WD 03/ 064463 PCT/ GB03/ 00366 PLURI POTENCY DETERM NI NG FACTORS AND USES
THEREOF The present invention relates to pluripotency determ ning factors
and t hei rwo8m64465 I n particular the invention rel ates topcaicrionieng and
deriving cultures of pluripotent cells of nobuse, human and ot her species.
From certain strains of nouse, enbryonic stem (ES) cells nmay be derived and
mai ntained in a pluripotent state in culture by provision of a cytokine
that activates 10 signal transduction through the LIF-receptor/gpl30
conpl ex. This approach is, however, limted to mce and is not sufficient
for propagation of human pluripotent <cells. The discovery of the

extracel | ul ar BJCHRWOJEMEY QETEERMININIG FAWBORSAND WSBSTHEREOQF dence
for a LIF-receptor/gpl 30 i ndependent pat hway for maintaining ES cel
identity. However, ESRF is inconpletely characteri sed and the nol ecul ar
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to speci f>b|ﬁ$p61%'n't cefl§Bf house, Wantsm Qﬁg%ﬁepﬁé &dibbes the identification of

ECAT (ES cel |’ associated transcript) genes I nterrogating nucl eoti de

sequence dat abases, and subsequent analysis 25 of the expression pattern of
murine and human ECAT genes. WD 02/097090 al so describes the use of probes
to identi fEA‘OESCeﬁlaiFBSHa'ths@‘I reouseceimboyenicatent (ES) cells mawbe dprivedTandnes.
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however, limited to mice and is not sufficient for propagation of human pluripotent

cells.

The discovery of the extracellular activity ESRF (Dani et al, 1998) has provided
15 evidence for a LIF-receptor/gp130-independent pathway for maintaining ES cell
identity. However, ESRF is incompletely characterised and the molecular nature

of extracellular regulators other than gp130 cytokines is unknown.

In addition, the transcriptional determination of pluripotency is not fully understood.
20 Important roles have been assigned to the gp130 target STAT3 and the POU

factor Oct-4, but neither of these alone is sufficient to specify ES cell identity.

WO 02/097090 describes the identification of ECAT (ES cell associated transcript)
genes by interrogating nucleotide sequence databases, and subsequent analysis
25 ofthe expression pattern of murine and human ECAT genes. WO 02/097090 also
describes the use of probes to identify ES cells and selective isolation of ES cells
using ECAT genes. Oct-4 is an ECAT gene and a specific marker of pluripotent
cells, though is expressed also in oocytes, cleavage embryos and egg cylinder

stages.



in the presence of fibroblast growh factor. Preferably the ES cells are
grown in the presence of a fibroblast feeder layer. 5 WD 97/30151, in the
nane of twe opnesent applicants, describes ESRF, a cytoki n@CTamwalodiss of
inhibiting differentiation of ES cells. WD 96/22693 relates to the

mai nt enance of self-renewi ng haematopoietic stem cells. In particular, WO
96/ 22693 describes an "F factor" capabl€-of maintaining 10 haematopoietic
stemcells in an undifferentiated state and supporting proliferation of
undi f f er e/ Oel) B6668& rdesepibiestduttuse effESetelis inBaeditim el ofaartim3l sepuns. dhd

G owth Factors 1997, Vol une 14, pages 145-159, describes self-renewal of
ES cel | s iihthepreganaecel fdﬁmblas@@m@wth fagtornbrafeeahly tha ESceelisareRgrayen imnd
Sturm do nt(])t however ?E Clr@ i be the i solation of any factor able to _
promot e sdNf PFEsRIER oba TBEORIBRT leeqendaYarhese conditions. Genbank Accession
Nunbers AK010332, 2001, and AK022643, 2000, provide sequences of nouse and
human cDNAs f or horreobox domain containing 20 proteins. No function is
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enbryonic stemcells an rm I'S sustal ne

with a feedpablegkinhilfitimgdiffereptation eeElSScélyit et al, Dev. Biol. 2000) or
extracts therefrom (Xu et al. Nat. Biotech 2001). Hovvever, 25 dependency on

feeder cells gives rise to a nunber of problens. Co-culture of feeder

cells and pluripotent cells may mask conprom sed culture conditions. Co-
culture r i@@s%@%ﬁ% rﬁ@te%ﬁo the mféniﬁnmcscﬁfea@df-l@nlewm@hammat@p@mtnCaﬁtQm

Pl Cor nat + Sl oth oA, W 6122645 desalBes ShoE Taptarh rPSble AT ABERIE e
mai nt aqlme%a%ﬂvategge@%%?&n &hd .N%%g/d%%gﬁat%ﬁ@tﬁ%%{ooag’@&mng tr&ﬁ FfdRct

stored. As tract 1s unchar acterise represent's” ano
cont am naiof endfffereRateditisrhatoitiets semieellsani puI ation of di ffer ent I ation

of
Berger C.N. and Sturm K.S., Growth Factors 1997, Volume 14, pages 145-159,
describes self-renewal of ES cells in the absence of exogenous LIF and feeder
15 cells. Berger and Sturm do not, however, describe the isolation of any factor able

to promote self-renewal of ES cells under these conditions.

Genbank Accession Numbers AK010332, 2001, and AK022643, 2000, provide
sequences of mouse and human cDNAs for homeobox domain containing

20 proteins. No function is ascribed to these molecules.

It is known that pluripotency of human embryonic stem cells and embryonic germ
cells is sustained by co-culture with a feeder layer of heterologous cells (Amit et
al, Dev. Biol. 2000) or extracts therefrom (Xu et al. Nat. Biotech 2001). However,
25 dependency on feeder cells gives rise to a number of problems. Co-culture of
feeder cells and pluripotent cells may mask compromised culture conditions. Co-
culture risks contamination of the pluripotent culture/ differentiated product derived
therefrom. To produce feeder cell extract, which is an alternative to using the

cells, a separate feeder cell population must be maintained and processed, and



pluripotent cells is conprom sed by the presence of feeder cells or
undefined extracts. 5 1n relation to many other species, in particular
porci ne, wowfetaehd rat, it is still not possible to deripca/Gaudiostcabl y

mai ntain pluripotent ES cells in culture. An object of the present

I nvention is to provide inproved culture of nouse and 10 human pl uri pot ent
cells, and an object of specific enbodi ’®nts of the invention is to renove
t he dependency on feeder cells in pluripotent cell culture. A further

obj ect i s the extract sterédr Ad¢hé ertrbotis andhariciedsed\dereprepénisiapotitstisotete s
fromother species. 15 Accordingly, the present invention provides

manmal i an gflaonita@iration abthe praodusy. Anealysis eandesnamipulatienl of differentiation of
enbodi ment by a factor that maintains pluripotency, in a mammalian cell. In
2 oul t ur o Rivfestestigells isrrompraraiserty e préernge ob feadar #ellcoeHndetnednt er
20 pluri pot)ﬁ%?( of those cells. According to the invention, the factor may
be maintal ¥n a pluripotent cell at a |level that results in maintenance
of a sedf- renew ng pluripotent phenotype. The factor may be endogenous - a
cellular level of the factor being maintained by activation of an

endogenousngelRgion te rmaﬁylbﬂml@?ediésmtrppéﬂi@u@ﬁldoréiﬂeasowﬂe@wh% ifis 2l fiot
mai nt enance of the pluripoten 25 phenotype of the cells. A particular

fact or of pdssibledenerive and stabhy medeldinuphripotentEStcelisinzultatd. i n a
pluripotent state and, in cell culture, is constitutively active. In this
context, reference to intracellular action indicates that the site of
activity %es W t,[hi g the cell. WD.03/.064463 .PCT/ GBO3/(§)03BG -4 The factor
i's thus ndt" OPKCt & dhgiIRtesant inygREoR 4y 1o PeRYifedmpraxed CUkR BF molse and he
g?; gam Egﬂqrﬁgﬁnrb%l‘?ﬂ&%ht EEHOKAMEEN WLt df SAEIREEMUSUFREREESE Ihe Blention

is to remove the dependency on feeder cells in pluripotent cell culture. A further

object is to provide for derivation and maintenance of pluripotent cells from other

species.

15 Accordingly, the presentinvention provides mammalian pluripotency determining
factors, exemplified in a first embodiment by a factor that maintains pluripotency

in a mammalian cell,

In a culture of ES cells, the factor has been found to be sufficient to confer
20 pluripotency of those cells. According to the invention, the factor may be
maintained in a pluripotent cell at a level that results in maintenance of a self-
renewing pluripotent phenotype. The factor may be endogenous - a cellular level
of the factor being maintained by activation of an endogenous gene - or
introduced into the cell so as to enable stable maintenance of the pluripotent

25 phenotype of the cells.

A particular factor of the invention acts intracellularly, maintains a cell in a
pluripotent state and, in cell culture, is constitutively active. In this context,

reference to intracellular action indicates that the site of activity lies within the cell.



gpl30 receptors. 5 Further pluripotency determ ning factors of the

I nvention maintain pluripotent cells, <cultured in ES cell nmedium | acking
gpl30 actwoaBwoéssdin a pluripotent state. Thus, the fact®CTiGB0abdaw6t o
maintain a manmalian cell in a pluripotent state in the absence of gpl30
activation and can pronote nmaintenance of pluripotency in culture nedium
| acki ng cytokines that activate gpl130-reéeptor conplexes. In 10 exanples
bel ow we have denonstrated that cells expressing preferred factors of the
i nvent i on Eheefactoeisdhed riotpfortdxampley arligraent fof er caJbsurbice tecapiot, iayisahd
show reduced or absent differentiation in response to retinoic acid, 3-
met hoxy ber856 Wigh &ifd and ptegacytokineshenddt canact independentiyaof signaiing from
suppressed i response to these stimuli. The factor of specific exanples
i s, furt?mﬂg{ggﬁeQ§ @ Seownst ream transcriptional target of gpl30. The
factors of the invention have been isolated and are suitable for

mai nt enance of aninmal pluripotent cells, animal cells including those of
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of the inventio I ntarns pluripdtency of a huna
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pl uri potency of a nmouse ES, EC or cell and acts intracellularly and is
const i t ut ithel factart isvableAtd unaintainf acnamroéliameeilrineatplaripatend\atatenin the
continuous kK propagation in culture of pluripotent cells from non-permssive
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t he reduced or absent differentiation in response to retinoic acid, 3-
methoxybenzamide and aggregation - hence their differentiation is suppressed in
response to these stimuli. The factor of specific examples is, further, not a
15 downstream transcriptional target of gp130. The factors of the invention have
been isolated and are suitable for maintenance of animal pluripotent cells, animal
cells including those of mouse, human, primate, sheep, rat, pig, cow and other
animals. One factor of the invention maintains pluripotency of a human ES, EC or
EG cell or other human pluripotent cell. Another factor of the invention maintains
20 pluripotency of a mouse ES, EC or EG cell and acts intracellularly and is
constitutively active. A further factor of the invention allows the continuous

propagation in culture of pluripotent cells from non-permissive strains of mice.

An advantage of the invention lies in the ability to stably proliferate pluripotent
25 cellsin culture. Factors of the invention can be used in cultures to maintain human
and/or mouse cells in a proliferative, pluripotent state. The invention further offers
the possibility to isolate and maintain ES cells from species other than human and

mouse - not possible hitherto.



nucl eus, resulting in self-renewal of the ES cell. A preferred factor,
descri bed and wused in an exanple bel ow, contains a honmeodomain 5 I n use of
one fact owO®B/064363 i nventi on, the factor maintains cells i ®RCa/GHoANIIPBO6t ent
state in the absence of a feeder |ayer or a feeder cell extract and in the
absence of a gpl 30 cytokine. Thus, supply of the factor is sufficient to
mai ntai n pluripotency of cells in cultd¥e. The factor can be added to
standard ES cell culture nedium or introduced directly into cells, for

exanpl e by é&ctot b ispeciiic embudimenhjsat transcription factoduftesctsninside ted | by
a variety of methods disclosed herein. In specific exanples of the
i nvent i onhuglaus; ressdting imselérerawal ofibe & calb.A prefetredifaetop, describetartdact or

support ¢ i.ne inde dent ES c propagat,i on both via epi sonal

transf ect X‘éﬁéd’f‘ %‘e‘P’F%rRRl%d beloyn coR %ﬁ%@dﬁ&m%pﬁper&'at ion into cells; a
further option, not specifically exenplified, is for expression of an
endogenous sequence 15 encoding the factor to be induced or increased so as

to enaly el#&é%fbnéﬁéto £ entldh, thd #4 c‘t&%gﬁﬂ?ﬁ@d@ﬂﬁ‘ing L}rﬁfotéﬁt"s%fé on,

the factor 1s ident ebylts propert mal nt al ni n

non- r esponsiheeabséhce bh adeptior lag@t ohta 1’@@@!@? ceR@xirzet bﬁétlﬁrthéldﬂséhbé dfa a
pol ypepti de having from 200 to 400 am no acids. Specifically, a nmouse

pl uri pot egpyl S0eryokinei nthisasupplyodf theefactardstsusicient ta p@ietmén patipojer®yQ | D

NO 2, a hunmgn pl urgﬁ)otenc% determ ning factor by SEg D NO 4, a rat
pl uri pote@éﬁeﬂ%ir&ﬁ wieng! Redaeter san deaddedis standerd £9weld quiure medium

ivent + on O TitSqFed fieety AR Beksfar emple v Sladtariraton ot i pidketioRat e,
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03/ 064463 eRai 8 3f @R fifventiBn, described in more detail below, vectors that express
the factor support cytokine independent ES cell propagation both via episomal
transfection of cells and upon chromosomal integration into cells; a further option,
not specifically exemplified, is for expression of an endogenous sequence
15 encoding the factor to be induced or increased so as to enable ES cell self

renewal.

In a further embodiment of the invention, the factor is identifiable by its property
of maintaining LIF non-responsive cells in a pluripotent state.
20
The factor suitably is a polypeptide having from 200 to 400 amino acids.
Specifically, a mouse pluripotency determining factor of the invention is
represented by SEQ ID NO 2, a human pluripotency determining factor by SEQ
ID NO 4, a rat pluripotency determining factor by SEQ ID NO 6, and a macaque
25 pluripotency determining factor by SEQ ID NO 8.

A second aspect of the invention lies in a factor which maintains a cell in a
pluripotent state, acts intracellularly and comprises a homeodomain, in particular

a homeodomain that has at least 50% sequence identity with the homeodomain



fromSEQID NGO 2, 4, 6 or 8 or, inrelation to a factor for cells of a
given species, one that has at |east 50% sequence identity with the
honeodonmawo 00M64abiir i pot ency determ ning factor of the sameTABIGI0ER6
Generally, a homeodonain is around 60 amino acids in length and the factor
of the invention conprises a honmeodomain 5 in which any 20 am no acid
fragment has at |east 35% sequence identfty with the honeodonain of SEQID
NO 2, 4, 6 or 8. Preferably, the factor maintains LIF non-responsive
cel I's i n drpmBERIDEND: 2, 4; 6.0r8 drin telatibn to Bdacioe forecdiisdifregivenspaetesyhi ch
mai ntains cultured epiblast cells 10 from non-perm ssive strains of mce
ina pl uriwmhasag@aﬁw@%esmd@mtltvwﬂuhe hesneedemain of pluripeisseyice
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The avor aauRio,aERSH keiathiatihe Belolforii MGy R £ FERASeS B RoBihiBfain:
reduci ng igayiieRaRgicCampio hbR ﬁéﬁﬁéhgﬁl%at—'@é@%?’% g%&éncévmléﬂﬁngﬁghih@ave

been used as feedéer cells for hunhan uripotent ce cul'tures, SO the
i nventi on lwrgeotiocmin bf SH@JDANO: 2nd, Beyr 8] iPref@hply, ke TAst6r Phaintains LIF

contam nation of the human pluripotent cell population by non-human cells.
| f ES cel INQiefespamnsiveaelds it apdunpotest sieéel i n 20 transpl antati on t her api es,
a guarantee of absence of non-human cells is likely to be essential, both
for initial isolation of cells and al so for subsequent propagation. Also
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donai ngg vmeidh-b@ﬁmééi\fégtﬁéingegﬁigbk@%gpm{@gf?@ s&?@ﬁ@mé’ébéé‘ﬁcé 8%/1%%}1}3?2_ .

and the second domai n pronotes ! r Tn"Tnto a ce
pr ot ei n t reeiscind inothedatyaerte of fecdat ean @xEdct, AHeéohd TACHPFREGH 8 offe tHaY- 1
VP22 (Schwarze et al., 2000). Hence, the conjugate can be used as a

cul t ure nevaint@ios poremembiryo-derivediceds (inplLidiTpES anarEGloells Hoarpludootent t o
I nclude a ucl,ea[1 | ocal i zat i on sequence to assist in WO 03/064463
PCT/ GB03/ daigsin the absence of feeder cells and in the absence of feeder cell extract.

15 The avoidance of feeder cells or feeder cell extracts has the benefit of reducing
contamination of the culture by unwanted cells. Mouse cells have been used as
feeder cells for human pluripotent cell cultures, and so the invention significantly
reduces and may eliminate the risk of contamination of the human pluripotent cell
population by non-human cells. If ES cell derived products are to be used in

20 transplantation therapies, a guarantee of absence of non-human cells is likely to

be essential, both for initial isolation of cells and also for subsequent propagation.

Also provided by the invention are conjugates of the factor with another functional
domain. A first such conjugate comprises first and second domains, wherein the
25 firstdomain comprises a factor of the invention and the second domain promotes
uptake of the first domain into a cell e.g. protein transduction domains of
antennapedia, HIV-1 TAT protein or HSV-1 VP22 (Schwarze et al., 2000). Hence,
the conjugate can be used as a culture medium component. It is further optional

for the second domain to include a nuclear localization sequence to assist in



-7 trafficking the factor to the nucleus after uptake into a cell. To
enabl e rel ease of the first domain fromthe second in use, the first domain
of a prevermsedcdnj ugate may be cl eaved fromthe second aomaiBu3ioosbde t he

cell. The 5 first domain may be linked to the second domain by a
di - sul phide bridge - which allows release of the first domain in the
reduci ng environnent of the cell. The fifrst domain may be |linked to the

second domain covalently, allowing the link to be cleaved by a protease

present i traffickingthe fadtor to the hieleus pifiernpitakeo intdbzecelkcond  domain to
conprise sequence permtting regulation of the activity of the factor, for
10 exanple a steroid horm)ne receptor (Pi card 2000). Further isol ated

pol ypepti des of, the nven Iude peptlde nol ecul es conprising
an am no g.e W%@SJ@%% lrg{]zgomﬁlns cqn in uge.dhedirs{ ggmain of
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present invention nmay’be a reconbi nant po
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terms "fragment”, "derivative" and "anal ogue” when referring to the

pol ypept i de)malntmaylbe/hmked)to ﬂtﬁaaeeomm)ldppm]nlammﬁrntm alletang shetinkridilze | y
the sanme biological function or activity as such pol ypeptide. The
fragnent , CiRavedaRY wepraiease afaseriul br edlb olsyfveter qptional fer ﬁhm/%emmw may

b d
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conserqed 4] e%‘cé@ré'g%ﬁﬂ%{%% ene émggbﬁéed am no acid reS| due may

or may not one enco |c co r (ii) one in which one or
nore of the am no acid resi dues i ncl udes WD 03/ 064463 PCT/ GB03/ 00366

Further isolated polypeptides of the invention include (a) polypeptide molecules
comprising an amino acid sequence as set out in SEQ ID NO: 2, 4, 6 or 8; (b)
naturally occurring variants of (a); (c) orthologues of (a) or (b), and (d) biologically
15 active and diagnostically or therapeutically useful fragments, analogues and

derivatives thereof.

The polypeptide of the present invention may be a recombinant polypeptide, a
natural polypeptide or a synthetic polypeptide, preferably a recombinant

20 polypeptide.

The terms "fragment", "derivative" and "analogue" when referring to the
polypeptide of the invention mean a polypeptide which retains essentially the
same biological function or activity as such polypeptide. The fragment, derivative
25 or analogue of the polypeptide of the invention may be (i) one in which one or
more of the amino acid residues are substituted with a conserved or non-
conserved amino acid residue (preferably a conserved amino acid residue) and
such substituted amino acid residue may or may not be one encoded by the

genetic code, or (ii) one in which one or more of the amino acid residues includes



-8 a substituent group, or (iii) one in which the mature pol ypeptide is
fused with another conpound, such as a conpound to increase the half-life
of the pabypepsile (for exanpl e, polyethylene glycol), oPCTiGB3008S6I N

whi ch the additional amno acids are fused to the mature pol ypeptide, for
exanple to facilitate 5 purification of the mature pol ypeptide. Such
fragnments, derivatives and anal ogues at@ deened to be within the scope of
those skilled in the art fromthe teachlngs herei n. The polypepti des of

t he inventa substituenl goous ors@il) voe (inaphich thet mMatdiepolypaptidé s fpeed Witkal | y
bind to pluripotency determ ning factor epitopes, peptides or
pol ypept i @@otharecastpounst, guepaas ng @@F@@Uﬁdalo dnereaseo thenhalf-life idothe:s
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froma va an| ma hor ses, goat s,

chi ckens, arr@ld@emed to be, wmﬁnﬁ thatstopehef ﬂh@@@m@‘d @i th!é at fr@rrpthé tezﬁirm?s/
determ ning factor polypeptide may be 20 increased through the use of an

adj uvant , hevein. as al um (al um ni um hydroxi de) or Freund' s conplete or
i nconpl ete adj uvant. Pol ypeptides useful for inmmunization also include
fusion pol ypeptides, such as fusions of pluripotency determning factor or
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well known in the art (see, for example, Harlow and Lane, Using Antibodies: A
Laboratory Manual, Cold Spring Harbor, N.Y., 1999; and Hurrell, J. G. R,, Ed.,
Monoclonal Hybridoma Antibodies: Techniques and Applications, CRC Press,
15 Inc., Boca Raton, Fla., 1982, which are incorporated herein by reference).
Polyclonal antibodies can be generated from a variety of animals, such as horses,

cows, goats, sheep, dogs, chickens, rabbits, mice, and rats.

The immunogenicity of a pluripotency determining factor polypeptide may be
20 increased through the use of an adjuvant, such as alum (aluminium hydroxide) or
Freund's complete or incomplete adjuvant. Polypeptides useful for immunization
also include fusion polypeptides, such as fusions of pluripotency determining
factor or a portion thereof with an immunoglobulin polypeptide or with maltose
binding protein. The polypeptide immunogen may be a full-length molecule or a
25 portion thereof. If the polypeptide portion is "hapten-like", such portion may be
advantageously joined or linked to a macromolecular carrier (such as keyhole
limpet hemocyanin (KLH), bovine serum albumin (BSA) or tetanus toxoid) for

immunization.



WO 03/ 064463 PCT/ GB03/ 00366 -9 As used herein, the term"anti bodi es"

I ncl udes pol ycl onal antibodies, affinity- purified polyclonal antibodies,
nonocl onawoanwedaesli es, and anti gen-binding fragnments, su®T&ABB(edss)2 and
Fab proteolytic fragnents. Cenetically engineered intact antibodies. or
fragments, such as chineric antibodies, Fv fragnents, single 5 chain

anti bodies and the like, as well as synthetic antigen-bindi ng peptides and
pol ypepti des, are also included. Non-human anti bodi es may be humani zed by
grafting okd ysednhéngimntHeDienoriantithodies” 1niclngee polydionsloastisadies egffipity- or
by incorporating the entire non-human variable domains (optionally

"¢l oaki ng"purtfieempailyciosalh @andibodidse monostandly antibddiesneand ointiggrebindling
residues, wherein the 10 result s a "veneered" antjbody). In sone

i nstances,frqﬂmﬁﬂ{]szﬁk!déﬁ?i 8 b;%nché?b pretegiicirgmentsn Genstigabsengingered ne

human vari.abl | fr d I N nhance .proper. bi nding .
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assays known to those skilled in the art can be utilTzed to detect
to enhance proper binding characteristics. Through humanizing antibodies,
biological half-life may be increased, and the potential for adverse immune
reactions upon administration to humans is reduced. Alternative techniques for
15 generating or selecting antibodies useful herein include in vitro exposure of
lymphocytes to pluripotency determining factor protein or peptide, and selection
of antibody display libraries in phage or similar vectors (for instance, through use

of immobilized or labelled pluripotency determining factor protein or peptide).

20 Antibodies are defined to be specifically binding if they bind to a pluripotency
determining factor polypeptide with a binding affinity (K,) of 10° M or greater,
preferably 107 M™ or greater, more preferably 108 M™ or greater, and most
preferably 10° M or greater. The binding affinity of an antibody can be readily
determined by known techniques (for example, by Scatchard analysis).

25
A variety of assays known to those skilled in the art can be utilized to detect
antibodies which specifically bind to pluripotency determining factor proteins or
peptides. Exemplary assays are described in detail in Using Antibodies: A

Laboratory Manual, Harlow and Lane (Eds.), Cold Spring Harbor Laboratory



anti bodi es which specifically bind to pluripotency determ ning factor
proteins or peptides. Exenplary assays are described in detail in Using
Ant i bodi ewo0 08/06446bor at ory Manual , Harl ow and Lane (Eds.), PCoIGBOS{036ng

Har bor Laboratory WD 03/ 064463 PCT/ GB03/ 00366 -10 Press, 1999.

Represent ati ve exanpl es of such assays include: concurrent

i munoel ect r ophoresi s, radi oi munoassay10fadi oi nmuno- preci pitation, enzynme-
l'inked i munosorbent assay (ELISA), dot blot or Western bl ot assay,
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95% si m | peptide(still nore preferably at least 95%i dentlty) to the

pol ypeptide of SEQ ID NO 2, 4, 6 or 8 and also 15 include portions of such

pol ypeptides with such portion of the polypeptide generally containing at
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( Poi nt similarity (more preferably at least 90% identity) to the polypeptide of SEQ ID NO:
2, 4, 6 or 8 and still more preferably at least 95% similarity (still more preferably
at least 95% identity) to the polypeptide of SEQ ID NO: 2, 4, 6 or 8 and also
15 include portions of such polypeptides with such portion of the polypeptide
generally containing at least 30 amino acids and ‘more preferably at least 50
amino acids. “Similarity" between two polypeptides is determined by comparing
the amino acid sequence and its conserved amino acid substitutes of one
polypeptide to the sequence of a second polypeptide. Various different
20 approaches are known for the calculation of sequence similarity and identity.
Generally, a suitable way to perform these calculations is to run database
searches using a program such'as Smith-Waterman, BLAST or FASTA, and use
one or preferably two or even three similarity tables. The Blosum and PAM (Point
Accepted- Mutation) matrices are suitable amino acids similarity matrices for
25 database searching and sequence alignment. If Smith-Waterman or FASTA is
used then it is relevant to ensure the open gap penalty is large enough, and if the
initial runs do not uncover any homologous sequences it can be appropriate to try -
a different algorithm - this is particularly true if you started with one of the heuristic
algorithms, BLAST or FASTA.



Accepted Miutation) matrices are suitable amno acids simlarity matrices
for 25 database searching and sequence alignnent. If Smth-Wterman or
FASTA i s wodadeddbeen it is relevant to ensure the open gapPp@rGBoByoics | ar ge
enough, and if the initial runs do not uncover any honol ogous sequences it
can be appropriate to try a different algorithm- this is particularly
true if you started with one of the heuflilstic algorithnms, BLAST or FASTA
WO 03/ 064463 PCT/ GB03/00366 -11 A yet further aspect of the invention lies
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optionally further contains an activator of gpl30, and suitable activators
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conbination with soluble IL-6 receptor. The culture nmedi um can be used for
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somatic s |l Ln a particul ar enbodi nent of the invention there
IS provi d@?ﬁgﬁgtﬁ%g@&gW? -renewal of somatic cells conprising
culturfgg the cells in the presence of the nmedium and preferably
propagating the cells in the nedium A still further use of

The culture medium optionally further contains an activator of gp130, and suitable
activators include cytokines that act at the LIF receptor, e.g. LIF, and IL-6 in
combination with soluble IL-6 receptor. The culture medium can be used for
maintenance of pluripotent ES cells, especially ES, EC and EG cells and for self-
15 renewal of pluripotent cells, especially ES, EC and EG cells. The medium can
further be used for maintenance of somatic cells, especially somatic stem cells,
and in a particular embodiment of the invention there is provided a method of self
-renewal of somatic cells comprising culturing the cells in the presence of the
medium and preferably propagating the cells in the medium. A still further use of
20 the culture medium is for maintenance and/or propagation of cells derived from

pluripotent cells.

Another application of the invention lies in expansion of cell populations, for
example in expansion of somatic cells. An ex vivo therapy that can be carried out
25 exploiting the invention comprises removing a population of cells from a patient,
culturing the cells in culture medium of the invention so as to expand the cell

population and thereafter transplanting or reintroducing the cells into the patient.

Further culture methods of the invention comprise maintaining and/or propagating



20 the culture nediumis for nai ntenance and/or propagation of cells
derived from pluripotent cells. Another application of the invention |ies
i n expanswon3ob446el | popul ati ons, for exanple in expansi ®aTEBISOMES | C
cells. An ex vivo therapy that can be carried out 25 exploiting the

i nvention conprises renoving a population of cells froma patient,

culturing the cells in culture nmediumoef2the invention so as to expand the
cell population and thereafter transplanting or reintroducing the cells
into the petlsesing aFcombération 6f1adactdrhoidiheoinvehtion mrehekpressiomof Oxt-4
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plating or at plating, for exanple at the tine that feeder
and this improvement is exploited in the derivation of new pluripotent cell lines,
especially of human cells but also of other animals, including murine such as rat
and mouse; primate such as monkey, especially macaque; porcine; sheep; and

15 bovine pluripotent cells,

Pluripotent cells, especially ES cells, are suitably derived by transfecting
blastocyst cells prior to plating or at plating, for example at the time that feeder
cells are conventionally used, or at the time that the inner cell mass is spread onto
20 aplate. The transfection can be carried out with cells on feeder layers or not on
feeder layers, though there is an advantage in avoiding any contact between the
cells to be transfected and feeder cells. It is known that transgenesis of pluripotent
cells is achievable at this stage, including for pre-implantation embryos, and hence
transfection so that a factor of the invention is expressed is used to derive stable,

25 pluripotent cell populations.

Another use of the technology described lies in cellular and nuclear
reprogramming, and accordingly the invention also provides a method of

reprogramming the nucleus of a somatic cell, comprising contacting the cell with



cells are conventionally used, or at the tine that the inner cell mass is
spread onto 20 a plate. The transfection can be carried out with cells on

f eeder | ayerog/oereot on feeder |ayers, though there is amCadBRmbesge i n
avoi di ng any contact between the <cells to be transfected and feeder cells.
It is known that transgenesis of pluripotent cells is achievable at this
stage, including for pre-inplantation eﬂnyos, and hence transfection so
that a factor of the invention is expressed is used to derive stable, 25
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in a given ce a“gene encodi ng the factor and
polynucleotide a sequence which regulates expression of the factor. This
sequence may be a promoter, and can also-be a promoter whose activity is
regulated. Further polynucleotides of the invention encode the conjugates

15 described above.

To control the level of factor in a given cell, a gene encoding the factor and
present in the cell may be activated. Both endogenous and heterologous
promoters and other regulatory elementé may be used, as well as factors that act
20 on these regulatory elements. One approach is to use a polynucleotide for
inserting a regulatory sequence into the genome of a cell, wherein the regulatory
sequence when inserted regulates expression of a gene encoding the factor. In
this way, an endogenous gene can be turned on or its expression maintained.
The regulatory sequence can be inserted by homologous recombination into the
25 resident gene encoding the factor. The regulatory sequence may be a regulated
promoter - for example an inducible promoter can be used so that the factor is
expressed when culture medium contains an inducer; removing the inducer results
in reduced expression of the factor and loss of pluripotent phenotype . Sequences

which enable removal or inactivation of the promoter may also be included, to



present in the cell may be activated. Both endogenous and heterol ogous
pronoters and other regulatory elenents nay be used, as well as factors

t hat act WO odme44bese regul atory el enments. One approach i sPCo/GBI/08366

pol ynucl eotide for inserting a regulatory sequence into the genone of a
cell, wherein the regulatory sequence when inserted regul ates expression
of a gene encoding the factor. In thislay, an endogenous gene can be
turned on or its expression maintained. The regulatory sequence can be

i nsert ed @Blovofurtheymantrad of expressiam of theofadter.25 resi dent gene encodi'ng t he
factor. The regul atory sequence nmay be a regulated pronoter - for exanple
an i nduci bl e pronoter can be used so that the factor is expressed when
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expressed in cells. 15 The pol ynucl eoti des of the present invention may be

in the forimtodhergl. dn this wayemolecules which act on the endogenous PDF gene itself

may be administered to cells or expressed in cells.

15 The polynucleotides of the present invention may be in the form of RNA or in the
form of DNA, which DNA includes cDNA, genomic DNA, and synthetic DNA. The
DNA may be double-stranded or single-stranded, and if single stranded may be
the coding strand or non-coding (anti-sense) strand. The coding sequence which
encodes the mature polypeptide may be identical to the coding sequence shown

20 in SEQ ID NO: 1, 3, 5 or 7 may be a different coding sequencé which coding -
sequence, as a result of the redundancy or degeneracy of the genetic code,

encodes the same mature polypeptide as the DNA.

The isolated polynucleotides of the invention may encode (a) polypeptide
25 molecules comprising an amino acid sequence as set out in SEQ ID NO: 2, 4, 6
or 8; (b) naturally occurring variants of (a); (c) orthologues of (a) or (b), and (d)
biologically active and diagnostically or therapeutically useful fragments,

analogues and derivatives thereof.



form of DNA, which DNA includes cDNA, genom c DNA, and synthetic DNA. The
DNA may be doubl e-stranded or single-stranded, and if single stranded may
be the cwoimmgesss and or non-coding (anti-sense) strand. TPha/Grydioonye
sequence which encodes the mature pol ypeptide nay be identical to the

codi ng sequence shown 20 in SEQID NO 1, 3, 5 or 7 may be a different

codi ng sequence which coding sequence;1%&s a result of the redundancy or
degeneracy of the genetic code, encodes the sane mature pol ypeptide as the

DNA. The Thel pplgrupigofidecivbish éesodéstioe thesenpolypeptitesmaglealsa)include
pol ypeptide 25 nol ecules conprising an am no acid sequence as set out in
SEQ | D Noadditional eoding sequeprerpndieantn-coding seqieence such 8s dttrqns or ne-
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for the pol ypeptide as well as a pol ynucl eotide ~which includes additional
codi ng and/ or non-codi ng sequence. The present invention further relates to
vari ants of t he herein above described polynucleotides which encode
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naturally occurring variants of the polynucleotide.

Thus, the present invention includes polynucleotides as shown in SEQ ID NO: 1,
15 3, 5 or 7 encoding the same mature polypeptide as well as variants of such
polynucleotides which variants encode for a fragment, derivative or analogue of
the factor. Such nucleotide variants include deletion variants, substitution variants

and addition or insertion variants.

20 Asherein above indicated, the polynucleotide may have a coding sequence which
is a naturally occurring variant of the coding sequence shown in SEQ ID NO 1, 3,
5 or 7. As known in the art, an alternate form of a polynucleotide sequence may
have a substitution, deletion or addition of one or more nucleotides, which does
not substantially alter the function of the encoded polypeptide.

25
The present invention further relates to polynucleotides which hybridise to one or
more of the herein above-described sequences if there is at least 70%, preferably
at least 90%, and more preferably at least 95% identity between the sequences.

The presentinvention particularly relates to polynucleotides which hybridise under



pol ynucl eoti des which variants encode for a fragnment, derivative or

anal ogue of the factor. Such nucleotide variants include deletion

vari ant s,weub®me44bait i on variants and addition or insertiomCrazBoatoxs 20 As
herei n above indicated, the polynucl eotide may have a codi ng sequence which
Is a naturally occurring variant of the codi ng sequence shown in SEQ I D NO
1, 3, 5 or 7. As known in the art, an dBternate formof a pol ynucl eoti de
sequence may have a substitution, deletion or addition of one or nore
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herein above descrlbed and which may or may not retain activity. For example,

such polynucleotides may be employed as probes for the polynucleotide of SEQ

ID NO: 1, 3, 5 or 7, for example, for recovery of the polynucleotide or as a

156 diagnostic probe or as a PCR primer.

Still further provided by the present invention are vectors for use in expressing the
factor of the invention. A first vector comprises a polynucleotide of the invention
as described above. A vector described and used in an example of the invention,
20 set out in more detail below, is designed for transfection of a cell such that the
factor is expressed in the cell and the transfected cell may be maintained in a
pluripotent state. Generally, such vectors comprise the following operatively
linked elements: a transcription promoter; a DNA segment comprising a
polynucleotide of the invention; and a polyadenylation signal. A further option is
25 for the vector additionally to encode for a selectable marker, with selection used
to identify cells that have taken up and are expressing the vector. As an example,
the vector can encode antibiotic resistance, with addition of antibiotic to the culture
used to identify successful transfectants. Following transfection of the cell, the

vector may be chromosomally integrated or maintained extra-chromosomally and



IDNO 1, 3, 5 or 7, for exanple, for recovery of the polynucl eotide or as
a 15 diagnostic probe or as a PCR priner. Still further provided by the
present iWOeabe4an are vectors for use in expressing the PagtGB306366he

i nvention. A first vector conprises a polynucleotide of the invention as
descri bed above. A vector described and used in an exanple of the
invention, 20 set out in nore detail belldw, is designed for transfection of
a cell such that the factor is expressed in the cell and the transfected
cel |l may Hiee romdingisegdenceaon phe niegtdreexpressed. saGtnEr alleyel sfute Yactopis
conprise the follow ng operatively |linked elements: a transcription
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| evel of tFwsthfesiebatrol and texibiliy may hexconferred dn thef Syistérardy using aqpotricdecel |
in a pluripotent state. A particular vector is desi ﬂned fortransfection of

a cel | exp &Revagtoswhest artivibgCan besantrallege Thusdollgwing tapsfegtioacths may
h I Qi f. | i catjon, h,that the 5 t ' bl

mai nt ai ne@PRALHCMEY PSiRCA TSI GEhE Bifife HOUTRY Jaf oer JPedinrse Whah f.
Co"t hel0, e aRlate SronfoldRY o LERTIE sy 8 ihdGibke b Gler b Hiadodt GufPt ©

transf ect ipghaddée@ to UMIPE Shedln. DAY BnaaltPRaied, the SioMhter ahhyWe thitiaify user
to choose when to, 10 activate the pronoter, for exanple using an inducible

pronot er tEeéiversitcsuche dmat e astidiéyl cao be Ireduecdrext tummed\ofiaby additiomtof \ee,
the pr Omtsﬁ;)ppggsotr)esljbgitetu;c% ltg culture medium - this enables the user to determine,
after a period of maintaining cells in a pluripotent state, to halt expression of the
15 pluripotency determining factor from the vector, allowing the cells to differentiate
and substantially clearing the culture of any remaining pluripotent cells. In
preparation of differentiated progeny there is a need to remove undifferentiated
cells, and thus this element of the invention provides this capability. A suitable
system is the tet regulatory system (Baron & Bujard, 2000). The vector may
20 additionally be constructed such as to enable its subsequent removal, or removal

of the sequence encoding the factor, by site specific recombination.

A vector of a further embodiment of the invention comprises a nucleotide
sequence which encodes a regulatory factor, wherein the regulatory factor
25 regulates a gene encading the factor of the invention. The regulatory factor can
be used to activate or turn on or otherwise increase expression from the gene,
which may be an endogenous gene or may be located extra-chromosomally. This
particular vector has a number of uses. A fransgenic line of animals may be

prepared in which a gene encoding the pluripotency determining factor is



active but such that its activity can be reduced or turned off by addition
of a suppressor substance to culture nedium- this enables the user to

det er m newoO 0af64n3 a period of maintaining cells in a pluriPpotGBw/osIat e, tO
halt expression of the 15 pluripotency determ ning factor fromthe vector,
allowing the cells to differentiate and substantially clearing the culture
of any renmmining pluripotent cells. In-1@§reparation of differentiated
progeny there is a need to renove undifferentiated cells, and thus this

el enent osubst@ntiallgntimesd pff ovillie ranbgenicagmiihidls tan thenwié albkd to yetteratd s
the tet regulatory system (Baron & Bujard, 2000). The vector may 20

addi t i onalenmbryes abauripetent eelisexpanieddharsiomesddianséectedwithd ctonr

ctor,, by site specific,
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gene or mghe bectbpfortied reydlatorg ficiopandalsothe Fogslatatsie genelfor a greipoteh@s a
nunber of uses. A transgenic line of animals may be prepared in which a

gene encodetgrmihingolagtomndherattedear thembadnduecedin vivo\td®nabilite $83n cells.

PCT/ GB03/ 00366 -18 substantially turned off. The transgenic animls can
then be used to generate enbryos and pluripotent cells explanted therefrom
and transfiect.ed with this vector .such that the,requlatory factor of.the
vect or ¢ ufnBligiPEl el Be Bt ey igbu8F tiethRsSiah of g allsieotde
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determ ning factor. The latter can then be induced in vivo to nobilize stem

cells. Anptivesepaenosenay behactheatedrto adheve the imaintdnance dfyplevipotessiypon of
a nucl eoti de
or a nucleotide sequence introduced into the cell may be used. The introduced
sequence may also be on a plasmid. A nucleotide encoding the factor may also

15 be on a stably integrated transgene.

The invention hence provides a method of maintaining a pluripotent cell
population, comprising administering to that population a factor of the invention.
A further culture method is to maintain a cell in a pluripotent state by activating
20 a gene in the cell that encodes a factor of the invention. A yet further culture
method for maintaining a cell in a pluripotent state comprises maintaining or
increasing'expression of a gene in the cell that encodes a factor according to the

invention.

25 The pluripotency determining factors of the invention can also be used to increase
the potency of a somatic or non-pluripotent cell. Hence, a method of the invention
comprises increasing the potency of a cell by exposing the cell to a pluripotency
determining factor, this exposure optionally being carried out by introducing the

factor into the cell or expressing in the cell a hucleotide sequence encoding the



10 sequence- encoding the factor, is in maintenance of cells in a
pluripotent state. The pol ynucl eotide may be a sequence endogenous to the
cell, forwexanpi4e3the native sequence may be activated, POTEGHBOWSB6E he
mai nt enance of pluripotency, or a nucleotide sequence introduced into the
cell may be used. The introduced sequence may also be on a plasmd. A
nucl eoti de encoding the factor may al se1915 be on a stably integrated
transgene. The invention hence provides a nmethod of maintaining a

pl uri pot efdctor! Thehagreaskiinpotenepof thengelhtiayhe sech ag tbaetgragramame the on a

factor of the invention. A further culture method is to maintain a cell in
a pluri ponuntemdttbe@pllabtandmtmtghezsoraa’q;@aenon nludpaient celh beingnewtkested
factor of .the invention. yet further cul tur for ntai ning a
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-19 factor. The increase in potency of the cell may be such as to
re-programre the nucleus of the cell, leading to the somatic or
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hence the factor of e invention can be useful iR respeC|fy|ng t he
| i neage ohuslegitidersexgidnce encoding the factor of the invention is under the control of
a regulated promoter. A transgenic embryo is then obtained from the transgenic
animal and a cell, such as an epiblast cell or a primordial germ cell, obtained from
15 the embryo. By activation of the promoter the factor is expressed in the cell and,
subsequently, pluripotent cells can be isolated. In this approach, therefore, the
transgenic animal is made as an initial step and this approach is particularly
suitable where procedures exist for creation of transgenic animals. In another
approach, which can for example be adoptéd in species in which it is not possible
20 or in which it is technically more demanding to make transgenic animals, a
nucleotide encoding the factor of the invention is introduced into a cell in a freshly
isolated cell population and a pluripotent cell isolated thereafter. In this latter
approach, cells from the freshly isolated cell population are transfected quickly,
that is to say without allowing the cells to remain in culture for sufficient time for
25 them to have differentiated before at least one cell is transfected such that the
factor is expressed in that cell. As mentioned, this approach can have particular
utility in deriving and maintaining pluripotent cells from mammals or other animals

in which itis not possible to make transgenic animals. Hence, also included within

the invention are tfransgenic animals obtainable by these methods and transgenic



The factor enables a nunber of different strategies for obtaining
pluripotent cells 10 to be pursued., In one such strategy, a pluripotent
non- humarwoaBloe44s3 i sol ated by creating a transgeni c ani nRICI/GBVa/063sb nal
containing a construct in which a nucleotide sequence encoding the factor
of the invention is under the control of a regulated pronoter. A
transgeni c enbryo is then obtained from2@he transgenic animal and a cell,
such as an epiblast cell or a prinordial germcell, obtained from 15 the
enbryo. Bwnamalsvedmtaming a meclzodicet ssqudred entodingsa daptor ssoodrdingt foethee! |
and, subsequently, pluripotent cells can be isolated. In this approach,

t her ef or e Invemdion; yrgrygraNteol plianigigulaiablederameoten. i nitial step and this
approach is particularly suitable where procedures exist for creation of
transgenic animals. I n another approach, which can for exanple be adopted
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cell is transfected such that the factor is expressed in that cell. As
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also enables production of animals that are dominant negative for the factor, such

as animals containing dominant negative variants or other dominant negative

15 mutants of the gene encoding the factor.

Thus, also provided by the invention is a composition comprising a
pharmaceutically acceptable carrier plus an antagonist of a factor of the invention.
Antagonists can be used to effectively remove pluripotent cells prior to introduction
20 of pluripotent cell-derived progeny into a patient, such as in cell therapy, avoiding
for example teratomas and/or other tumours due to contamination of transplanted
material by pluripotent cells. This can be applied in vivo or in vitro. Another use for
the antagonist is as a contraceptive. A further use of the antagonist of the
invention is generally for treatment of tumours, in particular tumours associated

25 with inappropriate expression of a factor of the invention.

Cells are provided by the invention in which the expression or activity of a factor
of the invention has been manipulated. These cells can be maintained in a

pluripotent state. A first cell of the present invention expresses a factor of the



pl uri potency. Another benefit of the invention and the identification of
pluripotency determning factors is that we now have the opportunity to
devi se arnweagoneabs to these pluripotency detern ning facPergBoidsh

ant agoni sts can be used to inhibit the activity of pluripotency

determ ning factors or otherw se act as antagonists to 10 such factors.
Ant agoni sts to the factors can be used-2% pronote differentiation of a
pluripotent cell, and this has utility for exanple in situations in which

it is desiimashtidncofoekl penad ef fiinerin excess of 2lWeeld. t Parthér cellstofthktinventton i n
vivo. The present invention also enables production of animals that are
dom nant megdl) aedllgompesinga vectos wiithe inventiona2) 8 phyripotenty hionanaell,

negative varjants or other dom nant negative 15 nmutants of the gene
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material by pluripotent cells. This can be applied in vivo or in vitro.
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antagoni st of the invention is generally for treatment of tunmours, in
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pl uri pot embsehingwhether theraiinibay aéitdratioreintherplpdpetent phehetyipe dfttheaefience
of feeder cells and in the absence
This assay can be used to select for antagonists of the factor or for other
molecules that interfere with its activity. The screen can also be used to identify

15 test substances with functions of inducing differentiation of the cell.

Cells of the invention can additionally be used in assays for drug discovery. Cells
of the invention may also be used for cell therapy, and thus a method of the
invention comprises using the factor of the invention to derive and/or maintain
20 pluripotent cells, deriving cells for cell therapy therefrom and using those cells in

cell therapy.

A screening method of the invention, for screening a cDNA library, comprises
performing the screen in pluripotent cells, and selecting for a self-renewing

25 phenotype. The screen can use pluripotent cells that are cytokine non-responsive,
and has advantage in that both extrinsic and intrinsic factors can be thereby
identified.

The invention further provides a method of screening a cDNA library comprising



of feeder cell extract, and (3) a cell conprising a gene encoding a factor
according 5 to the invention wherein the gene has been activated. Cells of
t he i nverwD®d/oeam3 al so be used in a screen for nol ecul es PoatGBoaveIsher e
with the function of the factor of the invention. One such screen
conprises culturing a pluripotent cell in the presence of a factor of the
i nvention, the factor being 10 present @+ exanpl e by being provided in
cell culture mediumor by being expressed in the cell, culturing the cell
in the pregfRdagsiuta cerplembatatinreassay iropkeipotery odilst hEhe thirethedi carabg
alteration in the plyripotent phenotype of the cell. This assay can be
used to sdirBRloyegitodAeanlya §D§\P/%Wm¢fé0@@1ﬁﬁf§|a sﬁlf-r@?e\wnewhenqjymu! es that
interfere with its activity. The screen can also be used to identify 15
test substances with functions of inducing differentiation of the cell.
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screening for a factor that
Manipulations can be designed so as to result in a screen for extrinsic factors, cell
surface receptors, cDNAs or other factors, and suitable manipulations include a
15 genetic manipulation of the cell and a manipulation of culture medium or culture
conditions in which the cell is cultured. The screen can thereby be made suitable
for identifying a factor which controls expression of an endogenous gene coding
for a pluripotency determining factor of the invention or for a further factor that
maintains the cell in a pluripotent state. Preferably, expression of the factor is
20 controlled by regulating a regulatable promoter in operative combination with a
nucleotide sequence encoding the factor, enabling expression of the factor to be
reduced, so as to remove the activity of the pluripotency determining factor, by
adding a repressor to medium in which the cell is cultured. Cells that remain
pluripotent can then be isolated and characterized to determine the identity of the

25 factor that has substituted for pluripotency determining factor.

A further screen of the invention is one for identifying regulation of the
endogenous gene, and the invention further provides a method of screening for

a factor that regulates expression of an endogenous gene which codes for a



5 maintains a pluripotent cell in a pluripotent state, conprising:
providing a pluripotent cell which expresses a pluripotency determ ning

fact or ofwoDhg/s4aeEnti on, which cell is stably maintained IPET&BIBWOOI6pOL ent
state and in which expression of the factor can be controlled; carrying
out a mani pulation of the cell; 10 -- reduci ng expression of the

pl uri potency deternmining factor; and s@3ecting for a cell that is
mai ntained in a pluripotent state. Manipul ati ons can be designed so as to
resul t i n pludpoteacyfdeterriningf&ctorf ettherisventdh, campfiging:+ ecept ors, cDNAs-
or other factors, and suitable manipulations include a 15 genetic
mani pul ati on of(1} he analysingdegionssif g genemeshatiiankihe enstigencsis gane fare

conditions in which the cell .is cul.tured. The screen can {hereby be nade
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a regul atabl e pronoter I n Operative conbination wt nucl eotT de sequence
encodi ng the factor, enabling expression of the factor to be reduced, so
as to renove the activity of the pluripotency determ ning factor, by
addi ng a rRegiess 6f thegemraernerthatflank ihe endogaridusigernauandidisect patipstentaell

i sol ated_and characterized to determ ne the
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regions of the genome that flank the endogenous gene for

research into whether control of the putative transcription factor, such as via an

extracellular substance, has already been identified. The thus identified controlling

factors can be used to derive and/or maintain pluripotent mammalian cells.

15
The term "orthologue™ denotes a polypeptide or protein obtained from one species
that is the functional counterpart of a polypeptide or protein from a different

species. Sequence differences among orthologues are the result of speciation.

20 The term "allelic variant" denotes any of two or more alternative forms of a gene
occupying the same chromosomal locus. Allelic variation arises naturally through
mutation, and may result in phenotypic polymorphism within populations. Gene
mutations can be silent (no change in the encoded polypeptide) or may encode
polypeptides having altered amino acid sequence.

25
The term "expression vector" denotes a DNA molecule, linear or circular, that
comprises a segment encoding a polypeptide of interest operably linked to
additional segments that provide for its transcription. Such additional segments

may include promoter and terminator sequences, and may optionally include one



presence of transcription factor binding sites, and (2) screening fragnents
of those regions with an extract fromES cells 5 to identify a conponent
of the exwpasie#bnt bind to the fragnents. Regions of thecCysRmwoshat

fl ank the endogenous gene and direct pluripotent cell restricted
expression of the factor are preferably identified, suitably by
transfection of reporter constructs, s@4that the screen can identify one
or nore conponents in 10 the ES cell extract that are putative

t ranscri ptaronofeotigins obreplicatioppore oy mded sekctabilg rhakers, afrenhiagter, a
analysis of the results of the screen can include research into whether
control ofPalyrdgrutationsignahaseithelikeExpiession vegtors ase geneeally dexivedfrom ul ar

subst ance, ,has. al read en identifjed. The thus identified controlling
factors cﬂa%’@'(ﬁg%)ﬂ'r?%DB@’ i dNan &P "hﬁi%mﬁnf? ‘f}flsf?ﬁt?‘pot ent manmal i an cells.
15 The term "orthol ogue” denotes a pol ypeptide or protein obtained from one
species that is the functional counterpart of a polypeptide or protein
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result of speciation. 20 The term“alle vari ant"” denotés any o
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03/ 064463 dgenbréiBofeeiather génes with which they are ordinarily associated, but may
include naturally occurring 5' and 3' flanking regions containing regulatory

elements such as promoters, enhancers and terminators. The identification of

associated regions will be evident to one of ordinary skill in the art (see for

15 example, Dynan and Tijan, Nature 316:774-78, 1985). When applied to a protein,

the term "isolated" indicates that the protein is found in a condition other than its

native environment, such as apart from blood and animal tissue. In a preferred

form, the isolated protein is substantially free of other proteins, particularly other

proteins of animal origin. It is preferred to provide the protein in a highly purified

20 form, i.e., greater than 95% pure, more preferably greater than 99% pure.

The term "operatively linked", when referring to DNA segments, denotes that the
segments are arranged so that they function in combination for their intended
purposes, e.g. transcripts initiate in the promoter and proceed through the coding

25 segment to the polyadenylation site.

The term "polynucleotide” denotes a single- or double-stranded polymer of
deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3' end.

Polynucleotides include RNA and DNA, and may be isolated from natural sources,



or nore origins of replication, one or nore selectable markers, an
enhancer, a polyadenylation signal, and the |ike. Expression vectors are
general | ywoesioggad from plasmd or viral DNA, or nay cont ZCh/GHoanexsts of
both. 5 The term "isol ated”, when applied to a pol ynucl eoti de nol ecul e,
denotes that the polynucleotide has been renoved fromits natural genetic
environment and is thus free of other -25 raneous or unwanted codi ng
sequences, and is in. a formsuitable for use within genetically

engi neer egyptheisized jn @ittt oo preparednomSaadornbplativadof naluesiubes synthétivse
that are separated fromtheir natural environment and include 10 cDNA and
genoni ¢ chvleeulepsol at ed DNA nol ecul es of the present invention are
generally free of other genes with which they are ordinarily associ ated,
but may include naturally occurring 5 and 3' flanking regions containing
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GAU and GAC triplets each encode Asp).

15 The term "promoter" denotes a portion of a gene containing DNA sequences that
provide for the binding of RNA polymerase and initiation of transcription. Promoter
sequences are commonly, but not always, found in the 5' non-coding regions of

genes.

20 The invention is now described in the following specific embodiments, illustrated

by the accompanying drawings in which:-
Figure 1 shows the plasmid pPyCAGIP.

25 Figure 2 shows integration and subsequent removal of a loxP flanked

pluripotency determining factor transgene.

Figure 3 shows sequence analysis of PDF cDNA in which:-

(A) shows alignment of the PDF homeodomain with the most closely related



-25 synthesized in vitro, or prepared froma conbination of natural and
synthetic nolecules. The term"conplenent” with respect to pol ynucl eoti de
nol ecul eswOenos4@s3 5 pol ynucl eoti de nol ecul es havi ng a comrpraBsanedsy base
sequence and reverse orientation as conpared to a reference sequence. For
exanpl e, the sequence 5° ATGCACGGG 3' is conplenentary to 5 CCCGIGCAT 3'.
The term "degenerate nucl eoti de sequenc@6-denotes a sequence of nucl eotides
10 that includes one or nore degenerate codons (as conpared to a reference
pol ynucl esepresenthtivad eft beverhcdiffeserst pldssespbf degmebdgarain apotsipd oTise
contain different triplets of nucleotides, but encode the sane anino acid
resi due (ialignmerdavasggnerdedwith lustabldhand sbadeds pyinglldatBoxskade, with
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fol I owimg sk bhenhemepdi ments, illustrated by the acconpanying draw ngs
in which: Figure 1 shows the plasmd pPyCAG P. 25 Figure 2 shows

i ntegration andB$sheagusaitwisersompagsorof mdusd @mg PDPlamd hetifitadn Sl;ls)
determ ning factor transgene. Figure 3 shows sequence anal ysis of PDF CDNA

i n whi ch: qriRolegusshypathetiealprotein d-JHE58H pnidedtioal nesidues atecbowed. cl osel y

rel ated WO 03/ 064463 PCJ/ GB03/ 00366 _-26 representatives of several
different cl ass(g‘% Sgp"‘f?o"r'?@é&hﬁrﬁi HTH oft thiedmottse PLRIF ichiWa sonizies g repeat. wi t h

dustal Wﬁuﬂﬂbéﬂﬁ&% aHEAHA%d"?é’ %?hgﬂﬁ%\ \éMhEhBZ sequence accession number
10 K00132. The split RNA polymerase Il promoter of B2 is boxed. Asterisks indicate
bases that differ between the PDF cDNA described here and the RIKEN cDNA ‘
AK010332.
(D) demonstrates the activity of the human orthologue of PDF in mouse ES
cells. LRK1 cells were transfected with pPyCAGIP (no insert) or a derivative
15 carrying a hPDF ORF insert. The number of alkaline phosphatase positive
colonies with no surrounding differentiated cells were counted and expressed as
the percentage formed in the absence of cytokine relative to the number formed

in the presence of IL6/sIL6R.

20 Figure 4 shows that expression in vitro is restricted to pluripotent cells, in
which:-

(A) shows comparative hybridisation of RNA from MEFs and from MEF/ES
cell co-cultures used for library construction. 1ug pA™ RNA was loaded per lane
and hybridised with probes for PDF cDNA (left), GAPDH (right) and PDF ORF

25 (middle). Positions of migration of RNA markers of the indicated sizes (kb) are
shown to the left.

(B)shows PDF transcripts detected by in situ hybridisation of a MEF/ES cell
co-culture (left) and an undifferentiated colony of cells surrounded by

differentiated cells in an E14Tg2a culture (right); bars are 50 um.



respect to PDF: dark grey, identical in all sequences; md grey, identical
to PDF; light grey, simlar to PDF. Percentage identities to the PDF
homeodonawo 6awet46b5 shown on the right. (B) shows pairw sePCorgrIBiossn of
nouse (Mrm) PDF and the human (Hs) orthol ogue (hypothetical protein
FLJ12581). Identical residues are boxed. (C) shows that the 3' UTR of the
mouse PDF cDNA contains a B2 repeat. N#fhering is according to PDF cDNA
and B2 sequence accessi on nunber 10 KO0132. The split RNA pol ynerase |11
-pronot er of BAG)sshmue@xpression s cellnihesaiserdsiietedt thaE SAEG endbEGweelis.t he
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restricted to pluripotent cells, shows conparati ve

hybri di satwere foomHEIM Tg2achisnduce ditoaifféfemtiae bY%bbll@&hOﬂbe RA&sr MB@Adfor or
library construction, 1g pA+ RNA was | oaded per lane and hybridised wth

probes forhﬁmﬂrﬁwp(qj%ﬁ $hOWAPDH (right) and PDF ORF 25 (mi ddl e)
rs of the indicated sizes (kb

Shown tothe | 4B) Snos Siack opaptact %W@&xpps?‘és'eetcéd?% IByacul tsaugs. RNAs
cor'ony of e Feré Y SHARITE 2. FREH bty BREI LAV E0T B KB BL et o e
(rightlo et ®, epkéerd, bYEn9300B4AE nETFWHIS{IYIRS 12, eye: 13, oviduct; 14,
thymus; 15, skeletal muscle; 16, skin; 17, ovary; 18, seminiferous vesicle; 19,
lung.
(F) shows human PDF RNA is expressed in EC cells. RNAs used were from
embryonal carcinoma (GCT27C4) and lymphoid (Jurkat) cells. Northern blot
15 analysis was performed by sequential hybridisation using probes for PDF, GAPDH
and Oct4 (C, D), PDF and GAPDH (E) and hPDF and GAPDH (F).

Figure 5 shows expression of PDF in vivo in which PDF mRNA was
visualised by in situ hybridisation using an ORF probe and:-

20 (A) shows pre-implantation embryos. The top series shows embryos of 1,
2, 6 and 8 cells and a late morula. The bottom series shows blastocysts at early,
expanded, hatched and implanting stages. All panels are shown at the same
magnification.

(B) shows E11.5 genital ridges from female (top) and male (bottom)

25 embryos.

Figure 6 illustrates the reversibility of gp130 independent self-renewal, in
which:-

(A) provides a diagram of construct. The CAG cassette directs expression



-27 (C) shows expression in cell lines is restricted to ES, EC and EG
cells. RNAs used were PSMB, PCl3.5, F9, PSA4, P19, EC cells; CGR8, ES

cell s; PBNO 0P@asd4e3 al endoderm PYS, parietal yol k sac; NI IF8T&;BoBiomsobl ast s;
BAFB03, pro-B cells; MEL, erythrol eukaem a; B9, plasnmacytonma. 5 (D) shows
PDF expression is repressed upon ES cell differentiation. RNAS were from
El 4Tg2a cells induced to differentiate-B8-application of RA or MBA for the
nunber of days shown. (E) shows a |ack of detectable expression of PDF in
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(C) shows that reversal of PDF expression restores LIF dependent self-
renewal. ES cells (ZIN40), ES cells expressing the Floxed PDF transgene and
their Cre-excised derivative lines were analysed following plating at clonal density
in the indicated culture conditions; 0, no addition; LIF, 100u/ml LIF, hLIF-05, LIF

15 antagonist sufficient to block 10units/ml LIF. After 6 days culture the percentage
of alkaline phosphatase positive colonies lacking discernible differentiated cells
was quantitated.

(D) shows the morphology of PDF expressing cells and their Cre-excised
derivative in the absence of cytokine (0), in 100u/ml LIF (LIF) or in the presence

20 of LIF antagonist sufficient to block 10units/ml LIF (hLIF-05). Cells were plated at
clonal density and examined after 4 days culture.

(E) shows Northern blot analysis of RNA from cultures of E14Tg2a
derivatives expressing the floxed transgene (EF4) or a Cre excised subclone
(EF4C3) prepared at 0,1,2,3 or 4 days following exposure to RA or MBA and -

25 hybridised to Oct4.

Figure 7 shows the reversibility of gp130 independent ES cell identity, in
which:-

(A) shows differentiation by aggregation. E14Tg2a derivatives expressing



(A) provides a diagram of construct. The CAG cassette directs expression WO
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Figure 8 shows the relationship of PDF to other known mediators of self-
renewal, in which:-

(A) shows that the proportion of cytokine independent colonies correlates

15 with the level of episomal PDF expression. LRK1 cells were transfected with
episomal vectors directing increasing levels of expression of PDF (pPyPPGK <
pPYPCAG < pPyCAGIP). Following 12 days of selection, the proportion of self-
renewing colonies in the absence of cytokine is expressed relative to the number
in the presence of IL6/sIL6R. Data are the average of two independent

20 experiments.

(B) shows that PDF is not a STATS3 target. ES cells expressing chimaeric
GCSFR-gp130 variant molecules in which all four STAT3 binding sites were
abolished by mutation of tyrosine codons to phenylalanine (Y126-275F) or in
which the negative regulatory tyrosine was similarly mutated (Y118F) were

25 stimulated with LIF (L) or GCSF (G) for the indicated time (mins) before RNA
preparation. Northern blot analysis was performed by sequential hybridisation with
probes against PDF, GAPDH or the STAT3 target gene SOCS3.

(C) shows that PDF cannot substitute for Oct4 in self-renewal. ES cells in

which doxycycline responsive Oct4 transgene sustains self-renewal (ZHBTc4.1)
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10 maintained on a feeder layer of mitotically inactivated STO cells.

(B) depicts pluripotent cultures, shown at a routine density, and which can
also be maintained in the absence of feeder cells but with the addition of
conditioned medium derived from the yolk sac carcinoma cell line hEC 44 to 25%
v/v in the routine culture medium.

15 (C) shows that withdrawal of this conditioned medium from feeder-free
GCT 27X-1 cell cultures, shown at a clonal density, results in the initiation of cell
differentiation and loss of pluripotent phenotype. Photographed under phase-

contrast optics, 10x (A, B), 4x (C).

20 Figure 10 shows the Northern blot analysis of endogenous hPDF
expression in GCT 27X-1 hEC cells, in which poly A+ mRNA (3-3.5 ug) prepared
from GCT 27X-1 cells cultured on STO feeder cells (27X-1 +STO), and without
feeder cells but with the addition of conditioned medium (27X-1 -STO +CM), was
separated on a denaturing gel and analysed by Northern blot hybridisation with

25 a cDNA probe (~900 bp) specific to the candidate human PDF sequence. Poly
A+ mRNAs prepared from a STO cell culture (STO) and from an E14Tg2a mouse -
ES cell culture (E14Tg2a) were included as controls for hybridisation. A major
transcript of ~2.4 kb and a lesser hybridising transcript of ~5.6 kb were detected

in both GCT 27X-1 cultures, confirming endogenous expression of the hPDF gene



abol i shed by nutation of tyrosine codons to phenyl al anine (Y126-275F) or in
whi ch the negative regulatory tyrosine was simlarly nutated (Y118F) were
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Figure 12 illustrates the floxed hPDF and GFP control vector constructs, in
which:-
(A) shows the 8.8 kb Floxed hPDF construct, which contains-the open
reading frame for the hPDF cDNA (~ 900 bp) operating under a human
15 cytomegalovirus immediate early enhancer (CMV IE) and the human actin
promoter, upstream of a bicistronic reporter cassette providing for IRES-mediated
expression of the puromycin resistance gene. The enhanced GFP (eGFP)
reporter gene lies downstream of loxP sites, providing for visualisation by
fluorescence where Cre-mediated recombination occurs.
20 (B) shows the pPyCAGegfplP (“GFP control”) vector, which is a similar
construct in which the hPDF sequence in (A) is replaced by the eGFP sequence
upstream of the IRES-puromycin reporter cassette and was used to provide

control “non hPDF”-expressing transfectants.

25 Figure 13 illustrates the morphological evaluation of transfectant GCT 27X-1
colonies. Stable transfectant Floxed hPDF and GFP control colonies were
established following 10-15 days in puromycin selection culture without STO
feeder cells, in the presence and absence of conditioned medium. Following

~ Leishman'’s staining colony morphology was scored as (A) “Tight”: those colonies



expression in GCT 27X-1 hEC cells, in which poly A+ nRNA (3-3.5 pg)
prepared from GCT 27X-1 cells cultured on STO feeder cells (27X-1 +STO),
and wi t howD o3fbereer cells but with the addition of conditiPpcmaBoa®aicam
(27X-1 -STO +CM, was separated on a denaturing gel and anal ysed by

Nort hern bl ot hybridisation with 25 a cDNA probe (-900 bp) specific to the
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Aut or adi ogr aphi ¢ exposure is shown for 8 hrs at -70C with 5 intensifying
screens. Figure 11 provides a flow chart describing experinental strategy
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GFP control clone (GFP C15) and wild type hEC cells (27X-1), which were also
cultured under the same conditions. In the absence of conditioned medium, only
hPDF-expressing hEC cells are able to maintain a pluripotent hEC phenotype,
while GFP control and wild type hEC cells are induced to differentiate.

15 Photographed under phase-contrast optics, 10x.

Figure 15 shows the self-renewal of hPDF-expressing hEC cells in a clonal
assay. hPDF-expressing hEC clonal lines (hPDF D7 and E7), a transfected GFP
control clone (GFP C15) and wild type hEC cells (27X-1), were cultured at a clonal

20 density for 12-14 days in the presence (+CM, a-h) and absence (-CM, i-p) of
conditioned medium. Pluripotent hEC cells within colonies were identified by
indirect immunofluorescent staining for the CD30 marker (b, d, f, h, j, I, n, p),
shown here with comparative Hoechst UV fluorescence for all cells within the
same colony (a, ¢, €, g, i, K, m, 0). In the absence of conditioned medium, only

25 hPDF-expressing hEC colonies are able to maintain a pluripotent phenotype,
while control transfected and wild type hEC cells are induced to differentiate
unless maintained in conditioned medium. The hPDF E7 colonies displayed a
generally tighter morphology and stronger detection of the CD30 marker when

compared with hPDF D7 cells, in the absence of conditioned medium. Colonies
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Example 1

Pluripotency Determining Factor

15 Design of screen
A functional screen of a cDNA library was designed to meet two criteria. Firstly,
the frequency with which cDNA can be introduced into cells and maintained for the
duration of the screen was to be high enough so that screening a complex library
of 10°— 10° independent cDNAs is practical. This is fulfilled by the combined use

20 of LRK1 cells (described below) which express polyoma large T antigen and the
polyoma origin containing vector pPyCAGIP (Figure 1). Of the episomal vectors
we have tested, this plasmid gives the highest levels of cDNA expression (data
not shown). Furthermore, compared to selections with Blasticidin S, Hygromycih
B and Zeocin, Puromycin selection allows the most rapid elimination of

25 untransfected ES bells with 95% untransfected cells killed within 1 day (data not
shown). Thus, a potential source of confounding biological activities is quickly
removed from the cultures. Secondly, the property for which one is screening was
to be present in the cell line being transfected at a sufficiently low level to enable

the screen to proceed without a prohibitively high background. Ideally this
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Preparation of LRK1 cells
A cell line which could be supertransfected at high frequency with polyoma origin
containing vectors was required in order to enable cDNA library screening to
15 proceed at high efficiency. The cell line E14/T, a derivative of E14Tg2a cells which
had been transfected with the plasmid pMGD20neo (Gassmann et al. 1995) and
which supported replication of a supertransfecting plasmid was chosen as this line
retained the ability to differentiate efficiently upon withdrawal of LIF. This line was
subjected to two rounds of gene targeting aimed at the LIFR locus. The targeting
20 vectors employed used the same homology arms as previously described (Li,
Sendtner & Smith, 1995) but the selectable marker cassette was replaced with an
IRESBSDrpA and an IREShphpA cassette for the first and second rounds of gene
targeting, respectively. The resultant cell line (LRK1) retained a high
supertransfection efficiency and was no longer responsive to LIF or other
25 cytokines which can direct ES cell self-renewal via stimulation of LIFR. LRK1 cells
were routinely maintained in the presence of IL6 and sIL6R, which allowed

stimulation of ES cell self-renewal via gp130 (Yoshida et al., 1994).

Library construction



15 Design of screen A functional screen of a cDNA library was designed to
neet two criteria. Firstly, the frequency with which cDNA can be

i nt roducewoimdeid6el | s and nmai ntained for the duration of PCH&GHEIGHESH Was t o
be hi gh enough so that screening a conplex library of 10'- 10' independent
CDNAs is practical. This is fulfilled by the conbined use 20 of LRK1 cells
(descri bed bel ow) which express pol yona3barge T antigen and the polyomn
origin containing vector pPyCAG P (Figure 1). O the episonal vectors we
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screen t o fioen polyadersdatesi RNA bestigoad (TS .priming using reagents supplied in the
Superscript plasmid system for cDNA synthesis and plasmid cloning (Life
Technologies). cDNA was fractionated on a polyacrylamide gel and after recovery
15 of cDNA >1kb by electroelution, cDNA was ligated into Xhol/Notl digested
pPyCAGIP. A library of 7.4x10° primary recombinants was produced after
electroporation of E.coli strain DH10B. DNA was prepared from bacteria after
overnight growth on 15cm diameter petri dishes seeded with 5x10* - 10° colonies
each.
20
Library screen
DNA (25ug) from either library or empty vector was infroduced into LRK1 cells
(6x10°) by electroporation and cells were seeded at 10%/9cm dish or 5x10*9cm
dish and cuitured in IL6/sIL6R. After 2 days, medium was changed to include
25 puromycin and the cytokine was withdrawn from the high density plates. Cytokine
was maintained on the low density plates to monitor transfection efficiency.
Medium was changed every 2 days until 9 days post transfection. At this time
there were no cells alive on the mock transfected plates and the plates transfected

with empty vector alone contained only differentiated cells. In contrast, some of



Preparation of LRK1 cells A cell line which could be supertransfected at
hi gh frequency with polyoma origin containing vectors was required in
order to wpabloeeDNA | i brary screening to 15 proceed at RCFGBRIBOIIBHEENCY.
The cell line E14/ T, a derivative of El4Tg2a cells which had been
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prepared from the DNA harvested at 14 days post transfection and 9 minipreps
prepared from the DNA harvested at 19 days post-transfection. These DNAs were
sequenced using an oligonucleotide located upstream of the 5’cloning site.
15
Confirmation of results
Sequence analysis of the 9 DNAs prepared 19 days post transfection indicated
that one of these plasmids contained a partial cONA, one gave an uninterpretable
sequence and 2 gave the same sequence which matched a full length sequence
20 inthe Genbank database. Four of the remaining 5 plasmids lacked a cDNA insert
and contained deletions to within 2 base pairs of each other within the IRES. The
final plasmid lacked a cDNA insert and had a deletion which removed a further
- 275 base pairs from the IRES. To confirm that some of these plasmids conferred
the self-renewal activity a pool containing equal weights of all 9 plasmids was
25 prepared and transfected into LRK1 cells and subjected to the selection process
described above. In contrast to cells transfected in parallel with an empty vector
control, which all differentiated, cells transfected with the pool of 9 plasmid DNAs
exhibited an undifferentiated morphology. To determine which of the 9 plasmids

conferred the self-renewal activity individual plasmids was transfected into LRK1



of cells and pol yadenyl ated RNA was prepared. RNA quality was nonitored by
10 examning a Northern blot for LIFR transcripts; only RNA producing a
sharp 11 wbo3besadd3 wit h no det ect abl e degradati on was usedPCHGHE100366 DNA was
synt hesi zed from pol yadenyl ated RNA by oligo d(T) primng using reagents
supplied in the Superscript plasmd systemfor cDNA synthesis and plasmd
cloning (Life Technol ogies). cDNA was-3facti onated on a pol yacryl ani de gel
and after recovery 15 of cDNA >1 kb by el ectroelution, cDNA was |igated
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t ransf ect plopphatesediod 10hdayd.at es transfected with enpty vector al one
contained only differentiated cells. In contrast, sonme of WO 03/064463
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104 bacterial colonies @an Was re-intro
One of these was transfected into LRK1 cells and possessed the ability to confer

cytokine-independent self-renewal as judged by the maintenance of an
undifferentiated colony morphology, sustained expression of alkaline phosphatase
for at least 14 days and sustained Oct4 expression for at least 8 days.

15 Furthermore, a comparison of transfections of the PDF cDNA with a similar
plasmid in which the cDNA sequences were restricted to the open reading frame
showed PDF activity to lie within the ORF.

Example 2

20
Reversible expression of a pluripotency determining factor (PDF) transgene

In order to demonstrate that the acquisition of a cytokine independent
pluripotential phenotype caused by expression of PDF in ES cells was reversible
25 a transgene was made in which the franscription unit encoding PDF could be

excised by site-specific recombination.

As a starting point, a plasmid encoding PDF identified in the initial library screen

was modified by placing a loxP site between the promoter and the translation



5 into LRK1 cells and the sel ection process described above repeated. O 10
pools screened 2 appeared positive and extrachronosomal DNA was prepared
from thewe oldedeys post-transfection. DNA from one of these/GrIo836Has
further exam ned as detailed below. After transfer to E.coli DH 1013, DNA
froma pool of approximately 250 col oni es was prepared, re-introduced into
LRK1 cells and the 10 sel ection process3Bepeated. DNA was prepared from
cells 14 or 19 days after transfection. These were transferred to E. coli
DH10B and inifiatiomicpdep diNADF gricepaeedntirox tsite btk therpotpddshyaatidrt digyal. post
transfection and 9 mnipreps prepared fromthe DNA harvested at 19 days
post -t ransﬁ'@:ﬁp@mStrﬁfr’éﬁéOQ%AéltW%S felioed dad the i cagling ssqugmeacokat P
| ocated u mof the 5 cloning,site.. 15 CiOf‘{Lj rmation of results Sequence
gpakting
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20 in tde &6 cdAt abase. Four of the remaining 5 plasm ds | acked a cDNA
insert and contained deletions to within 2 base pairs of each other within
the IRES. The final plasm d | acked a cDNA insert and had a del eti on which
renoved a further 275 base pairs fromthe IRES. To confirmthat sonme of

t hese pl adiiefdasmid eneedingtfeF welsflineanisedlin thet vedtoybackbmrle armhtransfectedqual
wei ghts of all 9 pij asm ds was, 25 g_repared and transfected into LRK1 cells
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transf ect egtakiie foRElwHEkS3/TRH i tETtheBOA-REREHing Sffects of juxtacrine LIF
family members, the LIF antagonist hLIF-05 was added to the medium during this

period. Thereafter, the culture.was split in two. The first of these cultures was

maintained as before while the other was maintained in LIF and transfected with

15 a plasmid encoding Cre (pPCAGGCreGS). After 2 days, the cells were plated at

low density and individual colonies examined microscopically. Green fluorescent

colonies were expanded and their genomic DNA analysed to confirm excision of

transgenic PDF sequences.

20 Cells carrying both the floxed PDF gene or the excised transgene were then
injected into blastocysts separately and the recipient blastocysts transferred to
foster mothers. At various times thereafter, embryos were dissected and
analysed. Fluorescence microscopy allowed determination of the contribution of
cells carrying the excised transgene to fetal tissues of all three germ layers. Some

25 chimaeras were allowed to be born and subsequently mated to demonstrate

germline transmission from the manipulated ES cells.

Example 3



cells and the selection process described above repeated. Plasm ds carrying
the partial cDNA the uninterpretable sequence as well as representatives
of eitherwOaB/ot4363 2 cl asses of deletion within the | RES f@&CraBmoosont er
self-renewal activity. |In contrast both of the two plasm ds which matched
the full length sequence in the 5 Genbank database re-capitul ated the

sel f-renewal phenotype. This was judged39bot h norphol ogically and by

sust ai ned expression of the marker al kaline phosphatase for 10 days.

Sequence mﬁélTylswoNhé b&p%as%oppmeMrﬁgu&i@ﬂtdeamf ection, showed
10 that 4 o ese mat ched the same sequence as the pl asm ds detail ed
above. One of these was transfected into LRKL cells and possessed the
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pluripotent cells from which stem cells can be established.

Thus, analysis by Northern blotting confirmed that PDF mRNA is expressed in ES
cell/MEF co-cultures from which the cDNA library was synthesised (Figure 4A).
15 This analysis also confirmed hybridisation of the PDF cDNA to small B2
transcripts. The B2 hybridisation was eliminated when a probe restricted to the
PDF ORF was used. Therefore, subsequent Northern and in situ analyses utilised
the ORF probe. Expression was not detected in MEFs alone, nor was there any
evidence of induction of PDF expression in fibroblasts co-cultured with ES cells
20 (Figure 4B). This indicates that the ES cells in the co-culture were the source of
PDF cDNA. Analysis of several cell lines indicated that PDF expression was
highly restricted, being undetectable in parietal endoderm, yolk sac, fibroblast and
haematopoietic cells (Figure 4C). Expression was detected in ES cells, EG cells
and in both LIF dependent (PSA4) and LIF independent embryonal carcinoma cell

25 lines.

Examination of the human orthologue of PDF showed the corresponding mRNA
to be expressed in an embryonal carcinoma cell line but notin a lymphoid cell line

(Figure 4E). Several adult mouse tissues were surveyed for PDF mRNA but no



initiation codon of PDF and a second |IoxP site after the pol yadenyl ati on
signal. The downstream | oxP site was foll owed by the coding sequence of a
GFP i ndiweatoaegehe and a pol yadenyl ati on signal. |n thisPa@GBGedIes whi ch
had excised the |IoxP flanked PDF gene could be identified by their altered
fluorescent colour 5 (see Figure 2) The plasm d encodi ng PDF was

|l i nearised in the vector backbone and td@nsfected into germline conpetent
El4Tg2a cells. Cells were selected for growh in mediumlacking gpl 30
stimul at i egpeadsitn nes detactavisitiaNotthenehybedieatitve okiotalRNA IPiguk€4F). The

fl uorescence and non-fl uorescent clones were expanded in the absence of
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human EC cells, but appears to be absent in other types of cell line (Figure 4 and
data not shown). Pdf expression is down-regulated early during ES cell

differentiation consistent with an intimate association with pluripotent stem cell

identity.
15
Example 4
Maintenance of pluripotent human embryonic
stem cells in the absence of feeders/feeder extract
20

Human ES cells are cultured on a feeder layer of y-irradiated mouse embryonic

fibroblast (MEF) in 80% DMEM medium, éupplemented with 100 units/ml LIF, 1

mM glutamine, 0.1 mM 2mercapto-ethanol, 1% nonessential amino acids, 4 ng/ml

basic fibroblast growth factor and 20% KnockOut SR (a serum-free formulation)
25 (GIBCO-BRL).

The plasmid shown in Figure 1 (as well as a similar plasmid in which the mouse
PDF sequence is replaced by a human PDF sequence) is linearised in the vector

backbone and transfected into human ES cells. The transfection utilises the



Anal ysis of the expression of PDF nRNA in pluripotent cells Northern
blotting anal ysis denonstrates that PDF nRNA is expressed in EC and ES
cel | s butwoas/oésaexel | |ines which are not pluripotent suclrCIGBIBHEES
fibroblast 5 cells and B9 nyeloid cells. Mreover, PDF expression
decreases when ES cells are induced to differentiate by addition of
retinoic acid to the cultures. In situ-4tybridi sation experinents indicate
that PDF nRNA is present in the inner cell mss of enbryos at day 3.5 of
devel oprme ExGuti 500 meéthodaiexcribbddh Eiyes et aloexcepiehat theypriotoes! issealed up
enbryos. Therefore, expression correlates with cells which are 10 -either
-t hensel via usestitiursae EPicelis.pdhenday afier transfadtions the callsamtiypsinised

pluripotent cells fromwhich stemcel|s can be established. Thus, anal ysis
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MRNA  to BelfiPéeaedathlatesan enbryonal carcinoma cell line but not in a

| ynphoid Cell line (Figure 4E). Several adult nouse tissues were surveyed
for PDF nRNA but no WO 03/ 064463 PCT/ GB03/ 00366

/)

Puromycin resistant ES cell lines are assessed for their ability to be serially
passaged and subcloned in the absence of a feeder layer over the course of 6

15 weeks.

The differentiation potential of these cells is then tested (Eiges et al. 2001)

following excision of the floxed PDF expression cassette as described.

20 Example 5

Characterisation of the PDF cDNA

A search for recognisable domains in the PDF sequence using SMART
25 (http://smart.embl-heidelberg.de (Letunic et al., 2002; Schultz et al., 1998))
revealed the presence of a homeodomain between amino acid residues 96 and
155, with no other obvious relationship to previously characterised proteins.
Further analysis by BLAST revealed that PDF was most closely related to several

members of the NK2 family. However, in no case was this identity greater than



-40 expression was detectable by Northern hybridisation of total RNA
(Figure 4F). The expression of PDF nRNA during ES cell differentiation was
next analweadosssdthet her t hrough i nduced differentiation bpCratBoaodds6aci d or
3- met hoxy- benzam de treatnent, the |evel of PDF nRNA was rapidly reduced
(Figure 4D). Examination 5 by in situ hybridisation of ES cell cultures in
which the LIF Il evel was reduced in orddR-to allow the formation of
colonies with a mxture of differentiated and undifferentiated cells
shoved t haB0%DiFigune &3S Therafese) BDF iist githdrotte foundidyf frameibér af el rieslel s
(Figure 4B). 10 Pdf mRNA is found in pluripotent ES and EG cells and al so

i n bot h ndweeadmaiiufamilEorcisl & Ynigue vapiaed homeodemalys éBhashikanhet alypes

of cell line (Figure 4 and data not shown). Pdf expression is _
down- regul1aq9éd early during ES cell differentiation consistent with an
intimate association with pluripotent stemcell identity. 15 Exanple 4

Mai nt enance of pluripotent human enbryonic stemcells in the absence of
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10 -8 non-identical amino acids 6 are located in the N-terminal arm around a-helix 1,

regions of the homeodomain considered to be more loosely associated with the

DNA target. Outwith the homeodomain there are 4 regions in which a contiguous

stretch of more than 4 amino acid residues is conserved. Of these conserved

regions only one, a serine rich motif, is N-terminal to the homeodomain, the

15 remainder lying C-terminal to the homeodomain. The human sequence contains

an insertion of seven amino acids between the first and second of these C-

terminal identity motifs. In the mouse sequence, between the homeodomain and

the C-terminal conserved sequences there is a 46 amino acid stretch in which

every fifth residue is tryptophan. Moreover, within this sequence the first 31 amino

20 acids represent a simple reiteration of the sequence WnsQTWTNPTW (n=G,S,N

and s=S,N). The conservation of the sequence in the human is less striking and

contains a short deletion relative to the mouse sequence. Yet with the exception

of the 16" residue every fifth residue remains tryptophan.

25 Inthe 3'UTR of the PDF mRNA there is a B2 repetitive element oriented in the
opposite transcriptional direction to PDF (Figure 3C). Whether this sequence is
transcribed by RNA polymerase lll is not clear although the sequence of the split
promoter suggests that it may be (Galli et al., 1981). Since B2 elements are

expressed at high levels in embryonic cells (Ryskov et al., 1983) it is possible that



WO 03/ 064463 PCT/ GB03/00366 -41 ExCGen 500 net hod described in Eiges et al.
except that the protocol is scaled up to use 10' human ES cells. The day
after trawefiaoéd4eh, the cells are trypsinised and split POTIGRI3/0Q%e hal f
of the cells is plated onto a |ayer of Puronycin resistant MeFs at a
density of 104/cnR2; the other half is plated onto Puronycin sensitive 5
MEFs at a density of 104/cn2. Two days-43ter replating, the cells on the
Puronmycin sensitive MEFs are trypsinised and plated onto gel ati ni sed
plastic ¢he pessaricel ofitisaB2 Rithiid 8'UBRasfdeDFt mRNAMMagtsorifibgte! foutres and
medi um replaced every 3-4 days. After approximately 14 days several of the
Pur onyci nregulationanf RDiargeE® @xpressibonedkenrdirécily dhrduggddransariptionat ed
for their ability to 10 grow in the absence of a feeder |ayer by

trypsi ni sHIPERreIRE af P¥&ions indiragt Meess. gel atin coated pl ates. Puronycin
resistant ES cell lines are assessed for their ability to be serially
passaged and subcloned in the absence of a feeder |ayer over the course of
6 15 \@eelﬁ%an:[g@ gi fferentiation potential of these cells is then tested
(Ei ges et al. 01) follow ng excision of the floxed PDF expression
cassette as described. 20 Exanple 5 Characterisation of the PDF cDNA A
search for recogni sable domains in the PDF sequence using SMART 25
(http://spa{dly8E6f RPDEFRSEGoAIn (h8LIYBIES el - . 2002; Schultz et al .,
1998)) revealed the presence of a honeodomal n between am no acid residues
96 and 155, with no other obvious relationship to previously characterised
proteins. Further analysis by BLAST reveal ed that PDF was nost closely
rel at ed t dheestlityl of thremhemanoP DFhertid@gtiarto Irgplicsdedhie activity 06 nuases RBEF t hi s

i denti toy greater than WO 03/064463_ PCT/ GB03/ 00366 )
10 was tested by placing the human ORF in the pPyCAGIP vector and transfecting

mouse ES cells. This shows that the human sequence was capable of directing
cytokine independent self-renewal of mouse ES cells (Figure 3). This activity was
reduced compared to mouse PDF, presumably due to the considerable sequence
divergence. The specificity of the effect of PDF was tested by a similar
15 experiment in which the ORF of one of the mouse homeobox genes most closely
related to PDF (Nkx2.5) was expressed in ES cells. In this case no cytokine
independent self-renewal was evident; in fact the resultant cells appeared
morphologically differentiated even in the presence of LIF. This indicates that
cytokine independence is specifically conferred by PDF and is not a common

20 attribute of homeodomain proteins.

Example 7

In vivo expression of mPDF

25
We examined distribution of PDF mRNA in vivo (Figure 5). No expression is seen
during early cleavage stages. The first sign of PDF mRNA expression is in
compacted morulae. Itis striking that the hybridisation signal is localised to interior

cells, the future inner cell mass. In the E3.5 blastocyst expression is confined to '



-42 50% (Figure 3). Therefore, PDF is either the founding nenber of a novel
homeodomain famly or is a unique variant honmeodomai n ( Shashi kant et al .,
1991). 5 wowmompass son of PDF with the nost cl osely rel at edCRGBIR/08IBGUENCE
revealed overall identity of 60% Sequence conservation was nost
pronounced. over the honmeodonain where the two sequences were 87%
identical (Figure 3B). This far exceed44that the level of identity seen
bet ween t he honeodomai ns of PDF and other nouse proteins, indicating that

this is tlie belimofdht hohegoell ohasPEnd @ dbwent Grdinrthe-treisiddtodérmnmmiateci ds
6 are located in the-N-termnal armaround a-helix 1, Tregions of the

honeodonablasioeysta EHad midNAeisiiviriber sestsiciechtosthel epibtastiani isrexclunied framyet .
Qutwi th the hgoneodomain there are 4 regions in which a contiguous stretch
of more t MAPATIINGRNGRISIT PR MensCEP i ARear s 2 tempakal Waveit: aximal

(72 35 B A SR, R BERIEN,
ConLal . APERoRd COROhEANERETIBS dASCPBEEP I Neybl EhyagEAn ©

hOﬁEOdOWBST%rﬁﬂQanﬂj}ehGWeﬁﬁe'ﬂj NPANSERIPES I eHaipetUetaStablRerif tife defibladl BP
acid stretch in wihich every fifth residue is tryptophan. Morreover, within

t hi s sequblastotysts fin didpaiseaVe@l20 exaimined &€ sxpressisn i peiniaidiad rggrnon  of
t he sequence WIsQTWINPTW (n=G, S, N and s=S,N). The conservation of the
sequence Chlls @8 thesarranbeeanveriedinky phripoteshES aslls (Meatsui elalet1992).

o ) B ol R S 5 Bl e e
B o R e T

pol ym?raSR)ddIi‘safiénW@%hébﬁﬂﬁorﬁ!él@@#ﬁhcél&%ﬁ@?}%ﬁ of the split pronoter

suggests that it may be (Glli et al., 81l). Sinhce B2 elenents are

Example 8

15 Relationship of PDF with other known mediators of pluripotency.

The dose response of ES cells to increasing levels of PDF was assessed by
episomal expression in LRK1 cells. This was achieved by transfection of episomal
constructs directing differing levels of cDNA expression (Figure 8A). The

20 proportion of the resulting colonies that could self-renew in the absence of
cytokine correlated with the level of expression expected from the episomes
based on similar studies measuring gfp expression levels (data not shown).
Furthermore, as observed for cells carrying integrated PDF transgenes, the
addition of LIF to cultures of cells carrying PDF episomes augments self-renewal

25 as assessed both in terms of the number of self-renewing colonies formed and
also colony morphology. Essentially identical results were obtained by transfection
of the same DNAs into the CCE derived polyoma large T expressing cell line
MG1.19 (Gassmann et al., 1995).



expressed at high levels in enbryonic cells (Ryskov et al., 1983) it is
possi bl e that WO 03/064463 PCT/ GB03/ 00366 -43 the presence of the B2

wi t hin t wol3iaR6Df PDF nRNA may contribute to the regul CT@BW0BHIBEOF gene
expression either directly through transcriptional interference or by nore
i ndirect neans. 5 Exanple 6 Analysis of hPDF function in nouse ES cells The
ability of the human PDF orthol ogue to -46plicate the activity of nouse PDF
10 was tested by placing the hunan ORF in the pPyCAG P vector and

transf ect iWg investigated whéiter thbico-sperdiveheffedthef M@Pﬁ@%@ﬁm%n’@PDF
capable of directing cytokine independent self-renewal of nouse ES cells

(Fi gur e 3)oveTéxpreasiarvist quentsthe BBicgene bejregy adransanptisnaPBiFgetpofcSTAABL y
due to the considerabl e sequence divergence. The specificity of the effect

of PDF wasJ/$1Bg(CBEMBerig recaptoss inwhishpthe intnacellwlagposion R gpkB0ds linked & t he
nouse ho box, genes nost..cl osel rel.ated to, PDFE (Nkx2.5 xpressed in
25 cel I'o. e SrAEBRTIaE BRuE) R B ik Bentie KinvesigaRl st ATa e letaan:
in factg t r I : ' I A j_at en
I 1 he Sr cs oo AR R o ARGk S RO AR Indhnbers bR AR, Y
speci f i caldotestpdl ST AP targetd idisaed thatiGhly SOECEIE sig?ﬂic?értggs@wma@d inES
homeodomai n proteins. Exanple 7 In vivo expression of nP 25 W exam ned
di stri but icefls b LIFDKF igRika 8Brand data(rfétghownd) Thibstienpdatiers does net sesur witkh i ng
early cl eavage stages._ The first sign of PDF nRNA expression is in
conpact ed the feuragTATTtbindingtsiteisiin ghe regentaearg praveinéed from bingling STATS3 by
i ' ' ' | | : t 3.
Ibfagglt gisgtrﬁ@ga'ygtggédrﬁ Ryrp%ﬁ{é}%{gr{@gglail%ﬁi%iﬁgwgrBBS?In coﬁrsasst, éBCS%einguct?on
10 is enhanced and sustained when the negative regulatory tyrosine is similarly
mutagenised, a result consistent with the sustained STAT3 activation observed
in these cells (Burdon et al.; 1999). In contrast to the situation with SOCS3, no
induction of PDF expression is evident upon LIF stimulation nor upon G-CSF
stimulation of cell expressing chimaeric receptors (Figure 8B).
15

Example 9

Relationship of PDF with Oct 4

20 The ability of PDF to substitute for Oct4 in self-renewal of ES cells was then tested
using ZHBTc4.1 cells. These cells carry two null alleles for Oct4 but their self-
renewal can be sustained due to the presence of a doxycycline responsive Oct4 -
transgene (Niwa et al., 2000). When the expression of the Oct4 transgene is
repressed by administration of doxycycline, the cells differentiate. ZHBTc4.1 cells

25 were transfected with linearised pPyCAGIP sequences carrying no insert, Oct4
or PDF. As previously documented, this Oct4 plasmid prevents the differentiation
caused by doxycycline induced repression of the Oct4 transgene (Niwa et al.,
2002). However, the PDF expression vector could not (Figure 8C). Therefore,

although PDF can sustain the ES cell phenotype in the absence of gp130-



WD 03/ 064463 PCT/ GB03/ 00366 -44 the cells of the inner cell mass and is
absent fromthe trophectoderm In later blastocysts PDF nRNA is further
restrict ewotod/o643e3 epi bl ast and i s excluded from the pri mpCrxGBodnas6er m
PDF transcripts appear as a tenporal wave with maxi mal |evels between the
| ate nmorul ae and the md blastocyst. In blastocysts about to 5 inplant, the
PDF nmRNA | evel has dropped bel ow the | ed48t of visualisation.

Significantly, however, transcripts renai ned detectable in the epiblast of
bl ast ocystraediated gpasostiniéatibn ot exandned sBOf the Ribeeatedfidctyr i nordi-al germ
cells as these can be converted into pluripotent EG cells (Matsui et al.,
1992). Expression is not evident in the mgratory germcells at E8.5 but
PDF mRNA is 10 readily detectable in the genital ridges of El 1.5-enbryos
in a pattd¥AmMRE d8tive of localisation to the prinordial germcells
(Figure 5B). Exanple 8 15 Rel ationship of PDF with other known nedi ators of
pl uri potency. The dose response of ES cells to increasing | evels of PDF was
assess o epi.sons ion in LRK1 cell This was achi eved by

transf ett iR S HGENIENES Ta malntaynge FHEXPEESPION cvel s of cDNA
expression (Figure 8A). The 20 proportion of the resulting col onies that
could self-renew in the absence of cytokine correlated with the |evel of

ot opr cQVESRERiaeH AL n<EREREES of 1P ratbssedtn H ES ST ok of) ¢
carrying idgnedih rﬁalﬁﬁ.maﬁp%ﬂ%ainm??or@%ctmlge%sp@gédkecﬁtHé(}%@mﬁ

cells carrying epi sones augnents | f-renewal 2 assessed both in

terms of tdBNAwookt solbssqidntlydrevikoged bydDicaecoamiindsarfoliaiag isuiatioy of
nor phol-ogy. Essentially identical results were_obtained by transfection of

t he sat® Htaleiintegramts, sitEspecifio ertqobipeaiianicandeembeyseddeiremovelthe PDfe
MGL. 19 ( Ga(?liimarh% sei}nu lah’eoagl?lggring GFP under CAG promoter control (Figure 6A). The

excision of the PDF transgene allows assessment of any genetic or epigenetic
changes to the cells caused by temporary transgene expression. In these
experiments we aimed to test the ability of cells overexpressing PDF to be
15 propagated clonally in the absence of gp130 signalling. We wished to examine
two issues; firstly, whether enforced PDF expression prevented differentiation in
a range of circumstances and secondly, whether pluripotency and embryo

colonisation capacity could be sustained in the absence of gp130 signalling.

20 Clonal transfectants were isolated by selection in puromycin and expression of
PDF transgene mRNA was confirmed by Northern analysis (Figure 6B). Cells
were seeded at low density and expanded in the presence of the LIF antagonist,
hLIF-05 (Vernallis et al., 1997) for at least 7 days through two passages. hLIF-05
blocks the ability of all known LIF-R ligands to engage the LIF-R/gp130 complex.

25 Parental cells treated in parallel produced only differentiated cells that failed to
expand. In contrast, lines containing the floxed PDF-IRES-pac cassette
maintained an undifferentiated morphology and continued to proliferate.
Subsequently, LIF was added and cells were transiently transfected with Cre.

Colonies in which the PDF expression cassette had been eliminated were



WO 03/ 064463 PCT/ GB03/00366 -45 We investigated whether the co-operative
effect of the gpl30 signal and PDF overexpression is due to the PDF gene
bei ng a twansoed4pt i onal target of STAT3. Using chinaeri c PCEGHIBOOBG6I N
which the intracellular portion of gpl30 is linked to the extracellular
portion of GCSF-R it is possible to investigate STAT3 targets in 5 ES
cells. An analysis of the eight known S£GS fanily nenbers, which are all
potential STAT targets, indicated that only SOCS3 is significantly

sti mul at eflidntified by ekpredsjort- b GHP antiea Bdsterdtiotedbpomepdinwensitivit SThlS
stinmul ati on does not occur when the four STAT binding sites int

recept or precegiureenaspdrfamal wdinggtvBTATdepgndent ES oell finem E%'Bgi’m@rtdo
phenyl al ani ne (Ejgure 8B). In contrast, SOCS3 induction 10 is enhanced and

sust ai nedZ4HN&8- @h@rﬁegam%pf%aﬂﬂ wees oxamingd fos seyesalffithe rsuling &5¥16Ssed,
a result co§3| stent with stal ned, STAT3 ac tion observed in these

cells (BU?B AN '%ﬂses‘?(§'® ounl OCQ)%PF%%Q 'tr@nE”Me uation wth SOCS3, no

i nduct izon of PDF expression is evident upon LIF stinmulation nor upon G CSF
stinmulation of cell expressing chimaeric receptors (Figure 8B). 15 Exanple

9 Rel ati ogghomy Gbriikig Vé!stsbyQCWef’e Xerfdrenedi dd ty iRforBE hesasHmént WfetHeor

Cct4 in self-renewal of ES'cells was then tested ~using ZHBTc4.1 cells.
These cel phenatype oiwDhultiarsféctbats Bind BeirdCheHradbed deviviatives eCellalwermn be
sustai ned due to the presence of a doxycycline responsive Oct4 transgene

(Niwa et Blated2dclonal dessity ﬂbméﬁpmwp@lementewmbw,tw&h@@ddﬁ argvith the

repressed mnlstr e, the cells differe
ZHBTC4: | !:B?/ ABtagp %'?‘F Qﬁs&lﬁ ¥L€A%tfjﬁ Bidrys Pidlgs HESERtAp %@{ﬂ,@i@@e
carryiqmg ' oL r ust . 4
pl asm@ Egeéﬁﬁgtrattsﬁe%’ft'?’f%reﬂgi atd éﬁ (93%65 dgt Coggﬁlggc%ﬁgrsuhgd 8@@} of
repressi Oﬂnafﬁéréﬁti%d%élfsaﬁ\%ﬁﬂéteﬂ\kmgu@ 68 Neither the parental nor the GFP
expressing cells formed any fully undifferentiated colonies in the absence of LIF
or in the presence of the LIF antagonist. PDF transfectants, however, generated
appreciable numbers of such pure stem cell colonies. Upon addition of LIF this
15 proportion rose to >80% of colonies. Following Cre mediated excision of the

transgene this enhanced response to LIF was also lost.

The difference in the proportion of cells expressing the PDF transgene forming
fully undifferentiated colonies in the presence or absence of LIF is accompanied
20 by a change in the morphology of the colonies (Figure 6D). In both cases the
colonies are composed of small undifferentiated cells with a scant cytoplasm and
prominent nucleoli. Without LIF, the PDF expressors grow as a monolayer and are
essentially indistinguishable from parental or Cre-treated derivative ES cells
cultured in the presence of LIF. The combination of LIF plus PDF expression,
25 however, causes the colonies to adopt a tightly compacted morphology in which
the cells preferentially adhere to one another rather than grow out over the
substratum. This resembles the “classical’ appearance of ES cells cultured on

feeder layers.



2002). However, the PDF expression vector could not (Figure 8C). Therefore,
al t hough PDF can sustain the ES cell phenotype in the absence of gpl30 WO
03/ 064463WB@306B6B/ 00366 -46 nedi ated gpl 30 stinmul ati on, PCI/GRAMOGI66d0 SO
in the absence of Cct4. Exanple 10 5 ES cell identity is faithfully

mai nt ai ned by PDF expression W investigated the consequences of PDF
transfection in ES cells that do not e#8tain polyoma LT. A |oxP containing
construct was enployed such that the PDF cDNA coul d subsequently be

exci sed b¥ofzed erp@ssidrasEPDFodllows BES ¢elld totdetreriewl i thicadbsericet sfaypi80,
site specific reconbi nation can then be used to renove the PDF ORF and

si mul t anestigiwation, eulare anmdiétionsAab whihother parantalotellsFdiffarentaie. Wehaext
exci sion of the PDF transgene all ows assessnent of any genetic or

epi genet | determingd wheihenBDieeKRrasses calls yauldssiaepew ariifferentiaip en on,
o S T AR b Rt ST,
W sheds OEAMG PR B SSheyi e M BEE) GPARIERS ERROBRSTRNYT

whet her plPDF BRERIZSIhGOSILEsIed APLRdifepéntlcd aPpehianc Witkreas Suftbpddned
I n the absence of gpl30 signalling. 20 Clonal transfectants were isol ated

by sel ect iobrbath ther G derisativex @nes the paoéntaPells rundareent mRbphesgical
confirmed by Northern analysis (Figure 6B). Cells were seeded at |ow
density ad ee"ﬁpaaamma’cam%smwgén sermerhalpgicahiealivesare reflagted abthe

V 1 t al., 1997) f t, | t 7.d t . _hLI F-05
bl ocke « nEVpiaE Jeval 14190 RhugH PfESRsiongahactd bY diids b BeSare g

| e P | I ' L jf | at ed
COmPL &t M FRE Y SalEBh i At (RS e Rl deRa
PDF- | RES- st 0P $@irisfectBRtsdral refiéctily 4 SubE ShEM oMY dTRIG dFferemtiaish in
continued to proliferate.
monolayer cultures but that following transgene excision differentiation capacity

is restored. .

15 The ability of PDF expressing cells to respond to cellular interactions that induce
differentiation was then _investigated by aggregation in suspension culture,
conditions that lead to formation of multidifferentiated embryoid bodies from
parental ES cells (Doetschman et al., 1985). After eight days in aggregation
culture, embryoid bodies were plated singly per well of a 48 well dish and

20 subsequently scored daily for spontaneous coniractions, an indicator of
cardiomyocyte differentiation. Figure 7A shows that the incidence of cardiogenesis
is reduced by approximately 50% in PDF expressors relative to their Cre
derivatives. Furthermore, the emergence of cardiac cells from PDF expressors is
retarded relative to their Cre derivatives. In fact the graph in Figure 7

25 underestimates the difference between the two classes since wells derived from
cells expressing the floxed transgene contained only small beating areas whereas
wells derived from the Cre derivative cells had extensive beating areas, in some
cases covering the whole outgrowth. Embryoid bodies were also exposed to

retinoic acid for the last 4 days of aggregation culture and plated out under



Subsequently, LIF was added and cells were transiently transfected with
Cre. Colonies in which the PDF expression cassette had been elim nated
were WO 0800844883 PCT/ GB03/ 00366 -47 identified by expre®sr@BieHoGEP and a
restoration of puronycin sensitivity. This procedure was perforned using
two i ndependent ES cell |ines E14Tg2a and ZI N4AO. Chronosonmal spreads were
exam ned for several of the resulting eA®nes and in all cases were found
to be predom nantly 40XY. 5 Colony form ng assays were perforned as a

ri gorous geagisivne favelrihd feupdbealodiffererifatiohRBdinrt G 110953 Lard d1.Ndi098).
Cre-treated derivatives. Cells were plated at clonal density in nedium

suppl emenEdd Tgahcells, fomnet olarge | ifuraberd o d:ebits of I 'feuronaf andrpholagy--Host
After culture for 6 days, plates were stained for _al kaline_10 phosphat ase
activity smret%@dmw@nrﬁsmmm typg thetybybns(TytJ) ﬁ@'%’(ﬁ@em?y) dthe continuous
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col oni es. FoI l ow ng Cre nedi ated excision of the transgene this enhanced

response appeafanuasofathewdlisstmaihiagdn e welisdrom thé & 1T (tHLHA) arfd &G4 s
expressing the PDF transgene forming fully undifferentiated colonies in

t he presenuliures was aot ilesttical. T hesfosmes epatdinad manbyels withilge merphatogy
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multicellular aggregates environment but that some degree of differentiation is still

induced. Most significantly, the Cre derivative cell lines appear unaffected by their

period of clonal expansion driven by enhanced PDF expression since they

15 possess comparable potential to normal ES cells for differentiation under all

conditions examined.

Finally, we investigated whether forced expression of PDF circumvents the
requirement for LIF-R/gp130 mediated signalling in maintenance of embryo
20 colonisation properties. PDF transfectants (isolated in the absence of LIF and then
cultured in the presence of LIF antagonist for over 1 week) from which exogenous
PDF sequences had been removed by Cre mediated excision, were injected into
mouse blastocysts. To date we have assessed Cre derivative lines from one of the
PDF transfectants. Examination of the resulting chimaeras at mid-gestation
25 demonstrated widespread contribution of the cells to tissues of the developing
embryos as revealed by GFP expression (Figure 7D). Similarly injected embryos

were brought to term and resulted in the production of live chimaeras (Table 1).

These results establish: (i) that cells expressing the PDF transgene self-renew in



25 however, causes the colonies to adopt a tightly conpacted norphology in
which the cells preferentially adhere to one another rather than grow out
over the wouwb®éaes um This resenbl es the "cl assical" appe&CcarBo3nizeckS cel | s
cultured on feeder layers. WO 03/064463 PCT/ GB03/ 00366 -48 Forced
expression of PDF allows ES cells to self-renew in the absence of gpl30
stimulation, culture conditions in whichOthe parental cells differentiate.
W next determ ned whet her PDF expressor cells would self-renew or

di f f er ent izatpgtokiraindepessient ntamgan((it) tthat LI ao® ty-opevsiively Wigr €18 POF on.
When cul tured forfour days 5 foll owi ng exposure to 3-net hoxybenam de ( MBA)
or all -t r dransgenienioi econdfer anhanged seiffcarmab sapagity; erids; (iigthatritbd effects of
undifferegﬁéﬁted appear ance, whereas cultures_ of both the GFP derivatives
and the pdrlehtENSgENPLXNaesIRBArelyFRYI§Ikia follayying dransgenei wxeigignt a not
shown). These norphol ogi cal features are reflected at the nolecular |evel
in continued expression of Oct4 by PDF expressors conpared 10 with dramatic
down-regulation in Cre derivatives (Figure 6E). These data establish that
PDF transfectants are refractory to cues that normally direct
differentiation in nonolayer cultures but that foll ow ng transgene
excision differentiation capacity 1is restored. 15 The ability of PDF
expressing cells to respond to cellular interactions that induce
differentiation was then investigated by aggregation in suspension culture,
conditions that lead to formation of nultidifferentiated enbryoid bodies
from parental ES cells (Doetschnan et al., 1985). After eight days in
aggregation culture, enbryoid bodies were plated singly per well of a 48
wel | dish and 20 subsequently scored daily for spontaneous contractions, an
i ndi cator of cardiomyocyte differentiation. Figure 7A shows that the

i nci dence of cardiogenesis is reduced by approximtely 50%in PDF
expressors relative to their Cre



derivatives. Furthernore, the emergence of cardiac cells from PDF
expressors is retarded relative to their Cre derivatives. In fact the
graph i n Wogawed3s 25 underesti mates the di fference bet weeRCrlaBBMmB66! asses
since wells derived from cells expressing the floxed transgene contai ned
only small beating areas whereas wells derived fromthe Cre derivative
cells had extensive beating areas, in s®w cases covering the whole
outgrowt h. Enbryoid bodies were also exposed to retinoic acid for the | ast
4 days of aggregation culture and plated out under WO 03/064463

PCT/ GB03/ 00366 -49 conditions favouring neuronal differentiation (Bain et
al ., 1995; Li et Bine 1998). § El4TgMicebbira forned | ar Ghimadrass of cells
of neuron - ulin
(Tud) (Figure 7BL. e conti ruous preignce of LIF inhibited
differentiati on BFtfd positigve cell s.4Enmergence of TuJ S'H%sitive cells
was al $0 bl ockedEF1GSl t ures derived fAdm ES cells expressithg the floxed
transgene, but was restored in their Cre derivatives. However the

appear ance-of the cells remaining in the wells fromthe E14Tg2a (+LIF) and
EF4 cul tur was not identical. The fo r c¢ontai ned ny. cells w he
mor phol ogy-aasﬁ1ES CEN%,bQ\Wer INaghas PQHTE’EQ%ae ngﬁ%ggﬁ}/'%?\ée%ié\#péBfgd
appearancg 1% -iﬁggesting that they could be partly differentiated. These
observat i §f% FW te that ES cells expressing PDF do not undergo
differentiation efficiently in nulticellular aggregates environnment but
that sone degree of differentiation is still induced. Most significantly,
the Crg dexdamplevpr cel | |ines appear unaffected by their . period of clonal
expansi on drjiven by enhanced PDF expression since they 15 possess

conpar abl e potential to normal ES cells for differentiation under al
conditions exam ned. Finally, we investigated whether forced expression of

PDF ci r cuBxpressidreof RDfticDNwiin & bumarFpRiripéthtneedi lined si gnal ling in
mai nt enance of enbryo

In this study, we have demonstrated the factor-dependent maintenance of
15 pluripotentiality following expression of the human cDNA for Pluripotency
Determining Factor (hPDF) in a human pluripotent EC cell line. This clonally
derived cell line, Germ Cell Tumour 27X-1 (GCT 27X-1), kindly provided by Assoc.
Prof. Martin Pera, Monash Institute for Reproduction and Development (MIRD),
Melbourne, Australia) has been previously shown to give rise to yolk sac,
20 trophoblast, skin, cartilage, glandular epithelium, neurectoderm and other tissues
representative of the three primitive germ layers in xenografts. The same cell line
also shows spontaneous differentiation in vitro into somatic and extraembryonic
cell types (Pera et al., 1998). The GCT 27X-1 cell line is routinely maintained
either on a layer of mitotically inactivated mouse STO feeder cells (Figure 9 a) or
25 in the absence of feeder cells with the addition of an uncharacterised factor
secreted from the feeder-free culture of a human yolk sac carcinoma-derived cell
line, GCT 44 (kindly provided by Martin Pera, MIRD, Melbourne, Australia),
(Figure 9 b). The withdrawal of this conditioned medium from low and clonal
density GCT 27X-1 cell cultures results in their complete differentiation (Figure 9

30 o).



20 col oni sation properties. PDF transfectants (isolated in the absence of
LIF and then cultured in the presence of LIF antagonist for over 1 week)
from whi cWoagogasdus PDF sequences had been renoved by CPETrGRIBA0ISA
excision, were injected into nouse blastocysts. To date we have assessed
Cre derivative lines fromone of the PDF transfectants. Exam nation of the
resulting chimaeras at mid_gestation 25-5%@enonstrated w despread
contribution of the cells to tissues of the devel oping enbryos as reveal ed

by GFP expflhabPoir t(@msg,mmloﬁlmctoﬁlmmmgenouslyeexm@seebI‘ryplslrlf) rﬁGE’OQEIN— to
termand resulted in the production of |ive chimeras (Tab These
resul ts est dBrbseellgi(Figuiat 10k1and dxphesefong posiulabsd tmapla}eaerslel in rtbaew

/ 366 d dent
hat LI dOPOUGBo0RE PLepUaPyoel i THCanthsther BHEGaHa TBoCEN IBRhancet

sel f-renewal capacity; and, (iii) that the effects of PDF transgene
expression are fully reversi ble foll ow ng transgene excision. WO 03/ 064463

PCT/ GB03/ Q4a@bwe-ddmbhBgatd ffe RRED ngepggéfei‘ﬁlah?: ih @T@@(EF#&E&ZFEE&%IIE’

EF1 C5 11 11 Table 1 Live born chi obt ai erivati ves of

PDF transdutrestis réSpérsentd ¢hé wiraresli othef y&RFsé‘dDUérdlﬁomahé@lﬁﬂenved
pluripotent cell line In this study, we have denpnstrated the

fact or - deprogiitienechimedinen eaddhe nwintenanpetaplutpotentiatity atvengonapiessdi on
of the humaﬁl cDNA for Iul5 %tency Det erm ni ng Factor (hPDF) in a human
pl uri pot eVNEIE @K9ENQUshPIRK; is eXsassed;

10  These findings show that the hPDF transcription factor provides a basis for robust

culture systems for human ES cells.

Experimental Strategy
A construct containing a human cDNA sequence encompassing the open reading
15 frame for the hPDF gene was transfected both by lipofection and electroporation
techniques into the GCT 27X-1 cells. Stable transfectant colonies were
established in the absence of feeder cells, with and without the addition of GCT
44-derived conditioned medium required for the support of hEC cell growth and
maintenance. Stable colonies were selected in the presence of the puromycin
20 antibiotic and those showing the maintenance of a tight hEC phenotype (as judged
by morphology) were picked and expanded from both conditions. These clonal
hPDF-expressing cell lines were subsequently tested at both routine and clonal
density for their ability to maintain a pluripotent phenotype in the absence of
conditioned medium, with wild type GCT 27X-1 cells and GCT 27X-1 cells

25 ftransfected with a similar construct but lacking the hPDF sequence as controls.

Definitive undifferentiated hEC cell phenotype in PDF-expressing cells was
confirmed by indirect immunofluorescent staining for the marker Cluster

Designation 30 (CD30), a member of the Tumour Necrosis Factor receptor



derived cell line, Germ Cell Tumour 27X-1 (GCT 27X-1), kindly provided by
Assoc. Prof. Martin Pera, Mnash Institute for Reproduction and

Devel opnmewOD oM642E) , Mel bourne, Australia) has been previ ®a3lGBoslasm t o
give rise to yol k sac, 20 trophoblast, skin, cartilage, glandular

epi thelium neurectoderm and other tissues representative of the three
primtive germlayers in xenografts. Th&3sane cell |line also shows

spont aneous differentiation in vitro into somatic and extraenbryonic cel
types (Persapetifanhily. CB38)is aldsediid mafRerlofdfirhahiBE celis badtis ﬂ@b\mm?ul@t@d ned
either on a layer of mtotically inactivated nouse STO feeder cel (Figure
9 a) or 28luring evitibglifierendifativadtlaizacef bk, 1995 Péxka etidlt 1997 of Theare is no
uncharacterised factor secreted fromthe feeder-free culture of a hunan
yol k sac Eeyidanesnier dee inveseres of CO3tkon qu&ﬂE@@hm%S&%siW@@ by Martin
Pera, M RD, Mel bourne, Australia), (Figure 9 b). The wthdrawal of this
condi tioned nediumfromlow and clonal density GCT 27X-1 cell cultures

results i hej : t ' i Al i : 03/ 064463
peTi ooy Odin g PeBatE Al Rptipby % 8O Aok Ll Tortn ERAEEIHILTY expr essed
in pluripotent GCT 27X- 1 hEC cells (Figure 10) and is therefore postul ated
to play a role in the naintenance of self-renewal in this and other human
pl uri pot elMateridlslanteMetholdelegye denonstrate the | oss of pluripotentiality
in GCT 27X-1 feeder-free cell cultures in response to the w thdrawal of
the yol k sac carcinoma cell-derived conditioned nmedi um and the mai nt enance
of pluripotentiality at a clonal |evel where exogenous hPDF is expressed.
10 These Mentongonstewetshat the hPDF transcription factor provides a basis
for robust culture systenms for_human ES cells. Experinental Strategy A
const riftt ApBEhbranptiichdraned iigkedaoPRd(E Igueckdrk sPRtpin:thenran ne@@%nmg
frame for the hPDF cDNA (~ 900 bp) operating under a human cytomegalovirus

immediate early enhancer (CMV IE) and the human actin promoter, upstream of
a bicistronic reporter cassette providing for IRES-mediated expression of the
puromycin resistance gene, all encompassed within loxP recombination sites. In
15 addition, the vector contains the enhanced GFP reporter gene downstream of the
loxP sites, providing for visualisation by fluorescence where Cre-mediated

recombination occurs.

A similar non-floxed construct pPyCAGegfpIP (“GFP control” vector), (Figure 12
20 b), in which the hPDF sequence in the Floxed hPDF vector is replaced by the
enhanced GFP reporter gene upstream of the IRES-puromycin reporter cassette,
was used as a control to provide “non hPDF"-expressing transfected hEC cells for

each experiment.

25 hEC cell culture
GCT 27X-1 cells were routinely cultured on a feeder layer of mitotically inactivated
mouse STO cellsina 1:1 v/iv aMEM/Ham’s F-12 medium (Invitrogen, Groningen,
The Netherlands) supplemented with 2 mM L-Glutamine (Invitrogen), 2.7 g/L
sodium bicarbonate (Sigma Chemical Co., St. Louis, MO, USA) and 10% FCS



15 frame for the hPDF gene was transfected both by |ipofection and

el ectroporation techniques into the GCT 27X-1 cells. Stable transfectant
col oni es woOrd/0643s3 abl i shed in the absence of feeder cell sPCriGBV3amdowW t hout
the addition of GCT 44-derived conditioned nmediumrequired for the support
of hEC cell growth and nmaintenance. Stable colonies were selected in the
presence of the puronycin 20 antibioti c94nd t hose showi ng the maintenance
of a tight hEC phenotype (as judged by norphol ogy) were picked and
expanded f(Commonweatth@ernuomkabdiateries; 081a Melb&0ifes Anstratia ) gnd aldintaimess
wer e subsequero\tly_ tested at _both routine and clonal density for their
ability t @ qtWithS% PQy i Geliswergpassagabeaah 7rdayshising digdstiononith @i Dned

di ith wld 2/(X-1 | | d 7X-1 |1's 25t fected
wth a i AOA iSRasd selition: (Samel rebaethpiheahayetnecyn cand wé&%?lf%t ’
Definiti L: | h I I n PDF- ressing cells was
con:‘imrtr{e\é,ea ggﬁ%l%ﬁﬁ@ﬁésfénﬁ'\%%ﬁﬁggﬁé&gﬁg@%éﬁl Ing for '?)rig mar ke? Cl uster

Desi gnagion 30 (CD30), a nenber of the Tumour Necrosis Factor receptor WO
03/ 064463 PCT/ GB03/ 00366 -53 superfamly. CD30 is a specific marker of

human EC d&dritraridction deporiegntsibad clchdligigalys, GQT 27XL1 telleweraicutordd-at za
et al., 1995; Pera et al., 1997). There is no evidence for the presence of

CD30 on movidwWHESTED ferderedils bt With, the atiditioresfeariditoned mediaobtainéd from
outlined ip flow chart form (Figure 11). Materials and Met hodol o Vect or
const ruct §HQ(§e@@V\\Ier8‘l.'lgeI9b'”é'6¢19f AlRiMap yolfega¢caraaomaetenveg oelkling (%',I' 44

Cont el S, HENPRRYSAYI Al MRS e B s RSPl sl
e % oS PR A oy or 2 A ScbEfBEd SRSt ool
al | enconmaspedsivnshiwereogreparsanthy afry9sin s digsstion" with a 0.025% trypsin
(Invitrogen)/1 mM EDTA (Sigma)/1% chicken serum (Invitrogen) solution prepared
in PBS buffer. Clonal density cell cultures were seeded at 200-300 cells/cm? and
low density cultures at 5000 celis/cm?.
15
The GCT 44 cell line was routinely maintained on mitotically inactivated mouse
STO feeder cells in high glucose DMEM medium (Invitrogen) supplemented with
2mM L-Glutamine (Invitrogen), 3.7 g/L sodium bicarbonate (Sigma) and 10% FCS
(CSL), and maintained at 37°C with 5%CO0, but passaged by digestion with a
20 0.25% trypsin (Invitrogen)/1 mM EDTA (Sigma) solution prepared in PBS buffer.

" Conditioned medium was collected on days 7, 10 and 14 from feeder-free
cultures, filter sterilized and stored at 4°C for up to 2 months. Each batch of
conditioned medium was tested for the ability to maintain feeder-free clonal
cultures of GCT 27X-1 hEC cells as described above (data not shown).

25
The mouse STO feeder cells (kindly provided by Martin Pera, MIRD, Melbourne,
Australia) were routinely maintained in high glucose DMEM medium (Invitrogen)

supplemented as above for GCT 44 culture. Routine STO cultures were

passaged twice-weekly by digestion with a 0.25% trypsin (Invitrogen)/1 mM EDTA



15 addition, the vector contains the enhanced G-FP reporter gene downstream
of the |oxP sites, providing for visualisation by fluorescence where

Cr e- nedi awed3/s4a6dnbi nati on occurs. A simlar non-fl oxed ®OCMAIBIAO0366
pPyCAGegf pl P ("GFP control ™ vector), (Figure 12 20 b), in which the hPDF
sequence in the Floxed hPDF vector is replaced by the enhanced GFP
reporter gene upstream of the | RES-pureby<cin reporter cassette, was used
as a control to provide "non hPDF"-expressing transfected hEC cells for

each expeSigeig) scﬂ@hbﬁﬁér@@bl‘ecﬁm PBEbEFEr. 2 KAitcticcipbltvatidre of ST elly was
cultured on a feeder |layer of mtotically inactivated nouse STOcells in a

1:1 v/ v abENMedadilsy iRclBatiediofimrouting culbgrnfor 2 hoursein,a 16 g/ Mitonhycids )
suppl enented with 2 M L-d utam ne (Invitrog sodi um

bi car bonaQeSQ@tlgﬁa(Smma)daep@fﬁd I@ﬁupp@m@tevcﬁMﬁA)mgﬁwmd%mm and

03/ 064463 P 03/ 003 h Serum Laboratories, CSL,
Mel bour ne! %J t?‘apg éfqg’%m'ﬁ? IQhC with 5% CC2. Cells were

passag each 7 days usi ng digestion with a 5 ng/nm dispase solution
(Sigm) prepared in the above nedium and replated at a density of no |ess

than 1/ 10HyrqpytiRg Hﬁ%ﬁ'rfﬁélb?wral FRtantinafish &t heC BXIRETEUTRINES Wérd fikédand
assays, GCT 27X-1 cel e cultured w thout STO'feeder cells but with

the addi t istainedl withdelshomats eedirevivisiy describerh{OBrierf, 200d) - f ree cul ture of
a human yol k sac carci noma-derived cell line CGI 44 (cells kindly provided
by Martin Pera, MRD, Ml bourne, Australia) at 25%v/v in 10 the

SuSpenst o ELHGTES BRiP e He THRRICIoR PY RSB 95tan 6T R S either
(1nvi tp0eR) A RO AL ARAE o} St & AT Sk chN)§ S AGRBA 8bHSI 560

pr epar
' (Nikon Inc., Melville, NY, USA) microscopes. Fluorescing control GFP cell

cultures were examined on a Nikon Diaphot 300 microscope using a 470/40 nm
Nikon filter. Fluorescent data was captured on a Leica DFC300 F imaging
system. All cell culture was performed using tissue culture grade plasticware
15 supplied by Falcon (Becton Dickinson, Lincoln Park, NJ, USA) or Nunc (Roskilde,

Denmark).

Stable integrative transfection of hEC cells
The floxed hPDF and GFP control vectors were each linearised by standard Pvu
20 | restriction enzyme digestion and transfected into GCT 27X-1 cells by both

electroporation and lipofection strategies.

Electroporation: A single cell suspension of 20-30 x 10° hEC celis was prepared
by trypsin digestion and transfected with 40 pg of linearised DNA using a BTX
25 ECMB830 square wave electroporator (BTX, San Diego, CA, USA), set to deliver
an electrical discharge of 0.8 kV and a time constant of 0.1 ms (3 YF’

capacitance). |

Lipofection: 2 x 10°hEC cells were seeded to a 78.5 cm? culture dish one day



in PBS buffer. Clonal density cell cultures were seeded at 200-300
cells/cn2 and |ow density cultures at 5000 cells/cn2. 15 The GCT 44 cell

i ne was wouwsionaby mai ntained on mitotically inactivated morgGBo38TI6sf eeder
cells in high glucose DVEM nedi um (I nvitrogen) supplenented with 2 nmM
L-@utamne (Invitrogen), 3.7 g/L sodium bi carbonate (Si gna) and 10% FCS
(CSL), and maintained at 37C with 5%COPBut passaged by digestion with a 20
0.25%trypsin (Invitrogen)/1 nmM EDTA (Sigma) solution prepared in PBS

buf fer.  poHdittansfections diipefestion wad perfeimeh by inagtibationef heicells ip sgmm

mont he. | EA6R MR 51 6 OB HEOTRRIANIRG w9 D easeat dpyToranka o9 fg o
nbove. ( dabBHIGoILfGR a2 el Bt ItiedTaad iR, BFLRtTE ik MoRRiestisEs by
Martin Pg@&uﬁi s (%IRDWe?éftra/ )Hﬁéé@hBaﬂoNY%rﬁoétQiﬁdfé‘@tldh Hﬁﬂ@j@tbﬂeﬂ the high

gl ucose nvi trog suppl enented as above for 44 cul ture.

Rout i ng SIfnelddnkitss werfer ckesopoestetvdalie; weekl y by digestion with a 0.25%

trypsin (lnvitrogen)/1l nM EDTA WO 03/ 064463 PCT/ GB03/ 00366 -55 (Sigm)

solution prepared in PBS buffer. Mtotic inactivation of STO cells was

achi eved by incubation of a routine culture for 2-3 hours in a 16 ém
brblas

M t onyci nTransiecied eslls 3¢ pantrpl eptarsferted ol w&&gm}?@b@m dens! _
oo oot SRR F B oA PRI o 16D
rout i nel yBgﬁE@Q@rﬁg@fﬂ&Qgggﬁ ggﬁ?@sﬁ%'%ﬁé?%g%m&éi lﬂ'g%h 'eull"tﬁ:ﬁéedrchcg_I41 dbpe, WETE
10 Puromycin-selection was applied 2-3 days-followingtransfection, initially at 0.4
pg/ml then at 1.0 pg/ml from days 10-15 post-transfection for effective selection
of stable integrants. Puromycin resistant hEC colonies were picked into 2.0 cm?
wells and expanded for subsequent freezing and further analyses. To ensure
maintenance of self-renewing GFP control hEC cell lines, only colonies from
15 conditioned medium plates were picked and expanded. All procedures for
achieving stable integrative transfection of hEC cells were essentially as

previously described for mouse ES cells (O’Brien, 2001).

CD30 Immunostaining

20 hEC cell cultures were prepared for indirect immunofluorescent staining with a
mouse anti-human CD30 monoclonal antibody (Dako, Glostrup, Denmark) by
washing twice with PBS buffer, fixing in ethanol for 10 minutes on ice and storing
at-20°C. Staining was performed using a 1:20 dilution of the primary antibody in
a 0.1 % Triton X-100 (Sigma)/2% goat serum (Invitrogen)/13.3% viv BSA

25 (Invitrogen) staining diluent prepared in PBS buffer. A Cy™3-conjugated goat
anti-mouse IgG secondary antibody (Jackson ImmunoResearch Laboratories Inc.,
Westgrove, USA) was used at a 1:200 dilution in the above diluent buffer. CD30
positive cells were viewed using a 535/50 nm Nikon filter and comparative

Hoechst (Sigma) staining with a UV 330-380 nm Nikon filter. Fluorescent data



10 Leica DML (Leica Mcroscopy Systens, Wetzlar, Germany) or N kon

Di aphot 300 (Ni kon Inc., Melville, NY, USA) mcroscopes. Fluorescing
control QWFPo0smb4463 cul tures were exam ned on a N kon Di aph®CTE3003860SCcope
using a 470/40 nm N kon filter. Fluorescent data was captured on a Leica
DFC300 F imaging system All cell culture was perfornmed using tissue

cul ture grade plasticware 15 supplied t8/-Fal con (Becton Di cki nson, Lincoln
Park, NJ, USA) or Nunc (Roskilde, Denmark). Stable int eg]rative
transfectives ohptuE€H cehlas [Rieaf DEXRROMPDIMagihgsestaimt r Al weeeenweRefd each
| i nearised by standard Pvu 20 | restriction enz di qesti n and
transfect'Eﬂrﬁunoﬂumczﬂﬂéeﬁt%lémgsWQEEB%ﬂﬁSC@%‘itr}%ggrlégi rRIYIRTBIRGAS- on
strategies. Electroporation: A single cell suspension of 20-30 x 106 hEC
cells was prepared by trypsin digestion and transfected with 40 pg of

i neari se usj IX. 25 ECMB30 square wave el ectroporator (BTX, San
D ego, CARIQ%%AS"" fg&q ﬁ‘ﬁé!gﬁ ver an electrical discharge of 0.8 kV and a

time cgns f ht hPelIaS esOoBt 1hé&hiscel | s
were SOodER &%@%ﬁfﬁ?%‘?‘%m@?%?“ﬂ%%’”‘&%“'og/ S R e e 6

-56 pri or pQithfedNStAG 8TO tdduelr eells andwiishagrfeedeorcelmybutin ghepreserafe ofhe
cells in serum free nediumfor 6 hours with Lipofectam ne 2000_reagent

(1 nvi trogeohditiobné@ pedium pg/ gésaribad iaboyeandn 2iditioms pplynédr MRYADNAS
according to the manufacturer's instructi ons.ﬁgl were tr Eg ni Fed 48
hours pospréparetidcomorpuiing pultireg aftSTRecells gg q PE&“SEZ orells, as

W'e”t /Lf’ﬁ?é‘é‘hﬁgls&%:a%ﬁ@ﬁ%&%ﬁtf Srtrdiggiion. o RN eates SerfPraPaREatedy Eh’
conai (10on Al qaifithe 08 PebEAr KRN SDIE Ry Ry thidmatirdbhyBHioligo(d)
' cellulose (New England Biolabs, Beverly, MA, USA) as previously described

.(O’Brien, 2001).

Extracted mRNA samples (3-3.5 pg) were electrophoresed on a 1% wiv
15 agarose/0.66 M formaldehyde denaturing gel run in 1 x MOPS buffer. RNA was
transferred to Hybond N+ charged membranes (Amersham Pharmacia Biotech,
Amersham, Buckinghamshire, UK) and hybridised with a 2p.labelled (Amersham
Pharmacia Biotech) 960 bp hPDF cDNA fragment isolated by Eco R restriction
enzyme digestion from the pPyCAGhPDFIP vector (vector kindly supplied by lan
20 Chambers, ISCR, Edinburgh, UK). An 800 bp Hind Ill/EcoR I fragment of Gapdh
coding sequence was used to re-hybridise some membranes to provide a loading
control formRNA samples (plasmid DNA kindly provided by Kate Loveland, MIRD,
Melbourne, Australia). Membranes were exposed to Biomax MS (Kodak, Cedex,
France) and Hyperfilm MP (Amersham Pharmacia Biotech) X-ray films between
25 intensifying screens at -70°C for up to 24 hrs. Blotting, hybridisation and routine

molecular procedures were performed as described by Sambrook et al., (1989).

Results



10 Puronycin-sel ection was applied 2-3 days-fol[ow ng -transfection,
initially at 0.4 pg/m then at 1.0 fag/m from days 10-15 .
post -t rareDesesans f or ef fective selection of stable inte@CardB3/ofssonycin
resi stant hEC col onies were picked into 2.0 cn2 wells and expanded for
subsequent freezing and further analyses. To ensure naintenance of _

sel f-renewi ng GFP control hEC cell line$8-only colonies from 15 conditioned
medi um pl ates were picked and expanded. Al procedures for achieving

st abl e i ntBelfaenewalrand tifferentiatiom b GETI27 X reelbssential |y as
previously described for nouse ES cells (O Brien, 2001). CD30

| mmunost ai Routine culee elthe GOt 2F%< heCaalisapas edtablished disr@adcribed in the

i munof | uoreal(;)e&t@st aining wwth a_ nmouse anti-human CD30 nonocl onal
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Inc., Westgrove, USA) was used at a 1:2 dilution in the abov uent
buffer. COPO Withddraivat of elonsliticeresl wiesliemh freim feed&rabéd Guitordd kOhEC Icetls and
conparative Hoechst (Sigma) staini n_% with a UV 330-380 nm Ni kon filter.
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the routine culture medium with more than 75% (v/v) conditioned medium could

not wholly support the survival and growth of the cultures (data not shown).

15 Endogenous expression of hPDF in hEC cells
To confirm endogenous expression of the hPDF gene in pluripotent GCT 27X-1
cells, a poly A+ mRNA Northern blot was prepared and hybridised with a
radiolabelled probe corresponding to ~900 bp of hPDF cDNA sequence contained
in the Floxed hPDF vector. Results in Figure 10 show that the hPDF probe -

20 strongly detects a hybridisation band of ~2.4 kb in GCT 27X-1 cells grown both on
feeder cells and without feeder cells but in the presence of conditioned medium.
A second lesser hybridising transcript of ~5.6 kb size was also detected for both
cultures and confirmed in repeat experiments on different RNA preparations (data
not shown). No hybridising band was detected from mRNA prepared from a

25 routine STO cell-only culture. A weak hybridising band of ~2.2 kb was detected
in mouse E14Tg2a ES cell mRNA and is indicative of a homologous PDF
transcript expressed in mouse pluripotent cells. Relative amounts of poly A+
mRNA in different gel lanes was determined by re-hybridisation of a membrane

with the housekeeping gene Gapdh. This indicated that the mouse PDF transcript



prepared fromroutine cultures of STO cells and E14Tg2a nouse ES cells, as
controls for subsequent hybridisation. RNA |ysates were prepared directly
from 10 cwblo3med4sires and poly A+ nRNA isol ated by affi ni PgTatB0s0BIGOgr aphy
on oligo(dT) cellulose (New Engl and Bi ol abs, Beverly, MA, USA) as
previously described (O Brien, 2001). Extracted nRNA sanples (3-3.5 pg)
were el ectrophoresed on a 1% w v 15 agRPose/ 0.66 M for mal dehyde denaturing
gel runin 1 x MOPS buffer. RNA was transferred to Hybond N+ charged
menbr anes Wasdetstied Bhanuaiticwdi levelshjn compesisam toBhe Kirargguaiptsh detectedkin and
hybridised with a 32P-1abell ed (Arersham Pharmacia Bi otech) 960 bp hPDF
cDNA fr agife cei®(datadndhshaW )R restriction enzyne digestion fromthe
pPy CAGhPDFI P vector (vector kindly supplied by Ian 20 Chanbers, |SCR

Edi nburgh, UK). An 800 bp Hi nd 111/ EcoR | fragnment of Gapdh coding

sequence U - Wl (o) r ' I .NG:
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Cedex, France) and perfilm MP (Amrer sham Pharnmaci a Biotech) X-ray filns
bet ween 2Samme pareritgl le.screens at -70C for up to 24 hrs. Blotting,
hybri di sation and routine nolecular procedures were perforned as descri bed
by Sanbrook et al., (1989). Results WO 03/064463 PCT/ GB03/ 00366 -58
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(Fi gure 14hown). Transfection of GCT 27X-1 hEC cells with the Floxed hPDF vector was
performed by both electroporation and lipofection, with a comparative GFP control

vector transfection done by the lipofection method only (Table 2).

15 Stable integrative colonies harbouring the Floxed hPDF vector were established
as feeder-free cultures both in the presence and absence of conditioned medium.
Stable integrative colonies harbouring the GFP control vector were established
under the same conditions, for the same number of plated cells. Stable, moderate
sized colonies were established in 10-15 days for both vectors, with puromycin

20 control plates for untransfected cells essentially clear of growth after this time. -

Results in Table 2 indicate a slightly higher efficiency of transfection of GCT 27X-1
cells by lipofection than electroporation for the Floxed hPDF vector, but appear to
show no difference in the number of stable hPDF integrant colonies established
25 in the presence of conditioned medium to those without conditioned medium,
compared with GFP control transfectants. While the culture of transfected cells
without conditioned medium does not appear to hinder the ability for colonies to
become established, the morphology of these does however, differ for Floxed

hPDF and GFP control transfectants, as discussed in the following section (see



g). Wthdrawal of conditioned nmediumfromfeeder-free cultures of hEC cells
denonstrated the initiation of cell differentiation and conplete |oss of

pl uri pot ewoy3/064363 ow density and clonal density cul tures @PETEBE/0866). |t
was further denonstrated 10 that while feeder-free hEC cul tures could not
mai ntain a pluripotent norphology in cultures containing |less than 25%
(v/v) conditioned nedium a repl acenentb®f  the routine culture mediumwith
nore than 75% (v/v) conditioned medi umcould not wholly support the

survi val aablegBpowt h of the cultures (data not shown). 15 Endogenous
expression of hPDF in hEC cells To confirm endogenous expression of the
hPDF gene in pluripotent GCT 27X-1 cells, a poly A+ nRNA Northern bl ot was
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hybridising transcript of -5.6 kb size was al so detected for both «cultures

and confi meiumnfor exteservetigre of meatphotog\dint sabéa cokiep (eparfabledy, (hesea

not shown). No hybridising band was detected from nRNA prepared froma 25
routi ne Swereaot pioked due tothe anticipaied Hytiriien ef differiation inhesgeolgaies
detected in use El4Tg2a ES cell nRNA and is indicative of a honol ogous
PDF tran?&?ﬁrgﬁsgmﬁ 99%6 in mouse pluripotent cells. Relative amounts of
poly A+ nRNA in different gel |anes was determ ned by re-hybridi sation of
a nmenbrane wth the housekeepi ng gene Gapdh. This indicated that the nouse

PDF t nans@nvat ndRAHA0H4hsebied FBDF 88ESSppedtdastaikel et Ssmetarfioght bower

level's, in conparison to the transcripts detected in hEC cells (data not
shown) . Thime 2o4edtablisianstonipt eitharcinethe Pré&FNEY %r labhdazelof aoRiitioned

ot espon(?\fecz\!/;mnr,] however, following picking those growing without conditioned medium
expanded at a slower rate than those cultured with conditioned medium. This is

a similar observation to that for PDF-expressing mouse ES cells established in

15 cultures with and without LIF (see Example 8). It is also noteworthy that GFP
control colonies expanded in conditidned medium displayed a slightly faster

growth rate than their hPDF counterpart.

Morphological observations for hPDF and GFP control transfectants

20 Stable transfectant colonies established following transfection with the Floxed
hPDF and GFP control vectors and cultured in the presence and absence of
conditioned medium were compared morphologically following Leishman’s
staining (Table 3). Colonies were scored as “tight”, “medium” or “loose” to
describe those puromycin resistant colonies maintaining a tight pluripotent

25 phenotype, those starting to differentiate while maintaining some hEC phenotype
and those that were completely loose and differentiated, respectively (Figure 13

a-c).

Examination of colony morphology for primary transfectants, as shown in Table



5 -that observed previously for a nullipotent hEC cell line GCT 27C4
derived fromthe sane parental |line. Transfection of hPDF and control G-P
vectors |wotosioedd63 r ansf ecti on experinents with the GFP comCm@Bmeeisor, both
el ectroporation 10 and |ipofection strategies gave conparable results in
GCT 27X-1 cells (data not shown). Transfection of GCT 27X-1 hEC cells with
t he Fl oxed hPDF vector was performed b¥lboth el ectroporati on and

l'i pofection, with a conparative G-P control vector transfection done by
the |i pof ektindicatest thed whileyhRDE htamsctants dsplalyediantighentieyecofl tytiteEC

har bouring the Floxed hPDE vector were established as feeder-free cultures
both in tH8O eh&l%%én Aandifipnacdt mesiuropempased avithe GRMcongoh ansfeatantsat i ve
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this tise.whibhs Mieréaseaplodsd, Uitremiatingy shebt bl wadBBLeRl cf ency of
transfection of GCT 27X-1 cells by |ipofection an el'ectroporation for
t he Fl oxed hPDF vector, but appear to show no difference in the nunber of
stable hPDE integrant col onies established 25 in the presence of .
condi ti ondfhile thevatiatiamisgeormhdiegy for tnatisfeciants resditingyfrom eaphvedtorinhay GFP

trol t ectants. Wil e culture of transfected cells wi t hout
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pi cked andcemzdiydeitiate difidrentiatiormdnd ilessof pluripbeertyBh colonies.

Generally, colonies observed on those hPDF transfection plates cultured without
conditioned medium were smaller in size than those growing in conditioned
15 medium, albeit with many displaying a tight pluripotent phenotype. It also remains
possible that a synergistic effect occurs where hEC cells expressing exogenous

hPDF are cultured in the presence of conditioned medium.

Maintenance of pluripotency in hPDF-expressing transfectants

20 The ability of hPDF-expressing stable transfectant lines to definitively maintain a
pluripotent phenotype under conditions that normally initiate GCT 27X-1 cell
differentiation was confirmed by indirect immunofluorescent staining with the
CD30 marker, specific to pluripotent hEC cells and not expressed in differentiating
cell types.

25
Six hPDF-expressing cell lines, including one established and cultured without
conditioned medium from the time of transfection, were cultured at a clonal density
in both the presence and absence of conditioned medium. Four of the GFP

control hEC transfectant cell lines (maintained in conditioned medium for self-



5 transfectants. While GFP control col onies were established w thout

condi ti oned nedi um for observation of norphology in stable col onies (see
Tabl e 3) ,wODhemetsever e not pi cked due to the antici pated i RCTIGRBOMB6OT
differentiation in these colonies over this tine frame. 10 It was noted
that transfected hPDF cells appeared to take the sane amount of tinme to
establish colonies either in the presen®@-or absence of conditioned

medi um however, follow ng picking those growing w thout conditioned nedium
expanded aenawspasrweltas uninansferted BCTUREX- WHEC wetidi (also eshintaihednin Thi s
is a simlar observation to that for PDF-expressi Qfg: nouse ES cells
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condi ti oned medi um wer e conpar gi ca | ow ng shman"s

stai ni ng (celslcultdred Gathouit evnditionesionedilinagienidristtated ‘oorpaplerd opsignif@se” to
descri be those puronycin resistant colonies maintaining a tight pluripotent
25 phenot yjiferamiadiensafgalonigst dt wiasfratedtthat tha/\hmﬂransfeﬂ:&chaﬂ'h@?é(gheehﬁc
henot ype nd.those tha re conpletely |oose and differentiated,
Iroespec%/!oveq ablis @xq@néqx\%)l_on%ﬁ{ adepien rate thantr eeptiel @ hP&IF gell mar y
transfect q{h% , as shown in Table WD 03/064463 PCT/ GB03/00366 -61 3,
i ndi cat es %t whil e hPDF transfectants di splayed a hi gher degree of tight
hEC nmpgphol ogy -in-condi ti oned.nmedi.um conpared .wi.th. GFP control
transfectants, there was an increase in the ability for hPDF transfectants

to hold a @éliinest@xressing the hPDF cDNA were shown to maintain a pluripotent

phenotype at clonal density, with and without conditioned medium, while the GFP
control cells and GCT 27X-1 cells could only maintain pluripotency where
conditioned medium was present in the culture.

15
Results in Figure 14 show the morphology of two hPDF clones expanded from
transfection plates in the continuous presence (hPDF clone D7) or continuous
absence (hPDF clone E7) of conditioned medium, and cultured at clonal density
with and without conditioned medium (Figure 14 a-d). Both hPDF D7 and E7

20 clones demonstrate the ability to establish and maintain hEC colonies displaying
a pluripotent cell phenotype under both conditions. Parallel clonal cultures of a
GFP control clone, C15, and of untransfected GCT 27X-1 cells, confirm the ability
of these cells to only establish and maintain pluripotent hEC colonies in the
continued presence of conditioned medium. In the absence of conditioned

25 medium the C15 and GCT 27X-1 cells are induced to differentiate, with few or no

hEC cells remaining in the loosely formed colonies (Figure 14 e-h).

Results in Figure 15 confirm the above morphological observations with

comparative CD30 and Hoechst immunofiuorescence staining of individual



phenot ype w t hout conditioned nedi um conpared with GFP control col onies -
for 5 which an increase in |oose, differentiating phenotype was observed.
Wi | e t hewoasioatssdn i n nor phol ogy for transfectants resul PCAgHBOM6each
vector may be influenced by the site of DNA integration into the genone,
those resulting from the floxed hPDF transfection appear to display an
increased ability to establish 10 and m&3atain a pluripotent phenotype,
even nore so under conditions that would normally initiate differentiation
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any residual CD30-positive cells observed in GCT 27X-1 colonies, could be
attributed to the more rapid expansion and overgrowth of these colonies (Figure
15 o-p).

15 It was observed that the hPDF E7 cell line displayed a generally tighter hEC
colony morphology (Figure 14 a-d; Figure 15 a, ¢, i, k) and stronger detection of
the CD30 marker (Figure 15 b, d, j, 1) when compared with hPDF D7 cells, and -
may reflect the site of random DNA integration into the genome in each clone.
The hPDF E7 cell line was initially established in the absence of both STO feeder

20 cells and conditioned medium following transfection. After more than 8 weeks of
continuous expansion under these culture condition the hPDF E7 hEC cell line

continues to display a phenotype of self-renewing hEC cells (Figure 16).

This demonstrates that exogenous expression of the human PDF cDNA in a
25 human pluripotent cell line results in the maintenance of a pluripotent phenotype
under conditions that normally drive these cells to differentiate and lose the ability

to self-renew.
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Table 2: Stable integrative transfection of GCT 27X-1 cells with a hPDF vector.
Pluripotent GCT 27X-1 cells were transfected with the Floxed hPDF vector by both

20
electroporation and lipofection strategies and stable transfectant colonies
established without STO feeder cells in the presence and absence of conditioned
medium (+/-CM), under puromycin selection. To provide control cell lines, GCT
27X-1 celis transfected by lipofection with the GFP control vector were established

25 under the same conditions. Equivalent numbers of colonies were picked and

expanded from all conditions, excepting GFP controls which were picked only

from conditioned medium plates to maintain hEC colonies.
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Yoshida, K., Chanbers, |., Nichols, J.,6%mth, A, Saito, M, Yasukawa, K.,
Shoyab, M, Taga, T., and Kishinoto, T. (1994). Maintenance of the
pluripotential phenotype of embryonic stemcells through direct activation
of gpl 30 signalling pathways. Mech Dev 45, 163-171. WO 03/ 064463
PCT/ GB03/ (Gb®y - 68 [ FlaxeditDF viedtloxedshPDEot r@FP gontrot | EGFR ¢anmlati on

Li pofecti ¢ of ectifo hE ceIIs x 104 x 10 transf ect 23 106
segded 24 Mdnd oat Gﬁ pLi r_# tlr ansfh E;(Mpd cells %M' 106 06
seeded pel q@ 5cn2 2 x loggplated 48 Q%§ 101 1%3plate post-44 f pl ated
48 hrs post } stable integrantgs 1:5102 (0 020% 3597 (0.02 1: 3425
(0. 0299 est abl 1 shed 1n +CM 392 | 556 584 stalljl e integrant$ 1:4902 (0.0720%
1: 3125 0} deeégm 1: 2809 (0.836% |est abld’shed i|n - CMA408 64p 712 45 #

primary c¢tonies
Loose 18 15 33 37

Total count 100 100 100 100

Table 3: Morphology of stable integrative hPDF and control GFP transfectant
10 GCT 27X-1 cells in different culture conditions. Transfected cells were seeded
at a density of ~25,500 cells/cm? and colonies established under puromycin
selection for 10-15 days, in the presence and absence of conditioned medium (+/-
CM). Colonies were scored for a tight, medium or loose phenotype with respect
to pluripotency, following Leishman'’s staining. Floxed hPDF colony scores shown

16 are taken from electroporation transfection plates.



24 24 24 picked: +CMculture # primary colonies picked: -CMculture 24 24
O Table 2: Stable integrative transfection of GCT 27X-1 cells wth a hPDF
vector. WO oBlerbspotent GCT 27X-1 cells were transfected WwCTlGRBOI6HE 0Xxed
hPDF vector by both electroporation and |ipofection strategies and stable
transfectant colonies established wthout STO feeder cells in the presence
and absence of conditioned nedium (+/ -@0), under puronycin selection. To
provi de control cell lines, GCT 27X-1 cells transfected by |i pofection
with the GFP control vector were established 25 under the same conditions.
Equi val ent nunbers of col onies were picked and expanded from all

condi ti ongCLAWMEpt i ng GFP control s which were picked only from conditioned
medi um pl ates to mai ntain hEC col oni es. WO 03/ 064463 PCT/ GB03/ 00366 -69
Col ony Fl oxed hPDF Fl oxed hPDF G-FP control GFP control Morphol ogy +CM - CM
+CM CM Tight 49_58 23 20 5 Medium 33 27 44 43 Loose 18 15 33 37 Total
count 100 1£%00 @@@bw%gsﬂtrwlwﬁﬂ%gﬂ}d caistains a cellin grluiipetenbpiatand
controlGFP tr 0 7X-1 cells in different culture

condi ti50ns. Tr jﬁii‘ggb%@%éﬂf%f’ea%@@BB- at a density of -25,500
cells/cn2 and col oni es established under puronycin selection for 10-15
days, in the presence and absence of conditioned nedium (+/- CM. Col onies
were scor ezl forA fadtbgtiat mamMitains Or doPhse FNAPEeRy ofid AurRFr§ien cép

pl uri potency, follow ng Lei shman's staining. Floxéd hPDF col ony scores
shown

3. Afactor that maintains or confers pluripotency on a mouse ES cell and acts
10 intraceliularly in the absence of gp130 activation.
4. A factor that maintains or confers pluripotency on a stem cell from a non-

permissive strain of mice.

15 5. A factor according to any of Claims 1-4 which is a transcription factor.
6. A factor according to any of Claims 1-5 which contains a homeodomain.
7. A factor according to any of Claims 1-6 which maintains mouse embryonic
20 stem cells and/or mouse embryonic germ cells in a pluripotent state.
8. A factor according to any of Claims 1-6 which maintains human embryonic

stem cells and/or other human pluripotent cells in a pluripotent state.

25 9, Afactoraccording to any of Claims 1-8 which maintains LIF non-responsive

cells in a pluripotent state.

10.  Afactor according to any of Claims 1-9 which is a polypeptide having from
200 to 400 amino acids.



15 are taken fromel ectroporation transfection plates. WO 03/ 064463

PCT/ (B03/ 00366 -70- CLAIMS 1. A factor which acts intracellularly and

mai nt ai nswa 08eb4463 n a pluripotent state 5 in the absencePofi/GE»28@66
activation. 2. A factor that maintains or confers pluripotency of a human
stemcell. 3. A factor that maintains or confers pluripotency on a nouse ES
cell and acts 10 intracellularly in the/tabsence of gpl30 activation. 4. A
factor that maintains or confers pluripotency on a stemcell froma non-
per ni ssi veldt r aArfactorrocerding t6.any 6ECtaimsat-dQritavigg tive 8eyuehc&oriSFEQ 14
which is a transcription factor. 6. A factor according to any of Clainms 1-5
whi ch cont ai ns NGéneodomain. 7. A factor accordi ng to any of Cains 1-6
whi ch nai ntai ns nouse enbryonic 20 stemcells and/or nouse enbryoni c germ
cells in a pluripotent state. 8. A factor according to any of Clains 1-6

whi ch mai n{4i ns i 2] | s . other human i ent
cells in ai%l urﬁggggﬁta%gpé%g t(g@r@t%%@b r1'j@%ﬁc{’dﬁ'91 & 5eIUSNCR 8@5@3 1-8
whi ch ngi ntai nsNO & @epg.esponsive cells in a pluripotent state. 10. A
factor according to any of Clains 1-9 which is a pol ypeptide having from
200 to 400 am no acids. WD 03/064463 PCT/ GB03/00366 -71 11. A factor
according to any of Clainms 1-10 having the sequence of SEQID NO 4. 12. A
factor accbhi-di néfacaioawmmeirﬁam acalbintepiunigpotérd siatey actsanvicGiiiiypand NO

2, 6or 8 has 50% or higher sequence identity to part or all of a homeodomain from
SEQIDNO: 2,4, 6 0or8.
10
14.  Afactor according to Claim 13 which maintains LIF non-responsive cells in

a pluripotent state.
15.  Afactor according to Claim 13 or Claim 14 which maintains human ES cells
15 and/or ES cells from non-permissive strains of mice in a pluripotent state
in the absence of feeder cells and in the absence of feeder cell extract.
16. A factor which supports derivation and maintenance of cells from non-
permissive strains of mice in a pluripotent state in the absence of feeder

20 cells and in the absence of feeder cell extract.

17. A factor which maintains human ES cells in a pluripotent state in the

absence of feeder cells and in the absence of feeder cell extract.
25 18. Afactor according to Claim 16 or 17 which regulates transcription.

19.  Afactor according to any of Claims 16-18 which contains a homeodomain.



13. A factor which maintains a cell in a pluripotent state, acts
intracellularly and has 50% or higher sequence identity to part or all of
a honmeodowaion/ob4463n SEQ I D NO 2, 4,60r8. 10 14. A fact or pataBodiooget o
Claim 13 which maintains LIF non-responsive cells in a pluripotent state.
15. Afactor according to Caim113 or Caim 14 which maintains human ES
cells 15 and/or ES cells from non-pernv/8sive strains of mce in a
pluripotent state in the absence of feeder cells and in the absence of

f eeder celd0.extA faritor 46corifigitd @nhyvdfi Chairss piBn Bswisiehiiy af pelypaptidemiavinance
of cells fromnon- perm ssive strains of mce in a pluripotent state in the

absence of feedem 2800 ©e40Q amridoiacidshie absence of feeder cell extract. 17.
A factor which maintains human ES cells in a pluripotent state in the
absence of feeder cells and in the absence of feeder cell extract. 25 18. A

factor accgrdi Claim116 or 17 ich.reg es transcri.pti.on. 19. A
factor acéordi %gfé(%oﬁrﬁfcg{&'&gaﬁo n!%l@%?cﬂé' nW&'%'Sdaﬁhﬁ%dB i 9o
03/ 064463 PCT/Q@Q&% 272 20. A factor according to any of Cainms 16-19
whi ch fés): a pol ypep 'iq)%gé%g\l}lshg from 200 to 400 am no acids. 21. A factor
according to any of Clainms 16-20 which is active in LIF non- 5 responsive
cells. 22. A conjugate conprising first.and second domai ns, wherein the
first domdzh doognjugate eompcsimg fastand saegonddamaind, ilhercirsthb-fRét dovhairhe
second domain pronotes uptake of the first domain into a cell. 10 23. A

conj ugat e accoc@miyises afaates agcorngdprnyrd Glains 1dhandthesesand dampirom
promotes uptake of the first domain into a cell.
10
23. Aconjugate according to Claim 22 wherein the first domain is cleaved from

the second domain inside the cell.

24.  Aconjugate according to Claim 23 wherein the first domain is linked to the

15 second domain by a di-sulphide bridge.

25.  Aconjugate according to Claim 23 wherein the first domain is linked to the
second domain covalently and wherein the link is cleaved by protease
present in the cell.

20

26.  Aconjugate according to any of Claims 22-25 wherein the second domain

comprises sequence permitting regulation of the factor, e.g. a steroid

hormone receptor.

25 27. A pharmaceutical composition comprising a factor according to any of
Claims 1-21 or a conjugate according to any of Claims 22-26 together with

a pharmaceutically acceptable carrier.



t he second domain inside the cell. 24. A conjugate according to C aim 23
wherein the first domain is linked to the 15 second domain by a
di - sul phiwe obosdege. 25. A conjugate according to C ai m 23 Paiva@BeBnotche fir st
domain is linked to the second domain covalently and wherein the link is
cl eaved by protease present in the cell. 20 26. A conjugate according to
any of Clains 22-25 wherein the second-d3main conprises sequence
permtting regulation of the factor, e.g. a steroid hornone receptor. 25
27. A phangace celbtultrnmeadiungrcompiisingiafactorfastiopdingds @ngi dfClaimsny2 pf
Clainms 1-21 or a conjugate according to any of Cains 22-26 together with
a phar maceut i carlaycamnjugpteaadteording tccany WDOIENT622626. PCT/ GB03/ 00366 - 73 28.
A cell culture nedium conprising a factor according to any of Clains 1-21
or a conjugate according to any of Clainms 22-26. 29. A cell culture nmedium
according 40 C,.aim,28, . .further. conprisi.n n .acti.vat or of 130. 30. A
col T cul T b b Syt migtig” dicor iy, T o 2By ThribeR odBaricige an
ligand,ze.g. LLE4 ) |1 culture nmedium according to C aim 29,
conpri s? ng IL- Cg\r{%%r(:ﬁf g%)‘?l L-6 receptor. 32. A nucleotide sequence
encoding a factor according to any of Clains 1-21. 15 33. A nucl eotide
sequence according to Claim32 conprising a sequence which directs
expressi or30of theell muitare nBdiud accorelaig te Clainn &9 ecoapisidg rey LiFo rédeptor 33
conprising a pronoter

ligand, e.g. LIF.

10 31. A cell culture medium according to Claim 29, comprising IL-6 and soluble

IL-6 receptor.
32. Anucleotide sequence encoding a factor according to any of Claims 1-21.

15 33. Anucleotide sequence according to Claim 32 comprising a sequence which

directs expression of the factor.

34. A nucleotide sequence according to Claim 33 comprising a promoter

sequence.
20
35. A nucleotide sequence according to Claim 34 wherein the promoter is a
regulated promoter.
36. A nucleotide sequence encoding a conjugate according to any of Claims
25 22-26.

37. A DNA construct for inserting a regulatory sequence into the genome of a

cell, wherein the regulatory sequence when inserted regulates expression



sequence. 20 35. A nucl eotide sequence according to Caim34 wherein the
pronoter is a regulated pronoter. 36. A nucleotide sequence encoding a
conj ugat ewa@sosdbhg to any of Cains 25 22-26. 37. A DNAPCOrGRO3M0CI66T Or
inserting a regul atory sequence into the genone of a cell, wherein the
regul atory sequence when inserted regul ates expressi on WO 03/ 064463

PCT/ GB03/ 00366 -74 of a cDNA construct74r a gene encoding a factor
according to any of Clains 1-21. 38. A DNA construct according to Caim 37
whi ch enabl es bfigeDNABoAStrubicor gergehedding esfaatoraeechying toahy @b Tlaims
recombi nation. 39. A DNA construct according to Caim37 or 38 wherein the
regul atory sedt@hce is a regulated promoter. 10 40. A DNA construct
according to any of Cainms 37-39 conprising sequences which enabl e renoval
or inactivation of the pronoter. 41. A vector conprising a nucleotide

Cl aij 2- A0, 42. A di
seauence 36cor AL SR el oS- aMo .t e oo dieBh ) e
d
el ntaned | i St o BioghUSRkamARaRBAIng 1o Cam 41 or 42

antigen. 44. A vector according to any of Cains 41-43, conprising a
regul ated pronoter.
39. A DNA construct according to Claim 37 or 38 wherein the regulatory

sequence is a regulated promoter.

10 40. A DNA construct according to any of Claims 37-39 comprising sequences

which enable removal or inactivation of the promoter.

41.  Avector comprising a nucleotide sequence according to any of Claims 32-

40.
15
42. A vector according to Claim 41 for transfection of a cell such that the
transfected cell may be maintained in a pluripotent state.
43. Avector according to Claim 41 or 42 for transfection of a cell expressing or
20 containing polyoma large T antigen.

44. A vector according to any of Claims 41-43, comprising a regulated

promoter.

25 45. A vector comprising a nucleotide sequence which encodes a regulatory
factor, wherein the regulatory factor regulates a gene encoding a factor

according to any of Claims 1-21.



25 45. A vector conprising a nucleotide sequence which encodes a regul atory
factor, wherein the regulatory factor regulates a gene encoding a factor
accor di ngwom3aemedf C ainms 1-21. WO 03/ 064463 PCT/ GB03/ 00B66/GB0350366. A
vector according to C aim45 wherein the gene is an endogenous gene of a
cell transfected by the vector. 47. A vector according to C aim45, wherein
the gene is a chronmosomally 5 integrat-88-transgene. 48. A vector according
to Cl ai m45 wherein the gene is contained on an extrachronosonmal vector of

a cell tramgsf e edctoy dob@rddﬁ?&@@lélfm dbaviertin thd gefl is Anneriduyférfus gene
mai ntai ning a pluripotent cell population, conprising adm nistering to that

popul ati on a f aftaocelbtransfticted by th@yeotorCl ai ns 1-21. 50. A .net hod of
maintaining a cell in a pluripotent state conprising activating a gene in
the cell that encodes a factor according to any of Clainms 1-21. 15 51. A

t hod di to, C ai 0 in t g, th d .. D2.
A ot hod Adcor df HEOKS. SRS AR BN 45 NEVGBHS ThS Sestated B CIPSaBlbra
plasm d-or is %ﬁl%@lrgteidnﬁgr%r%érf‘ed: 20 53. A nethod of maintaining a cell in a

pl uri potent state>conpri Si mai ntai ning or increasing expression of a
gene in the cell that encodes a factor according to any of Cains 1-21,
optionally using a vector according to any of Cains 41-48. 25 54. A cell
in which 4& expnvestoroaccording itoiChaimf4a Wiaetein theogernt g domtaingdobn & ai s
1- 21 has been mani pul at ed. ,

extrachromosomal vector of a cell transfected by the vector of Claim 44.

10 49. A method of maintaining a pluripotent cell population, comprising

administering fo that population a factor according to any of Claims 1-21.

50. A method of maintaining a cell in a pluripotent state comprising activating
a gene in the cell that encodes a factor according to any of Claims 1-21.
15

51. A method according to Claim 50 wherein the gene is the endogenous gene.

52. A method according to Claim 50 wherein the gene is located on an
episomal plasmid or is stably integrated.
20
53. A method of maintaining a cell in a pluripotent state comprising maintaining
or increasing expression of a gene in the cell that encodes a factor
according to any of Claims 1-21, optionally using a vector according to any
of Claims 41-48.
25
54. A cell in which the expression or activity of a factor according to any of

Claims 1-21 has been manipulated.

55. A cell comprising a vector according to any of Claims 41-48.



55. A cell conprising a vector according to any of Clains 41-48. WO

03/ 064463 PCT/ GB03/00366 -76 56. A pluripotent, human cell, maintained in
a pluripovensioetdei e i n t he absence of feeder cells and i mCrhaBoabessnce of
feeder cell extract. 57. A cell conprising a gene encoding a factor
according to any of Clainms 1-21, 5 wherein the gene has been activated.
58. Use of a factor according to any of-76kains 1-21 or of a conjugate
according to any of Cains 22-27 or of a nucleotide according to any of

Cainms 32-38) o Fmrip@téﬁ@mm@@@en,dhamtéiﬂeanu aPlufhicih sthte4S thé absence
maintaining a cell in a 10 pluripotent state. 59. A nethod of screening a

cDNA |ibrary, afrfpedsi ogligpanddn thengbsércs of femteriosllEXtaat] s, and sel ecting
for a self-renewi ng phenotype. 15 60. A method according to C ai mb59
wherein the ES cells are non-responsive to LIF and LIF rel ated cytoki nes

that act thro the LIE receptor. 61.. A nethod of screenin c.DNA | brar
oo Pe o ar Rl Coioris A B G REOt NG ACH Ae80EINB40 Aol o6 BIS RS od

accordigng to d g i if yi whi ch confers a self-renew ng
phenot y%e. 63. @Hén%ﬁg%é?hgg{rﬁseéééﬂngcﬁét} I'pot ency on a non-pl uri pot ent

somatic cell, 25 conprising expressing a factor according to any of C ains
1-21 in the somatic cell. WD 03/064463 PCT/ GB03/00366 -77 64. A nethod of

conferri ngg&l urlpwbeatactonaecardinglonypot Claims dn24 of of & cbnjugaterttsidigg
introducing a factor according to any of Clainms 1-21 into the
to any of Claims 22-27 or of a nucleotide according to any of Claims 32-40
or of a vector according to any of Claims 41-48 in maintaining a cell in a

10 pluripotent state.

59. A method of screening a cDNA library, comprising performing the screen

in ES cells, and selecting for a self-renewing phenotype.

15 60. A method according to Claim 59 wherein the ES cells are non-responsive

to LIF and LIF related cytokines that act through the LIF receptor.

61. A method of screening a cDNA library comprising carrying out a functional

assay in ES cells.

20
62. A method according to Claim 61 for identifying a cDNA which confers a
self-renewing phenotype.
63. A method of conferring pluripotency on a non-pluripotent somatic cell,
25 comprising expressing a factor according to any of Claims 1-21 in the

somatic cell.



somatic cell. 5 65. A nmethod according to C aim63 or 64, further
conprising activating gpl 30 in the somatic cell. 66. A nethod according
to C ai mwb,03menpsi sing culturing the cell in the preseneeTaBd/obicgand of
the LIF receptor, e.g. LIF. 10 67. A nethod according to C ai m 65,
conprising culturing the cell in the presence of IL-6 and soluble IL-6
receptor. 68. A nethod according to Cl aii-63 or 64, further conprising
activating Cct-4 15 in the somatic cell. 69. A nmethod according to Caim
68, conpri&dng Apmefubdiicfrnepréemings pluripoténan oreadegephuspdteht 4ok 64l

i ntroduci ng an expression vector conprising a gene sequence encodi ng et -4
into the cells.c@oprgingangedusingoa fastsiradoegdiagpiouany of €laimsnt21 into the

conpri sing: introdu in%}intoacell in a freshly isolated cell population a
nucl eotide encFIMAYCEBHact or according to any of Claims 1-21. 25 71. A
met hod of isolating a pluripotent non-human cell, conprising: creating a

transgenic aninmal, wherein the transgenic animal conprises a construct on

whi ch a5 nugs eot A AgepiBBIftidoRdiAg G €t e AMpfsi ' 96t3bS
under control of a reg(tﬁaat eof Br@?&tg‘@??\gg’(@%’m@&a r%’ﬁ%‘&‘%ﬁ%“@"%ﬁ%&?@*?pom
t he transgeni c iathe®omitR 68.064463 PCT/ GB03/ 00366 -78 obtaining cells
fromthe transgenic enbryo or animl, and activating the pronoter so as to

express the factor in the cell. 72. A nethod of creating a transgenic
non- human %i rraA cong)ri si ng:. . o
. method according to Claim 65, comprising culturing the cell in the
presence of a ligand of the LIF receptor, e.g. LIF.
10
67. A method according to Claim 65, comprising culturing the cell in the

presence of IL-6 and soluble IL-6 receptor.

68. A method according to Claim 63 or 64, further comprising activating Oct-4

15 in the somatic cell.

69.  Amethod according to Claim 68, comprising upregulating expression of an
endogenous Oct-4 gene or introducing an expression vector comprising a
gene sequence encoding Oct-4 into the cells.

20

70. A method of isolating a pluripotent cell, comprising:

introducing into a cell in a freshly isolated cell population a nucleotide

encoding a factor according to any of Claims 1-21.

25 71. A method of isolating a pluripotent non-human cell, comprising:
creating a transgenic animal, wherein the transgenic animal comprises a
construct on which a nucleotide encoding a factor according to any of
Claims 1-21 is under control of a regulated promoter,

obtaining a transgenic embryo from the transgenic animal,



5 expressing or providing in a cell a factor according to any of Clains 1
to 21, thereby obtaining a culture of pluripotent cells; carrying out a
geneti c rapiopbabs on of one or nore of the cells; substarCiratiBog/00366

ext i ngui shing expression of the factor in the cells, or renoving the
factor fromthe cells; and 10 obtaining}fron1the cells a transgenic ani mal.
73. A transgeni c ani nmal obtai nabl e acc 2ii'ing to the nethod of claim72. 74.
A transgeni c ani mal contai ning a nucl eoti de sequence encoding a factor 15
accordi ng to aoptaihingl celis flomdhe transgenic enthryd osfanimekguidat abl e pronot er .
75. A nethod of screening for a factor that majntains a plurjpotent cell in
a pl uri pot ent astivating tenpianepiey soRoiA SxpIgss tBPlﬁ??"ﬁ’Bﬂ%ﬂFe E%Ih-l whi ch
expresses a factor according to any'of 20 clains 1 to 21, which is stably
mai ntained in a pluripotent state and in which expression of the factor

can.be.conb ! kol EYLAGIg o RaFRRLA At Bfgnd bomorsihe

expr ¢ and“sel’'ectrng for a . |nté|ned in a
pluripgtent stakgressiRy dPpraVidiBhed cef eaeictaccerdihgidany of Bring Nid D¢,
mani pul ation is selected from "a genetic mani pulation of the cell, whereby

the screen is threbylobtéining ademturé vi pluripdtent eelisphi ch control s expression
of an endogenous gene coding for WO 03/064463 PCT/ GB03/ 00366 -79 a factor
accordi ng to amsgrying:oul agenetie manipulaiionefieng of rarerofithacetsi nt ai ns t he

O o _ . :
§ﬁ| tur g”c"g‘nﬁi ;J rﬁéggttaer\%uitpg{{r?@wgﬂ%gaexﬁglsggln% khoenfa% OI'CIH ltlftléJ cr:eellsrr%g'réjrrr?o(\)/lrng

the factor from the cells; and

10 obtaining from the cells a transgenic animal.
73. A transgenic animal obtainable according to the method of claim 72.

74. A transgenic animal containing a nucleotide sequence encoding a factor

15 according to any of claim 1 to 21 under control of a regulatable promoter.

75. A method of screening for a factor that maintains a pluripotent cell in a
pluripotent state, comprising:-
providing a pluripotent cell which expresses a factor according to any of
20 claims 1 to 21, which is stably maintained in a pluripotent state and in which
expression of the factor can be controlled,;
carrying out a manipulation of the cell;
reducing expression of the factor; and
selecting for a cell that is maintained in a pluripotent state.
25
76. A method according to claim 75, wherein the manipulation is selected
from:-
a genetic manipulation of the cell, whereby the screen is suitable for

identifying a factor which controls expression of an endogenous gene coding for



cell is cultured. 5 77. A nmethod according to claim75 or 76, in which
expression of the factor is controlled by regulating a regul atabl e
pronot er WP 0dpetat i ve conbi nation wth a nucl eoti de sequ@ctasBIRO®dsNg t he
factor. 10 78. A nethod according to claim 77, conprising reducing
expression of the factor by adding a repressor to nmediumin which the cell
is cultured. 79. A nmethod of screening-#br a factor that regul ates
expression of an endogenous gene which codes for a factor according to any

of cl ai msatadtor aéSoiing twoamy okdlains ( 19 2amulafuither fagiooihet orainteinsgeedial t hat
flank the endogenous gene for transcription factor binding sites, and (2)
scr eeni ngirf a plripatent stateoard regi ons with an extract fromES cells 20 to

identify a conmponent of the extract that bind t h .

met hod accordi ng t o2dNaNA !OW‘GE(ELHB‘rre({B 'Pﬂ%Pﬁguf“d@%’?@ﬂﬁ@g %egpgk%sﬂ@f t he
genone that,flank the endogenous gene and direct pluripotent cell

restrict eﬁe'(!ﬂ(sp?@glérlegn of the factor. 25 81. A nethod according to C aim 80, .
whereix regions directing expression of the factor are identified by
transfection of reporter constructs. 82. A factor identified by a nethod

accor di ng770 apymeithéd acosrdiitg tecim A800036 DibvvBiRhRIDreBsiBnai 366 facteniss3. A
nmet hod of reprogranm ng the nucleus of a somatic cell, conprisi

. g ng. ..
cont acti ng t he coptrolled thy regulating adegulﬁéabhvrérmm@f@r%@P&E@‘i“(ﬂa@@'ﬁ%"{ﬁi@b
signalling in the cell or activating Oct-4 Eﬁgrestsi oninthe cell. 5 84. A
met hod of repr dgieamusigatise srruenss encoding XRe fRC1E || conpri si ng

10 78. A method according to claim 77, comprising reducing expression of the

factor by adding a repressor to medium in which the cell is cultured.

79. A method of screening for a factor that regulates expression of an
endogenous gene which codes for a factor according to any of claims 1 to

15 21, comprising:-

(1)  analysing regions of the genome that flank the endogenous gene for
transcription factor binding sites, and
(2)  screening fragments of those regions with an extract from ES cells

20 to identify a component of the extract that bind to the fragments.

80. A method according to Claim 79, further comprising identifying regions of
the genome that flank the endogenous gene and direct pluripotent cell
restricted expression of the factor.

25
81. A method according to Claim 80, wherein regions directing expression of

the factor are identified by transfection of reporter constructs.

82. A factor identified by a method according to any Qf Claims 75 to 81.



transfecting the cell with a first vector that contains a nucl eotide
sequence encoding a factor of the invention, and with a second vector that
cont ai ns wea med4edt | de sequence encoding a LIF receptor | iPgamBodnose

nucl eoti de sequence encoding Cct-4. 10 85. A conposition conprising a
pharmaceutically acceptable carrier plus an antagonist of a factor of the
I nvention. 86. A pluripotent cell obt aid%d accordi ng to the nethod of any
of dains 49*to 15 53. 87. A pluripotent cell obtained according to the
met hod of8&ny Afmethaidnef agpragrammingothes nugleus of ahsematie aalle qeMaREsingof or

a derivative of cell according to ai 6 .or 87. 89. A nethod of_self

2 eneval - of - srRtACTIG RS Cpfish igadl P Hiend NardicbeAnd PHVARG BPd3ance
of culture medj; ' - Of: ' . 31 96. A et hod
according to %‘QW@%S’@%PP?F %&“ﬁ%ﬁgﬁt%ﬁrﬁﬁ?ﬁ&tﬁg Cceilrl s. 91. A
cell obtained according to the nmethod of Caim89 or 90. WD 03/ 064463

PCT/ G(B03/ 00366 -81 92. A cell which is the progeny of or a derivative of a

cel | ascog4li ngAtmeflad of Yéprogramming the nucleus of a somatic cell, comprising
transfecting the cell with a first vector that contains a nucleotide sequence
encoding a factor of the invention, and with a second vector that contains
a nucleotide sequence encoding a LIF receptor ligand or a nucleotide
sequence encoding Oct-4.
10
85. A composition comprising a pharmaceutically acceptable carrier plus an

antagonist of a factor of the invention.

86. A pluripotent cell obtained according to the method of any of Claims 49 to
15 53.

87. A pluripotent cell obtained according to the method of any of Claims 63 to
71.

20 88. Acellwhichis the progeny of or a derivative of a cell according to Claim 86
or 87.

89. A method of self -renewal of somatic cells comprising culturing the cells in
the presence of culture medium according to any of Claims 28 to 31.
25

90. A method according to Claim 89, comprising propagating the somatic cells.

91. A cell obtained according to the method of Claim 89 or 90.
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92. Acellwhichis the progeny of or a derivative of a cell according to Claim 91.



