nedi um
conprising a MEK inhibitor and an antagoni st of an FG-

521?0 Z%[ g{ét: aBlordHRe t®Tand MEKLIAL 9 1OTsAND ARG 398RRE container

a
receptor in man‘g%t acture of & culture nmedi um

comtpinpdgian pathvendr afedpll 30 d6@nsteanmesipoaling. cul t ure of
pluripotent cells so as to pronote self renewal,

54.  AKkit according to claim 53, wherein the gp130 agonist is (a) LIF, (b) sIL-6R and
IL-6, or (c) hyper IL-6.

55.  Use of a MEK inhibitor and a GSK3 inhibitor in promoting self-renewal of

pluripotent stem cells.

56.  Use of a MEK inhibitor, a GSK3 inhibitor and an antagonist of an FGF receptor

in promoting self-renewal of pluripotent stem cells

57. A method of expanding a stem cell population, comprising culturing the stem

cells in the presence of a MEK inhibitor and a GSK3 inhibitor.

58. A method of expanding a stem cell population, comprising culturing the stem

cells in the presence of a MEK inhibitor, a GSK3 inhibitor and an antagonist of an FGF

receptor.



conprising nmaintaining the cells in nedium conprising
a MEK i nhibitor and an antagoni st of an FGF receptor.
w®2007A13583 hod of culture of ES cells, conprisiPQr/GB2007/001163

steps of:- - maintaining the ES cells in a pluripotent
state in culture, optionally on feeders, - passagi ng
the ES cells at |east once; --#thdraw ng serum or

serumextract (if present) fromthe nedi um and
6%t hdUseiafga tMEKT éeddbiter 4nd apGSESninhjbigw inhptomdtimg self-renewal of

diumjs free of feeders, serumand serum extract;
gﬁ‘&p9{g§tﬁ?§qﬁﬁgﬁfﬂ}reﬁﬁ%i\§%$-ng ES cells in a
pluripotent state in the presence of a MEK inhibitor

and an inhibitor of an FGE receptor. 65. A nethod of
obt ai Hengf a MEKniphiitasda (SHA mbibiter @nd B angagogist of an FGF receptor

=T a0 B [ cell | truct
BB P e St xonchlo BR bR oo e Bl In D ROEL 1
- culturing the ES cells in the presence of a MEK
inhi bitor and ap FGF recept or ant agoni.st and - .
6L1"e o FHjrore medipms comar st 288k BB hRr cidcan antagonist of an FOF
L ker . 66. A cell culture nediumthat is free of serum

and serum extract and conprises:- - basal nedium - a
MEK i nhibitor; - an antagoni st of an FGF receptor; and

- [ = ter. 67. A net f i Vi .

G e EN R Rt O o elBLEP o e el R gt of o
ausd Medignofod lphsd gtystcel16.2) cul turing the bl astocyst

in the presence of a MEK inhibitor and an antagoni st

of an FGF receptor, to obtain an inner cell nass;
63. A method of culture of pluripotent cells so as to promote self renewal,

comprising maintaining the cells in medium comprising a MEK inhibitor and an

antagonist of an FGF receptor.

64. A method of culture of ES cells, comprising the steps of:-

- maintaining the ES cells in a pluripotent state in culture, optionally on feeders,

- passaging the ES cells at least once; _

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

- subsequently maintaining ES cells in a pluripotent state in the presence of a

MEK inhibitor and an inhibitor of an FGF receptor.

65. A method of obtaining a transfected population of ES cells, comprising:-

- transfecting ES cells with a construct encoding a selectable marker;

- plating the ES cells;

- culturing the ES cells in the presence of a MEK inhibitor and an FGF receptor
antagonist and '

- selecting for cells that express the selectable marker.



(3) dissociating the inner cell mass; (4) isolating a

cell or cells fromthe dissociated inner cell nass;
w@ea7(Bpoxul turing the isolated cell or cells Per/GB2007/001163

presence of a MEK inhibitor and an antagoni st of an

FGF receptor. 68. A kit conprising first and second

containers, the first contai m'?f@'a MEK i nhi bi tor and

t he second containing an antagoni st of an FGF .
6@ cepboell cyligreuneding that sdresofipeiugeant seeumentregl andrepmprises:-

K : onents as described herein. 69. Use of a
wéﬁhﬁ&igg?or and an antagoni st of an FG-F receptor in

o BIBK inhipite] frenewal of pluripotent stemcells. 70.

Use of a. I\/E%( ig‘t}%bitor and an antagoni st of an FGF
TRARESSE At 3} BiEbteREPeE PRt enewal of pluripotent stem
) ikén-8X%RpeR&. N Nanog. 71. A nethod of expanding a
stem cel | "popul ation, conprising culturing the stem
cells in the presence of a MEK i nhibitor and an

Nt age rx‘rllesfﬁocp cf)f c?err]ivli:rgg: a rp?l%ne;%tteox{t cell from a blastocyst, comprising:-

(1) obtaining a blastocyst;
(2) culturing the blastocyst in the presence of a MEK inhibitor and an antagonist

of an FGF receptor, to obtain an inner cell mass;

(3) dissociating the inner cell mass;
(4) isolating a cell or cells from the dissociated inner cell mass; and

(5) culturing the isolated cell or cells in the presence of a MEK inhibitor and an

antagonist of an FGF receptor.

68. A kit comprising first and second containers, the first containing a MEK inhibitor
and the second containing an antagonist of an FGF receptor. The kit may also comprise

other containers and/or components as described herein.

69.  Use of a MEK inhibitor and an antagonist of an FGF receptor in promoting self-

renewal of pluripotent stem cells.

70.  Use of a MEK inhibitor and an antagonist of an FGF receptor in promoting self-

renewal of pluripotent stem cells expressing Nanog.

71. A method of expanding a stem cell population, comprising culturing the stem

cells in the presence of a MEK inhibitor and an antagonist of an FGF receptor.



