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EMBRYGNI C STEM CELLS The present invention relates to propagaf{ gg:A»a68"
derivation of enbryonic 5 stem (ES) cells and to conpositions therefor.
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the adult. However, studies on stemcell bidagy have been hanpered by the
absence of normal, non-transformed stemcells that can be propagated in
vitro. An exception to this are nmouse ES cells, which can be cul tured
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11 March 2003 WD 00/ 15764 PCT/ GB99/03031 -3 It is known to maintain - .
cultures of ES cells in the presence of certain factors thatlMeeei2603al |y .
. pronmote pralif.e @,t6+ on of ES cells, and LIF is one such factP(&r"GB )ﬂﬁmpoes
not, however, absolutely prevent d| fferentiation; there is continui ng
Ioss of ES ceIIs fromthese cultures wgich accord| ngly 5 in t| me becone
overgrown with differentiated cells. Thus, it remains a problemto reduce
even t he snalitogeat @activatidl fpeowivi i dbhasess ERKBS aad | BRRPENNRIIPPagaés@ri N such

known f act or A f r min th arg t hat the range of ES cell
t hat can besabﬁr ufn@%%‘ég %ﬁLguIE{sﬁPE'aItédl |qﬂ°|f‘§19 t B'9lgEY éSPgW t #p€s, >
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species. It known to introduce into s a selectable marker
that is di fﬁé?’éﬁh ﬁm%%&ih@%ebloﬁmﬂ'(ﬁ $TAZ @'é'l’ |MABde19nal)mgmatbm@uner t han

ES C% l's. §a§glbggtl'o%?n&r@irattgg Lo gf‘a\}"éses%nEQI é’H‘ te%uétgﬁsﬁwcﬁg‘gsgcé{lat have .

differentiated thi's requires genetlc era Ion

obj ect of t hespanseatipdigansds ttbapactivate gori 30 trevaddus/ eelireypexd of obt ai ni ng
and/or culturing ES cells. Another object of the invention is to reduce the
20 rate of differentiation of ES cells in known cultures. A further object

I's to provi GTATY drer £ famhily oMateneasstriptiod fadtordithBe066n eciditmerititoon of a
culture of ES cells. The present invention is based upon the discovery of a

cl ass of coﬁp’i‘?&ﬁﬂ%"’zﬁe‘iq{a? phereReRIEY. ﬁmm%a%ﬁhewmwa}ﬁ toghee| | s
and/ g i nhi kijolisORAgRE] %yorre@ﬂaw Y@nsef.pﬁsh' &t %#beert 567 Evéedldve. 1€

sel ectively acting on differe
i nvention precenths showeat thed astivetipn nfeSDATS0Osarvariredifor snaintgisigy thel | s,

compri si ng. RS AR RhohE S B Seld! EREATERISH AloahiGRATBANAY 441 ch

selectively’l S "propadat ron or “surviva her cells.
11 March 20@hgé@e0BTATBOWEPET hw:@wa&wtmemmmammm t he

i nventi on uses a co ts on differenti d enables
sel ective r HBVES'Y EF%‘&B&H}"’ gf'ag fyenh cgHegr g&’ﬁ?" éﬁﬁf’@é ke have
di f fesent i atieslvevdrysn ﬂ‘&%ﬂdeh@bldi @oheﬁmﬁma@tﬁvafdrmsaéﬂ SPAY3pWechaud t ure of
ES cells. Pr eV| ousIB/ usg known I%‘ é)agatl ng
been unable to etermme whether thl ulator alone is sufficient or if

other signals are also required for self-renewal.

gp130 can also associate with the protein tyrosine phosphatase. This
20 widely expressed enzyme has also been implicated in signal transduction
from receptor tyrasine kinases (RTKs) and is regarded as a positive effector
of the ERK signalling cascade. Although the biologically relevant substrates
for SHP-2 phosphatase have not been unequivocally identified, it is o
significant that over-expression of catalytically inactive SHP-2 mutants can
25 ‘ suppress receptor mediated activation of the ERK pathway. Recruitment to
the gp130 receptor complex also resuits in tyrosine phosphorylation of
SHP-2. These phosphotyrosines can serve as binding sites for the adaptor
protein Grb2, which potentially couples the receptor, through interactions
with SOS and Ras, to the ERK pathway. Stimulation of ERK1 and ERK2 has
30 been demonstrated to play a role in mediating mitogenic responses of cells
to growth factors, though the precise nature of this role is yet to be

elucidated.

ated cells. Accordingl y t he present =



5 factors, say, LIF, resulted in a certain |low level of differentiation of
ES cells. This level can further be reduced accordi ng to the1i Maedh 2003,

‘usi ng both the known factor and the conpound of the invention. The effect
of the conpomodo/gsied he invention is selective in that its XeTicBwlodwsory
effects are seen to a greater extent on differentiated cells than on ES
cells. It is preferred that the conpound-has substantially no inhibitory
effect on ES cells. Preferably, the. und inhibits a signalling pathway
whi ch when K3sdgqwatedmaintain c@éwteSr@tFESaﬁeﬁédn the pessepaniafi eeidain| eads to
or enables p C e
conpound is f g%ﬁﬂvég y‘g fc'ffcgﬁﬁj\sg%la% gic?gggtagﬁtn h? %lgf%eggerﬁb i:l}[ll‘é"gé’ otnlg
conpared Wwi thucm stamea'h;s ddesangt, tmw@&rc@bsglutﬂvfﬁrevm dd:feednn@tlld»rs e| t her
di e or have theit owt.h sl gwed J RLESRASE: Inh| .be total or
par t ol and HiEe? SBEPuRe T oL horR EPRRBSSE chh s M hieh efBreunBviny
conposnd t hain fiafe bbeorlel evdrgafwm nhitlbldlffé@rftlbeecp@bfWVaYhU§ ttoehfamsgarded as
an inhibitor. %refere ce to SI nallln ayﬁg@l ISI (qutoinclude
pat hways i n QFRHeMLR Sé%’(&[]é bﬁ’gﬁé’u Hesotigter of ellf hen ef f ect
upon cel | fuagd@gtegﬂgsum Qﬁa%tﬂa@{brsce| | division, the ceI | cycle,

met abolism as well 25 as'via an indirect effect such as via

recept or - nedi at ed SI gnal I'i ng pat hways. A further advant age of the invention
is that selegqt IS e.l hi eved
Wi t hout the %‘ek%%{ g%i’rﬁ‘g'ﬁ'i':‘ ﬂ,@n%ﬁﬁzﬁa&r@%ﬁ Iqsscgq%lttggtr%%'?etgegnts a
maj ort0advant pgepagatedin celtirarns B@ited towmactavotymsr. maielyimauseoRSaellES cel | s
from humans. | nstea n,_pre fer od| nts of . the i nvention selection
and/ or deri vgﬁ;%'% 8?&)& b Efréve Sﬁ?"z t?Peecae i'scovery of a signalling
pat hway, which pat hway can be 11 Ivar ch 2003 WO 001 15764 PCT/ GB99103031 -5
bl ocked or inhjbited activation or enapnce of whi gh is essential for

propagat i on B 154plsPkROWD A0 itraduce 'HEH celig @ prlsplable inparker that is) s, By

"essential” utfférgnﬂmﬂtexbrarsea he ()i ESdepBtared &) 64l otl'fer%aheﬁétce‘ﬂgVer ely
handi capped, such as having its growth severely retarded or ot her

f undatfent al §§Iq0&iP&r°a|"LIﬁGE‘ grised &g gliminatg dhesesesily thﬂ'é%‘(%@ffe&m@tﬁﬁe '

pathway is i g b rée%énaﬁ mm.motmﬁ& &Sty ar growth stops or the
cell dies whent e pa hway 1s inhibited. IT inhibition of the pathway did

not actually result in death of the differentiated cell but instead a

relative gr o%f?.ﬁtr,g%ﬂ&a @?ﬁ? Iesg[top,; OVidiCa d?gi;}&ﬁ{?&.\'/s PR R Bindlg E

cells in 10 c esire Invention Is ach?ev d.
Preferably, tahchgmulmrfrfgeE%nellsatmthet bb]du:awé thhen\rerglomwshosaﬂecamhe ally

st Op%ﬂdﬂo%?%l dof%llffbergg s°f1§ FR nelmegi At}g

conp t'sS a corrponen e rag} MAPK
cascade: |n psevidé hmlumhlrbedzom c:smpbaeatst farnmiﬂtbuam:medlmatnonwf-aOX| c
[ ept or nedi at ed pat hway which woul d normal |y when

| evel s and |nh blts
activated | egﬂ' tee of gﬁaﬁé‘lsr on of differentiated cells but which is not

needed for propagation of ES cells. As a result, selective proliferation of

ES cells is qgbtained. . L .
The present invention is based upon the discovery of a class of compounds

25 that selectively promote seif renewal of ES cells and/or inhibit propagation
or survival of cells other than ES cells, ie selectively acting on differentiated

cells.

Accordingly, the present invention provides a method of culture of
30 embryonic stem (ES) cells, comprising maintaining the ES cells in the
presence of a compound which selectively inhibits propagation or survival

of cells other than ES cells.



20 In a particul ar enbodi nent of the invention, the conpound inhibits one
or nore mtogen activated protein kinases, for exanple ERK 11 MArcER8S |

. anot her enbodi nent of the invention, the corrpound inhibits SHP-2, for
exanpl e by WeHoBEHNng bi ndi ng of the enzynme to gpl30, havi PRETLCRIPMGGEHr 25
effect. In a further enbodinent, the inhibitor inhibits MEK In a specific
enbodi nent of the invention, described4n exarrpl es below, the MEK inhibitor
PD098059 is,used to sustain E culture in an undi ffere tlated
ctate. A 1 ulf Toens BEEReBentis) ifitfeitvationh ubet, fe PTRRUAE” Hirt"5

m t ogen- act idlﬁél%dttﬁtal 68l dtid@rfebikd selectiveiand v or kilingbor Mamtioa agfel ective
for MEK-1 and NEK-2 (Favata et al, 1998). Anthrax |ethal factor f’:’lS al so

been found t2ORsR;%; eellsnthatPrave HH??J’P[‘B?SPdprTG‘PFIféc'é‘FQH'TQal'e"ce@t'PﬁaP 11
March 2003 ~epatively We%%ltb@@ﬁ@%(l@%b%gﬁi usE oPlRERATS n‘g hy et al,

1999). These various conpounds may be used alone or in conbination or W|th
ot her5f act orfectorgheay.nhkifbiresuitast in lsecertaionioMo levehpf idifiptarntiation eRES cycl e

0 ditTer entdgioduis BuBELI? a6 SOV RIGHEREL AR S hUNAAGEH! ligre . A

specific i NN DTt or o Invention 1n |nduc ion’o clin
downst r eam dfothithe keveayméacter asdahe&mlhpommbﬁm«edwehhus t he vari ous phases
of the cell cycle are affected, and cyclin dependent entry into S-phase of
the differentiated cells is inhibited. The sel ective propagation of the

invention nephelefRichadi Uee Yedpdéhdcd eve dnbanticho W) rseBdtRiel @D bt ats
conponent of the ras/ MAPK cascade. MKP-3 is an exan‘g‘;{e of a MAP ki nase

phospfat ase RAWIATK GHRRIUBIMPRYLIKAGITeBter gXdeTiRRR diffgrantiated spliscTifan
exanpl e of. t&@es'cerf@n{afs%ewé%a%h*a@w@&ﬂp?una hggysﬁﬁahas A .rﬁﬁbﬁs.lgs by way

of a transgene urther an option or selective culture of cells
to be obt ai neffectrarob§icellse use 15 of a conbination of any two or nore of
the inhibitors of the invention. Specifically, both a conponent of the
ras/ MAPK cascade and SHP-2 may be inhibited concurrently, though generally
any conbi nat Pmﬂerably’, nthiebicoompourgs dnlsibitpas ssignbling hipathiimivhivhswhet) By

"propagation”,.and, corresponding terns,. it is. I ded ,t o _nmean t t an ES
ool DTRSS 1 or aiiyes (9T Bt T oahipinele e il MMM, BRoESaar | widtls

i ncreased, l@rotpbgaﬁsn asfl tellzastifadr tHane BSacelisTUhtthid Mefl: thécdinhpduird | I.son and
its rrespondj ngyterms is intended to have the sanme ngani ng

"Sel f renewa?= ec isplectiypletg3dn dp et differentiated celis gomrayedeyH 'FFat at

| east 25 oneeﬂ ht @hyC E'sscélﬂe.enlbif?ébnﬁé‘terdh&lpoaéﬁﬂér dC GPMIEVE théir @
second aspect of the invention there is provided a nethod of culture of ES

cel | s conpr i gioavthngewed iniitigpEsepee| nhibitionanpy bedptal asrpartipl pad revmound
ennaZBos ¢ heorar drlfidit B albg e napigy BaShpUSmiib IR RLe 1RE, |
advant age t heffe¢thof dnkibitingSthe|dathnalyi fsctatbeomegaded haseweadirfhibitor. By
reference to signalling pathway it is intended to include pathways in which
an endogenous or exogenous substance has a direct effect upon cell
function, e.g. propagation, cell division, the cell cycle, metabolism, as well

25 as via an indirect effect such as via receptor-mediated signalling pathways.

A further advantage of the invention is that selection of ES cells and their
maintenance in culture is achieved without the need for genetic
manipulation of the cells. This represents a‘major advantage in particular
30 in connection with derivation of ES cells from humans. Instead, in preferred
embodiments of the invention selection and/or derivation of ES cells is

achieved by the discovery of a signalling pathway, which pathway can be



11 Mar¢h 2003 WO 0011 5764 PCT/ GB99/03031 _ 7 _ a given anount of the first
conpound. In an exanple of the nmethod, LIF is used to pronot ¢ Marcrepd03
‘propagation as is known in the art and an anount of the second conpound

i ncreases theoedigéds of LIF. The first conpound preferabl yPAEERMOMBbugh a
cell-surface receptor and exerts its activity through at |east one receptor
subunit, and the second conpound nodi f18s an intracel lular si gnal I'i ng

pat hway so as, to._in the r. . | k:t0.t f i

conpound. Thé'oggggnogj@gs?rogtoegnc? Ci}gé&gﬁ?’? a’ﬁ%’?r‘%‘g“‘"gg cl’cfﬁn)lhb‘“fq 5t Qgsce&'%'ra Ell;onrg to the
first aspect padpdgationfedifieeentiatéd calts but noo fgroproghagationlos Eeels. By or

otherwi se affect theg sane receptor sub t that transduces the ES cell
growth i nduc;fﬁ@seé‘it'ﬁﬁal't 15 6‘?&"[’“2{“@? ré‘f" @g{?ﬁmgd Ac'%mfsr Gt dspRicsevarevhe

invention prayhgRkappedPister A5 Kalihg!ies AroWTRr ¥eVerehs retirlES) o€ thér
conprising maintaining a culture of ES cells in the presence of: é;';) a
a

conpothd t hafunstasnental qellyfpsghunctiansrseverelyvagdvesselgsatferied, wihgn(

conpound t hat, . .idhLbi ; (et j I ES

cel 5. "her oPRRaY i MRSERREE WNaEncaink 2t cellfel arswih BEpd SEfher.
Conpound ( a) cethidsewbeh dlne pdthwayniskinbibited olfjrhibitiontdfahe patineey dikhatel |
proliferation,, especially LILE, a us i ingation. with a ¢ ound (b)
whi ch may i naﬂﬂail breesé‘kl %‘cbgaﬂ\‘ ngpgoaﬁrﬁgben&fs%%(ﬁ) c’? ﬁet!"?tln'rn\s@tte%ds Sefﬁqgtg‘fe t he

i nvention. TluswtiESI®wingssadche agationprivive selectite ppopsgation of BESvaellsaii or s

t hat toget her PL‘ncrease t he percentage of ES cell s.thab sel f e%(?%&wand this

incret®e is GMBYIGhethe @ftect siasirae dni her iDyertion is achisyedy &£ f

renewal when thbiegH, WalitrERGHTEE I8 Haes iheirs esEbdthAfia®y stopdedVBr ch
2003 WO 00/ 15764 PCT/ G B99/ 03031 _g_Conpound (b) suitably selectively

i nhi bits a sicgmparechyvitnERRBlisessential to propagation of cells other than
ES cells, leading to selective death or growh inhibition of differentiated
cells conbined with propagation of remaining ES cells as nediated by
conpound (a) Infan embodirpdntrefitthef inviatigec tiel casprastindoinhiibigs jarvieducen
conpogd (b) _i | @Gt [ i NN bt u escri ove and
bel oﬁ n rel &F ?\ﬁ&togcatﬁ%";)f’ﬁg%{ gﬁf)ﬂeec{gs qu{]ﬂec?s%\%%f %?\'?gaﬁ"f i|nlg‘ﬁ)(pj!‘r°gF";er ably
an i nhi bi t or poésenteinr esitdiéPkediiraasie noGaopiuleve{sa gpndt ;mhibits @atdceptml ect ed
from known corré)cgun S ronutE prol.iferati undi ff er e(g i
t

tQﬁt D | @n of tll at eg ES
cell's, such &e°diated nathwayy, Whigh, wailds nopmally  wiher. qcitvased, 'egil 130 in Es
cells. LIF idz;rons‘@zﬁmmﬂl diffefsrnidred c't=.l$sf auttwﬂﬁlihiatdomm\eeﬂeﬂ Eogpa#pdgsilidm 6R.  The
i nvention additjon y. provides in a fourth aspect t hod of selecting ES
cells from a%é%ﬁg‘gﬂlﬁ‘ﬁ?éeﬁ‘ﬁt'c%'?'?%t"ﬁeoﬂiﬂ]'itf%’iaﬁaﬁéfp%g?ggs thebiinedy cul ture
of cepps to: (a) a conpound that pronotes propagation or survival of ES

cells; and (b) a conpound that inhibits propagation or survival of cells
ot her t han E& @darteulghembodimpat ebHa inxenanothecenppauad inhibitaage 0p) i s

Syner gi sti . morkImifBgeR a20031edpRikirKindses) BFEXGHHIE ERROBAnd ERK2. In

another embodiment of the invention, the compound inhibits SHP-2, for
example by inhibiting binding of the enzyme to gp130, having a similar
25 effect. In a further embodiment, the inhibitor inhibits MEK.

In a specific embodiment of the invention, described in examples below,
the MEK inhibitor PD098059 is used to sustain ES cells in culture in an
undifferentiated state. A further specific embodiment of the invention is the
30 mitogen-activated protein kinase kinase inhibitor UO126, which is selective
for MEK-1 and MEK-2 (Favata et al, 1998). Anthrax lethal factor has also
been found to exhibit an MAPKK inhibitory profile similar to that of



The invention, is of application without linmitation to ES cell type, and
may suitably be applied to vertebrate cells, in particular A Maseh &‘Pp%el | s,
.primate cells, rodent cells, and human cells. In a specific _enbodi nent
descri bed b¥OMYP¥4f urther detail, nouse cells have been uf&d/CHIY0IRL:
cells it is intended to enconpass enbr yéni c stemcells, enbryonic carcinoma
cells, enbryonic gonadal cells, enbryo-dérived pluripotential stemcells
and gernl i ngy i I I L ft t i i rovi des
2 method of FROSSYES GEBATF el 1dbel, théde R HomaglidsHiEhbe el 1
enbryo or erdoryood irbedmnbimatiorabniwdtinotierfactars.ure of those cells in the
presence of a conpound that selectively inhibits propagation or survival of-,
cells other than ES cells. The cells thereby obtai ned nay then be

mai nt ai ned iThd ihiBitGseNeRe MMvéitforPmay Kb ele eeNRuRdint Bererlised vel y
i nhi bits propagation or survival of cells other than ES cells. In a

parti%ul ar «f¥sdihasaby peavantinsonepwing eelboiawtiod eragific inhibigenefi thsi ng an
enbryo in vi; i G - it | AV ormat i on
and. ol at | Vet BEBIIMEICaRT Hikibrith| Aoyclin Mol TR of 18 Unzymed

Cﬁ| s or, agsmat ieseltydbr:mﬂ»@:ithgstﬂnel winqeop?asasi v? the cdllecpelesanece of ]

t he conpound pri.on to,isqglatin cells therefro N.@ Si Xt spect, the
ventton praigs: A EThenthaen iy e e B etk A OR Ly
non- human enplintibited VTlie Selettive pidpi@atiohlos the Mvehtien nidcsliarabtivelge of the

enbryo and neintaiping those cells in the presence of a conpound that
sel ei?i vel y 3GHHeYH bV'p‘?%‘ﬁﬁbeﬁ‘J'%W’bes%FW‘PﬁpeB? °gé'|‘? &g, EEt‘}?&ﬁa% cel I's.

The net hod nRIKPCYMAN iafe ek 8MPIE NEK R IMAPT KiRa88 GO pRaPAde0Tand0 aCkhbWre I N the
presence of the conpound. In the above two aspects of the invention

rel ating to dRewnreaylater of tissEBKE| and inspasifineramplpaf theinventioaMKPnhi bi t s
propagati on g Vi Il S, 9k B et .. (0]0] PR~ :

Do) oo/ 0303 s figerRtreBluce8 vt B %?ee"c%%d&%{ e S%Qn%géﬁ Rk sdifer
activity of ameptinpyioe seldetive cuthitbiafEShelsitPrhiekitanst-dokbughrtiiedise VEK,

inhi Qpt a m en i_y.at e rotein kinase i nhi.bj t cycl.in.d ndent

ent r?hi nt o S%ﬁgsceo'ﬁﬁ'lnﬁg'ﬁ%’é% %@YI@P ?hlﬂ‘%°ﬁes°€ﬂb%‘&“'?' 15 p%sé]ebﬂvlgﬁﬁof'b derive
ES cel | s t hr spedificaley, Bothed bompdfleAt bf Yee FRINGNRIC ascaldetdred SHPeR ey, toO
derive ES ce]ls far the first

ti for various speci.es.fro i.ch this has
i thert o not DBERHERA SPpe T STy hopaR BeleraUsR Rk goR RLBtaIR S
invention, Egnédthpassed By RR@MISHtRh.i n vitro whil st. retaining the capacity,
upon reintroduction into a blastocyst, to contribute to all cell types of
the devel oping animal, including the germline. These cells therefore
repregent a BgaFF&ﬁHg%tﬁoH@%hH%‘i@s' ondhloeEI Mk ! s Wi’érfdl"éd 1oOmkhR thaCah at i on

of strn cell selfrenewal. The identificatian of underlying nechani sns that

regul ate ES E8etall pofrigead daughiasiaellalsoothat ithe detat invpmart ofoESiaglisdved
strategies f bl | shi L ek d1.amn Les and
may contri buﬁ%rﬁéeglﬂké ﬂ‘%d%? SF’E‘H%?%%")&!&E%T‘F F“?@H@fﬁgr ?@g%%% |ﬁc’ %&grﬁnL cells.

I n a sevent hcagpguandibgetarmsenisi intepded i the havecthypsainte onedning s 1Setf-i ve
culture of ES cells, ¢C risin a). a . .conmpound, that, inhibit

it for ent 1 at TP £eSQafy &Straghirnting $580R o JfiendeH tniDReh dhet ot asBund

t hat 28nhi bi t snprdaRgBedr call ridedtivaval thef pareht.s ot her than ES cells. In an
ei ght h aspect, the invention provides use of a conmpound that selectively
inhibits propagation or survival of cells other than ES cells in a method
of ~obtai ni ng AxcaHiifig 30 SddohdPaect YrltHe Snvlintion held & erfqme?s &méfloge! |

culture. In a ninth aspect) the invention provides use of a conpound that
enhances t heof supuresef 56 dedis meimprising anaintainingt B cells ortbeawrepeapghei on or

survival of c . 0 i b ntially

Ul ture of rgeppibound, M broShey pahBIaidty of 55 IS ahd 5 bekbFE
gp1l3@0 n, di f cempoundttbat eahbacésshe tesponst [of thecells torth fiestccompound.
phosphoryl ati on of the STAT3 and SHP-2 signalling nolecules. Stinulation of
ES cells through either endogenous gp 130 or the chinmeric GRgp(2781
receptor i ncpaskaks iﬂ‘@a&Vér&%gBQhﬁhMB%éd gSicen prblifelition isTditievadlfdr cati on
was bl ocked when tyrosine 118 of gpl30 was nutated to phenyl al ani ne,
confirmng that this single tyrosine is essential for recruitnment of SHP-2.
In spite of this deficit, the nutated receptor was fully capabl e of
directing self-renewal of ES cells, proving effective even at | ow
concentrations of activating ligand. Interestingly, ES cells in which both
copi es of the endogenous SHP-2 gene have been mutated are viable and
undergo self-renewal. Since the nutant protein carries a deletion of the
N-term nal SH2 domain, a region which is known to bind to gpl30 these ES
cells mght be expected to show an altered responsiveness to LIF - in fact,

I LY O T a A

>

-



20  nechani snms (Savatier et al., 1994; Savatier et al., 1996). Furthernore,
the reduced dependence on ERK signalling is consistent wth Wﬁamo\éatl on
‘that ES cells continue to, proliferate in the absence of serum "a powerful
m t ogen and i nducer of ERK activity (Johansson and Wles, 1995). In this
way, i nhi bi wioooe/isféacycl i n- dependent entry into S-phase in acoUITIGREH03ABL h
25 the invention enables selective propagati on and/ or survival of ES cells.
invitro differentiation of ES cells is @ssociated with the induction of G
1 cyclin expression, the establishnment of a long G 1 phase and a decrease
in the rateadfivesldmdunt of tie (iBtvaimpoued. b an exag@le ofithe rhetwsi, tlilBis
probably 30 ref,lects the Egaré%es that .normal |y occur ,in the (gnbr 0 at
t9 en

gastrul at i offSedftPHTARRLS IPTPRABAYER B34S VR '%H?%Pﬁ%"lm ount
| nt eresti nglgy thk Rfaidend QGWfbfou%HRngr%te%VthEYef@é’éﬂsW I9FDTHEFirst EaUsARTENt Of
ei ther xenopus or mce is . VWO 00/ 15764 PCT. 99/ 03031

-12 associ atpeeferably fagits utrmough gasqeim;latfecenmemptty whdhedeftecits activibe
formati on of, nesqde cell lineages. The ferentiation of i b).ast

ol 1y ¢+ RBFSIE B st G hecP RSt by e e Gampein GiodfifS:

becone "' Slél?ﬁﬁfr\é'c%llhlér%'g’k%lﬂﬁé QEWEO%f&in&@ﬁi@fﬂéf@spoﬂsﬁ%ﬁﬁ%@' Y,
this is also the stage at Wmch transplanted grafts of enbryonic tissue

| ose the camdilﬂoytha)flfﬁrmmlougdant t erat ocarci nomas. SHP-21ERK activation
is thus not essential for ES cell proliferation. Qur results suggest that
tyrosi ne 118 downregul ates the activity of the gpl30 10 receptor, causing a
dramati ¢ shifHe sécslos o r@SW%W@uREB'WGQ% rMibitdRh eSS dihg SME% firgtcel I's

stinulated via the GRg 118F) receptor. Until recently, SHP-2 had
primrily bésrectqdr dbq uta@np'@gptm@ sHfcanst eoropowndymabyi also bintheto a8 an

adaptos pre ctiy r

neant i ve roduraralsy FRet WasSnd TeckBirooMhoRl it o kRS B RS Cep. |

a suppr essergrotvtArindoeiiy skiral ffaraapediirst Woshpdumd. and its interaction w t h
CTLA-4, an inhibitor of the T cell receptor. It has been reported recently
that mutation of tyrosine 118 increases STAT3 signalling in neurobl astoma
and hepat onsA thiddl aspedt efrtbe inventiom pfavisies STEthod & gultisre i emboyemicestemolES) r uct s
was al so inc I eSS (o) : t nactive SHP-2

pr ot ei ns, po(’{ ﬁ%ﬁgﬂp#¥n§%§{ng%§'5§%a ug[s]réa Je{s?%gc b(ﬁhé drrr%%nk%lgt of this effect.
Thi's concl usi on @k sngmnp@mdbyatmlemateﬁ@donﬁgaﬁquhmwr\dval@hESfcelﬁith t he
Y118F receptor and |ts soci ated , JAK-ki nases. However, overexpression of
catalytically inacti Ve SHP- 2 protei ns produced only a slight shift in dose
response in transpect ealcéspawid thal(imEpitoprogagatiopuds isuesvaliyf, cella dthesthangES hat

| oss of phosphat ase ac(tt' ity of SHP-2 may not be wholly responsible for the
i ncreased activity of e GRgp( Y118F) receptor. The non-essential function
of gp 130- degwmneinithe SHPbipatiordofERRIPRUNdS /@) A% () iIBSynerdists. cel | s furt her
enphasi ses the pre- erri nent role of STAT3 in self-renewal. However, the

restricted %owth of (Y 1 18F) transfectants in high concentrations of
G CSF is int Q'QBPHst‘?hé’@aYtbq sripetadtrom known compeundsthrtgrageeteskes

PCTI GBI9103Q:4 éﬁf%ﬁ@s 'e‘éSeéiaﬁPil# &2 |H§:%hf.t%§tn%t\butﬁ§ &thpolh@W h-

Hyperactivatio I's rnpltcath | n t enot ype because
sti mul ati on (bf V\trheh Ynayah neadm eelecesd lftami cnrppohudge:d ther fisstrespect of
phosphor vyl atbgn of STAT3 and sustai ned activation of an endogenous STAT3
target gene YOyt hernore, conbined nut agenesi s of sone of the STAT3
docking sites
Thus, ES cells are maintained in the presence of two factors that together increase
the percentage of ES cells that self renew, and this increase is greater than the
combined increase in percentage of self renewal when the two compounds are used

in separate cultures.



can suppress the effect of the Y118F substitution. Signals further
downstream of tyrosine 17 8 could al so influence the grow h1aNerch 2003
.differentiation of ES cells. The increase in self-renewal observed on 10
treat ment wd ébshg VEK i nhibitor PD098059 inplies that ERK agihydkdon3ess
inpairs the propagation of ES cells. Interestingly, studies of

gpl30- dependent regul ation of PCl2 cell gand astrocyte differentiation have
suggested that activation of the MAPK pat hway may antagoni ze signals

nedi at ed vi@oBpatad (bh shinbblycsslestivelgdukiditsNM EEnallingvpthwa§ WskedtiaNtol 5
augnented transcription from STAT3 dependent reporter constructs. In ES

cel | s treatRi@PREEHOPDRLSEHS otarf thash Efarellas leading cled selaative dasathr et i ng

| s of hi, 5. . ff act L he, i nhibi . th
venti on LopiMighiBRARESC i RRbalidfod RS cBinbinie IR 8hEoflinhably by
LI F but nmayreaeainingolS lwetis lisngetied By onmpoundi (b Sinesv iertbOdinméniue £tise

present 20 in serum ‘or those secreted by ES cells and their differentiated
progeny. ThHEeGONEasRect @f the inrentiomeompesad (beis selectastiron therindibitery s

bhosphoryl A iREUAERESSHBedRGYe dbetbup IEHEaART TR AERFRL Bobect ot 1he ng
tyrosi ne 1liBventignl 3l pienpeeterablyf -arerianibitatn &f gtieav frsIMAPKC &dseadEl 0. 3

shows gpl30-dependent phosphorylation of ER~1C1 and ERK2 in ES cells; 30
Fig. 4 shovsomposed (¥ i fupivallyiseiediedoironpnosmscompeurgiscthat permotenewal

and ERK act Lone Flg. t 59 LI .

pl uri pot enc?/r?bmér%ﬁowaéﬁﬁn@&%ggﬁﬁagc{/\ggdﬁ%%S%)Egﬁ%gfhcg%lﬁ?ég‘@i@%gftﬁ g. 6
shows decaythef cytokinmterkp3dAgp 1130 r0BENE:IRL iLME iabherexafmprl 3Anatisert igea
chineric Ge?g(g%go rece H)r %; Fig. 7 shows gpl30-dependent induction of
SCCS- 3 gen INignoRt fly6pand §lL-6R.and 5 Fig. 8 shows the effect of an MEK
inhibitor on stemcell differentiation. In nore detail, Fig.1l shows

gpl30- dependent phosphorylation of SHP-2 in ES cells. ES cells expressing

IeiLt gez 1}) ge ﬁ:@%@ﬁt& Aditfonai( prbiRES inlA felithadpett 4 enaidofSsendting IESlcalied wi t h
- n

m plus slL-6R) or G CSF %30@39/”1) f OC{?H]_‘S m'fnuhe?_ SHP- 2
prot ei n wasTPMHAIRKET eWiyse Cheells compRsing SXpRRING the imixeq HIuER &SP 1t i mul at ed
cells, fractionagd 08 campbimPihuEsrolnotss siepatRition or survival of ES cells; and
<andi ~' t a~an~e, n~ec~~0-as. ~raj | ~o,cg_f [tt]:~e~l b~: sa~s. he-af lsl ~~'t1 er vvaé pr obed
with anti-phospt &t vrdSspmBoUR] Habihipits prrpagation orsuryival of gells aier than &3
reprobed with anti-SHg@: anti body (|l ower panel). The position of tyrosine

phosphoryl ated forns of SHP-2 and t ditional proteins are indicated by
arrows. Fi g‘.’VEe@de\E cpmaing "?réefth‘ﬂp"f‘r'ﬂmﬁ%lg’](;ﬁ@dt(?/r'ﬁﬂr%ég’itl% on gpl30-dependent
self 20 renewal and growth of ES cells: (A Stemcell renewal nedi ated by
GRgp(278) and GRgp(Y118F) chineric receptors in response to G CSF.

Sel f-renewal , as nmeasured by ~Bgal act osi dase expression fromthe Cct-4

| ocus was assayed after 6 days in culture with G CSF (300 fg-30 ng/m).
Data for two independent clones 25 are represented as neans t s.e.m for
duplicate determ nations of triplicate sanples normali2ed relative to the
response with IL-6(100 ng/m plus sIL6RL. (B) Photom crographs of X-gal
stai ned, representative colonies forned by GRgp(278) and GRgp(Y118F)
transfectants after 6 days culture 30 with 300 fg, 30 pg and 30 ng/m of
G CSF.



(C) Phot om crographs of representative colonies fornmed by GRgp(278) and
GRgp(Y118F) transfectants after 6 days culture with no 11 March 2003 WO
00115764 PCT/ GB99/ 03031 -15 cytokine, IL-6 (100 nglm + sl L-6Ryara3-2088( 30

nglm) or ( =fi.(,100 nglmM + sIL-6R) and G CSF(30 ng/m ). Fi
gplSO-depen‘gcka)L'rft()h% 6(c?sphoryl ation of ERK1L and ERK2 in ES 5 cel |%&’é§m S
expressing either the GRgp(278) or GRgp(grll8F) chineric receptors were
either untreated or stinulated with IL-6( 100 nglm plus sIL6R) or G CSF
(30 ng/m) for 10 or 20 mnutes. Cell |ysates were separated on a 10%
SDS- acrytam de gel, electroblotted onto a nitrocel |l ul ose nmenbrane and
probed sequentially with anti bodies specific for the active 10

phosphoryl ated , for K and {QTAT3. pr obi ha: strippedfhlster with
an anti bodytrf'ﬁat bi m&‘gg?t(@ﬁboth p osphor?f?at ed g%c?q%%g)ﬁosphor&ng?lgd ERKs

verified thgmigfidry 8 @Y calllbysy, Sard niy0s6itabKEGE alggadaetoi VeitBBratargiies -
Fig.4 shows the effect of the MEK inhibitor, PD098059, on ES cell self 15

renewal andifERRrtieulpymaromalipn)ceis) primate wells ofodemtegliss anddagmangells.

treated wi o i eooBestl suPoBifeft dsiHBaRagw Y Lifer dal medsselltoston
fromthe Ochadelbt@isusdfilBy 8ES” BBAR ié irfteAdBdftererfidthpasd enfliryBhid Sidhh ons
of triplicate 20 sanples normalized relative to the res%nse to LI F-@éjB?joN

PD098059 degeHscembryenisicareinonia eells. genbryamniogonarghteliss erabatesdedy

For a8 nour Dot ER il bler SRR e e bigthiestBog/ m ) for 10

m nutes, |lysed in sanple buffer and anal yzed for ERK 25 activation by
i mmunobl otting w th phosphospecific anti-ERK antibodi es. Subsequent probing
of the filtdn afiftthaspechribe bgptiom providesds meshesh of, dpidre IS pélist eamprising

dephosphoryl E cogpt it med 1 v anpun qpr i N e
| oaded in ali%ﬁaggﬂp:?ﬁl.s (?:%hE;nf; ec}PB@ UIE’%B‘%%}%@W& '?Sﬁe %ﬁggg}des%gﬁ}lée of ES

cells to Ll imaifbeind{y dosdturespbiseseotell®7 the meskactoof bFcompaaniiMhat

PD098059 or vehi cl ..05% DVSO) was neasured bye-gal act osi dase expressi on
fromthe OcSeHqly. \é.g"q'[ﬁ'ctﬁpé?%a of sundval ‘PgFe'b‘iJBFr?%’ '"'d%gé‘reﬁfngwons

of triplicaigys thereby obtained may then be maintained in the presence of the or a
further compound that selectively inhibits propagation or survival of cells
other than ES cells. In a particular embodiment described below, the
method comprises developing an embryo in vivo, harvesting the embryo.
prior to pro-amniotic cavity formation and isolating cells therefrom, and
deriving ES cells from the isolated cellis or, alternatively, culturing the
embryo in vivo in the presence of the compound prior to isolating ES cells

thereftom.

In a sixth aspect, the invention provides a method of deriving ES cells comprising
developing a non-human embryo in vitro, isolating cells from the inner

cell mass of the embryo and maintaining those cells in the presence of a
compound that selectively inhibits propagation or survival of cells other
than ES cells. The method may comprise removing primitive endoderm prior

to culture in the presence of the compound.

In the above two aspects of the invention relating to derivation of ES cells,

the compound that selectively inhibits propagation or survival of cells other



11 March 2003 ~ ~ ' WO 00l 15764 PGTI GB99/ 03031 -16 sanples normalized
relative to the maxi numresponse of cells to treatnment with LIF( 111 Umnl)
.plus vehicle. Fig. 5 shows the effect of PD098059- on ES cellt Mareh | %Qﬁency
ZINAO ES 5 cells were treated with 25, uM PD098059 plus 5 U m LIF for 48
hours) refed with nediumcontaining LIF for a further 24 hours and then
mcroinjected into C57BL/ 6 bl astocysts. Enbryos were collected at day 9.5 °

of pregnag’yoorssest ai ned for ~B-gal actosi dase activity. Reppe$Ritedlosdss
enbryos are shown in the panel. 10 Fig. 6 shows decay of activated STAT3

follow ng stimulation of gp 130 and t-he0ochi neric GRgpl30 receptors.
GRgp(278) and GRgp/ Y118F) .ES ,cell transfectants were-stir~rlated, ~"Wth,;
~~- 6y~00a-thghi ES | cells| is-selected ,frof comp@thdsywhithfiahibib activity-beitBe. ~f, O;

minote | nieseymR SnBS2. iubitofie creaIIAPY -CaSoaE D M EXoq T BRI y“& th
an anti bomtﬁg dy'afc'tﬁlafté?& Lpgaﬁglﬁ%h%&% B*P(? Osgg;]&yafreg é&ﬁ&% unﬁﬂ@-sr% 1gid then

with an anti t hat gni zes phoryi at ed
STAT3. Notphaskatf acn-E8tdells. dThL&TkTB)plestedsﬂm:pa'saﬂllwt‘dm ubaverﬁsamlsce of a

sl ower at i STAT3 2 i es, presuned to e the serin hosphoryl at ed
f or m of S[& gr]%ﬂ@ %&ﬁ@&s & ‘?fd‘u 'i”dﬁ"&hons efiveeh®

expressi o
(16 gy pr Sohe GP4RE firse “E@fdé‘?‘f%@%rs BgteY o RRE IO hiBler G B Do)
and GRgp( teedHossbipt ors, unstinulated (-) or stinulated either with LIF

(L, 100 units/mM) or GCSF (G 30 ng/m) for the indicated tines (mnutes).
" Hybridisation of the ~ 3 kb SOCS-3 nRNA and et hi di um brom de st ai ni ng of

the 185  fiAal Speliil embbfneRRChf 2tk | BHeREnt NirgRnkRRS! Bs %%u&e%v tively.

(B) Graphic represent expression shown in
SCOCS- 3 nRiwkohgpatet zavmmwbalstqamhmgatlmjcbpapinmpponwmtgeodudﬂom/m‘toh 2003

WO 001 15764, PCTI GB99/ 03031 -17 | li zed
el ati ve v ARIEEVSEy 19 ey ibuzdcip bl pofl| Hpes 066h Hevelopng @nimal,
stimul ati gacdidy Life ddren |€’néh%sfeh%u@ntw&%fbr%h'rébﬁ@jen@f al *EFadtQB%”t' on

sustains 5 undifterentiated ES cells in an aggregate culture.
Mat er i al s expériveeniadisystern witht whictand sTudwsheﬂﬁgohtm“ESStm‘hlaelmlé

(e coeibhaRTs apFlioaion of LodefiiriShriB shptthadaIRFS 41 LI

D027 cel | qarbpugaﬂehhsn@plde%uatn tth@wabbeﬁﬁﬁﬁebﬂ%tw@ﬁc%daﬁtm gforS
reconbi nati on and an | RES- ~geo reporter gene 15 inserted within the Qct 4

gene | ocu€stablighing & %elblmwfrarrhgmeeramam;ealnars&memegandwms cantidbuter ker
gene that g,So Qﬁbxrlsgénaﬁqusﬂséﬂ r%'nlef\,@{u‘%ﬂtéc%gfig%‘%é#h&é{l es. For

transfections, S were ropora pg of linearised
plasm d DNA tev Qﬂl&a(ée F‘- 3n\%F rBvi Qes4a ‘[f%%?o(? sQI%l:t cﬁlt@%gfﬁg cAfshe
pul ser. st' 38 efran Oned Wer e s I'n rre cont al hing 20"
Ng/ m zeocqomp(lslng': trogen).

(a) a compound that inhibits differentiation of ES cells, and

(b) a synergistic amount of a compound that inhibits propagation or survival of

cells other than ES cells.

In an eighth aspect, the invention provides use of a compound that selectively inhibits
propagation or survival of cells other than ES cells in a method of obtaining a

substantially pure culture of ES cells from a mixed celi culture.

In a ninth aspect, the invention provides use of a compound that enhances the respbnse
of ES cells to an agent that promotes propagation or survival of ES cells, in a method for

obtaining a substantially pure culture of ES cells.



Plasm d construction The GRi gpl30 chinmeric receptors were generated by
fusing the extracellular domain of the human G CSFR to an EcoR fragnent of
- mouse 25 gp130 containing the transmenbrane domain and the ditMareh 2003
cytoplasm c region. The phenyl al ani ne substitution of tyrosine 118 was
introduced into the intracellular domain of gp 130 by PCR overl ap

nmut agenesi s. The PCR product was substifgated into the GRgp(278) chimaera
and sequenced. The receptor cDNAs were inserted within expression vector
pCAG Z. This 30 vector contains a bicistronic expressi on cassette,

consi sting f cyt al ovi rus enhanc ctin ter, a . si e for
i nsertion o ga&te ref&m@maﬂtp Qé’r Wr‘r‘i’ E%S'ﬁtéaﬁ{?%?%ﬁsé’"ﬁl' ? and
the zeocin reérlntMi%érs?ﬂ1 a%QP?bhosphm RAYTIEF Tthd/ STRIBLQHBBHAD rﬁghémpce
gene. Self renewal assay . preSS| on of ~-gal actosidase fromt Cct-4
| ocus in Dombleedxlles Samﬂlamamﬁﬁaceﬂsnhrmimmwma%ems gp8Perhet ed.

t 5000 di sh d t d f th
Sr esencepg; B’éﬁkﬂﬁe 89”&%?%%’?\%9‘3%2%‘%%83&5" &5? %&E’QPS@‘%? R 5:8

they were plspred, athig PROdRRa R bva%“ﬁlcfdﬂewmnotﬁbgir&hﬁm”of‘ab%b @At h
medi um prior to addition of the inhibitor. 6, s weire washed once
wi th PBS anmutym 1)) rphhm/lalranme ofomlfiabing uhatstm—lsihgie mrcfsme/n@ﬂsemlﬂ %

NP40. Lysat J 100 of PG, buf fer (60 nM Na2HP04,
40 nmM NaHZP Bﬁ%‘ﬂ {%ﬁﬁl\;mj@@'t %N‘}ﬁ QefCN ,Cfglﬁ mutged regeptor was
.2.,rnl. fully c%p&ble OF dhrecﬂlrlib §eﬁ1r‘é'h%W£I o‘ﬂ@@&@l’ls ﬁevh?é eﬂ‘ec?i% even at

37. ~y~~ ~, . ~0(0~8n~~t ~ ,~vas read ~ at ri‘'m~All assays

wer ae~~t ~tr iOW|C|0|l’l@en%l’athﬂrﬁS cbfran.tnmilmg;llgamdu Inweaudglwﬁﬁwlmwhg:lﬂmihday
after platin 2- 106 cells 00 mmdjs ES cells rer th
e um cont APRISRGY g ARsoRenoy SUbr g AelitinRuk ey Eykatachats vighls and

fol I owing dgnde 's%lN‘Pér?eWBﬁrE‘ﬂE%brﬁ{E h%t%‘ﬁ&%ftéuﬁecm@suénéérétuén fwuwe 20
prior to stinmulation with IL-6 ( 100 nglm plus soluble receptor) or G CSF
(30 ng/m) MNotermtinal ShtZeslon@ahl @ megientwbichnisskrewortoebind to gpd-3hthesens
and scraped Qf f ice-cold | |s bu 150 nM NaCl 0

Tris. HO pHE% el‘songg% Hﬁ4§"p‘icm ¥ ﬂ#eﬁﬁﬁdesaogsﬁﬁ%ﬁf&‘ et ed
| ysat es Wer@aéthHQaéé?Q é!cﬁi'ﬁ)ut%defrﬁpé‘i?éa cﬂiP ey HiRshentiate i@ Vitrgz) 25 at 4
C for 1 hour and then protein A sepharose was added and the incubation
continued overnight. Imunoprecipitates were lysed in 2 x SDS sanpl e
buffer, fractionated by el ectrophoresis on a 10 % SDS pol yacryl am de gel
and el ectroblotted onto nitrocellul ose. After overnight treatnment with

bl ocki ng buffer (25 MM Tris-HCl pH 7.4, 2.7 mMMKCI, 140 30 MM NaCl, 0,1 %
Tween 20, 1 % BSA) the menbranes were probed sequentially with

anti - phosphot yrosi ne anti body 4G 10 (Transducti on Laboratories) and
anti-SHP-2 anti body. Blots were incubated with horse . 11 March 2003 WO
001 15764 PCT/ GB99/ 03031 - 19radi sh peroxi dase coupled anti-rabbit 1gG and
devel oped using ECL reagents (Amersham. Antibodies were stripped fromthe
menbr anes bet ween probings by incubation at 50 C for 30 mnutes in 62.5 nM
Tris.HO pH 6.8, 2 % SDS, 100 nM 2-nercaptoethanol. _ 5 For anal ysis of
STAT3 and ERK phosphorylation, 1 x 106 ES cells were plated per well of
6-wel |l dishes. Cells were serumstarved and treated with cytokines as
descri bed above and then lysed in 100 Ni SDS sanple buffer. Ten mcrolitre
aliquots were fractionated on a 10 % SDS pol yacryl am de



10 gel, electroblotted auto nitrocellul ose and probed with anti-ERK and
anti STAT3 anti bodies according to the directions provi ded by1$Mapdh 2003 New
‘Engl and Bi ol absl. Northern Blotting 15 RNA was prepared as descri bed,
except that wdeseeond i so- propanol precipitation was repl acedBoyozs
overnight precipitation at 4 Cin 2 MLICl to renove contam nating DNA
Total RNA ( 10 Ng) was separated on a-3.166 M f or nal dehyde/ agar ose gel and

transferred .o a _nylon e i nger) . bridisatian s pejforned
as descri be®"M¢%2A Vﬁt'?%0%%%38‘%%]{%%’1’%%85%?‘]‘38%@? SPmw ?Jtl"?fgé was an
EcoRl - Not |  fgpaABTEtEDEelts, W& SRarhinbditha a6tidatid\YdhreSé MIP Rinabes bPeHeS05,

Genbank accessi on nunber AA444828 obtai ned from HGW). Sequence anal ysi s

verified t ha&himggespesriots Whsmatortimulstinp of @pd 391n &Sorellsdogosredms32s) . 25
Chi maer a angl,yQlaSe frl Hﬁ% Eﬁdﬁﬂﬁ%@%okﬁhﬁ&ﬁ,% reBhéhserodid Be Ble%%tt@cgySt s and
u ce. ce t day 9.5 of

transferred 1 nto pseudopregnant m were sacrificed a
pregnancy anparhengagenyest ofdhe Y18 ahdmeric hecépgat. FuBbeRootd, tteeatyneosi ne 118

is required f 30-de ent osphoryl at i,on SHR .2 | S 11
Nar ch- 2005 b 0Pl M ERRESS o BRSRBREEHLBL RO MR Pl s RO, 5. g
cell fines ft&de\dcfthﬂwk mtrag?%n?mdsmtigmw b"mdwsm-r&??gr‘ﬂm he .
MAPKs, ERK 1 and E , LS nmediated via tyrosipe cate an no aci
resi dues f rcﬁﬁ?‘lsh@o%ﬁﬁr éﬂ\é’)e"feﬁ ip e Ebfﬂ?ﬁlea%'rswl'r'g' ?éégééggﬁé)f???sﬁfe“?&t exani ne
the functi ongd ceWURfRENtINNON Tied? rbddits Bstablifietlal, i copdsidelnitRdns DNAS
encodi ng chi maeric receptors_consisting e extracel |l ul ar domai n of the

f th
grandPocyt e ip¥eRtigN stHhenattivatiap ehERKA ?fé,fggﬂi(gr viaiturr§HP eq apgthefe

)

t ransnenbr ang, i, CHIGPLE SN i ﬁ%@ﬁti@gl iﬂnﬁi_ traeirﬁ'g%gﬁe E%lﬁ‘él’dtﬁ)nd& %QE:SF

normal |y express the G CSFR and show no se esponse to
(data not sherlls) Seldwtivie priopagetion of €S eelipisorttaimahlebduaite the celativelyne

signaling independently of e enous t Qki ne recept ars CD{\lAS encodi ng
ei ther the Lﬁﬁ%gﬁ’f'ﬁ}}@ rﬁimcr?a%f‘ig'j%gfagg’gp?g ,es&Ifg%(ng)",Qn & %S i '%it ed rece. pt ~r
in whirh:,.~ph, ~nyl ~) ~ni ~e, . hyad been substitutedr~:fore~~yra~ine QL1
18, ~ Rop(Yf,.~l,~8F) ., weren.:ctoc-~intfl..~e xpr.essi on vector. and
Lot aPi ntr aubia tack .o Frdiqenert for. gt 40 cgPefian g SRURERR sk e
di fferenti atieshteghd they gessi-tRIsfarined AERFelof ESTeNS. Ahespbishddfuddtibal | ow ng
its recruitment _to a .térﬁosme phosphoryl at ed gp 130 receptor subunit. To
exani ne whetHerRISHD dt{grentizigd collpis i trauiate e tignsitiopdhiryghl 5. afip. 2
| nunopr eci Pigh8t MSp AR tRrdUdHPate hducBBh GIORciAD. RBWVEEES hddE)a very
transfectants followng stinulation with either IL-6 (plus slL- , 6R) or
G CSF and prawst Glophpse aphoaprensi teepossagetsve of the §it aggogistegueentrols) . An
increggse in I ; - ; i ' hr ough
i 2P the chdonamens (oAU i R SAYaliEF et 15T, Al e e 0L
tyrosir)ﬂne phoedhopd slependenes pnddiibisignadihgnstdonsisterphwisthtbe pbseadt®rP- 2. The
band migrati o)dl AR AT el t he
| RS- 1-rel at e@gé p?%% ‘g@%@eﬁl‘%r” ég&gﬁs ;F,ﬁ rtgﬁor sgﬁg%]c?f ggg'%@l étpeov\‘/'\nertle
phosphor yl at mitogeir-ad ihducerco LBRE aativiyoldphaigdont arehWilles SHB98) . Wasthis

way, inhibition of cyclin-dependent entry into S-phase in accordance with

25 the invention enables selective propagation and/or survival of ES cells.

in ;/itro differentiation of ES cells is associated with the induction of G1
cyclin expression, the establishment of a long G1 phase and a decrease in
the rate of cell division {Savatier et al., 1996). This transition probably
30 reflects the changes that normally occur in the embryo at gastrulation, after
the initial rapid expansion of epiblast cells. Interestingly, inhibition of SHP-2

activity during embryonic development of either xenopus or mice is



detected following stimulation of the GRgp(Y118F) receptor, confirmng 30
that tyrosine 118 is essential for effective gpl30- dependenf“I March 2003

. phosphoryl ation of this phosphatase in ES cells. 11 March 2003 WO

001 15964 PCWO@BA6®3031 -21 SHP 2 activation is not requi FEI/GRIPAOIZN cel |

self renewal In order to determ ne whether activation of SHP-2 is necessary
for the propagation of ES cells, the ré?pbnse of GRgp130 transfectants to

G CSF was neasur n. | f-renewal assa haye Z gene 5
Tnser ted wi cerernet Bt lre BRI iina g fin HRiod IR YRy Rutfife)
expressi on odf Hdsdderhapcell ethdages! e gHfW@ehfati®stdfi epitthstocells may
undifferentiated ES cells and the resultjing ~-gal act osi ase activity

provi des a nERERIPEe JEPEgSERt cle Poltt: ot apighl embiryaRigi £elbh)firBb{ecenls es of
the LIF genegliaepvibRE ddiasdl EYWC&&?Q%I‘%%§ aigRkicaaty! tHisisR@UCI Ng

autocrine stinulation of 10 ES cell growth. ~3-gal actosidase activity from .
two i Bdependéwet stades 6k avbirhc |ttme9lamed egrefitsr ot egmbiy andm stissyet losastheeasur ed

i n medi um de t I e atment with 300fg-30ng/ m
G CSF. The da dtyeqéeino?@dﬁ]aﬁbégﬁt Peeg%% Rmtn hat sel f-renewal of GRgp(278)

15 transfectants increased in a dose dependent manner, reaching a pl ateau

at 3-30 ng/ In.contrast, the nmaxinal ewal.. responsge of
GRop (V1169  BEPATERK REValaN B, bins, ot GSFemipl JgT FS ESEPONRENaRh, OHbl ogy of
the GRgp(Y1llgdslie Qh@@é@ﬁttiﬁ@*t%to%irfbeﬁ 8 dowthreglisteGiHeSkctwaty dt/thieCdi130

undi fferentiated ES cells 3ure 2B). This result establishes 20 that

acti V&t i on ofecsptery ??Hsd%@hat famaatie 31‘1% Ins dase FespAnsed apd areleegeds cel | -
sel f-reneval acﬁ%to%fesw\trgvﬁ|:éu@§mh§tatba %qntengfmwagtgsee@et . Ohiel essed

at the cell surface of cel I transfectants, as judged by bl nding studies
with 'z51-1 atedendld, GHdRR2 (tteett aprmoarllshbem) reghedest @se prlivehigfisciat..abse

response sug h gnal i ng
activity. ? 3?%@{1 ‘rL:’ gﬁhé b a'Pn gﬁé‘t" ﬁ%@%ﬁ’r%ﬁ%{%@%ﬁpwﬁ 8F)
transf ect ant kmfasesretdowsabb» Dpgoshed syuldtoeg flisctiert Was duppestdecbottitey
flattened col.o nqgrahol o% gormal | y assocjated with undifferenti a,t ed ES 30
cel I & %?FI gur 88 gé}'" %48 WP SURRISFEYsRlervintonoigtin teqaeptar 0Ny ned
positive forahBGtsSihedraeBbh vilh KETL Ak ahiiARiLNGe DB RAE aSEell Fedlpier. ABhagd data
not shown), indicating that the ES cells remained undifferentiated. This
was been reportéd recently that mutation of tyrosine 118 increases STAT3
signalling in neuroblastoma and hepatoma cells. Transcription from STAT3
responsive promoter constructs was also increased by overexpression of
20 catalytically inactive SHP-2 proteins, pointing to the phosphatase as a likely
mediator of this effect. This conclusion was supported by sustained
phosphorylation of both the Y118F receptor and its associated JAK
kinases. However, overexpression of catalytically inactive SHP-2 proteins
produced only a slight shift in dose response in transfected ES eells (TB,
25 CS unpublished), indicating that loss of phosphatase activity of SHP-2 may
not be wholly responsible for the increased activity of the GRgp(Y118F)

receptor.

The non-essential function of gp130-dependent SHP-2 and ERK activation
30 in ES cells further emphasises the pre-eminent role of STAT3 in
self-renewal. However, therestricted growth of GRgp(Y 1 18F) transfectants

in high concentrations of G-CSF is intriguing since it indicates that



11 March 2003. ~ ' WD 001 15764 PCTI GB991 03031 -22 confirnmed by the
resunption of typical ES cell growth and col ony norphol ogy vieMarch@0Ddwi ng
‘the initial treatnent with G CSF, these cultures were refed with nmedi um
cont ai ni ng MO®Ei64s s1L-6R (data not shown). ~ - 5 ' ThePGHGEIHIP!
appearance of GRgp(Y118F) cells in hi gq concentrations of G CSF is unlikely
to be sinply due to an increase in affir:?i'ty of the Y118F receptor for G CSF

b t hi i S i k| dyt i.t h high
because {1 ool RSEUNSah NPk sl VIBHNEY i B8 L) YBGfLl Bt RAG W N 11
Level s of | LSBAPBUs implicstay,in GhisIpherartyde bé¢abaesstirhulatien o tre G1TC8F( Fi gur e

2C). Furthernore, the enpt of Y1l 18F ells.in hi vel 5 of

& G5 vas meieRPRIactpRian A Brionart dEsin Phrsaienisiat atl STAINAA & cor-
arand HL*6-.sust#h¥® bctilaforbR)f anTBnéiGgeriousr STATI XargetC geAdssSUES3.

expl anati on that~t he unusual ES ~~eh~~po~pl ~~l og~: ~s~due to-a partial |o0ss
of 155se!f-r@f§0ﬂm%rfgﬁ8%b‘%"§ﬁwss? me 19 tbﬁﬁ&%éoﬁlﬁ'ﬂgeﬁé‘eﬁrom
hyperacti vat égns@hprek8 1Ak 2fARMT the ¥T1BF dibkstunide | ectivel y these data
point to a key role for tyrosine 118 in downregul ating gp 130 signaling in
ES cells. 20 Tyrosine 718 is necessary for activation of ERK1I and ERK2
Since activagi - I 9#3{)1 FRK xam ned
whet her tyrgéilgﬁgls(l} gﬁ%ﬁgga sore‘r‘;'g’:qajit?re or %g?'it]@gtll onﬂg?ag%%%{n RK2 in
ES cel |l s. Acénd differentibtiaiRits B9 celRgplidd irtcreasef icselhtendwaladtlesbrwed lonG- CSF or

IL-6 | us s] L-6R) was, asse . N i.ng,.wW th ap_ 25 antibody
speci® ¢ for UEREN o@’btﬁ'oﬁ'ﬂﬁ &%ﬁ'%h%@%gégr' ligs tEﬁ<gR PR Ei gure
3). Basal | eisddirsof tiact iprapishtionK wer € 086lisst Aitérstr§pct adudiesunéfr eat ed
cells foll ow n1g$ser um starvation. Increased - ERK r phosphoryl ati on was

observed i n geT$Q-depehtieatreauiptianat ECd sl end astrgpY sodithstenting
receptors. Thighadesd BRdt SMiRIMN SNuRd MN*I,@P,%\&RNay %Qa\te Bg\agﬂhai&ﬁgﬁ%&n( Y118F)

chimaera. Reprobing with an antibody specific for th yrosine ]
phosphor yl at egdfagednviz SIS, Incbath cases. tieducedMAPKI aslevity ressdtask by s wer e

effegggve at ﬁ@@%@faﬂ%ﬁ@ﬁ%n fn}ﬁtscﬁ‘ﬁ(ﬁaéﬁe%fgnﬁe tE b ritichD 1Rl 5764

PCTI 91030 estab h that rosin lates activation ofi the
ERK pat hway c¢ellsESraaged s withi RIROAGOERK smif-ienawiabnwast lenhB666d56vemeat not

el 1 enoua “TiHOBPRR /2, T2 ORI D e PRyt Fidimh Gt Rt

propagati on wivebffon & et sifplyt égé td an inHibyipioh loé ERK addZty stirhliatedbe LIFUl t ur ed

in the presepce of the speci fL'\%QMI:iK i nhi bi torf;i{fﬁPDO%OSQ' A sub-saturating
S

concent r at i oRUEFaY 985 Y blps EAORg qf EnalionIndHEERSPIESe o case

the siti Vid seraim, idiahase agcieled HINES Telld ah@ltheir IFVRINtRIGN prodshy.
Surprisingly, treatnent of ES cells with 3-25 NM PD098059 did not inhibit

sel f-renewal when conpared with cells
The present invention is now described in specific embodiments illustrated

by drawings in which:-

Fig. 1 shows gp130-dependent phosphorylation of SHP-2 in
25 ES cells;
Fig. 2 shows effect of mutating tyrosine 118 on gp130-
dependent self-renewal and growth of ES cells;
Fig. 3 shows gp130-dependent phosphorylation of ERK1 and
ERK2 in ES cells;
30 Fig. 4 shows effect of the MEK inhibitor, PD098059, on ES

cell self-renewal and ERK activation;

Fig. shows effect of PD0O98059 on ES cell pluripotency;



cultured in vehicle alone (Figure 4A). Mire surprisingly, in fact, the
| evel of self-renewal increased in a dose dependent manner JiltMarch@083xi mum °
| evel 15 being achieved at 12-25 NM At concentrations greater than 50 NM

PD098059 . tWOOEFt h of ES cells was inpaired, possibly asP&TIGBEUPILT sone
non-specific inhibitory effect of the gaug, resulting in small

undi fferentiated col oni es which stai ned”positive for /~-gal actosi dase by X

gal staining (da t sho i j j -hr ough
gpl30 was conti nﬁg;urs?f) y sup%\ﬁ%\ggégcg\goﬁ%gg%tgy?tﬁfﬁé@ﬁ@%#{r@?#gﬁI tures,
GRgp(278) cells were incubef gp180rantiStheochisnanic BRgh&30meceptoss; pl us LI F and
oveal ed that G B4 b3 depShian SRIRGSRBFRER] Mo UM R vas
progressively reduced fromegpledsioll inci®l cefi§;esnid vel y bl ocked at 25 NM
PD098059 (Figure _4B). The conti nued Fr oliferation of undifferentiated ES
cel | @ at i nhi bit §/ &oncenghawpothe sffepbrtfganoMEsninhibitor pRt stem cell
gp130- dependent activati ondgfergm%-@,pd ERK2 is not required for the

e

propagation of ES cells. 30 Th ect of PD098059 on sel f-renewal
suggested that the inhibitor mght alter the dose response of ES cells to

LIF. Self- ES-.cel : | 157 .

PCT/ GBOO/ OEQQWEE%%'E%@ %'i‘iv\t’l\%%%aéﬁ a”%ﬂ?ggmg?%h%gfg%ﬁééﬁ'zﬂﬁ ei t her
in the presd®eelis. ES NdIPDOQRE@S8ingr eithbr cthe GRgd (27 EIVSO) GRog (M E18K]) .

T t with PDO98059 i the I I =B- gal agt osj,d ivit t
a1 1 8ncent rIVPENS FPSRIES Tpan i auth b 0 oAy RIS STRB0T 8F C&r ¢ he
dose 5 deperciem¢30aig/RP ¢6 h6 Midutest BRIP-2 rarsiaswid @nmurdppedipRated LIF. '
Significantl PD098059 did not block the differentiation of ES cells in

t he absence %émL'VF?"eESJfc\éT“F‘é‘“B\a&F&g’étsé'tﬂmi"ﬁ“M)GQ@%San‘F%tﬁd @ iFRent 10
ES cell col [oYpTatRTale \VAR=VaTc S5t 8 .&%ﬁgm hie JHEEREOr S Of
t he undi ffem‘{élea}'sled ph%&?ygﬁgﬁ%ﬁ%gt esta‘ﬁ{i Sh thatkﬁuﬁe ce IQ% are '
pl uri pot ent . wgeptdhadatsh @ntienhmsphobyrosineg ansibady {gpherpamebip atfinpedand t he
absepge of ~ 9R-1-30. . d~ebarw 4 ZE%E 3Si 0~ a~L =95 e d: za~~—0 | NCOr po
ra f?g i nto-T ﬁeﬁ’vb’Ie &'tgp?'ﬁg-?f‘.”bifﬁg'.b gﬁg.(ﬁw%‘ é%'??!ld;'{%?%ﬂg? %_[?\ggtsg:é. ,~.ells
15 were cul tphesphatylbted tens 6fySKHPiD@adoste sdditnal protéidsharerisdicatedhe
preser~~e of, LIE plus 25 IrM PD098059, or in the absence of LIF. They were
t hen refed V\ﬂ R REE um cont ai ni ng L1F but lacking the inhibitor for a
further 24 hours before mcroinjection into nouse bl astocysts. ZIN4O cells
were used in.thjis experi t i nce they carr nucl.ear .| ocal i sed

el actos 80 S wh ke Prekhe! rutsineiyosts b8 o 41 SRl dersriont Seb cel
typegg Stai niefgwall afd HWthldfors @ellsyos for ~B-gal act osi dase reveal ed t hat
ES cells treated with PD098059 contributed to_chi maeras i

Fi gure 5).
However, cells cuf)udiem ioell reppwahmedistechbyl GRopH4/8ce R)(Eﬂégfhcapabl e
of col oni zi nghifRFiIcGEREY R rs in response to G-CSF. Self-renewal, as measured by g-

galactosidase expression from the Oc?-4 locus was assayed after 6 days
in culture with G-CSF (300 fg-30 ng/ml). Data for two independent clones
25 are represented as means + s.e.m. for duplicate determinations of triplicate
samples normalized relative to the response with IL-6{100 ng/ml plus sliL-
6R).
(B) Photomicrographs of X-gal stained, representative colonies
formed by GRgp(278) and GRgp{Y 1 18F) transfectants after 6 days culture
30 with 300 fg, 30 pg and 30 ng/ml of G-CSF.
(C) Photomicrographs of representative colonies formed by

GRgp({278) and GRgp(Y118F) transfectants after 6 days culture with no



(data.not shown). This result confirnms that gpl30-dependent ERK activity 25
is, not required for maintaining the pluripotency of ES cell s11 KMatari2003i on
‘of the STAT3 si naI is nediated via tyrosine r 18 W have previous|

est abl i shed WR&¥'52% i vati on of STAT3 is essential for gple’Ca'éﬁﬁ’?{G@ﬁl

sel f-renewal of ES cells. To determ ne yhether nutating 30 tyrosine 118
affects this key regul.ator, activation of STAT3 was corrpared in GRgp(278)

and (Y118F) Eydmrafeqtan 1@0,3[ Blaf WHie 6R) | | I JRynut es
with 30 fgl Rab R ngi TRt SieeR) LS B0Mgfin) &, 18-6 g D\

00/ 15764 PCTHGE4968BeR G§§Fs3@m9‘i’lin@ant di fference between the |evels of
tyrosi ne phosphoryl ation of STAT3 i nduced by the chinmaeric receptors (data
not shown) . However, signaling through the receptors was distinguished
when t he dur &igi.9shoiws pp 1 3TAEResdgma phosymretation nd ERK gndeERKY in €8I | s

inrer sti nul 1 ejther. 5 G.CSF, or. | L- | us sl |- for. 25, m nut es,
oL TeB it pRlES Rl Sksting athes R ahaiizele Redet Db eL et 4o

m nut e inter vedeptord Wwerd é.ﬂfermnmawwbsenrmratédiwadap@(1ob righes plueran -at ed
STAT3 was obt ai ne%cﬁgl | owi n st| mul ati on through either the endogenous

gp130 recept P 8F JEAZLY miii PR 1Prfy%@gnrawteseWb'vaﬂtrétwefeafﬁr@ratedlzo

mnutes. in gaNLr3gio, Eh- é&yﬁé?ﬁid\éafdepn eiB‘ctro%Ta‘iTé’d VBiioS S nidr 8&&lIuiidkeC CSF
treated GRgp(Y118F) cells 1 and could still be detected at 160 m nutes.

This result mmnlcf@nesartdialtobieyrmunet@mwmvaramw@s spepific fonthe agtiveal | y

at tenypt es tgﬁoé’&i& b8 Roh o?‘EﬁF’Qr{dléTﬁH‘%Shb;é%tbinog{;th%fsti %83#&&% | eads

to hyperi nduCton o a chronosonal rnvestigate
whet hér the pn(ahubgdelthmtbmdﬂ;tcohoth‘piﬁ's%uT@rylafchmfrdatEbr@epbon&gwldaEHKm in ES

cells, we exa e ex res ion of S enes hese enes ar & rapidly
nduced by oyeuREn RS CRREEAERE Rute SF Eral e JAReR eI R gat | ve
regul ators of cytokine receptor function SOCS-1is a STATS target in M
cells but this nmay not S cells as we have not observed any

her ease. i n SEd Show s eheet o the dBkdenbBoLI AQSER%Sr B0 K s pelr

contrgst, expéfssalodhdERREcenatioas transiently induced in ES cells
stimul ated either through the 25 L1FR/ gpl130 conplex with LIF or through the

GRgp(278) chi maer EAY &?'@ﬂ?@ewl ofrihe gelia fkreaged Wity PRBABOHA DORI &S splim
occurred at %e?\ﬁh%‘t”aes%b@’:aﬁﬁémﬁm\;e'l BPLE (59, /i-@i‘i/v'é?etré df\ig&gpzﬁﬁar gpe to

uni nduced | ev hour s ere was no I nduction o anscripts
in ES cells $ei ﬁuﬂ@uaaandhamgndafociﬁ-gabucmsndaaeepxmess@ﬁghpwm D34, in

uhi ch the T oW ATALS: Yo UGS, 3467 PN Sollats dRlAIARISE B pdhiceydl oot ed

mut agenesi s. | S res I'apll és 't ene 1s a STAT3
in E22Cel | s. sanpiasf noandlized retativeviontheacetsponse aniﬁ' the GRgp(Y118F)

receptor the peakg, ppoggosy dependent inhibition of ERK activation. GRgp(278)
transfected D027 cells were cultured with a subsaturating level of LIF (5
U/ml) and PDO98059 for 48 hours. Cells were then stimulated with G-CSF
(30 ng/ml) for 10 minutes, lysed in sample buffer and analyzed for ERK
25 activation by immunoblotting with phosphospecific anti-ERK antibodies.
Subsequent probing of the filter with an antibody that binds to both
phosphorylated and dephosphorylated ERKs confirmed that equivalent

amounts of protein were loaded in all samples.
(C) Effect of PDO98059 on the dose response of ES cells to LIF. The
30 dose response of D027 ES cells to LIF in 25 yM PD098059 or vehicle
(0.05% DMSO) was measured by p-galactosidase expression from the Oct-

4 locus. Data are means + s.e.m for duplicate determinations of triplicate



11 March 2003 WO 00!l 5764 PCT/ GB99/ 03031 -26 | evel of SOCS-3 expression |
obt ai ned at 90 minutes was enhanced and in contrast to sti mAiafiamh 2088ough.
.the L1F receptor or GRgp(278), SOCS 3 NRNA | evel s remai ned el evated until
at | east 6 MOUUPUISHRIst - stinmul ati on. , seens likely thereff§FECRIAR03 he
prol onged activation of STAT3 results E 5 enhanced expression of its
target genes. This may underlie the shitt  in dose response to G CSF

observed forg ;ﬁﬁggé X%%Efnzédr RRFAEGbAAL ﬁwax"éﬁlﬁrd FI2pBhEObt 89%81%015&@%4 12l ns

undi fferentia ES cell's in aggregate culture. 10 Aggregation uces ES
cell's to di fwiahddEilhteUanl rles rebicleuct ures known as enbryoi d bodi es that
contain nultiple differentiated cell types. Undifferentiated cells are

| argely or wholly elimnated during enbryoid formati on ~dr~~eY~0

i ndu~. ed~. d-fif~5eshows the eﬁeupopiP!E)Q%OSEBoh(ESDEeIESItﬂﬁidtsncymI!th@&Sry a
targetedrnte ration of o into the Cct4 | oc sed to enable

vi suaPi sati off qﬁfwﬁ‘rﬁﬁ’??@rdég ith 284MENQIBQRL H|L§t%i’ﬁéﬂ-ﬁ:af dﬂa"‘ﬂ'i"ﬁg "%-or

~B- gal act osi (das QyithIEHeRlith C8oNRirfing omfeq'or t heieHerg 24" RtirdYangedend 100

celI's/20NI drop in the presence of "0, 25) 50, 75 or 1001rm PD089059.
Aggr egat es veiasoirdectedinto CEHRL/6 binsfecysthrmborasrwiarefenilested at day 9.5

gel ati n- coat 51?‘5& E ?qle n e then
fixed and stﬁjﬁgé or fgg%ﬁ#@ﬁ@ﬁ%@ﬁ% I VI @é%l%%%"%éé%%ﬁg the Mek
i nhi bitor, témbeyds e shdwnliireshewpaselwel | differentiated and very few Cct4

~B-g bact osi dase expressing cells were present in the outgromhs (Fig. 8,
upper “panel ). In the presence of PD089059 however, 25 the representation of

undi f f er ent i Fige @ sRoY?d BEdaYTfBREIOa S TAVS f6kd Wing gmﬁeraﬁed ofigpa sk
dependent fashion, At PDO89059 concentrations of 75 n}] theE%reat

maj ority of 8 FEIMENS GhiamPOresep %’Fe@ﬁgﬂ(§788 a'!doﬁ@ﬂpbﬁ 28K) Epngethunber s
of undiffer eﬂgh%%ga,&gl\A,&alé},Mgw%E WS IEHHb tm pr esent

in control cultures in the absen bltor 0 therefore th

result i s not3&ingpm) mre%dmaymmﬁ aﬁ@é%@ﬁv@&ﬁm&emmm m that
RK ggtivati ofy, dh Eﬁasc\kblte' &cﬂr'eg{e‘%r 3140 f ﬁ&t%%ﬁte‘? alS THh ?'hgg%quf%ﬁmﬁ' ation

and that dif ntiation can prevent rch 2003
WD 00/ 15764 V@Terpmhﬁdngequelaﬂwm smthgaMehnabodwl sgeclﬁxaqul ¢h@ Betiverati on

of Stem Cel | s P 99/ 0 rder. ol.at m. ce i nes,
enbryos wer eP ﬁ OJKF% é:ﬁ ggiéﬁaﬂ (T ‘fvb $ ‘f‘?‘@ﬁﬁﬁ?@%@?%ﬁ prior
to prg- ami oboth pizws;tlrmMgtemandunn;ﬁrﬁa@dpcylafw Q‘BA?EGt Notdfmldlnla&agatlmbﬁ .

m cr odi ssect pl aced in suspension culture in ES ce medi t he
b esence of  BAdE0SGRSSREIIPd SUVRRRF RRRFEaNCeLTL BHONE MRt SHuTS

epi blagst s wesseawsmbaﬁea Bk #k Béﬁﬁ@ﬁh@%ﬁér%&ﬁ@d Goirh WTESTATSL i C.
PD098059 was mai ntained in the culture nediumuntil expandi ng popul ati ons

of undifferentiated stemcells were generated. Stemcell fines were also

derived frowrm&nawsd@/ﬁolag,gﬁ éﬁ%y Sttidh ér@aa@sygahs%kpﬁ%ﬁ irfﬁ%o‘c the

| CM at the bl astocyst Stage m crosurgic renova
primtive en@edermand culture in 15 ES cell nedi um plus PD098059: In

rocordanee o U8 NSRS, LBBRBANSASH PhafuACH AFblaEpe™eL
as of25 he Rafro\PESpatdiisa\expressiie the ﬁn@pwmy,orengpwnma‘-zessm aatted ES

GRgp(Y 118F) receptors, unstimulated (-} or stimulated either with LIF (L,

100 units/ml) or G-CSF (G, 30 ng/ml) for the indicated times (minutes).

Hybridisation of the = 3 kb SOCS-3 mRNA and ethidium bromide staining

of the 18S rRNA is shown in the upper and lower three panels,

30 respectively.
(B) Graphic representation of SOCS-3 mRNA expression shown in

panel A. SOCS-3 mRNA hybridization was quantitated by phosphorimage



20 cels. By suppressing the growth and maturation of differentiated cell
types, such inhibitors facilitate the routine mani pul ati on and M&chogos
derivation of ES cells. Exanple 3 25 Expression of MKP-3 transgene A
transgene cORMYSI&r MKP-3 was inserted into an ES cel |l an&AEIPPWE of ES
cel|'s obtained therefromexpressing MKR-3. It was observed that a culture
highly purified in respect of ES cells s mai ntai ned and t hat
gifferentiaty ol gl ahASxhSert hrmtifiReltBRk0R Y Mdst SBNERAnCARRZLRT W LN
30 differentat]on of I's 1n a control ture not expressing the
MKP- 3 t r ansgmeat 9Qi minsstee afteeatimalagionpwithi ldBs genetic evi dence in support
of the invention. 11 March 2003 ' WO 00l 15764 PCTI GB99J03031 -28
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Mar ch 2003 - Pegatagipsidase marker gene that is widely expressed in dlfferentlated cell

types. For transfections, 2 x10’ cells were electroporated with 100 ug of

linearised plasmid DNA at 0.8kV and 3 uF in a 0.4 cm cuvette using a Bio-

Rad gene pulser. Stably transfected clones were selected in medium

20 containing 20 ug/ml zeocin (Invitrogen).

Plasmid construction
The GR/gp130 chimeric receptors were generated by fusing the
extracellular domain of the human G-CSFR to an EcoRI fragment of mouse
25 gp 130 containing the transmembrane domain and the entire cytoplasmic
region. The phenylalanine substitution of tyrosine 118 was introduced into
the intraceliular domain of gp130 by PCR overlap mutagenesis. The PCR
product was substituted into the GRgp(278) chimaera and sequenced. The
receptor cDNAs were inserted within expression vector pCAGIZ. This
30 vector contains a bicistronic expression cassette, consisting of
cytomegalovirus enhancer-human S-actin promoter, a site for insertion of

the receptor cDNA, an internal ribosome entry site (IRES) and the zeocin



9. A nethod of culture of enbryonic stem (ES) cells comprising maintaining
a culture of ES cells in the presence of: (a) a compound that! Marsh2088 -
.propagation or survival of 6S cells; and (b) a compound that inhibits
propa9at i anworooasmeri val of cells other than ES cells; wher ecw/dey8/03031

conbi nati on of conpounds (s) and (b) is synergistle. 2, A nethod according
to Galm?7 wherein conpound (b) selectin®ty Inhibits a signalling pathway
essential to propagation or survival of cells other than ES cells. 3. A
net hod accor@$itANGE ¥8Re-of Claims 1 or 2, wherein corrlpound (b) is

sel ected from conpounds whi ch inhibit acti vi ty of the enzynme SHP-2, inhibit
the ras; MAPK cascade, inhibit MEK, inhibit a mtogen aotivated protein

ki nasa or i r8elbrénewaliassagependent entry Into S-phase of nan-ES cells. 4. A\

met hod accordi ng _t.o re co u 9 6. A method -
according t ssﬁ?'@\ﬂfgﬁ§aé°§?ﬁ§?sﬁﬁé?@n&e @ﬂ?iﬂﬁ'ﬁd‘"?&@g sCells. Waski ne :
that mcti vatoﬁfar&hsteemhdﬂ ORPGESHY0 Cellp Wérel glated. B ACO pbr whllTRah24l

according to rein the cytokine is Leukaem a Inhibitory Factor

(LIF). 7. Awel aﬁaea@e&%lwe@ P18 dpvs | thgrresence orcabssnee of extokiReof LI F

is about 5 Wyien SisAvER! tredted w?t’éﬂ P@UQ’%S@S tﬁ@b'v’éenfer&%?d gt &%@CPHH ure of
cells conprising AMENDED SHEET March 2003 -30 exposi ng t he m xed

cul ture of owpll andeultused @veunpbmtunomal gm@vﬂ)tresdpnopagam eddiionsof vi vaI

o FS Cotl S anlfnblthe S0f MR KbISNILre HALRLA 3n0C BRAPPES Aafeddiinbre) Of

cell's otfier than viher éin
(bj 18 synerrgl of Dc25 84 Thisrpe 1708, Gcﬁ:n'mdlDTth(o 5Cha NIPE 08 Lysder @0nwif avaound (b)

is selected fromco i bj I Vi nz SHP- 2,

i bi ¢t he PEREARAR HLECONPRbulter lga i NabPO e b Re  Pat e
protei n ki n2s/ ®Clj nhinki tMEEG) 50 m@m@?&aﬁ@b thariont 9.5 &Pﬁf)mﬁ - E5
cells) 10. A pethod according to , Wherein CO:tTg@ﬁb“ I's PD098059.

11. A net hod e HHERate, U‘Wtﬂ“&tﬁal %%3('6 hpyre-and: MRy is a
cyt oki ne t halgaaCdtl 480 ftn.t AR aS¥4 W%gﬁ@g wES cells. 12. A
met hod accordlang to Caim 11a ere| nthe cytokine Is Leukaenia inhibitory
Fact 3B | LI F). i 3. A nethod aocording to Claim 12, wherein the
concentrati O%I?Lnb;}}:ec%a?aﬁ WLnélHlnm:ro ott: met hod of deri vi ng ES cells

S

conprising isolatrn froma non- enbryo or enbryoid body and
mai nt ai ni ng @tnetslllatyLerftavserc;ﬂatllhgps".i’a‘-tbzeI1IO§5 aeﬂistd’ee 10Gesendish)f EQ cetispearedet hat

sel ectively f!e'a t%ht e&h?rpggr‘%aiir%ﬂgo "/§l1! V%aY calf%fen(}r%lalnd %cplng cyQOﬂlnes

The following day, cells were transferred to serum free medium for 4 hours

20 prior to stimulation with IL-6 {100 ng/ml plus soluble receptor) or G-CSF
(30 ng/ml) for 15 minutes. Cells were then washed once with ice-cold PBS
and scraped off in 1 ml of ice-cold lysis buffer (150 mM NaCl, 10 mM
Tris.HCI pH 7.4, 0.5 % NP40, 1 mM NaVO,;, TmM EDTA, 0.5 mM PMSF).
Cleared lysates were incubated with 1_gug anti SHP-2 antibody (Santa Cruz)
25 at 4° C for 1 hour and then protein A sepharose was added and the
incubation continued overnight. Immunoprecipitates were lysed in 2 x SDS
sample buffer, fractionated by electrophoresis on a 10 % SDS
polyacrylamide gel and electroblotted onto nitrocellulose. After overnight
treatment with blocking buffer {25 mM Tris-HCI pH 7.4, 2.7 mM KCI, 140
30 mM NaCl, 0.1 % Tween 20, 1 % BSA) the membranes were probed
sequentially with anti-phosphotyrosine antibody 4G10 (Transduction

Laboratories) and anti-SHP-2 antibody. Blots were incubated with horse



ES celkls. ' 16. A nethod according to C aim 14 conprising dissociating

cell s obtained and then further maintaining the di ssoci at ed1tMarch 2003t he

. presence of \f ﬁ’ ¢ further AMENDED SHEET 11 March 2003 p3spobiasgpund
that selectively |nh| bits propagation or survival of cells other than ES

cells. 16) A nethod according to Claimggld or 7 5 conprising devel opi ng an

enbryo in vivo, harvesting.the enbryo prior to pro-amiotic cavity

formation anddistxnemkidgseebmwed hetig¢bblinigGand dbwahd)mﬂthailhg BELireagentES cel | s

i Si d | nb |Ils f
Che’i nner canraatent AAEah yerg o ioge 1P A impllrdisd Seffverhe

presence of @roﬁﬂ’fﬁ%obm%ddtﬁno&edtes@q gefoy 3mh1.dmttes IPrEMBgAM TRsHCISpHVI val  of
cells other 18. A method according to Claim 17 conpri sing

r enovi ng prlﬁnrétvl%é" d@Wl%P‘W‘EFR‘GP%W in the prescnoe of the
Conpognd. 19. A nethod according to any of Clains 14 to 18, wherein the

conpound that selective eé i nhi bits propagation or survi vaI of cells other
t han ES cel |I§ori anajgsis af TAFTamnctEHiSommhmvleﬁonnnpbﬂtO &5 icells yere t he

enzynme SHP- 2, b% Well B 6/3EM WE&; € a\%re L (s tta{\l@r%nd {}Bhflaldt \g{_?tpm togen

activated pr ot e| n nase or In cyc ependen ry into hase of
non- ES cel | scytdRine& asodmibbd(abofrelandehemysed ioc JI00icS DB sE&pdmbUﬁer

oorr~pri sing und that inhibit iffe ce

P01 2 syner oTes iR ititos e sitinipriated oh Bl de. SHE R Ee I
survitgal of géell kefectidbidttéd antdhiteelitlosd land pob@d0sith iaditi-BRK GIndl &tit O
Cleirn 20 wherei g con’p nd (bl sel ooti veI Y i.nhi bi ts a,signalllng pat hway

essential toSphd a@fh"ft? e%ch‘UPVTQ/EH the dirertian, PrRyfdedh & supRlier ?’§8W22 A
conposi tion pgrgIAhdIBIBIabg).Cl ai m 20 or 21, wherein conpound ~bl is seleoted
from conpounds which inhibit activity of t he enzynme SHP-2, inhibit the
ras/ MAPK cascade, inhibit MEK, inhibit a mtogen activated protein kinase
or inhibit ANE N@E %’tﬂg 11 March 2003 -32 cyclin dependent entry into
S- phase of non- 23. A conposition according to Claim 22, wherein
conpdénd (b) RNA PBEOPrérsareddas deswilprski ¢xcapt athat rtbenseciondaisp- pfopahel ms 20

Feceptorgpi PESTPL et Phatalefol eiariohtBlecibiiiton & 406 A ES
i nhl b' rts pr opagadveocorantnating/BNAQfToral RIMA¢1 0 gy) WasrsepSratetilon d 0.66 net hod

of obtai ni ngyR b3l A0 Laldgh B G Ubhy" BaBlrehRCth! § HUAM Indinteshe !

(Boehringer). Hybridisation was performed as described, using a [a-

20 32P]dCTP labelied DNA probe. The probe was an EcoRI-Notl fragment of
a SOCS3 EST plasmid (IMAGE clone number 864805, Genbank accession
number AA444828 obtained from HGMP). Sequence analysis verified that
the probe corresponded to nt 1666-2176 of SOCS-3 (U88328).

25 Chimaera analysis
ZIN4O ES cells were injected into C57BL/6 blastocysts and transferred into
pseudopregnant mice. Mice were sacrificed at day 9.5 of pregnancy and

the embryos were stained with X-gal.

30 Results
Tyrosine 118 is required for gp 130-dependent phosphorylation of SHP-2 in
ES cells



26. Use of a conpound that enhanced the response of ES cells to an agent
t hat pronotes propagation or survival of ES cells, in a nethtdMamh 2003 °
-obtaining a substantially pure culture  ES cells. 27. Use according to -

claim 26, wWegh&ided he conpound is sel ected from conpounds \wirkdbob/HasP! t
activity of the enzyme SHP-2, inhibit the ras/ MAPK cascade) inhibit MK

inhibit a mtogen activated protein kipase or inhibit cyciin dependent

entry into S-phase of non-ES cells. 28. Use according to Caim27, wherein
t he conpoun@reviowpeariveoin BAF pte-d calldimedihayetsho@ymthag qpili3Q- deQ@]damiuer ein

0% 950, oo PSP SR ML FAII At s e

Sr. AH% AUL. Arglsin@ABLS AlocatedS] ABlamiAo Atid s esiduits from the membrane) in the

o Lo Coieabeclapdh epealarl e healeetle daald arl el selcalieg) oo o
H*s' s DGdgY\1hld i Eeccelld, caaecabﬁa%@@hcabmﬂsceh&sahga&maia@aﬂggﬁéébﬁﬂrsa] ca] ca]

cal ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] caU] ca] ca &¥hk_b

k! n!' "N\ " @ongistng obthe extracg! maw]%ém%a[mlwte@pm»t%qma]a@w ca]ca]c

W OC/Ga/g/a(ELZKU] cak%a) 3 bg%@ﬁbﬁ&%} Cfals?]tﬁ at}‘% a%ﬁ%gg]%]\ ]:Xta’@]l ca.]' cal ca] ca]

ca] ca] ca] ca@wahaef]gra‘]iﬂa] Siace JS atljcdd m]tamk]r@di]/mpceﬂscﬁld] GalSERJaod] ca] cal
cajca 1W111 222222 ESf 6667 88889999 (é@

Z2LET ol gb] AP RATE ST P E IR R e G YA UPEA P L 4P esq EhimagriEa ca) cal
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===?AABBB Dx DDEYEEEGUGNG | | 9KdLr Lvl vPPP V% cal calU ca] ca]ca
] ca] ca] ca] c&VEA'Rg) 'c?&@PE%cha‘]Qﬂ%fcﬁ']‘ ipg) & ‘?fa]'&%\!‘] Hed N EAeE5V] ca] cal

caUlcalJca receptor, GRgp(278), or a mutated receptor in whi hen alanine, had
@CSthTUUTV\W/\YB(X Y lﬁ] c% gg]‘ta] caljcalc

%%ﬂﬂ\\\Q]<]| }é aaEa} wr nhc”
aU] ca] caU ceHe@aU]w]é% achap(¥an8s) cH@]@a]‘%@@ﬂ;'m!Pt%]ecaU] calc

aU] ca] cal] c

fﬂ‘ ff ]gCgLU]gggpg(?%l Ei ]s%sgﬁéﬁ ﬁﬂ W(' tm % d i tb“ gg] '(E:ga] g”TcX] cal ca]
cal] t9] cay mqmmqwapoaq ca] cal] ca] caU] ca] ca] ca] caU] ca] caU] ca] ca] ca

j1zij Vk%mmB8n>nDoHooooozppppqUqqr r

sUssstFtttt{vqgl gb] W] cV]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal]ca]c
a] cal] ca] caUhsa]'mhwl;icf@]'aa\él ‘bt:aa]ceahqae]s;s}-@akba]:oaiébcwdsuupﬂnsmﬁokwutw/mww?x;
XXXXQytyzz ~ wWr c] caUl cal.cal cal cal caV] ca cal cal ca] call c
a] ca(L:IJ]yc)a] ca]%h%kﬂ é‘g o= 4l 85]1%‘}' c']zﬂ ga 63%‘85] %%%ﬂa@ééﬁ?@af%e U‘.l'X[ Jeadd
$qt $zt oi d_ZEL@&hW lﬂ&ékﬁﬁiﬁ@]ﬁl@éﬁ\@ﬁ]mCahﬂérgoes this modification in ES

Ci{yf?ﬁ] ga Ea] ca L%fg%] ca Lgdscqucf pﬁgqargd from GRgp{278) and

AD| val e_ZTI oyl Mﬂ@F‘i%@rﬁ?ectants following stimulation with either IL-6 (plus siL-
WV] ca] ca] ca;&j}ca} cal] caU] ca] cal] ca] caéca ] ca] cal] ca] ca

W] cal] ca] ¢ m@ﬁﬁﬁ;gp@mbgql fon e osphotyrosme by western blotting (Figure

|
U] cal cal cavptle arf @ alednEoaBhub i SAMhS dutkeahrabledlihahia] o2l cal ©
WV] cal] ca] caﬁﬂd]’mag]lcalt!lea]:lwehdayeaotﬁé' gh130 or the GRgp(278) receptors. Two

FFM | ga\ )

(V] 62Peal] ceRIRNPLFYrRF BR BT Bab i 3 o6 4 LBl e AT At &MY iAol 2
rmMOUI wgl ga\ Sl Tee] satid ﬁﬁdmh@adﬂa‘pﬂsﬁ}mblycmomh%abfe%bwb@al calUca]c
a] ca] ca] cal] ca] ca{\]tca] cal ca] ca] ca] ca] U caUl ca u%l Uc~
d>Ayr mhcA XSl G5\ M- Auplaied Adaptten peatein/praviously reported to associate with
0 calyad) coppakrakunle sicpl bl popdese e eathoalah ) e has

detected following stimulation of the GRgp(Y118F) receptor conflrmlng

30 that tyrosine 118 is essential for effective gp130-dependent
phosphorylation of this phosphatase in ES cells.
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] caU] cal] ca UL cal] ca] ca] ca] cal] cal] cal] ca] ca] caU
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110% " & () - Y&l i séitléne Rl GYhaditioh, ¥t Xdpres(dr the 19F 'gehbtivebeen' ! <10%

" & () - 68109 WaCyivatbditwsdol Pene/targetiy Sthals(neduTigystrogtine semijationl ofz #1098" 8
& ()10 st Esgéaeﬁ &T%wth B- g’a\{aé:tg%%a@ a(c)tuvny from two independently isolated
clones for each receptor construct was measured in medium density

cultures after 6 days of treatment with 300fg-30ng/m! G-CSF.

The data presented in Figure 2A shows that self-renewal of GRgp(278)
15 transfectants increased in a dose dependent manner, reaching a plateau at
3-30 ng/ml G-CSF. In contrast, the maximal self-renewal response of
GRgp(Y118F) ES cells was achieved at just 30 pg/m! G-CSF. The
morphology of the GRgp(Y 118F) colonies maintained in 30 pg/ml G-CSF
was typical of undifferentiated ES cells {Figure 2B). This result establishes
20 that activation of SHP-2 through tyrosine 118 is not required to direct ES
cell self-renewal. Equivalent levels of both receptor chimaeras were
expressed at the cell surface of ES cell transfectants, as judged by binding
studies with '*®l-labelled G-CSF {(data not shown). Therefore the shift in
dose response suggests that the mutant receptor may have enhanced
25 signaling activity.

Interestingly, at higher concentrations of G-CSF, GRgp{Y118F)
transfectants formed small aggregates of cells rather than the more
flattened colony morphology normally associated with undifferentiated ES
30 cells (Figure 2B). These colonies expressed f-galactosidase and stained
positive for the stem cell marker alkaline phosphatase (Figure 2B and data

not shown), indicating that the ES cells remained undifferentiated. This was
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morphology when, following the initial treatment with G-CSF, these

cultures were refed with medium containing IL-6 plus siL-6R {data not
shown). -

The unusual appearance of GRgp(Y 118F) cells in high concentrations of G-
CSF is unlikely to be simply due to an increase in affinity of the Y118F
receptor for G-CSF because this response is not observed in wild type cells
treated with high levels of LIF, or in GRgp(278) transfectants treated with
10 saturating levels of IL-6(plus siL.-6R), G-CSF, or IL-6(plus slIL-6R) plus G-
CSF(Figure 2C). Furthermore the phenotype of GRgp(Y118F) cells in high
levels of G-CSF was maintained when cells were simultaneously stimulated
with G-CSF »and 1L~6- (plus -slk=6R)#:This ebsemvation excludes the
explanation thatithe unusual ESs¢el-morphologydsdue to-a partial loss of
15 seif-renewal signals and suggests that the phenotype arises from
hyperactivation of signals downstream of gp130. Collectively these data

point to a key role for tyrosine 118 in downregulating gp130 signaling in
ES cells.

20 Tyrosine 118 is necessary for activation of ERK1 and ERK2
Since activation of SHP-2 may couple gp130 to the ERK pathway, we
examined whether tyrosine 118 was also required for activation of ERK1
and ERK2 in ES cells. Activation of ERKs in GRgp 130 transfectants treated
with G-CSF or IL-6 (plus slL-6R) was assessed by immunoblotting with an

25 antibody specific for the phosphorylated (activated) forms of ERK1 and
ERK2 {Figure 3). Basal levels of activated ERK were consistently detected
in untreated cells following serum starvation. Increased ERK
phosphorylation was observed in cells stimulated via the endogenous
gp130 and GRgp(278) receptors. This was not evident on stimulation

30 through the GRgp(Y 118F) chimaera. Reprobing with an antibody specific
for the tyrosine phosphorylated form of STAT3, confirmed that both

chimaeric receptors were effective at activating STAT3. These results
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10-u ) changes in self-renewal signaling. Surprisingly, treatment of ES cells with

3-25 uM PD098059 did not inhibit self-renewal when compared with cells
cultured in vehicle alone {Figure 4A). More surprisingly, in fact, the level of
self-renewal increased in a dose dependent manner with the maximum level

15 being achieved at 12-25 uyM. At concentrations greater than 50 yM
PD098059 the growth of ES cells was impaired, possibly as a result of
some non-specific inhibitory effect of the drug, resulting in small
undifferentiated colonies which stained positive for f-galactosidase by X-
gal staining {data not shown).

20

To verify that ERK activation through gp130 was continuously suppressed

by PD098059 in these long-term cultures, GRgp(278) cells were incubated

for 48 hours with the inhibitor plus LIF and then stimulated through the

chimaeric receptor with G-CSF. The immunoblot revealed that G-CSF

25 dependent phosphorylation of ERK1 and ERK2 was progressively reduced
from 3-12 uM, and effectively blocked at 25 M PD098059 (Figure 4B).
The continued proliferation of undifferentiated ES cells at inhibitory
concentrations of PDO98059 confirms that gp130-dependent activation of
ERK1 and ERK2 is not required for the propagation of ES cells.

30
The effect of PDO98059 on self-renewal suggested that the inhibitor might

alter the dose response of ES cells to LIF. Self-renewal of ES cells was
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15 were cultured at low density (1000 cells/cm?) for 48 hours in the presence
of LIF plus 25 yM PD098059, or in the absence of LIF. They were then re-
fed with medium containing LIF but lacking the inhibitor for a further 24
hours before microinjection into mouse blastocysts. ZIN4O cells were used
in this experiment, since they carry a nuclear localised B-galactosidase
20 marker that is widely expressed in differentiated cell types. Staining of mid-
gestation embryos for f-galactosidase revealed that ES cells treated with
PD098059 contributed to chimaeras (Figure 5). However, cells cultured in
the absence of LIF for 48 hours were incapable of colonizing the embryo
(data not shown). This result confirms that gp130-dependent ERK activity

25 is not required for maintaining the pluripotency of ES cells.

Attenuation of the STAT3 signal is mediated via tyrosine 118

We have previously established that activation of STAT3 is essential for

gp130-dependent seif-renewal of ES cells. To determine whether mutating
30 tyrosine 118 affects this key regulator, activation of STAT3 was compared

in GRgp(278) and (Y 118F) transfectants. The acute stimulation of cells for

25 minutes with 30 fg/mi to 300 ng/m! of G-CSF did not reveal a
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10xOxQ q34# Qa8 Fnd }he@éﬁ%g%’%@)e collected at 40 minute intervals. A similar

time course for the decay of phosphorylated STAT3 was obtained following
stimulation through either the endogenous gp130 receptor or GRgp(278),
with the signal being undetectable at 120 minutes. In contrast, the
10 activation of STAT3 was sustained in G-CSF treated GRgp(Y118F) cells
and could still be detected at 160 minutes. This result indicates that

tyrosine 118 mediates a signal that normally attenuates the activation of
STATS3.

15 Substitution of tyrosine 118 leads to hyperinduction of a chromosomal
target gene
In order to investigate whether the prolonged activation of STAT3
influenced gene regulation in ES cells, we examined the expression of
SOCS genes. These genes are rapidly induced by cytokines and encode
20 proteins that can function as negative regulators of cytokine receptor
function. SOCS-1 is a STAT3 target in M1 cells but this may not be the
case in ES cells as we have not observed any increase in SOCS-1
expression in response to LIF (data not shown). In contrast, expression of
SOCS-3 was transiently induced in ES cells stimulated either through the
25 LIFR/gp130 complex with LIF or through the GRgp(278) chimaera (Figure
7). The peak level of observed expression occurred at 90 minutes after
addition of cytokine, and returned close to uninduced levels by 3 hours.
There was no induction of SOCS-3 transcripts in ES cells stimulated
through a chimaeric receptor, GRgp({Y 126-275F), in which the four STAT3
30 docking sites have been eliminated by site directed mutagenesis. This result
implies that the SOCS-3 gene is a target for STAT3 in ES cells.
Significantly, following activation of the GRgp(Y118F) receptor the peak
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10 Aggregation induces ES cells to differentiate and form structures known as
embryoid bodies that contain multiple differentiated cell types. '
Undifferentiated cells are largely or wholly eliminated during embryoid

formation -due.to induged. différentiation. apd/or apoptesisis,

15 IOUD2 ES celis, which carry a targeted integration of fgeo into the Oct4
locus were used to enable visualisation of undifferentiated cells by
histochemical staining for B-galactosidase. Aggregates were formed in
hanging drops by seeding 100 cells/20ul drop in the presence of 0, 25, 50,
75 or 100um PD089059. Aggregates were maintained for 6 days, then

20 transferred to gelatin-coated dishes and allowed to attach overnight.
Cultures were then fixed and stained for g-galactosidase activity. In the
absence of the Mek inhibitor, the embryoid bodies were well differentiated
and very few Oct4 f-galactosidase expressing cells were present in the
outgrowths (Fig. 8, upper panel). In the presence of PD089059 however,

25 the representation of undifferentiated B-galactosidase positive cells
increased in a dose dependent fashion. At PDO89059 concentrations of 75-
100um, the great majority of cells were undifferentiated {Fig. 8, lower
panel). The numbers of undifferentiated cells in these conditions vastly
exceeded these present in control cultures in the absence of MEK inhibitor,

30 therefore this result is not simply due to ablation of cells This finding
indicates that ERK activation is critical to the process of embryoid body

differentiation and that differentiation of stem celis can be prevented by
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(6.5dpc equivalent). Epiblasts were microdissected and placed in
suspension culture in ES cell medium in the presence of PDO98059. After
several days in suspension culture the epiblasts were dissociated and
10 plated on tissue culture plastic. PD098059 was maintained in the culture
medium until expanding populations of undifferentiated stem cells were
generated. Stem cell lines were also derived from embryos developed in
vitro by immunosurgical isolation of the ICM at the blastocyst stage
followed by microsurgical removal of the primitive endoderm and culture in
15 ES cell medium pius PD098059:

In accordance with the invention, the independence of ES cell self-renewal
from ERK activation has important practical applications. Inhibitors such as
of the Ras/MAPK pathway promote the propagation of undifferentiated ES

20 cells. By suppressing the growth and maturation of differentiated cell types,
such inhibitors facilitate the routine manipulation and de novo derivation of
ES celis.

Example 3
25 Expression of MKP-3 transgene
A transgene coding for MKP-3 was inserted into an ES cell and a culture
of ES cells obtained therefrom expressing MKP-3. It was observed that a
culture highly purified in respect of ES cells was maintained and that
differentiation of these ES cells was substantially reduced compared with
30 differentiation of ES cells in a control culture not expressing the MKP-3
transgene. This experiment also provides genetic evidence in support of the

invention.
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{a)} & compound that promotes propagation or survival of ES cells; and

(h) =acompound that inhibits propagation or survival of cells other than ES
cells;

wherein the combination of compounds (a) and {b) is synergistic.

2, A method according to Claim 1 wherein compound (b) selectively Inhibits a
signalling pathway essential to propagation or survivai of cells other than ES cells.

3. A method according to any of Claims 1 or 2, wherein compound (b) is
selected from compobnds which inhibit activity of the enzyme SHP-2, inhibit the
ras/MAPK cascade, Inhiblt MEK, inhiblt a mitogen activated proteln kinase or inhibit
cyclin dependent entry into S-phase of non-ES cells.

4, A method according to Claim 3, wherein compound (b} Is PD0980S58S.

6. A method according to any previous Claims, whereln compound {a) is a
cytokine that activates the cytokine receptor gp130 in ES cells.

6. A method according to Claim 5, whereln the cytokine is Leukaemia Inhibitory
Factar {LIF).

7. A method according to Claim 6, wherein the concentration of LIF Is about
5 U/ml.

. 8. A method of selecting ES cells from a mixed culture of cells comprising

AMENDED SHEET
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{a)} acompound that promotes propagation or survival of ES cells; and

{b) acompound thatinhlbits propagation or survival of cells other than ES
cells;

wherein the combination of compounds (a) and (b) Is synergistic,

9. A method according to Claims 8, wherein compound (b} is selected from
compounds which inhibit actlvity of the enzyme SHP-2, inhibit the ras/MAPK
cascade, Inhibit MEK, inhibit a mitogen activated protein kinase or iphiblt cyclin
dependent entry into S-phase of non-ES cells,

10. A method according to Claim 9, wherein compound (b) is PD098058.

11. A method according to any of Claims 8 to 10, wherein compound (a) is a
cytokine that activates the cytokine receptor gp130 In ES cells.

12, A method according to Claim 11, wherein the cytokine is Leukaemia
inhibitory Factor (LIF).

13. A method according to Claim 12, wherein the concentration of LIF is about
5 U/mi.

14. A method of deriving ES cells comprising isolating cells from a non-human
embryo or embrycid body and maintaining a culture of those cells in the presance
of a compound that selectively inhibits propagation or survival of cells other than
ES cells.

16. A method according to Claim 14 comprising dissociating cells obtained and
then further maintaining the dissociated cells in the presence of the or a further

AMENDED SHEET
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16. A method according to Claims 14 or 15 comprising developing an embryo
in vivo, harvesting the embrya priar to pro-amniotic cavity formation and Isolating
cells therefrom.

17. A method of deriving ES cells comprising developing a non-human embryo
in vitro, isolating cells from the inner cell mass of the embryo and maintaining those
cells in the presence of @ compound that selectively inhibits propagation or survival
of cells other than ES cells.

18. A method according to Claim 17 comprising removing primitive endoderm
prior to culture in the presence of the compound.

19. A method according to any of Claims 14 to 18, wherein the compound that
selectively inhibits propagation or survival of cells other than ES cells is selected
from compounds which inhlbit actlvity of the enzyme SHP-2, inhibit the ras/MAPK
cascade, inhibit MEK, inhibit 8 mitogen activated protein kinase or Inhibit cyclin
dependent entry into S-phase of non-ES cells.

20. A composition for selective culture of ES cells, comprising (8} a compound
that inhibits differentiation of ES cells, and {b) a synergistic amount of a compound
that Inhibits propagation or survival of cells other than ES cells.

21. A composition according to Claim 20 wherein compound (b} selectively
Inhibits a signalling pathway essential to propagation or survival of cells other than
ES cells.

22. A compasition according te Claim 20 or 21, wherein compound (b) is
selected from compounds which inhibit activity of the enzyme SHP-2, inhibit the
ras/MAPK cascade, inhibit MEK, inhibit a mitogan activated protein kinase or inhibit
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is a cytokine that binds to the cytokine receptar gp130, such as LIF.

25, Use of a compound that selectively Inhibits propagation or survival of cells
other than ES cells In a method of obtaining a substantially pure culture of ES cells
from a mixed cell culturs.

26, Uss of a compound that enhances the response of ES cells to an agent that
promotes propagation or survival of ES cells, in a method for obtaining 2
substantially pure culture of ES cells.

27. Use according to claim 26, wherein the compound is selected from
compounds which inhibit activity of the enzyme SHP-2, inhibit the ras/MAPK
cascade, inhibit MEK, inhibit a mitogen activated protein kinase or inhibit cyclin
dependent entry into S-phase of non-ES cells.

28. Use according to Claim 27, wherein the compound is PDO98059.

29. Use according to Claims 26 to 28, wherein the agent is LIF.
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