,'-31 July 2006- WO 03/ 064463 PCT/ GB03100366 PLURI POTENCY DETERMN;@@@ FACTORS -
- AND.USES THERECF The present .invention relates ta pl uripotency determning .

factors awbt;j;@g‘mﬁuses I'n particular. the invention rel aa,%% B
(él@w?ﬁfﬁan and”

. maintaining-and . deriving cultures of pluri potent cells of
-~ ot her speci es. From certain strains of nouse, errbryonr ¢ stem . (ES) cells

" may be derived and “maintainedin a pl. urlpotent state in culture by - _

provision of a. cytokl ne that activates 10 signal- transduction: through the
LI F-recept or /gp130 conpl ex. "This. appr oach i s, however, limted to mce and
is not: sufficient for propagatlon of human- pI ur i potent cells.” The

preeiey’ 35 PeyRboEl ?Hﬁ%”!%i’i?%ﬁ!@ﬁﬁe@bnﬂlaﬁ&%ﬁnﬁém

mai ntai ning ES cell .identi ty However, ESRF is .| nconpl etely characterised
"and the nolecul ar nature of extracellular regul'ators other than gpl30

_cyt oki nes The preeemrinvémtoﬁtﬁfelétesfto SitMptenp ‘Efe't nﬁf@f{ci&%;%‘ “-0” it

~pluripotency 1s not fully understood. © 20 |

-+ assi gnéd to paﬁrogmmeawgentrﬂﬂfé!amt hﬁlaﬁﬁ’dr C |t
of -these alone is sufficient -to speci fyéES cel In"\El e%??t%hv@\g gg#w&%ége

- descri bes PluTipotasheels efamcxuseohumanasrther speciesci ated transcript) genes
~ by interrogating nucl eotide sequence databases, and subsequent arialysis 25
of the expr ession pattern of nurine and human ECAT genes. W002/ 097090 al so

descri bes to identi fy ES cel | and sel ective isolation of -
- ES célls SI ngé@‘lstgéﬁgs& neyse, einb "E@ﬁ%e ﬁ@"%n‘iﬁjebt‘.‘fdeﬂvearm of
- pluri pot. e ocyte | eav errbryos
. and egg ¢y am%ﬁ}éelﬁ;!sﬂtéag‘e?'}s'lw&ﬁﬁ%sef ég@g%@g"@\b%gé %’Qﬁ‘ég Wﬁ‘éﬂd@ﬂ vate2- WO |
01/:66697 signal tresdaution wuabhﬁﬁecsirﬂ-ﬁedébtaﬁ&b%fcfoﬁ?prak s apprso%rc meand -
' however limited to mice and is not sufficient for prepagatron ofhuman pluripotent |

g ceils

| The dlscovery of the extracellu!ar actrvuty ESRF (Dam et al 1998) has provrded
| 15 evndence fora LIF—receptorlgp‘l30—|ndependent pathway for maintaining ES cell'
identity. However, ESRF is'incompletely charactensed and the molecular nature
- of extracellular regulators. other than gp130 cytokmes is unknown.

Inaddition, the transcriptional determin'ation of pluripotency is not fully understood.
20 Important roles have been assigned to the gp130 target'STATS and the POU
factor Oct-4, but neither of these alone is sufficient to specify ES cell identity.

: WO 02/097090 describesthe identification of ECAT (ES cell associated transcript)
genes by interrogating nucleotide sequence databases, and subsequent analysis
25 -of the expression pattern of murine and human ECAT genes. WO02/097090 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 speclt" ic marker of pluripotent
cells, though is expressed also in’ oocytes cleavage embryos and.egg cylinder

- stages




i'n the presence of fibroblast growth factor. Preferably thaiEfy2085ls are

.. grown in the presence of a fibroblast feeder layer. 5 WD 97/30151, . in the

- nane of the present applicants, describes ESRF, ‘a cytokine: capabl e of
- inhibi ti NYOHOsEEENti ati on of ES cells. WD 96/ 22693 rel at FETGBAN08366
~mai ntenance of self-renewi ng haematopoietic stem .cells. In particular, W
96/ 22693 describes an "F factor"- capable of maintaining 10 . _ _ '
haemat opoi eti cstemcells in an undifferé%tiated'State and supporting
proliferation of undifferentiatied haenmatopoietic stemcells. Berger C N
and St ur mKO9)1/6666¥tdesetbes cuittes of ESotellsin Medivay reeldfaniiffil seB@fcandes
-self-renewal of ES cells _in the absence of exogenous LIF and feeder 15

cel I's. Beiytie Brasencarahitasoblast grewih tactord Rrefenably the ESotells are gfovamin
factor abl,e to prompte.self-renewal of ES cells under these conditions.
Genbank A Eéﬁﬁﬁ%%ﬁa%ﬁéf%@g@agfmz and AK022643, 2000, provide
sequences of nouse and human:cDNAs for homeobox domain containing 20
proteins. No function is ascribed to these nolecules. It is known that

Cust ol Rea vy TRATT I B NHRRSr LTSS AbenBan G EYIMce BSR4 Spkine. o

~al, Dev. EaphbleAIRMibRIngeAifErsithatioReseESBIsXu et al . Nat. Biotech 2001).

However, 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 risks contam nation of the pluripotent

cul tur e/ WO O6/B209%hrelates iodhetmaintenance ofiselétenewinfohaentopsoibtie desmcel |

: t : ' ] | t. ' ' i1 he. I1's, a s ite feed ‘
cel 1 poputals: In Raskeuis Wil Bblataes aeReriecen  factar sapabja b meonisining  he

t - : I LS. unchar a ised - it represents._anoth .
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differ ent?ﬁﬂ&ﬂeﬁ}gg%wnﬁagm?ﬁ%%pélsfemsceﬁ@_rrpr_om_sed by the presence of

f eeder cells or ed- extr

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. Bergerand S’guimdo not, however, describe the isclation of any factor able

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

Genbank Accession N"‘u‘mbers AK010332, 2001, and AK022643, 2000, provide
~-sequences of mouse and human cDNAs for homeobox domain containing

20 proteins. No function is ascribed to these molecuies.

- Itis known that pluripotency of human embryonic stem cells and embryonic germ
cells is sustained by co-culture with a feeder layer of heterologous celis (Amit et
al, bev. 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 exiract, which is an alternative to using the

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




In relation to many ot her species, in particular porcine, bowy@cand rat,
it is still not . possible to derive and stably maintain pluripotent ES
cells in culture. In a first aspect, there is provided an in vitro nethod
of maintaining a pluripotent cell population other than a cell population
derived froma human enbryo conprisimg admnistering to that popul ation a
factor which acts intracellularly and maintains or confers pluripotency on
a cell in the absence of gpl30 activation, whereas the factor has at |east

aspect . TREXTELEStoroY, B heo Rt e Rlonzer. inPri et gndnBerstteher
than a ¥ ' e i ; ' : rising
Lhan 2, S doréarieatbrf bPIhe e, ARENS'dnd BANPLPAIH b SHRHGBHON 47

i ntr acelplufipotent zefls isecarhprarpiseld 6P ME predbiée T fRRetr RIS of § géﬁ%@? :
absence of gpl30 activation, wherein the factor has at | east % sequence
i dent i t extractshe pol ypeptide of SEQ IDNO 4. In a third aspect, there is
provided an in vitro method of naintaining a cell other than a cell
derived from:a human enbryo in a pluripotent state conprising maintaining
or incrfasi&? e(grrrnessia(g@] of a gene in the cell that encodes a factor which
acts infHEl %f Ry LerSPRcksy i RRrticdlar porcines boyinaangd raiit is séilinoti n t he
absence : 0 | vatj ereas the fact has, at | east 50% sequence

i dent i tQB%%g&nltg’ ?)%I&%é&q %bMF@lWQ%nﬁ%SﬁWWW?@%eCt , there is

provi ded a pharmaceuti.cal conposition conprising a pharmaceutically
acceptable carrier and a factor conprising a polypeptide having at |east
- 50% seqlreadirst aspedt, theveé i pRdddahiGh vitrd aAethe® of talREisihg & pladipdiehy 2006
-3aln a |Llfth aspect, there is provided a cell culture nediumconprising a
factor CRHRANUGYR othen Jhanid kellhpopuigtian derdvrd Somsaghemes PEWRG ty wit h
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maintains or confers pluripotency on a cell in the absence of gp130 activation,
whereas the factor has at least 50% sequence identity to the polypeptide of SEQ
ID NO: 4.

In a second aspect, there is provided an in vitro method of maintaining a cell other
than a cell derived from a human embryo 'in a pluripotent state comprising
activating a gene in the cell that encodes a factor which acts intracellularly and
maintains or confers pluripotency on a cell in the absence of gp130 activation,
wherein the factor has at least 50% sequence identity to the polypeptide of SEQ
ID NO: 4.

In a third aspect, there is provided an _in vitrq‘ method of maintaining a cell other

than a cell derived from a human embryd' in a pluripotent state comprising

maintaining or increasing expression of a gene in the cell that encodes a factor
‘which acts intracellutarly and maintains or confers pluripotency on a cell in the

absence of gp130 activation, whereas the factor has at least 50% sequence
 identity to the polypeptide of SEQ ID NO: 4.

- In a fourth aspect, there is provided a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a factor comprising a polypeptide having
at least 50% sequence identity with SEQ ID NO: 4 for use in medicine.




enbryo or human germcell in which the expression or activiiyuwfoos factor
as defined in the first, second or third aspect, has been mani pulated. In
a seventh aspect, there is provided a pluripotent, human cell other than a
cell derived froma human enbryo or human germcell, nmaintained in a
pluripotent state by a factor as defined in the first, second or third
aspect, in the absence of feeder cel8& and in the absence of feeder cel
extract. In an eighth aspect, there is provided a cell other than a cel
derived froma human enbryo or human germ cell conprising a gene encodi ng

a fact orlnas fifthebspedt, itinerehis brdvided seesinduiturd Mhédluds BeklprisMbes gabtorhe gene
has been activyated. K In _a ninth aspe there is provided the use of a

ct
factor AOMRISINEE RolyRaptide;having akleash0%rsaavenge ddentity With-SR@i IR MOhi ng a
cell othgr than a cell derived froma human enbryo in a pluripotent state
in vitro. In a tenth aspect, there is provided a nethod of isolating a
pluripotent cell other than a cell derived froma human enbryo,

conprising: .introducing into a.cell i freshly |sol at cell popul ation
e SR SO BB b e G ol 6 S BRER
aspect . gnibrigd & RUSBhGEFR LA int WAICH, MeO¥kstedsRnBE %%Hviﬁ} of SOIRIdNGs 2
pluripotent non- human cell, conprising: creating a transgenic aninal,
wher ei n defiged innihediat, secand enthi ick drascbesmptanipulated. whi ch a nucl eoti de
encoding a factor as defined in the first, second or third aspect, is
under control of a regulated pronoter, obtaining a transgenic enbryo from

- the trahsgesdvendnaspect, tHuraiigipievidsd asplliipotehilehidhad Well cBR€YSthan3P cell

-transgeni c enbryo or animal, and activating the pronoter so as to express
the fadegyred fromma bumen embaya eebumarageaatcell meaistainediro i pladpatentt hod of

creatin | = Jau ' 0 hSiNg: -.e .ng._ or
ot ovi i Site R £ PRfined #BRk AR Boont SRR A5bsct SRR RRSBIoTRT -
aspect , feduarebifs ahd & thegbserue dffeedarcallaxtigeet ent cells; carrying out a
genetic mani pul ation of one or nore of the cells; substantially

In an eighth aspect, there is provided a cell other than a cell derived from a

‘human embryo or human germ cell comprising a gene encoding a factor as
defined in the first, second or third aspect, wherein the gene has been activated.

in a ninth aspect, there is-provided the use of a facior as defined in the first,
second or third aspect, in maintaining a cell other than a cell derived from a

human embryo in a pluripotent state in vitro.

In a tenth aspect, there is provided a method of .isolating a pluripotent cell other

- than a cell derived from a human embryo, comprising: introducing into a cell in a
freshly isolated cell population a nucleotide encoding a factor as defined in the
first, second or third aspect.

In an eleventh aspect, there provided 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. aé defined
in the first, second or third aspect, is under control of a regulated"promoter,
obtaining a transgenic embryo from the transgenic animal, obtaining cells from the




extingui shing expression of the factor in the cells, or regpviipgodshe factor
fromthe <cells; and obtaining fromthe cells a non-hunman transgenic
animal. In a thirteenth aspect, there is provided a non-hunan transgenic
ani mal- obtai nabl e according to the nethod of the twelfth aspect. In a
fourteenth aspect, there is provided a transgeni c non-human ani nal

contai ning a nucl eoti de sequence encoghng a factor as defined in .the
first, second or third aspect, under control of a regulatable pronoter. In
a fifteenth aspect, there is provided a method of screening for a factor

t hat 'éﬁs@i L I t I ye human
e'nbryon?l;] a egﬁf?’g’%ﬁf %tsntﬁﬁ%lé%ﬂgo?r%ﬁ\{éﬁhﬁgmgn%@g@ﬁ%ﬂ ﬁ‘gei['f %8 g)rqlg%gg] etﬁ? cel |

whi ch eXpctes getheacdlact or as defined in the first, second or third aspect,
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;

reduci ngnexpivesi 88p&ét, thérel RCHRAIVIdRY ﬁ?ggtgﬁ R %GrEQing & ﬁﬁh%%érﬂ@tn e

mai ntained in a pluripotent state. D sc herern-1's an | rove(§J culture
of nousdman Roimal, pomprigioge expoadsing or providing #pa cefl iadaecith @di defimes, in

[ d d f eed lL1s i.n. .pluripotent .| t . A
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pluripotency determning factors can be a factor that naintains
pl uri poteHBguishing exvassionel the factardndhe wellsirer remasing the factartfeorhdbeor has

Factor ey Eodiing B the Ay e R e i o et rsul s in

mai nt enance of a sel f-renew ng pouri potent phenotype. The factor nay be
'endogenius - a.cellular | ev?}lﬁ_of, the factor being maintained by activation
of an endodetfiieenibnaspesh there oigudsavidad oat mendrimar otrarsgepienammal st abl e

i nt engpsingbloldioRliti 8 R Bt HIRE YRR addeg cel LS. A particular factor
can act 1 ntracellul arlﬁ(\a/, mal ntains a ce In pF'uri potent state
In a fourteenth aspect, there is provided a transgenic non-human animal
- containing a nucleotide sequence encoding a factor as defined in the first, second
or third aspect, under control of a regulatable promoter.

In a fifteenth aspect, there is provided a method of screening for a factor that

maintains a pluripotent cell other than a cell derived from a human embryo in a

- pluripotent state, comprising:- providing a pluripotent cell which expresses a factor

as defined in the first, second or third aspect, 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.

-.Disclosed herein is an improved culture of mouse and human pluripotent cells,

-and’ in specific embodiments; removing the dependency on feeder cells in

.. -pluripotent cell culture. Also disclosed herein is the derivation and maintenance of
pluripotent cells from other species.




and, in cell culture, can be constitutively active. In thistaentoest,
reference to intracellular action indicates that the site of activity lies
within the cell. - ------u-mo = oo momon 31 July 2006 -4 The factor is
- thus not, for exanple, a ligand for a cell surface receptor, as is the

case wth LIF and other cytokines, and it can act independently of
signalling from gpl30 receptors. Fucgher pluripotency determ ning factors
can maintain pluripotent cells, cultured in ES cell mediumlacking gpl30
activators, in a pluripotent state. Thus, the factor can naintain a

‘manmmal i Lo (A te L. . Of 0. .actiyvation
and can Tr i ertRetht the thamateR uBaleyy FRIERENY et hid hg
cyt oki néactoh#tat acdinteiiseplgngdencgdeatraamaeiipheeis. | n exanpl es bel ow we
have denonstrated that cells expressing preferred factors are |iberated

fromthe requirement for gpl30 stimulation and show reduced or absent
differ e'?ﬁ'é“duﬁﬂré ] E%So%ﬂg,sgn% PaétBl IMAS! Gedf 'Hund 1WIBIS CRELREY denRpd
aggregation - hence their ifferentiation i S suppressed I n response to

t hese stplunipatendhhef thase celiafTofactdn may dcampintained jin Bylotiestenhedll at a
downstream,transcri.ptional target of | 30. The factors . have been

[ sol at cdeRldhal EEuls i sPaIntasEng, of 2 SR UENBHINg PAIPQIP T, PREIHR o e s,

ani mal  §&¢tbP mMdlf buditibdeRBss -Olfa BEINAS: IVE[BR th FadtBF eirnt) Aftfintalrld bpPi 9, COW
and other aninmals. One factor can maintain pluripotency of a human” ES, EC
or EG @elivation ef aarendogenops geingot extintretiicedainge Hee delicsmasdarenakilent ai n

pl uri po . G ar cell angd.can.,act intracellularly and
may be %g‘ﬂ’gigi"ﬁ]'t‘ﬁ%\'?éH§g8§§1%§Q)BE"%&PUFE%H%W°t¥%%P€WGm Sal | ow the conti nuous
propagation in culture of pluripotent cells fromnon- perm ssive strains
~of mce. An advantage may therefore lie in the ability to stabéy
prol i f eaPartiaularfgstosrancact tracglivlarly.umeintainst arcsllads” addwindieat stale be used
in cult S ; j N Ol cell s ol i i ye,
plluri pofng; thebatebaiter s B, s Rlive L R Ty s RetB el 1€ ¢ o
speci es initduilulan aotiow Malicates! thay tise site 0O hctpdiydiebIvithin the cell.




hitherto, may al so be provided. 31 July 2006 A factor of azsp@gidosC

enbodi nent is a transcription factor. It acts inside the nucleus,
resulting in self-renewal of the ES cell. A preferred factor, described and
used in an exanpl e bel ow, contains a honeodomain In use of one factor as

di scl osed, the factor can nmaintain cells in a pluripotent state in the
absence of a feeder layer or a feeder_gcell extract and in the absence of a
gp 130 cytokine. Thus, supply of the factor can be sufficient to maintain
pl uripotency of dells in culture. The factor can be added to standard ES

cell cul i rointr d di.rec into cells, for, exanpl.e by

o ect rop S 5 e Bosi A eRAMERE. 4G tord Bl stifford resePtel iR Byfe

vari ety @fse with LiFlandiolieérosgckings eand it lcansd® tddpendenaydf efmnatliggardred in
nore detai|l below, vectors that express the factor support. cytokine

i ndepend#30FEceRlors. propagati on both via episomal transfection of cells
and upon chronosonmal integration into cells, a. further option, not
specifically' exenplified, is for expression of an endogenous sequence 15

encodi ng-urtrerfpduripmtency determihing fhctorsi oz waitaingudsotent esisbaltir8dael | sel f

~renewal ._JLn furthe nbodi t, the factor is identifiable. by its
propert ;Eé &Pﬂrfﬁ?ﬁj\'ygl [ﬂcﬁ@g@[ﬁrﬁg AclaigEn dp fePludppient state T hvs.pibedactost at e.

20 The Tl Rfaiftdint 8%hdinsalRnP by Re R bEﬁPB?eY{t%@atymr%OQbé&ééOBf gp‘égé aci ds.

Specifically, a nouse pluripotency detefmning factor can be re ented by
SEQ | D Notizatien andarcapl prorpotee meginttmaacei of piurfpdency by SEQre | e, a rat
~ pluripot determ ning factor . SEQ I.D NO 6, and, a nacague, .25
b1t pootio GEeERREPAGer G bod josEentEr REmBleRR. hsrRDP RN K
there ihaveoyerdenstratéd chat cald é*br@@éiﬁ%%ir@@r@dcﬁb{ors bré libBrMEH FRIR ke ST AL €,
acts intracellularly and conpri ses a honeodonmain, in particular a

honeodorfafivrerrent fos0pdiS0) stisaulagonsanggshaow sedurad pr pbaenthdiffeeerttiatiendonai n.

31 July 800hse to retinoic acid, 3-methoxybenzemide and aggregation - hence their

differentiation is suppressed in response to these stimuli. The factor of specific
. examples is, further, not a downstream transcriptional target of gp130. The factors
-~ have been isolated and are suitable for maintenance of animal pluripotent celis,
animal cells including those of mouse, human, primate, sheep, rat, pig, cow and
other animals. One factor can maintain pluripotency of a human ES, EC or EG
cell or other human pluripotent cell. Another factor can maintain pluripotency of a
-mouse ES, EC or EG cell and can act intracellularly and may be constitutively
active. A further factor may allow the continuous propagation in culture of

- pluripotent cells from non- permissive strains of mice.

An advantage may therefore lie in the ability to stably proliferate pluripotent cells

in culture. Factors as described can be used in cultures to maintain human and/or
- mouse cells in a proliferative, ‘pluripotent state. The possibility to isolate and
- maintain ES cells from species other than human and mouse - not possible
- hitherto, may also be provided. |




-6 fromSEQID NO 2,4,6 or 8 or, inrelation to a factor Boougmides of a

gi ven species, one that has at | east50% sequence identity with the
honeodomai n of pluripotency determ ning factor of the sane speci es.
General ly, a honmeodomain is around 60 amno acids in length and the factor
conpri ses a honmeodomain 5 in which any 2Qgam no acid fragnent has at | east
35% sequence identity with the honeodomain of SEQ ID NO 2, 4, 6 or 8.

Pref er abl y, Atfastoraeft ar spedific ambod; 3 1 ve gells. in. a
pl wripotent state. A factor of 2 'ﬁ?ﬁtﬁgﬁ é@%@%@‘%&fﬁp Fag%"nét Reiscinside tbei ns

cultured epiystiels, resulfing inGeffrenenaio ISShLye ' f.mcein a
pluripotent state in the absence of fggggg‘%?gﬁ?’%%&@%@%@mﬁ)@éwd
feeder cel |”33§’3Pé?&examﬂé%bﬁ!pvsmntamtammo%ﬁiéihat mai ntai ns hurman
enbryo-derived cells (including ES and EG cells) in a pluripotent state in
t he absence of feeder cells-and in the absence of feeder cell extract. 15
The avoigdance of feeder cells or feeder cell extracts has the benefit of

reduci ng GbHERRT ARE Fastonas disziasdd, Hierde ells:. Muyse cells have
been used asthef SRARL cgll for  human pl uﬁ%ﬁﬁt&ﬁgg Iéeé%l"i' 6#@%{'9 gt slagte he
risk of contam nation of EREEr [AyeERT Bl feedencalhexteadt landontha@bb88n &Y of

- non- human &80 tptokime. Phus, SHdH I ced and . nmy be elim nat ed A% Es
cel.l deri v& eﬁ-r oduct s [éllr eﬁtmoﬂ%g]a{lﬂ‘tseefécqoﬁgga%etsr"ﬁﬁgﬁ'i‘fatﬁtrﬁ@lﬂtﬁin Pheipepiney, a

d,
guar ant ee BCEaB Feavliurs., The-factorearehe 5dHSq i e essential, both
for initi abl-ﬁg_iﬂa?#ati n, of cells and aléégd?%g tgué%(g]%ﬁggp?%fﬁa&’(?@@d'um SO

di sclosed’ IFelyitde eellsffor brampts By ais [ f J onal
domai gy Agr onj te, may coO rﬁi‘éseyfeit?és:t?oan ?g'c%{ﬂlﬂﬁ%h@pﬁgp,

19 Aor brbdled 51 i LIER i o
wher ei i t he Togug 15 ¥ shisalisysofairiethods discldied! Insesh. and édé%iﬁ;c?cond
domai n. pr ey PYELE first rmin into a cell "e.g. protern
transduct i ’gnhg(j;ﬁ%'i(?]s o#gé%?{?&ﬂ{&&iﬁﬁﬂ% W, Yeeiorsghat exprass HSV- 1 VP22
( Schwar zethetfastor, sLgsfh e ot pjlgat e can be used as a culture
-medi um cotrrrpl_(c)ﬁr%eng.T T s T urt h%?“%éﬁéﬁg'ﬁ E§8?ﬁ'tm9p§§@8ﬁﬂ-bﬂihwimepE$MI ude
a nucl earta _gchfnaofafeilmw_ apen chforfiesormial infedratibh itd Selfs; a further option,

: m?t specifically’ exemplified, is for expression of an ‘endo
15 . encoding the factor to be induced or
renewal.

gehous sequence
increased so as to enableé ES celi self

. Ina fux_'ther embodimeht_ the factor is identifiable by its property
of maintaining LIF non-responsive cells in apluripotent state. - .-
20 |

| The factor .suitab!y_ is a polypeptide having-from 200 to 400 amino acids
~ Specifically, a mouse piuripotency determining factor can be
represented by SEQ ID NO 2, a human plu_ripotency deterrﬁining faétor by SEQ

IDNO4, arat pluripotency determining factor by SEQIDNO 6, and a macaque
25 pluripotency determining factor by SEQ ID NO 8.

- In another embodiment, there is provided a factor which maintains ar cellina
~ Pluripotent state, actsintracellularly and comprises a homeodomain, in particular

T :a.homgodomain that has at least 50% sequence identity with the homeodomain




trafficking the factor to the nucleus after uptake into a eelly20be enable
rel ease of the first domain fromthe second in use, the first donaln of a
preferred conjugate naybe cl eaved fromthe second domain inside the 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 reducing
environnment of the cell: The first domaign may be |inked to the second
domai n covalently, allowing the link to be ¢leaved by a protease present

in the cel fromh SHG IIDLN(Dh?_Ul @éﬂgpﬁllﬂfr@fatibﬁ%sael% tfﬁfi(?é%c&oé 8|v%glr§b dés.

sequence permtting regulation o activit

exanpl e a 9nertbakhdmtrt®a}§t50%§@qmndé%@ﬁfﬂrwﬂ9ﬁ@horﬁé'é&&%‘am éﬁilaﬁﬁ&encx

pol ypeptides may include (a) polypeptide folecul es conprising an

aci d sequefleteraiinipgtfaciar of theSEnk Bpisties?, Gdnefall raﬁbn{d@ddmélhr@bi'dmd 60
occurring variants of (a); (c) orthologues of (a) or (b), and (d)

bi ol ogi cal |13MKetacds irlength mcbtyne(fatﬂoc&bh)prtsésm&im@@dﬁrhélﬂl |y usef ul

I%gg:@ibﬁan@Pﬁ%E@%@Q%nﬁﬁ%é% r%avlﬁéa B%SE@@ asveﬁé’?gé'fq%é.best.@ggém: ce,
gnd "anal &%gésg\ﬁen u{f@%ﬁlﬁ%&ﬁ@ g Ez?f E;{rpg%gg% rng e’?ﬁe i ch

retains esrgpidsp dn‘b“nﬁé‘éeﬁs?‘iﬁ? nction or activity as such
pol ypepti de. The fragnment PW tive ot?féajmal ogue of the pol ypeptide may

25 . be (i) one in which-one or nore of the am no acid residues are

substituted with a conserved or .non- conserved am no acid residue

(preferab A/faﬂt@ro@‘éérfudheamhmchuedt iceondwichnrairtainh ceitaséd epittdstosainy
(

acidr ? or not be agne encoded by the genetic code, or (ii)
one i H%\ém rem Bﬁ fm%%/lge strainsSfmicadn acﬂ!mm@enﬂaiaée iMhelmanee %fﬁ%@/d@oos

- t t

fused w f{%éﬁé‘éﬁ@erﬂifa ¥ Bb8beha! et call oxlEast duReCeTs! Srigh Ba0T Erenaahat | f o
of the : p lﬂﬁpﬁh@mﬁ%’@érﬁef@é%‘?ﬁw&(ﬁﬁﬁggﬁg EG cdlis) i [).;Iu?i?)%ter%

which t he a
state in 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 risk of contamination of the

human plunpotent cell population by non-human cells can be significantly reduced and
. may be eliminated. if ES cell derived products are to be used in -

20 ftransplantation 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 disclosed herein are conjugates of the factor with another funbtlonal domain. A
. first such conjugate may comprise first and second domains, wherein the first
25 domain compnses a factor as disclosed and the second domain promotes

uptake of the fi Irst domain .info a cell e.g. protein fransduction domains of
-antennapedia, HIV-1 TAT protéin or HSV-1 VP22 (Schwarze et al., 2000). Hence,
. the cohjugate 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




" -dogs, chickens, rabbits, mce, and rats.

am no acids are fused to the mature pol ypeptide, for exanpbesdpadogcilitate
5 purification of the mature pol ypeptide. Such fragnents, derivatives and
anal ogues are deened to be within the scope of those skilled in the art
fromthe teachings herein. The pol ypepti des can al so be used to prepare
anti bodi es that specifically bind to 10 pluripotency determ ning factor.
epi topes, peptides or pol ypeptides. I\/et_k}gds for preparing polyclonal and
nonocl onal antibodies are well known in the art (see, for exanple, Harl ow

and Lane 4;-Jdg ' €S abor at.or nyal] , Cold Spring Harbor, NY.,
1999: anérﬁdﬁ@ﬂeﬁgﬁéj&ﬁgﬁ%mé\%}cﬁ‘?ﬁvﬁﬁ%ﬁﬂ%}?‘ HRiG8Irm Ant i bodi es: :
Techni ques and Applications, CRC Press, 15 Inc., Boca Raton, Fla., 1982,
“which are incorporated herein by reference). Polyclonal antibodies can be

gener at ed'd enable refudses of Pic i ﬂ@irﬁaih%tﬁﬂ%ﬁ% s:é%ﬁﬁ in us%o‘iﬁ%,ﬁtg:? ﬁé?haiﬁ gep:

mrunogent €It

pl uri pot &ppieredcanjugats eyt e cleaiverkfitim o SB0orRedomfaih ﬁ@c@tﬁ% HTTRYO"
t he use ?f an adj uvant, such as al um (al um ni um hydroxi de). “or Ereun 'S
conpl et ellbit daipaifgnay dedlinkaditn thersegprg toremin byed di-stiphidebtidgd awhigh- al so
i ncl ude sti on- - %%I ;&ﬁgé-'ﬁdes"-suplh- es-fusions--of pluripotency-determ ning
factor oPIQVSEPIERSR B3t doneaindn theriedieging Boviranpeing péfite cisll: Fheniitsh
mal t ose plch t iy 40 ol ypept j de .i mmunogen may be a full-1ength
ol oot cd8iih Bap B (e BetBil ddTalbl Geintbe alewing ine nk to e
" hapt en- sk ' ‘ ' d t ageous joined ar linked to a
macr onol %l(k:a Ellvg? b?z;r%p? @?éééseg@ ﬁg%%n%yW§ é&r‘l ?ﬁ'ﬁeﬁmﬁiﬂ%?‘?r@ﬁ) se¢id ne
serum al dhonmiain {BSFhpaE tp@fﬁi jeagk) f s ' ' July 2006 WO
03/ 064463 P CReapse sebAgHEe useéﬁ"hgr"%@ﬁ'ﬁ*@ﬁ‘éﬁﬁ'ﬁ%ﬁ@m?fﬂsaa-f%tﬁﬂniwa udes
pol yt0oneXxample b edereid haﬁhbnthECePtt,ﬁﬁ (fPi@é}dPQbMG?]Onal ant i bodi es, nonocl onal
.anti bodi es, and anti gen-bi ndi ng raghents, such as F(ab')2 and Fab

proteol ytic fragnents. Genetically engi neered
Further isolated polypeptides - may include (a) polypeptide molecules comprising an

- amino acid sequence as set out in SEQ ID NO: 2, 4, 6.0r 8; (b) naturally occurring
variants. of (a); (c¢) orthologues of (@) or (b), and (d) biologically active and

18 diagnostically or therapeutically useful fragments, analogues and derivatives thereof.

i The polypeptide may be a recombinant polypeptide, a natural polypeptide or a

26- synthetic polypeptide, preferably a recombinant polypeptide.

The terms "fragment”, "derivative" and “analogue" when referring to the polypeptide
mean a polypeptide which retains essentially the same biological function or activity-
as such polypeptide. The fragment, derivative or analogue of the polypeptide may

25 be (i) one in which one or
more of the amino acld residues are substituted with a conserved or non-
conserved amino acid residue (preferably a conserved amino acid residue) and
such s_ub’stituted amino acid residue'may or may not be one encoded by the
. genetic cade, or (i) one in which one or more of the amihp acid residues includes




intact antibodies or fragnents, such as chineric antibodi esyJdyzdosagnments,
single 5 chain anti bodies and the like, as well as synthetic

ant i gen-bi ndi ng peptides and pol ypeptides, are al so included. Non-hunmnan
anti bodi es may be humani zed by grafting only non-human CDRs onto human
framewor k and constant regions, or Dby incorporating the entire non-human
vari able domains (optionally "cloaking" g themw th a human-like surface by
..replacenment of exposed residues, wherein the 10 result is a "veneered"

ant i body)g ok i ANCE Sy sl I bodi es _retal.n_non- hyman
resi dues %visiu Fﬁblsﬁ it %@R%\%“p%% é‘gﬂ%ﬁ%?a‘mﬂgﬁéﬂﬁiﬁ‘i& 1% 5”%%%52
proper bigshiRer chdh | SIS - qal %m{] Sqllﬁ@n' Is i hese - Di @l ggi cal
hal f-1ife may be i ng?télgg’edé;wgﬁdas’t krlge po gn ial t(%éﬁ&ae%\%rggediﬁﬁwg q?eﬁ%i ons
upon admipolgpeplide (for exhrrpiospolyetiatee diyobl). Of 12) bie if WAt BeFaddiROnAP
generating or selecting antibodi es "useful” hérei nclude 1n vitro exposure
of | ynpliBincesicids girer fysedete jthéemturanipolydaptids, forotimply: 16 eRiciigte and
sel ectj on f nti?ody display libraries in phage or simlar vectors (for

i nst ante ,PW%P@S- gR ol e matuierpalypeptidel Suchifragmnts, dediviafivesany adelogussi ng
factor protejn or Eeg%%dﬁk. ﬁ%#Antibo ies are defined to be specifically

bi ndi ng ﬁfetdr?&m%ﬁi Q DSWHNHY 18 perre of thase: skilled im§he adtfrompbetpaphings wi t h
a bindLn%e@éﬁﬂnity (Ka) of 106 M1 or greater, preferably 107 M1 or .
greater, nore preferably 108 M1 or greater, and nost preferably 109 M1

or greater. The binding affinity of an anti body can be readily determ ned
by known techniques (for exanple, by Scatchard analysis). 25 A variety of

assays  krithepblgpéptiiess 4 | ' utilized to detect

ant i bodi es \_Nﬁilgﬁ speci f i 95’1"?3bﬁf‘ﬁ%é&f%&Bfeﬁ%?%&?@ReQ'eae%@?ﬁmq@caﬂmm to

pr ot dDns RrPqiengy; srminingfsicionepitopay spaptidedescri bed in detail in Using
“Anti bodies: A Laboratory Manual, Harlow and Lane (Eds.), -Cold Spring

Har bor LBBYpepidgs sMelbogs foopreparingpelyslorid2thd Reicdemdlaritibtodieaapbes of

T adt of DK [T ihe A6 (seey forexample, Harlow and Lans, Using Antibodios: A
Laboratory Manual, Cold Spring Harbor, N.Y.,r 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 génerated 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, sﬁch as-alum (aluminjium hydroxide) or
Freund's complete or incomplete adjuvant. Polypeptides useful for immunization

 -also-include --fusien“pelypéptides,-,—suéh-- as-fusions-of pluripeteney-deterimining -

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 po_lypéptide 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.




" linked i munosorbent assay (ELISA), dot blot or Western bl 6t Juszag,
inhibition or conpetition assay, and sandw ch assay. In addition,

" of SEQID NO 2

" i's determ ne

anti'bodi es. can be screened 5 for binding-to wild-type versus nutant '

pl uri poEhEPS&Ber mi ni ng factor protein or peptide. ThePpHPIEHBIYes may

- additionall'y include the pol ypeptides of SEQID NO 2, 4, 6 and 8 (in .

- particular the mature pol ypeptide) as gell as 10 pol ypeptides which have at
least 50%simlarity (preferably at | e€ast 50%identity) to the polypeptide

| 4, 6 or 8 and nore preferably at |least 90% simlarity
~ (nore présdisas) Zleaem:. f!ae_ttegm%ar}imtl)ef%}’) lncbldese-ppbﬂqﬁplﬁitaraqune$aajflnltglrm

2, 4, 6 . t] \ t 90% sim J-arit 1
 prefer agﬁ{mf? ”wiglolr@t%6@@&@8@35&8%@%@al)§%§t‘ 630 29 Gntobp osing 2. efa

| 8 ‘ : 3 _ ) . g

O AN At AR L B R S b Bl o ©
br ef et abirtadior|PdRfieSlr rAfMEduth o Chitldrt bhitbodiBL 7 faiffore) gy | des

y conparin the am no aci sequence ahd it conseryv am no ..

.aci d gubghaihWriibodfieand helliikesbbivigl he syhthstRoasigen-2inding peplides and

" polypeptide. Various different 20 approaches are known for the cal cul ation

 of sequepolypsptités,r arey alsudincileted. tNon-hGemen antibodiessmiayabé diunsgnized iy form -
these cal culations is to run database searches using a program such as
- Smi t h- Wageting onb pner-timan CRRs ando humanframgwenketnd gongtantegions,ain
“three simlarity tables. The Bl osum and PAM (Point . Accepted- Nutation), ,
i £ 1 cosPU IREAEPIANG i ienra AATSH oA Yeragie:ReMeiss (GRIOTEDY JHIGRKIG .
searchin .S e G | | gnRE 1.1 h- FASTA .S sed then
e o omet St R Bk BTG by bep it O BEPB el W RermlT e ( ne
initiqal ; v I o b j ate
to r9 fesli sk ARneteat BhABNADE IR SRR It TilmahizE8 ol flly 2,
Wi t h- onergihint ign-haviarn rediduds athirt theshurBRAYErALIE SYidn fidneWbik ddiffing 11 A
yet further enbodi nent provides conpositions containing the factor or the
{o 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 determinihg factor protein or peptide, and selection .
of antibody display libraries in phage or similar vectors (for instance, through use

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

- 20 Antibodies are deﬁned. to be épeciﬁcally 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 aséays known to those skilled in the art can be utilized o détect

antibodies which specifically bind to pluripotency determining factor proteins or

~ peptides. Exemplary assays are deécribed in detail in Using Antibodies: A

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




conjugate, and include a pharnmaceutical conposition conpri singydee factor
or conjugate as described together with a pharmaceutically acceptable
carrier; and a cell culture mediumconprising the factor or conjugate as
described. 5 Cell culture medium containing a factor and/or a conjugate
di scl osed herein may additionally contain one or nore conponents sel ected
fromthe groups consisting of GVEM sagrnl serum repl acenent, essential -

ami no acids, {3-nercaptoethanol, pyruvate and glutamine. 10 The culture
fains an activator of gpl30, and suitable

medi um L Qha f her ¢
acti vat gﬂraéé%c :1 Eég ‘ %%Wlﬁsﬁggﬂ’c"i%le@é@p@ﬁ pthesudhrassaysptineirde: gondufrergnd
|L-6 receptor. The culture medi um can be

R e e
L Sl SO 6 0 e oS,

EG cells. The nedi um can
especi aldompetitioh asstyyandbandwiclPaesay MR ddditar |nent . di scl oses-a
net hod of sglf -renemgl of soﬂ%?%c cé%*?ﬁé%#@whgfﬁﬁgggﬂ#ﬁﬁﬁhBeﬁﬂge%@?és in

the & edenbindingttaavildrypieversue mutiret st oRIRYRALITIMING FaciB bPotely b

medium A stjll further use of 20 the cultu
and/ or ﬁFﬁgﬁGhtion of cells derived from pluripotent cells. Another
application can be expansion of cell popul ations, for exanple in expansion

of somatic cells. An ex vivo therapy, that can be carted out exploiting the
rise renoving a population of cells froma

culture 25 nmediy may conp
pati ent ,T*@LRQ%%@%HB&% afdiionally ineludel the molypetitides o0 SEQ 1D NOPRNY ¢ &gy cel |

e pat Com PSR s A AURRRTh M oo o ot v ng anwror
pr gg?ggﬁgl&gﬁﬁﬁ%‘r \ggigﬁ gﬁvg%ﬁgﬁﬁd‘k@ﬂ&hﬂ%rﬂyfﬁr@?ér%w Sie5t Bob ﬁecl)irtitfra)-s
to the polypeptide of SEQ ID NO: 2, 4, 6 or 8 and more preferably at least 90%
similarity (more preferably at least 90% id entity) 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 fo the sequence of a second polypeptide. Various different

- 20 approaches are known for thé 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

- oneor preferab!_y 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 s

‘used then it is relevant to ensure the open gap penaily is large enbugh, and if the
initiaj runs do not uncover any homologous sequences it can be éppropriate totry .

- adifferentalgorithm - this is particularly true if you started with one of the heuristic

algorithms, BLAST or FASTA. .




and/ or activation of Cct-4. The factor can be introduced a§1mg§ﬂb@ctor per
se or via a conjugate or using vectors as herein described t
expression can be achieved by upregul ati ng expressi on of an endogenous
Cct-4 gene or by 5 introducing an expression vector conprising Cct-4 into
the cells. A combination of the f qctor and Cct-4 can be used to maintain
and/ or self-renew and/ or propagaté cells.. In particular this conbination
can be used to provide enhanced pluripotent cell self-renewal and/or
enhanced ma MRS | ' fur r be,used
for derivat }(%ltn%(llf pFﬁ{b|°Sg’bée"?ﬁ Bgée ggyl%&;ng ﬁ&:ﬁ %ﬁb{a%'iﬂgaﬁgepg%&g or”the

~enbodi rrerﬁonj‘l@atﬁasirldemllidwm mhanaaeumnmlmnpmm doheprisied ahe afdtdpCor 4
el f-renewal and this Inprovement is

| eads to d, pl ur|
expl ai teoédpﬁ &Hé %Dg‘?% 08? é\)(?” arRfmaceulically ageeptable sapiasi ang\a of
human celdell duur@ heiigth c@hﬂﬂsn@tﬁﬂa%tor'd?%l’lﬂ! Qe S4bAGimdEn as rat  and

mouse; primate such as nonkey, especi al que por ci ne; sheep; and 15
bovi ne_ pluripotent cells, Pluripotent ceIIs espeC|aIIy ES cells, are
suitalfiy ‘derived by transfecting blastocyst cells prior to plating or at
platlng at the tinme t cells are conventlonally
used, ‘;‘? Gyl r?m%d'vwaﬁmew'm Ac |and?et&cqr§u eclizrlgsrbhowinMayat e.

an be carried out with cells aon feeder | ayers or not on

.ngidL?aP SR EThaR aT0f Goss Comprage seedlod iom egioummedniotng veen
Do e s o D N AT S6f i PR RRYEN, B seital aiind aStR B g paplosthahol.

pre-i mpl g g‘pafyqa,edr?[ nd hence transfection so that a factor of the
i nvention’i s expres %QI S t%‘sed to derive stable, 25 pluripotent cell

~ popuM@tions. .Another use of the technol ogy described lies in cellular and
nuclear reprogranmm ng, and accordingly disclosed herein is a nmethod of

r epr ogr afhtienculture medicheostiortally feetiasr corggin aneRivaicyiof g{)@(@@t ﬁﬁﬂ'@lﬁabf@
cell with 31 July 2006 a factor as disclosed and activating gp 13

signal | i A§ tivatarsdnelide, cylekinespthiati act at tive &4fF iregeplor, egd.! LIF, tdnd lni.@cmor as
discl Osegomr})matlon with soluble IL-6 receptor The culture medium can be used for
| maititenance 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 a partieular embodiment discloses a method of self
- -renewal of somatic cells comprisihg 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/for propagation of cells derived from

pluripotent cells.

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

transplanting or reintroducing the cells into the patient.

Further culture methods may comprise maintaining and/or propagating




expressing Cct-4 in the cell. For exanple, the reprogranmm ggJiys2008rried out
by transfecting the cell with a first vector that contains a nucleotide
sequence encoding a factor as disclosed, and with a second vector that
contains a nucl eoti de sequence encoding a LIF receptor |igand or contains
a nucl eotide sequence encoding Oct-4. Al so disclosed herein are

pol ynucl eoti des encoding the factors. In use of the factor, there may be a
nunber of different nethods 10 proposedfZor control or direction of »
expression of the factor so as to pronote pluripotency of cells in culture

or else re..lt is t.h optignal to.inclyde . in the palynycleotide a
seque nc\é\@%ﬁ@ 9, %ctwlé‘lpgtiorb&& %&&r il d&ﬁcﬁsﬁﬁ aPQ@I?‘B?QSS'?HiOg dl%'gq uence nay be a
pr onot er andfot autivation of Owt-A TheTatter cahbemtesdiodd ¥s e fagerpat §slor fiar t her
t he pol ynucl eoti des may encode the conjugates descri bed above. 15 To

control @heohjugate e @singovectors ag hereinetdescriberkn©chc estpressite daacher and
present in the cell may be activated, Both endogenous and: heterol ogous

pr onot er 8CRIRYeEt R¥r upragulaling yexpressians ofegn RN ouss Qe gane aan bys
that act. 20 pn.these requlatory elenments. e approach is to use a =
poryrbol EERdBiIRG Ah e BRsORNSotPE GAMIING SItHLIEa e celsna Gunbinatien a
cell, wheriel at ce .when inserted regul at es- expressi on
of a genetgﬁgggpﬁ8ﬁ§%§#?§%%ﬁpg%§%H%$HF?" ?”Qﬁréﬁgﬁﬁ@ﬂﬁus gene can be
turned- - hon AT Y ; | : e e

| nsor  echon repaRlcs sBle T BeRicuar this CORIEHEICERN S AL REANNR; ¢ ne
factor. dfiganest! pLADBLSHILRINC SEReRaval RO &%aﬂ%ésumﬁﬁégntenf eﬁh@rﬁp' e

an induci bl e pronpoter can be used so that the factor | expresse

cul t ur e pledpoternoynT hecombinationceay furtherbensddfor dodusiion 6slutipdteriteell
reduced expression of the factor and | oss of pluripotent phenotype. .
Sequtthc apuitions. tnalspecifie envaddiment, ribtas vexn foundftheha pronoter may al so be
i ncl uded, tp, 31 Jul 2%%? WO 03/ 064463 PCT/ G&03/ 00366 -14 allow further
control @mgm}lgggfépe Qnand Qet-drleads to improved pluripotent cell self-renewal,

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

16 bovine pluripotent ce!ls',‘ ‘

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
_c:eus_topg_t_napSfected and feeder cells. Itis known that transgenesis of pluripotent
cells is achievable at this stage, including for pre~implantation embryos, ahd hence
transfection so that a factor of the invention is expressed is used to derive stable,

25 pluripotent cell .populations. _

Another use of the technoloéy described lies in cellular and mjciear

reprogramming, and accc}rdingiy disclosed hereih is a method of reprogramming the
nucleus of a somatic cell, comprising contacting the cell with




Anot her nethod of controlling the level of a factor in a celluyoso design
or select sequence specific DNA binding pol ypeptide domai ns which
recogni ze sequences 5 in the pronoterof the endogenous PDF gene, for
exanpl e by using phage display (Isalan and Choo, 2001 Methods in Enzynol ogy
340 p 593-609). Such sequence specific DNA binding domains may be used to
activate or maintain transcription of the endogenous PDF gene by fuston to
transcriptional activation domains. Al-l8tnatively, fusion of such sequence
speci fic DNA bi ndi ng pol ypepti de domains 10 to sil encer domai ns -may be used

to reduce #Pptangs disslosed aAddictivativa) o)y 130kegeallidg/Hi tBBTNBYr &smbldkgd to
ot her donalng%%hathgkgﬂo gbg take of the fusion protein into the Cell. In
this way B8 ngd MIBR fagton aedisplosgd@dds PDF gene itself nmay be
admi ni st ergpressingeOb4 oin thepicels €ar i axafpld, Sthel%%\grd%h)f@ufé %Qltrie@eéulm?sg

en

t he f h f DNA, des cDNA
:Z)&A :ndoérﬁ'ﬁgﬁgm'ﬁw" Vf‘&fbe A eeigy thal %\E@F%aﬁ%ﬁéﬁg@ Ql;ﬂqﬁgﬂgfgﬂléc%ﬁngaaded

and if si fglter 44 ARO/RSIMENI k?ﬁth 4 Q@cd’rﬁd{/ ﬂ?@gn ind'? ﬂufifé%Bg gg&%ﬁﬁgense)

strandg The coding sequence whi ch enco ure

i dent i cal eneoding acldffi iegeipterligand csrmmtalﬂﬁ) ai rrucf&[ﬂdb&d\dﬁlenﬂ:e eﬁco&ungroc?t-emay be
a different codi ng sequence which coding sequence, as a result of the
redundancy or degeneracy of the genetic code, encodes the sane

mat ure- pol ypepti de as the DNA. The isol ated pol ynucl eoti des may encode (a)
polypeptlde 25, nol ecul es conprising an an1no aci d sequence as set out in

gFE%LFBSE§§885&?S§jh §2e$8&8&%%§hg%bx ogi ﬂ%ggétnbggt H@JP§8%§¥§?cally

or theraﬁ@@&b%aﬂﬁwﬁﬁse ﬂ?nﬁgﬁbnds analogues and derivatives thereof. 31
JuIy -15 P cIe ch encodes for these pol ypeptides may

al so i cIQf@Qosg-grgﬁf C&%rolll tﬁ@@r essipn of Abe -fastomso é”@q&Eﬁﬂlmgt&:h as
i rons g‘ﬂug@g er@:&doi"@elﬁeﬂlusmt?re or 8380Rers. 1t ¥ 45 opianaPis inelude in bl the

mature p
polynucleotide a sequence which regulates expression of the factor. This

sequence may be a promoter, and can also-be a promoter whose acti\}ity is
regulated. Further the polynucleotioestluﬁay encode the conjugates described above.
15 | |

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 elements 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 residentgene 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 inducef; removing the inducerresults
inreduced expression of the factor and loss of pluripotent phenotype . Sequences

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




Thus, references to "polynucleotide" include reference to a1 pg yswacl eotide
.which 5 includes only codi ng sequence for the pol ypeptide as well as a '
pol ynucleotide which includes additional coding and/or non-coding
sequenc¥O 08106#16di scl osed are variants of the herein abovecutasrosidosd -

pol ynucl eoti des which encode fragnents, anal ogues and derivatives of- the"
10 pol ypepti de having the specified am no acid sequence. The variants of
-the polynucleoti.de may be natural |y -d8écurring variants of the
pol'ynucl eoti de or non- naturally occurring variants of the polynucl eoti de.
- Thus, didevéddhereeniiobokexpregsion efthedfastars shown in SEQ ID NO 1, 15 3,
5 or. 7 encoding the sane mature pol ypeptide as well as variants of such -
pol ynucl eoti des which variants encode for a fragnment, derivative or

vor an 2%t M LAY oo led BTV ResBEl el K doign moect s
155 nacoRdRrIc R DAY Bﬁ%%ﬁiihsﬁsm”rﬁéi@iﬁﬁsﬁsé@@ﬁﬂﬁ%% ‘d%:é‘éés Dd'Né :
c 5 | _ |

sequenc T e proietuTy e ePbgengls LA gBEC I b By tufb Bfedfiadny -
nucl eot i(ibatan mumw,@nonmtmmt@huows th@ﬁs-é , té&%géﬂﬁﬁﬁ%?i 4 se

encoded polc%_peptide. 25 Al so. disclosed arepol yhucleotides

to one &pesticcDbIA binsihg deimainbonay desaséd ¢l astivaRneemairitaihBaAskipdén | east
70% preferably at |east 90% and nore preferably at |east 95% i dentity

bet ween©f fae erdngeneus PDE gatiesby duisibmde dransoriptionky activatien demainsch
hybri di undter 3 Jucléa/ FOOS WD 03/ 064463 PCT/ 6303/ 00366 -16 stringent
condi t i 2\?@% TYel¥ Risic A LqanGe spaciiisiDNAhIRding pedypeptidedemainsised,
t he,her i - | ondi ti,ons"” ans hybrjdisation will occur only if
el Fslosca3thali iy 07 eed I8 FSatboIRk SoressiganAddjianalbe tiese.c
sequencfifsiond thay be linked to other quains that promote uptake of the fusion protein

into the cell. In this way molecules which act on the endogenous PDF gene itself

may be administered to cells or expressed in cells.

| 15j The polynucleotides may be in the form of RNA or in fhe _
form of DNA, which DNA includés 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 potypeptide,é- may be identical to the coding sequénce shown
20 inSEQIDNO:1,3,50r7 may be a different coding sequenée which coding -
sequencé, as a result of the redundancy or degeneracy of the genetic code,

encodes the same mature polypeptide as the DNA.

The isolated polynucleotides may encode (a) polypeptide ,
25 molecules comprising an amino acid sequence as set outin SEQ ID NO: 2, 4,6 L

o 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. |




pol ynucl eoti des which hybridise to the herein above descri Besy 2006

pol ynucl eotides in 5 a preferred enbodi nent encode pol ypepti des which
either retain substantially the sanme biological function or activity as
the mature pol ypepti de encoded by the cDNAs of SEQID NO 1, 3, 5 or 7.

Al ternatively, the polynucl eotide may have at | east 20 bases, preferably at
| east 10 30 bases, and nore preferably.at |east 50 -bases which hybridise
to a polynucleotide as disclosed and Which has an identity thereto, as

exapl o T8 RATAGPIRTL BFicalenig S5 ol sy e pidas anaalbndnolude

I I she f I f f
e’ pol yigadRpfeadiiisebehth ahdal noh-Eoafg st Ich ae R @ Tom,r  ner
the | _ . _ _ SEur
veator e el Bh e ol R R 10 b holyBoptae:

descri beThas|defesrences tafpelyaupleetide® indhude réfopatce 1©&f pblyrieicdtideBiiche
designed for transfection of a cell such that the factor is expressed in

the cel linghigleshentyr coding sequense fontlye pelypepiidel aewellnas a polynupleotide

" state. Gepl.ehal | v, . such vectors conprise the follow ng operatively [|inked
el enent SWhIgHIpG iditienal ceding andéiormmen-cedingrseienss. si ng a.

pol ynucl eoti de as disclosed; and a pol yadenyl ation signal. A further option
is 25 for the vector additionally to encode for a sel ectable marker, with

sel ect | ofuaSHscloBetIaR darfE dring lrelIP 4ol RAcBeaNd ar e expressing the

vect or. an exanp € vectorcan encode antibiotic resistance, with

- addi ti opolnulebiides iWhich! Scdd figmens dahslogfBS! ad FHSFARRSULT the

transfectants. Follow ng transfection o the vector may

becHbmpslypeptide haxingtie speocified tarhined seii saqabnee0ToraNENaatd oBihdul y

/2006 -17 the coding sequence on the vector expressed so that a |evel of

t he *f actPstynucleatide maybe naturaliy ocelrring varianterof the pobgudeetidedt riam
vector is designed fortransfection of a

Lol o peRuEh P Grtl Variantss e R iaephde.

Thus, disclosed herein are polynucleotides as shown in SEQ 1D 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 . As herein above indicated, the polynucleotide may have a coding sequence thch

is a naturally occurring variant of the coding sequence shown in SEQID NO 1, 3,

~.5.0r 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. '7

25
| Also disclosed are 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 preférably at least 95% identity between the

 sequences. Also disclosed herein are polynucleotides which hybridise under




T antigen. Such a vector may have a pol yoma origin of repl Bcaiy#zos. such.
.that the 5 vector is stably maintained in the cell when polyoma large T
antigen i's present. Further control and flexibility may be conferred on

t he sysMe@PH)64d635 ng a pronoter inathe vector whose acti VPCY/GCBasnodss
controlled. Thus, follow ng transfection, the pronoter may be in a
non-active' state, allowing the user to choose when to. 10 activate the
~pronmoter, for exanple using an induci bF&6-pronoter the inducer can be added
to culture nedium As an alternative, the pronoter may be initially active
but suchstrirgenttcorditions tty tr@hbﬁeih%b'é\%id@écﬁyé@gfbl?ﬁﬁ 18vtigesli A Herefn 2
suppressor substance to culture nmedium- this enables t%e user to ce
det er mi nésedatfieeterm {airingend tonditivra” means hybadisationpiilir odtet oMy BiRge to
hal t expression of the 15 pluripotency determ ning factor from the vector,
al | owi ng!S #ideast $3% andpretarahly at leashAd%sidentianbetween thesequenddse The t ur e

o DR AR ko he i o bk o s
R L R A T R
dditi : i : " J [

o {1 sk, RISABAS HABH SRy % BRIl ORI PSSR 5 tnc”

r ecombi nelDN@® of SECEID NOOT, 8, 5fgrz.her enbodi ment conprises a nucl eotide
sequence whi ch encodes a regufatory factor, wherein the regulatory factor
regul ates a gene encoding the factor. The regulatory factor can 25

regul ates a gene encoding the factor of the invention.. The regulatory
factor ocllemaliveliedhe palynudeaotidermay haveratdeast 2@ baises, prefordisly o ledstssi on

froniléhe @ﬁge, whi ch may be an endogenous gene or .nmay be | ocated
ext r {0cri@nbasem BRd oL praferally aat JeasioSthdasesiunbich biybrdise. té a

transgenj ' ni.nal s be. prepared in which a gene encoding the |
pluri potn%&n%@dd@t@;rﬁ%rﬁ'ﬂ O?ﬁ%q Wﬁ&hgﬁsﬁﬂ idenfgéheredg substantially turned
of f. Thed Kt ' ' T t.0_generate _enbryos and
pl uri pot ent g@%%gvgg%?%i?ée% a@ﬁ&%@f@n@%ﬁﬁﬁ%ﬁgF agyynFene Bt or
- such polynucleotides may be employed as probes for the polynucleotide of SEQ

ID NO: 1, 3, 50r 7, fOr example, for recovery of the polynucleotide or as a

15 diagnostic probe or as a PCR primer.

Further disclosed herein are vectors for use in expreséihg the factor, A
first vector can comprise a polynucleotide as described above. A vector

described and used in an example, set out in more detail below, may be designed for
transfecti_on of a cell such that the

factor is expressed in the cell aﬁd the transfected cell niay be maintained in a

- pluripotent s?ate. Generally, such vectors comprise the following operatively
linked e!ements_: a ftranscription promotér; a DNA segmént comprising a.
polynucleotide as disclosed; and a polyadenylation signal. A further option is o

25 for the vector additionally to encode for a selectable marker, with selection used

to identify cells that have taken up anq'are expressing fhe vector. As an example,

the vectorcan encode antibib_tic resistance, with addition of antibiotic to the culture

used to identify successful transfectants. Following transfection of the cell, the

vectormaybe chromosdmally integrated or maintained -extra-dhromoso‘mally and




such that the regulatory factor of the vector turns on exp{@gssy of the
pl uri potency determ ning factor, allow ng mai ntenance of a culture of
pluripotent 5 cells. Alternatively, a binary transgenic animal can be
generated containing both- the vector for the regulatory factor and al so

t he regul at abl e gene fora pluripotency deternmning factor. The latter can
then be induced in vivo to nobilize stemcells. A principal use of the .
factor, whether directly or by expressi-df-of a nucl eoti de 10 sequence- .
encodlng the factor, is in maintenance of cells in a pluripotent state.

The pol ynihel sedingeseqyenes s thp erctoreerpwasedsss thatha [696] of iR fﬁéﬁﬁ‘ﬁse ;

the - native sequence may be activated, to achieve the nai ntenance of
pl uri pot eﬁ@}n taingd 'é‘ﬁh@&@kﬁufﬁ@eﬁb@@e}eihe\ceﬂ)dmeu.lnpuimtstat@.eAl parmzulae

used. The | tr.o ced enc be on a plasm d. A nucleotide
encodi ng YF&EO %’gﬂﬁ‘iﬁﬁ# %bg# exmwlngrﬂré@némemg P@N@g’tﬂll@rge

Eﬁgﬁ:‘eat P ?‘é@%ﬁr SN f@? =18% Bobivied bRt %f?feshgeﬁ%& nttha(i?'a'g_
Ol ort 80 redkor I8 StabAy nfdihaiicd P Eell Wifdh ABIVALR Rrfle T ahtibhnds Present.

factor-of-the as disclosed. A yet further culture nmethod for mai nt ai ning a
cell in a pluripotent state conprlses mai nt ai ni ng or increasing expression

of a gendFurtheteontreliand flextibifityandy bexdrietred crathdisyatarn o s?ﬁ?ﬁgﬁomoter

pI uri potencg determ ning factor can al so be used to |ncrea pot ency of
~ sonat iip‘tbe mmlpwhlpsecﬂcémty@an be dentrelled. r?E’tLls;dolimmngOﬂmnsmtlon the
|ncrea5| Oge pote of a cell, by exposing the cell to a pluripotency
det or i nRTGTIGIEE BRaY m@xaeeecsvepstae;aan@wm the tser techaaseowhen to

Lﬂi{eﬁcﬁq@é&mg?@be?&@ RinglE Yaing Sodi Sc?l'zlggnr'ﬁ&cisgr? tlﬁé's'rd&arm n
oY o BB8e8%, oDl s RipRIANENTHE SPmotbt Srdb el i ot o
a pluri peictive BUEBUER!that As'AERRY & Ye Fétfucld 6F tued! 6 By Sufition of a

suppressor substance fo 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 determmlng 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 disclosed herein provides this capability. A su1table

system is the tet regulatory system (Baron & Bujard, 2000). The vector may
20 addmonally be constructed such as to enable its subsequent removal, or remova!

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

A vector of a further embodiment comprises a nucleotide sequence
which encodes a regulatory factor, wherein the regulatory factor regulates a gene
encoding the factor. The regulatory factor can : |

25 regulates a gene encoding the factor of the invention. T he regulatory factor can -

be used to activate or tum 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 transgenic line of animals may be

| prepared in which a gene encoding the pluripotency determining factor is




upon the cell may be to increase its potency but not to ingf@asgobt s
potency so far 5 as to render the cell pluripotent. Once a cell has. had
its potency increased, the cell nmay then be subjected to differentiation
down a different |ineage, and hence the factor can be useful in

respecifying the lineage of a given cell. The factor can enable a number . of
different strategies for obtaining plurjpotent cells 10 to be pursued. In
one such strategy, a pluripotent non-hob®m cell is isolated by creating a

transgenic_aninal, the animal containing a construct in which a nucleotide
sequence Substantiadiyt iwned offor The transgenin@nimals oan dierm beegakd ttedyanerats er |
A transgeni c enbr I S, t{](—‘-i_g oﬁt ained fromthe transgenic aninal and a

cel |, submBRyosandplyripetenteells gxplanted Hrrefrom god frepsfacted with thisveatom 15

Lo, eSS Ry R S Vb 68 e
LS PSSRt i PRl TR b gk ™
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- t echni catiigyverioefotdha neguiatidrg fastor ahtalse td l“eg'ﬁlétﬁblesgelﬁ? {/d]‘lé?.glpgpggf%cgl |

encodi ng the factor i-s Introduced into a cell in a fres L

popul at i determiningiactondhedatter tanithehdieimduceddaiier to'mobilize s&in eells.
approach, cells fromthe freshly isolated cell population are transfected
quickly, that is to say without: allowing the cells to remain-in culture

for sufficient, tinme faqr. 25 themto have differentiated before at |east one
cell is r%ﬁ'ﬁ%‘?'@@t Hﬁesfﬁéheffﬁs{]oﬁ M@etgﬁe@lﬁecﬂg 0 exBession of & nuelectides

o 48" St BESARE 468 RalB AL eREat ok o b S . |
Fr ansgon e pehBEEHLE RANPHEY SodieiBe SndBREBuR B He Rl ¥amB be.000
V0 037 bt BETUERES HAPEE actiVated g B ierahe nibifriarti b plurbotsfiyence

encodi ng a factor as disclosed un
or a nucleotide sequence introduced into the cell may be used. The introduced

sequence may also be on aplasmid. A nucleotide encoding the factor may also
15  be on a stably integrated transgene.

g

‘Hence, there can be provided a method of maintaining a
- pluripotent cell population, comprising administering to that population a factor-ef
as disclosed. As further culture n‘nethodr is to maintain a cell in |
20 pluripotent state by activating a gene in the cell that encodes a factor-of-the
 as disclésed. A yet further culture method for maintaining a cellin a
pluripotent state comprises maintaining or increasing expression of a gene in the
cell that encodes a factor as disclosed.

25 The pluripotency determining factor can also be used to increase the‘potency of a

- somatic or non-pluripotent cell. Hence, a method may comprise
_'increasing the potency of a cell by exposing the cell to a pluripotency

determining factor, this -expdsure optionally being carried out by infroducing the

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




control of a regulatable pronmoter. Methods are described hejgipzdos Whi ch
the factor and functional anal ogues, 5 variants, fragnments and derivatives
are used to pronote mai ntenance of pluripotency. Another benefit of the
met hods and of the identification of pluripotency determning factors is
that we now have the opportunity to devise antagonists to these

pl uripotency determ ning factors, which antagonists can be used to inhibit
the activity of pluripotency determ ning9actors or otherw se act as
antagoni sts to -10 such factors. Antagonists to the factors can be used to

dfefcter. eTihé ing f ,- . | & R2Brotirah] -
pronot e en. eThe increasefin potohsy bP e Bbl ﬁid‘é)} be 30EhiY & fg@%p{@ﬁamrﬁ'lénl}l%r

exanple in situations in which it is desired” to el mnat

cel I s ei t Ruglensofthe celltleading td ﬁh%mnatié’mﬁmtﬂlgﬂp@ferﬂ@e'ﬂ%éﬁré% ehvarted
dom nant n? ative for the factor, such as ani mal s containing m nant
negati ve 'M&apiyrngieat gempuale Altgmativelt thegliectas theifanios of the gene

encodi ng the f.act can ,therefore be enabled. Thus, also disclosed herein
is a conpt? il'bpﬁc Oli)m?ryﬂ%? iyincrease fisfaieneybutnotiedepreasedte potaney su fas an

ant agogi s r..Qi . Ant.agoni st.s, cap he, used to effectively
eovedpl 1% %Bﬁdn‘fﬁ@% e @?""@?’%"ﬁ- RS e S had S pgiancyipseaased, the

cel | -deri | eQPfd. S G In.celd thera avoj di n for
exanpl e t%ﬁérig:tng Zgg&gﬁ’(ﬁ %‘%ﬁgt&%er t%ﬁ?@ﬁ%ﬂaﬁ @8‘”@ &&'ﬁﬂ ‘ﬁﬁﬁﬁgﬂ' qn‘%&%‘@@%nt ed
mat eri al ' l. T0ieS: ' lLed.in vivo or in vitro. .
Anot her uﬂgé f?%twbtgﬁtggg}nsteglgc')é\?%%pe{gﬁglg’a@eg@ﬁsgggtﬁtql\'Fé'! cd'further use of the
antagonist*is generally for treatnent of tunors, in particular tunours
associ_atﬁ.g' V}Iith [ napprol%ri ate 25 expression of a factor as disclosed. Cells
can be prdgitae@r canwprble a numbep of diffeventstradegios forobthining phtripotert cells

~di scl eg has ‘beerl]] rji'ani ul ated. These cells can be maintained in a
pl ur iﬁit fpibespyrsyedy Ingriasuch sirategy, & plusipotenton-brman dellis isotated by ul y

izggfsu d‘ez%:ﬁ:Q{;nﬁ PPl dilfal "1 Sina fcozntg\:’?l?nkgs a conshuct ?iﬁl \lu?licnt?é
: nucleotide sequence encoding the factor is under the control of
a regulated promoter. A transgehic erhbryo is then obtained from the transgenic
animal and a cell, such as an epiblast cell ora 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 adopt;ad in species in which it is not possible-
20 orin vyhich it is technically more demanding to make transgenic animals, a
- nucleotide encoding the factor is introduced into a celi in a freshly
: .jsoiatgd cell population and a pluripotent cell isolated. thereafter.__In this latter
- approach, célls_from the freshly iso_latéd 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 af least one cell is transfected such that the
- factor is expressed in that cell. As mentioned, ihis approach can have ;;articular
utility in deriving and maintaining pluripotent cells from mammals orotheranimals

in which it is not possible to make transquenic animals. Hence, also disclosed herein are
transgenic animals obtainable by these methods and transgenic




cell. comprising a vector as disclosed, (2) a pluripotent, Bucapzeel |, .

“mai ntained in a pluripotent state in the absence of feeder cells and in the.
absence; f_;ee er cell extract, and (3) a cell conprising a gene encodi ng
a,factoFV§§38?€ osed wherein the gene has been activated? 1%@”%@““

di scl osed can al so be used in a screen for nolecules that interfere wth
the function of the factor. One such sgjeen can conprise culturing a
pluripotent cell in the presence of a ¥aCtor as disclosed, the factor being
present for ﬁ by bein rovided in cell C?Iture~nediunror by bei ng

xanp| e . . ! !
expr esseanﬁmﬂﬁgﬁt?@mg AR ARSIGHENCE I aNCPRINGR Tagieras Aisslosed aindes
subst anC@oﬁ[ftﬂ cﬁl&s(%gmd@&%l hebReter here is any alteration in the pluripotent
of the c . [

phenot ype s assay can be used to select for antagonists of
the factor or for other nolecules that interfere with its activity. The
screen can also be used to identify test substances with functions of

| nduct noVEthoas el désqbed hdreth i ingholes tRoR iy SAekiR) Aflbogagal Y

be used in assays for ug di scovery. s as d used

- for cBl | vafenapyragmentdusnd defibativedyareouBedsto primetd haalmeharicd of.
derive and/or maintain pluripotent cells, deriving cells for cell therapy

t her ef r dvGpetedsy. inatheskerafit iof thennmmthdds dred ebthe idehtifietiohng met hod, for
screeni n‘@ma ge&)‘NA I{' br_arné, may conprise performing the screenin
pl uri potByPoleNcy deteqpipingdpelors iidhatare rovsbave the apppriityiie devispantaganists tr een
can use pl uripotent cel t hat, are cytokine non- responsive, and has .
advant adBePR HITHROISOCN JSIErMIRING TRRITE WHIcRA GRS SaTbho bisaditadiubit
i denti fied. LSC erein i t hod. of screeni a cDNA.library
conpr | o115 2 of bBRSERGY Geipfplrind sion o finetiiss Bel & 2ntadapisty 1™
pl urggpot : 7 Yy dent Lfy . i _ch
Cont 195 SUth ftirs: ATABRISHS do 18 retipre o) B Hselftol pihote/dfteforlanbh'c5;
scr eeni ngpfiipclent cell, and this has utility for example in situations in which it is desired
 to eliminate pluripotent cells either from a culture or in vivo. .
| Production of animals that are
R - "dominant negative for the factor, such as animals containing dominant negativg

15 variants or other dominant negative mutants of the Qéne encoding the factor, can

therefore be enabled.

Thus, also disclosed herein is a composition comprising a pharmaceutically

acceptable carrier plus an antagonist of a factor disclosed
Anfagonists can be used to effectively remove pluripotent cells priorto introductibn
20 of pluripotentcell-derived progény into a patient, such as in celltherapy, avoiding
for example teratomas and/or other tumours due to contarr'iinatibn of transplanted
) ,rpé_at_e'_ljigl by pluripotent cells. This can be-applied in vivoor in vitro. Another use for
the éntagoniét is as a contraceptive. A further use of the antagonist is generally |

. for treatment of tumors, in particular tumours associated with inappropriate
o5 expression of a factor as disclosed.
“Cells can be provided in which the expression or activity.of a factor as disclosed
has been manipulated. These cells can be maintained in a pluripotent state. A

- first cell can express a factor as disclosed

[T




5 factor that maintains a pluripotent cell in a pluripoteni:sdptms
conprising: providing a pluripotent cell which expresses a pluripotency
determ ning factor of the invention, gﬂLch cell is stably maintained in a
pluripotent state and in which expression of the factor can be controlled;
carrying out of manipulation of the cell; 10 reducing expression of the

pluripotency det éoma pengdfciaings in 8xckssSEH 2Gldehe. FORNAEr gglllé mta?'%clgﬁg (;1()11‘331 ‘o

~ mai ntai ned in a pluripotent state. Manipul ations can desrgne
resul t i n°8l! SYNRERINGHA vegtoriasdisclpaed.ors, cell surface receptors, cDNAsor
ot her fac{rsSpluRpdieH I ni |ops, L nel ud 5.9enetic mani pul ation
of the ceﬂtZP and g nﬂ’l %ﬁlﬁgﬁéﬁl, Wé@ﬁeﬁ@ ?ﬂ?ﬁfr %861 %‘@F‘?lﬂ@'e conditions in

whi ch_t heakgaricei of feetieurcells afbleinsthe efRenas; bhRIRIRY R SHAEE Std A8 £ cefi O
identifying a factor which controls expression of an endogénous' gené€ codi ng

~ for a pl upeIpprising\a gieleantbaingt: f2R6drq% d?s%lgéeﬁ%ﬂégﬁe@rgrgtgﬁ}g )l}gs Q%‘E}]t’ Q@éﬁaga o

that maintains the cell in a pluripotent state. of
the factor is 20 controlled by regulating a regul atable pronoter in
operative conbination with a nucleotide sequence encoding the factor,
enabl i ng expression of the factor to be- reduced, so as to renove the

act i vi t y (flistdeedisklosiepat Y r, by ' adding a repressor to
medi um i n_which the SceI |@P§%gﬂﬁ ﬁ%éeadm %%Ff‘%ﬁ ﬁoé'tmf’éﬁﬂ’eﬁ tﬂaf &F?@’%‘Eee‘ﬁtthcan

then be itBefunationaidhe Froted Caid ' e it 25
factor t@ahidéwe E%Hidﬁgﬁ%}dﬂ?rmﬁﬁa%?gﬁé?o ﬁg{rresrgrﬁl‘wﬂﬁﬁb?é%?@é?téﬁﬁfu”her
screen can be one for I den afcy(?rnigS iggiasad Hip ictemkeispdugeentifor grampland
al so di seydesp hervdedi s a method of screening for a factor that regul ates
expressi on of an endogenous gene which codes for a 31 July 2006 WO

03/ 064468 Feli caBoe/ MedEsn orddy pbing BPressaH Fetes Bk t

i nvention, conprising: (1) anal yigligngqirregi ons of 'Eﬂﬁg g‘gtn%@é tﬁ%acg"f%gﬁ? t he
e

| endogenolEs§BAe of & teshpebelapee gind: obsesding hathef twreris binpdilteeatiird RStheand

Ppluripotent phenotype of the cell. This assay can be used to select for antagonists

of the factor or for other molecules that interferé with its activity. The screen can

also be used to identify test substances with functions of inducing differentiation of

the cell. |

Cells as disc!osed can additionally be used in assays for drug discovery. Cells as
disclosed may also be used for celi therapy, and thus a method may comprise
using the factor to derive and/or._maintain pluripotent cells, deriving cells for cell
therapy therefrom and using those cells in cell therapy. |

A screening method, for screening a cDNA library, may comprise performing the
screen in pluripotent cells, and selecting for a self-

renewing phenotype. The screen can use pluripotent cells that are cytokine non-

~ Tesponsive, and has advantage in that both extrinsic and intrinsic factors can be
- thereby identified. |

Also disclosed herein is a method of screening a cDNA library 'comprising




(2) screening fragments of those regions with an extract feepukbooeel ls 5
to identify a conmponent of the extract that bind to the fragnents. Regions
of the genone that flank the endogenous gene and direct pluripotent cel
restricted expression of the factor are preferably identified, suitably by
transfection of reporter constructs, -so that the screen can identify one
or nore conponents in 10 -the ES cell -exppact that are putative :
transcription factors for pluripotency determ ning factor. Further

anal ysi s drarr¥isgraad e compiletiehtsion eRsad i | : argh, I ngo whet her
control of the 'putat.i velﬁp; anscripti onsggglgpfrmstggﬂt ggﬁg'l Jﬁ'&nh%g}?&g%l Ql ar
subst ance,erﬂﬁgygﬂrt@d%n%@CDI'éﬁtwmibhd:onTé]gé@éﬁil‘éﬁéﬂﬁﬁ%?ﬁ@nmg olling
factors can be used to derive and/or maintain pluripote na I'Tan cel | s.
15 The term "ort hol ogue" denotes a pol ypeptide or protein obtained from one
unctjonal counterpart of a pol ypeptide or protein

species t I.s ,t he
- from.a di ffﬂgg’ecﬁ{gc'c’%%%‘?r@@ 'sgbfediedotisereenisgdesaanong ort hol ogues are the
rore bt el haieth MpbRToofl ShifedBivstele eStRsRasona | ocus.

nore alternative forns ene
and may result in

Aleli | at hevidRi | tation,
elic varia pmm@hg%ﬁal&ﬁ%%éﬂ&o%edf Q}n?@ﬁggp%“@ﬁgsl %{‘ng{tpgr‘:@lwﬁefﬁgnhimgnt

phenot ypi ¢ pol ynor phi'sm'w t

(no chang@cior afithe énwaarioh, Mehizh 24181 - : .ypeptides haying
altered an no acid sequence. '2§%é§?§5¥”@§?§{§¢@ﬁaﬂ@%ﬁwﬁﬁ%ﬁ@&@@§mDNA

mol ecul e, Whichee¥pressioniofdhedactdriedn be eoptibied: @ segment encoding a
pol ypeptide of interest operably linked to additional segnents that

provi de for ‘i tCAMBARG 4t Pgniasipulation ofdlé telynal segnents may i ncl ude

pro r and. terndnator sequences, and may optionally include. one 31 July
2oogDlt % 03/ oéﬁﬁ%‘é‘“ﬂ@ﬁ%@% the planipotentyrdeterimiiing fattdreghdcat i on, one

T e B css RGBS T RoR fined in Bapmpotant s, 01 21 1"
- Manipulations can be designed soas to resultina screen for extrinsic factors, cell
surface receptors, cDNAs or other factors, and suitable ménipulations include a
- 15 genetic manipulation of the celland a inanipulation of culture medium or culture
conditions in whi.ch the cellis cﬂltured. The screen can thereby be made suitable
for identifying afactor which controls expression of an endogenous gene coding
- for a pluripotency determining factor as disclosed or for a further factor that
maintains the cell in a pl.uripotgnt state. Preferably, expression of the factor is
20 controlled by regulating a regul.atable promoter in operative combination with g
~ nucleotide sequence encoding the factor, enabling expression of the factor to be
reduced, so as to remove the ac;tivity of the pluripotenby determining factor, by
.adding a repressor to medium in which the cell is cultured. Cells that remain
- pluripotent can then be isclated and characterized to determine theidentity of the
25 factor that has substituted for pluripotency determining factor.

A further screen can be one for identifying regulation of the endogenous gene, and
also disclosed herein is a method of
. .screen_ing for a factor that regulates expr_e'ss_ion of an ehddgenous 'gene which codes for a




'pI asmid or viral DNA, .or may contain elements of both. 5 The ugpdts
"isol ated", when applied to a pol ynucl eotide nol ecul e, denotes that the
pol ynucl eotide has .been renoved from.its natural genetic environnent and is
t hus  f rwe@ 03P6ddéher extraneous or unwanted codi ng sequen®EI/GBIINOI6S | na :

- formsuitable for use within genetically engineered protein production

systens.. Such .isolated nolecules are those that are separated fromtheir:
natural environment and include 10 cbNB3and genonic cl ones. |sol ated DNA
nol ecul es of the present invention are generally free ‘of other genes with

~“whi ch th@uw@encyhdmnmmrmgstao’éﬂre ibwentiery, comptisitig:-nat ural.ly occurring =

- 5" and 3' flanking regiaons caontaining regul ator el.ements such as

pronot ers, enlAhceENalyRing seaiongs the gmmedbatﬁ/anbﬁmhmdqgenme@?md

E Il b d f t t . 15

xanpl o “Dynaneaﬁé'pré%né@rai%‘%n%c@ﬁ %etéeﬁr@gwh stomeandpp! }(Zﬁet oa -
t th t.1 { in, .

- Zondi ti on ot nd? thaﬁ*%’é'ﬂbﬁﬁqsrb§ﬂ£ﬁi§fﬁ?ﬁ%g%swrgsﬁw hATHR TOTES RS ana

ani malg tissue. In. lﬁ‘gra?@om %rn@nt bf'ﬁ1é éﬁﬂr@éﬁﬂa?bmcﬁd;tﬁeﬁfgéém%hgé‘t ial I y

- free of other proter ns rticu proterns o
o is preferred to provi de the protern in a highly purified 20 form.
-greater than 95% pure, nore preferably greater than 99% pure. The term

"oper at i \Regions okihe'gendree that flank the enddgvaotisgent and direct garipbieint tbk
-segments are arranged so that they function in combination for their

i nt ended rey ”ﬁﬁf&@épreés'@n of the agtopare preferablyddentified, sputabiytaftremsfephmeed
oot ol HE e el Coblh oo v somamnani
Pty 0 5 RCbbCe it Rt B8 DRI R RRsbffon BRerd " o Aitindlpaey °"
o o o e o (RO RSRC0Y 10 S & Rl e
- research into whether conirol of the putative transcription factor, such as via an
extracellular substance, has already been identified. The thus iden_tiﬁed controlling
factors can be used to derive and/or maintain pluripotent mammalian cells.
Theterm “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

- oceupying the same chromosomai locus. Allelic variation arises naturaliy 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 amine acid sequence.

25

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

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




The term "conpl ement with respect to pol ynucl eoti de nol ecul3¢guigeoistes 5
pol ynucl eoti de nol ecul es having a conpl enentary base sequence and reverse
" orientation as conpared to a reference sequence. For exanple, the sequence .

-5 ATCHAROBESHS3 | s conpl enentary to 5° CGCGTGCAT 3°. ThEBCT&BE3/06¢ener at e

. nucl eotide sequence' denotes a sequence of nucleotides 10 that includes
- one-or nore degenerate codons (as conpared to a reference polynucleotide. .-

mol ecul e that encodes a pol ypeptide). "#¥ygenerate codons contain different:’
. triplets of nucleoqtides, hut encode the same am no acid residue (i.e:., GAU .
“and  GAC @F Maretaiging ipfdeplication mne o6 mure seleaiabe onankers, areeohancer,@rti on
~of a gene_containing DNA sequences that provide for. the binding of RNA
ol yer BQAHATY RBA o Snd fedie, Exptasstion veiaus are gaemiderved from
comonl y . : , ' h ' naon-codji ng regions of genes. 20 °
The inv nlﬁlgléﬁrjld pgtvr!\'?\;vwét:?{ ﬁ@pﬁ:{w{?h}e&?&q@%q{&(ﬂbeci fic enbodi nents, ‘
I l.lustrated by the acconpanying drawings in which: Figure 1 shows the :
plasm d pPyCAG P. 25 Figure 2 shows integration and subsequent renoval of a

| oxP §I- Mgolatet® i : ' » 5
oxP §| aTke templisolated ,nnu%ﬂabgﬁé@lmagﬂﬁm«ﬂéoﬁdéméwe, Eéﬁgqe%ttﬁgﬁg%’s

sequence anal ysis of PDF c I n which: (A shows alignnent
honeodonpolynuclebtidedasisserciemseVed fremdtsathtdialyenctie@ifvironmdhitapedd s

:'PCT/GBOSIOOSGG -26 representatives of several different- classes of
honeodorfig® opethesiaxtranepuson upwaniedweding: sequencesyiand iSlinatfaim duitable
: shaded,dpsing Nﬁ&Boxsh de, with r%iESCt to PDF:. dark grey, identical in
al | seqUORYESWiRRIP gensticallyanginegradopioisin prodyetionsyptess Bual isajatenr. .
Per cent ' i 1 1e PDE h donmai n_ar shown on the rjght. (B)
P A i o S e el R AR rale R SR inch
10 ¢DNA and genomic clones. Isolated DNA molecules of the present invention are
-generally free of other genes 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
assogiated regions will be evident to one of ordihary 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 ref‘e{ring‘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 -segmentto 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,




orthol ogue (hypothetical protein FLJ12581). Identical resiguagyfjog boxed.

- (0 shows that the 3' UTR of the nouse PDF cDNA contains a B2 repeat.

Nunbering is according to PDF cDNA and B2 sequence accession nunber. 10

- KO0132. Woe3seliss RNA pol ynerase | Il pronoter of B2 i's b#KaFa7BIBHOIEI sks

- indicate bases that differ between the PDF cDNA described here and the ,
- RIKEN cDNA - AK010332. (D) denpbnstrates the activity of the human ort hol ogue
of 'PDF-in nouse ES cells. LRKL cells-Bfe transfected with pPyCAG P (no
~insert) or a derivative 15 carrying a hPDF ORF insert.: The nunber of -

al kal i nesphipegirdchae vitas, éf preparedrem: 8l ¢dmbinationr olungiurgl gnd feymtiefiat ed

- cells were count'ed and expressed as the percentage forned in the absence

- of cytokimdecwdesti ve to the nunber forned in.the presence of :I1L6/slL6R 20
- Figure 4 shows that expression in vitro is restricted to pluripotent cells,
in which: (A shows conparative hybridisation of RNA from MEFs and from

 Toaded pdRel 16101 “SauloRan: Ul ecnsst dbe BNBcG o Relles) deles,
R A iR S B
~detecte Pﬁénte{lioﬂ éé’c@ﬁ&@?ﬁgﬂ g?é'ggﬁréﬁcé sgﬁﬁleﬁggﬂg{)f e)éiﬁ?ﬂpf‘éj tﬁé‘ééqﬁlgﬁéé k' an

an undi-frerentiated col'o S surroun erentiated cells in
© an E14TgATGOADGGEG 8! igliompleaientanetdbs OCGRTGOAT 3006 WO 03/ 064463
-PCT/ GB03/ 00366 -27 (O shows expression in cell lines is restricted to ES,

EC and EG cells. RNAs used were PSMB, PC13.5, F9, PSA4, P19, EC cells;
CGR8, ES cells; PE, Parietal endoderm PYS, parietal yolk sac; N H3T3,
f i br obl adhe;tennrdegengralemucientids sequencs’\denaies asranencesy, nyglegiidest om.

10 that includes one or more degenerate codons (as compared to a reference -
polynucleotide molecule that encodes a polypeptide). Degenerate codons contain
different triplets of nucleotides, but encode the same amino acid residue (i.e.,

- GAU and GAC triplets each encbde 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 &' 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 6_f PDF cDNA in which:-

- (A)shows alignmentof the PDF homeodomain with the most closely related




"5 (D) shows PDF expression is repressed upon ES cel |l diffeBthy200bon. RNAS
were from E14Tg2a cells induced to differentiate by application of RA or
MBA f or égggﬁggger of days shown. (E) shows a |ack of detectable

expr essi‘y : in adult tissues. RNAs used were 1, edidyeBiy3ce)

testes; 3, CCR8; 4, adipose; 5, kidney; 6, liver; 7, 10 heart; 8, spl een;
-9, brain; 10, bone marrow, 11, tongue , eye; 13, oviduct; 14,, t hynus;

15, skel etal nuscle; 16 skln ovary: 18, senminiferous vesicle; 19,

| ung. (F?_ ) owsp%uman ressed in EC cells. RNAs used were from

enbryonal R BE NS GETSNEIP a‘er%p Flassse) of domesdomaintpratain nTheot

ézxp%ﬂa' ZI%L@B‘@@E“?%H @%Hg%éaaﬁﬁqéi%ﬁs'ﬁﬁ(\éhxﬁkbdh% g e F«%"?e&c&é& i
Situ hybrid SatT o us‘?’ﬁféfg!ey&é%““'&aﬂ@ a 853@%5?%“@? S, T BED,

enbr yos. ifitegteyp siilar o FIRSPeRRinagedtiehitie? to e FDE iShbadapthin 8! ©

nor ul a. ottom seri es shows ocyst ear
hatchéd.ainm@nrmﬁ‘r&rlgbt st ages. AII _panel s are shown at the sane .
magnification, (B) shows E11.5 genital ridges fromfemale (top) and male
(bottom) 25 &bshows ﬂah@mse oempamsnn af sousesMey A3 knd the imapY(Bly)

i ndepen rovides a di agram of construct.

The CAG eﬂée@%bf@ {m%ﬁ?@u@t Pr atein EILJQ%%G b)yldgntleal resicv@soareiaaxed. | |
s oo TR TBR RS o s it *
casset { eNuRfised s SidsBRaifCto PRSI dDRRCHNS B2 o RH A aB58RiSh SiiEpSre
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
celi co-cultures used for library construction. 1ug pA* RNA was loaded per lane
and hybridised with probes for PDF cDNA (ieft), GAPDH (right) and PDF ORF

2_5 (mid_d!e). Positions of migration of RNA markers of the indicated sizes (kb) are
shown to the left. _ .

(B)shows PDF franscripts 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.




sequence and egfp such that follow ng Cre nediated reconbi gabuprooEAG -
directs = 5 expression of egfp. (B) shows Northern bl ot anal ysis of S
‘transgene transcripts before (PDF- | RES-pac, pac probe) and after (gfp) Cre
exci si orwoTecdé3 ot -was hybri di sed sequentially wth thePCHE&RIANEM6probes.

E, - E14Tg2a; EFl, E14Tg2a subclone carrying the Boxed transgene; EFI'Cl, EFI -
subcl one following Cre-nediated 10 excision. (C) shows that reversal of '
PDF expression restores LIF'dependent‘ggrf- renewal . -ES cells (ZIN4O), ES -
cells expressing the Fl oxed PDF transgene and their Cre-excised derivative
lines were andﬂgﬁwws)expveas@pmimceﬂgims isl reshictddriei ES, EGhandeEGnekisated
cul ture gﬁqg%tio s; 0, g addition; LIFE,  100u/nm_ LIF, hLIF-05, LIF 15
ant agoni g iWake PSMBIRE18. 18, (R, P19, EGraalls; EGR§sESaallst BE; he

e erentancdhy Blipbont YRS RARGASNAIR Seb) Ki3fa” %@Hﬁ%ﬁéﬁg ii?p?é?écb' -
oyt ok ne CEHy MEL FRRORkaEh oS, BESMAGIUNE: coonce 20 of LI F ant agonist
suffiggent to(phenbws @Fiéxi#é‘ésiéhfs @?ﬂréfs&?@m?ﬁoé ﬁel@?@@htﬁé@%?NA@ onal

density and exafm ned after days cul ture. anal ysi s

of RNA f.ivemedromE mTgla EaisipRacedds idiffdreydateehs é?ﬁﬁéétﬁ)ﬁ GERAIARA for .
transgene (EF4) or a Cre excised subclone (EF4C3) prepared at 0,1,2,3 or 4

days f ol Iteeinugienefdays shown or MBA and ' 25 hybridised.to Oct4. Figure 7
-shows. the reversi bili tq>1/ of gplSO i ndependent, ES cell identity, in_ which:
(A) shows dif (E) 8RPWE & bckooT deleciapleiexpressianof PE in walulhtissuesp RMAS ng 31

Uy 2000, UG (ARG TR ch SRS AR
10 - heart; 8, spleen; 9, brain; 10, bone marrow; 11, tongue; 12, eye; 13, oviduct; 14, -
thymus; 15,_ske!etarl muscle; 16, skin; 17, ovary; 18, seminiferous ,vesicleé 19,
lung. . | |
(F) shows human PDF RNA s 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, 'hatche.d,‘.,and;implanting,‘-stage.shAll...panels. are shown at the same

magpnification.

(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




cardiac differentiation by placing individual enbryoid bodBeduly 2008 wel | of
a 48 well dish and scoring each well -daily for the presence of beating

cells. differentiation by aggregation in the presence of retinoic
aci d. ﬁéfﬁ@ggs and derivatives expressing the floxed trHndGBIOBErs) or

' - Cre excised subclone (EF4C3) were assessed for neurogenesis by TuJ

- i'n the absence of cyt©

- . experinents

i munohi stocheni stry. (C) shows the cogbrl bution of Cre deleted cells to -
m d gestation enbryo. EF1Cl cells wer 'njected into an MF1 bl ast ocyst and
- after transbelEt_ E foster 10 npther exam ned at E9.5 for green -
fI'uor escBhée ﬁ% S-pacpd ieansesipt.o [ hisi s iolipwesk byarirapseiption tersvinator

 Gytoki neoPRUSSRASTOB i & MReERoocah sloaR detetter 1 KB sheacirer por
ner oasi RaSHEVER RGeS e oA B 830 P isrBaeie AR Boni) ﬂ{ep%ﬁﬁs)r”g

Fol | owi ngeddedgy én@feﬁ’g'éﬂb’h' 8t fdlIB?vl rﬁé&iété’é é@c%rhblr(a% RS c‘ﬁ?%c%l les .

Ine 1S expres ative e nu

pr ese@ceenprdgsﬁjrsbtégf Data are the aver age of two |ndependent 20
shows that PDF is not a STAT3 target. ES cells expressi ng

~ chimaeric G(:&{?prm{)l\lm’rh&mtblubaaalybssof inansgeck frhnsdripts HEféres (PDRi ng
sites were__abolished by nutatiaon of tyrosine codons to phenylal anine - -

' '_(Y.126-'27!ﬁ§ d?aG.npaﬁmr ey ranch &dter i (@p) 6yl exaisipn: yhss iblet wasflaybricﬁaedy
i_rmnleﬁf::?e g §h ﬁé??)‘%‘i’mj Ed Wlt it %ﬁ(@@@r 'ﬁgﬁﬁéﬂﬁ% a?ﬁéﬂé@ﬁg@ewas'
Phe %%ﬁéa@@ﬁ@ﬁb%%sg%@a% EEt Supione BioWTia CrbmEdigRd e 4

in sebf - egQelMy.: ES cells in. which doxycycline. responsive. Cct4 transgene
sustains self renewal (ZHBTc4.1) 31 July 2006 WO 03/064463 PCT/ GB03/ 00366

(C) shows that reversal of PDF expression restores LIF dependent self-
renewal. ES cells (ZIN40), ES cells expressing the Floxed PDF transgene and
E  their Cre-excised derivative lines were analysed following plating at clonal density
in'the indicated culture conditions; 0, no addition; LIF, 100u/mi 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 celis and their Cre-excised
derivative in the absence of cylokine (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 analy31s of RNA from cultures of E14T92a
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 |




- swi tchedV@ 0 0¢ie3) . - Fol | owi ng puronycin sel ection, platé®

-30 were transfected with linearised pPyCAG P derivatives gcanuy?iog no
insert (M), ~Oct4 (Cct) or PDF (PDF) and cultured in the presence of LIF
under conditions i.-n which the transgene remai ns expressed 20) or is
) ( E T{(dH03/08368i ned and

-the percentage of undifferentiated 5 colonies determ ned. Figure 9 :
~ illustrates the nmintenance of pluripotent GCT 27X-1 hEC cells in =~ = .-

- conditioned nediumin which: (A) shows“he GCT 27X-1 pluripotent hEC cell = .
line, which is routinely 10 maintained on a feeder layer of mtotically

inacti vatke figxed deansgeneg=Fdg or &ire excised subaloneu(ERAGE) wereassassed fasut i ne

density, and whj.ch can. also be naintained in the ahsence of feeder cells
but i 1 hoPHUasdlierEhlaten by laeingdnaty akal ambHOI bealeﬁmmwaléoiaﬂawau

(8 “showdithahd acPfindast wel daiy ot i blesetier S ReRa s ceder - ree ccr

LA 5o . . ! er-free
ot el g rr By ShowsdeRerdiaidnthy MigreGafon tn 11 Bedendelof Glirldlt bef, "

under sphEsietTgRnand dervatives expredsindg\thSXloxéd ifdhsgert (E'Flléfg}} G ékéiﬁéE%t he

- Northern bl ot anal ysis of endogenous hPDF expression in 27X-1

cel I's, i sulidlohepol( EFACIRNAv¢® 3. dssgsedepfored néuwyenédis27 byl CRUJs
cul tured on. STO feeder cells (27X-1 +STO); and wi thout feeder cells but
wi t h' t heimainohistoshesislily. i oned medi um (27X-1 -STO +CM, was separated on
 probe (- 900 bi5) sP0us e Etitinutien el Gk Belking FolRo S aemiaioR Oy
TR o R A TR b A TR e PR AR e TR s8R
det eced oL SRR S S o M B, dogenouis. expr essi on-of
the hPDF gene 31 July 2006 : _
| 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 corrélates
15. with the level of episomal PDF expression. LRK1 cells were transfected with
episomal vectors directing increasing levels of expression of PDF (pPyPPGK < .
pPYyPCAG < pPyCAGIP). Following 12 days of selection, the proportion of self-
| renewing colonies in the absence of cytokine is expressed refative 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 STATS 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 (ZHBT¢4.1)




- WD 03/ 064463 PCT/ GB03/ 00366 -31 in pluripotent hEC cel | csd Iuymes A very
weak hybr|d| sation band of -2.2 kb detected in the nouse ES cell line is

i ndi cative of a honol ogous transcript in ‘mouse pluripotent cells. As ‘
expectavonsosts i di sation signal was detected for STO RIT/GRIIR3G6E -

" Aut or.adi ogr aphi ¢ exposure is shown for 8 hrs at -70Cwith 5 |nten5|fy| ng
screens. Figure 11 provides a flow chart describing experinmental strategy
0 - denonstrate the mai ntenance of se-I3Drrenevva_I in a human pluri potent. cell.

line expressing the hPDF cDNA. (CM:= conditioned nedium) 10 Figure 12

il ustrgleps treh%fébt@dewhthFl’laléawsédCﬁFFy@AmlPodenmnres cavnghguat Biserin(M¥ji ch:
(A) shows the 8.8 kb Fl oxed hPDF construct, which contains-the open

~ readi ngCotd®ct)oor PR (HEDF) aniicufturedin the) presenge |Qﬁd;.lﬁmwer@0ndﬁmms ims

cytonmegal ovi rus. i mredi ate early enhancer

ctin
pr onot ewhick e é@ﬁwer@ tﬁreagtsr@mr@ssegdﬂsw%& 39’? ZO f?fgol ing
| RES- nedi at ed 0 cin, resi stan ced
Ghp ( ocpHRomy s PeRignemaits dh SARRY At e b baffud 6F fn i RiRE:
Vi su escence where Cre-nedi ated reconbi nati on occurs. 20
(B) hoﬁfﬁgsgéy@égg bl P ("GFP control") vector, which is a'simlar .
construct in which the hPDF sequence in (A) i's repl aced by the eGFP
- sequence upstream .of -the | RES-puronycin-reporter-cassette- andwasused to

provi deFj@qat QOiIIUSﬂGmdﬁ% ‘makiterance oOft plnipbtaitaGCT 20¢Ai bEC cklis in
Il lustrates the norphol ogi cal evaluation of transfectant GCT 27X-1:

col oni egonGitipled mesighdnveichFl oxed hPDF and GFP control col onies were
established follow ng 10-15 days in puronycin selection culture hout STO

feeder cel | s (A) shones ﬂﬂ@é'éﬁa'& Xcﬂ éﬂ@@ﬂ@f@néfh%rﬁﬁll linaewhiehi % FpU iaelowi ng
' tﬁl Shnggnasm ézﬁé rﬁga? Iy layer B? 1?0%?(’:3 \ mac |va?ed %Srépé)ell Troht' tho_s_e

(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%

" vivin the routine culture medium. |

| 15 (C) shows that withdrawal of this conditioned me’dfum from feeder-free

| GCT 27X-1 cell cultures, shown at a clonal density, resulis 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 Lg) 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 (~200 bp) specific to the \candidate human PDF sequence. Poly

A+ mRNAs preparedfrom a STO cell culture (STO) and from én 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
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E pl uri potent hEC phenotype, (B) "Mediunm': those .colonies starting to

. differentiate while naintaining some hEC phenotype and (C) "Loose": . t hose
“col oni- eV RHBMEr e conpl etely | oose and differentiated. PEItGRISOPI6d under

~ . phase-contrast optics, 4x. 5 Figure 14 illustrates the norphol ogy of

~ . hPDF- expre55|

hPDF- expressing hEC cells in a clonal assay, in which a-d show
hPDF- expressing hEC clonal |ines expandtd continuously in the presence
(hPDF D7) and absence (hPDF E7) of conditioned nediumfromtransfection,
~whi ch-weinephurigoterid hEC gelil cutairegenAi vw weak2hylbridisstion banidt bf ~2Akkand
wi t hout - (-CM conditioned nedium; and e-h show a transfected GFP control
‘cl-one  (cHetects) imidbewnouse B aelidineis ma[lczabvapf anhborologous trasscripin.ured
under  t he sane cond|t|o§]S In the absence of congditioned nmedium only

a

\?\ED’Z expm%unee | gellsar s gxpscted Rei wmmsetéw Sianad as detectemh daot ype,
. cF 15
" Phot ogr a§H@8” SRR Aul Skl BRpbSuR @S%ﬁéﬁ%@%&%ﬁzﬁﬁ' i

sel f - gen m@ggp reSS| ng hEC cells in a clonal assay.

lines (hPDF D7 and E7), a transfected GFP
~.control clone (GFP C15) and wld type'hEC_ceIIs (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 Figureditti preaddesd tiow Rehart pdesonbindGxpsarimenial strategy oty es

wer e |dent|f|e by indirect inmunofluorescent staining for the 0 mar ker
(b, d, fdemonsirate the maintesaom of self- mrtelwaidnpamnae plmmtent oell line.

]_fluorescence for all ceIIs mntR n the sane cology c, e g, i, k, m
0). In {BEPESSHNLBILRPEE PN e tedimEandiionsd med 'H)DDF expr essi ng hEC

col oni.es are able to maintain-a pluripotent phenotype, while control
transtected and wild type hEC cells are induced to differentiate unless

mai ntai ned I npgQpdi{o |ﬂG§@afé%qhH%x§8%ﬁtﬁ’P5nﬁ7GFP'éHHtu%ﬁ vabRRbBMERuéts, 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 hUma'n'
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 .
constructin 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 morphblogical evaluation of transfectant GCT 27X-1
| colonies. Stable transfectant Floxed hPDF and GFP conirol 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




gener:al ly tighter norphol ogy and stronger. detection of thes{igpzovsrker when
“conpared with hPDF D7 cells, in the absence of conditioned nmedi um Col onies
31 July 2006 WD 03/064463 PCT/ GB03/ 00366 - 33 ver e vi sual i sed using 535/50 -

~ nm ( CD30YO4&%864463-330- 380 nm (Hoechst) filters, at  20x nERATGBEHMOBEN.

Figure 16 illustrates the self-renewal of hPDF- expressing hEC cells in 5 =
routine culture. The hPDF-expressing hEC cell line E7 has been expanded in
t he continuous absence of both STO fedder cells and conditioned nedi um
since the time of transfection. This clonal -cell line, shown here

fol | ow nigpairtaining @atmgnlngpotemm!i@qmemmtypesmBay‘l\m:ilmm”em c@idﬁié@
cells after nmore than 8 weeks of culture under thesé conditions.

Phot ogr aﬁﬁéf(ﬂ”i@mjdiﬁ%ﬁaﬁétﬁb\uhﬂe mmtﬂmmgﬁormemm@mmmeeamd m)u f‘Lposéhcy
- Determ Factor 15 Design of s een A functional s reen of o

CDNAI i bp@Pg OryEs *%BMGP&%FB@P Mk%@@d&ferﬁw%tedy hotqgiapheqmgy with .
whi ch ¢ into cells and maintained for the duration of
‘the scr%%goﬁﬁaﬁgbhﬁgﬁ @ﬂough so that screening a conplex library of '
105 -406 independent cDNAs is practical. This is fulfilled by the conbined

use 20 of LRK1l cells (described bel ow) which express polyoma large T

antigen and tBRurecl4 Mistetédiie ﬁ%lbﬁblbg}gof/ﬁasr meggg%?'s&t@hl glﬁ ima O

-the episomal vectors we have tested, tHhi's est

‘levels cdlonﬁi\éseay),r iaswhioh adhshomthmeMﬂ)essﬁtg hES eloral lme@p@q%hdéu
selections with Blasticidin S, Hé nycin B and Zeocin, Puronycin

sel ect i qzordinuansly ietheopreseapedh ﬁrDFi’z)tandralnSerm ("RDB/ER)ef o difored | s
with 95% untra sfeted cells led within 1 day (data-not = shown Thus, a
pot ent i dNELBITALEONB rﬁmﬁ%mm V\ﬁucfb“@rsgat&twe%t a\nh@na!&a@ﬂmemﬂ day®ved

f _rom|6 h%m‘fl’f '(-L&M}) andHhD ﬂ (Cl\ﬁfcoﬁ’df 8R E!Bfnet(:ﬁf“r um.; an oh shgwsactrraeﬁgfec?ecy\a >
| GFP control clone (GFP C15) and wild type hEC ceils (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 traﬁsfected 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 immunoflucrescent staining for the CD30 mafker (b,d, f,hj I, n, p)
shown here with comparative Hoechst UV fluorescence for all cells within the
same colony (a, ¢, e, g, i, kK, 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 détection of the CD30 marker when

cbmpared with hPDF D7 cells, in the absence of conditioned medium. Colonies




to be present in the cell line being transfected at a suffggignidoy | ow

| evel to enable the screen to proceed without a prohibitively high
background. ldeally this 31 July 2006 WO 03/064463 PCT/ GB03/ 00366 - 34
propert WoO83/adadént from but expressible in the host cell PCTA&BO30RIGE cel | s
fulfil this critical criteria. During differentiation in vitro, expression--
“fromthe LIF locus "increases (Rathjen et at. 1990) and a nunber of ES- -
col oni es can be seen to energe fromt-B83-differentiated cell nonolayer -
(Dani et al. 1998). Much of these 5 re-energent col onies appear due to the
~action ofyer Wisiiiised eksir] 535/5698m (EDE0) arrPUV330:380 nhe(Hbechsty Hiters, geness
~to LIF exhibit this background self-renewal following differentiation. In
cont r ast 20k Rkagnifichomhi ch have | ost responsiveness to cytokines acting

via LI FR produce a far smaller nunber of colonies follow ng the -wthdrawal
~of 1L6 and slIL6R This reduction in background self-renewal is 10.

B, ORIt S SEReohe AP SR AE GBI
9 SRR T kP g LSRR R,

The cel | ki : ' ' : : ~SITH '

{r anar e 2 pRsefE B b SYE) Blodst tRAs arkrooriniel yiRuasoe e
suppor t effrrjeed traifeetion! ThisTimedlicelNines sShowa Here fotlolving soatins paseagihgi s

line retained the ability to differentiate efficiently upon w thdrawal of

LI F.. Thi sohtimgescsdispleyj seif-sehewak ofchECwells alfer geore thand:weels af cattuse t he
LI FR | ocus. The targeting 20 vectors enployed used the sanme honol ogy arns

as previ godeytheseceonditions.i Photegiaphed undsh phaserooniyasipptiase 198 ect abl e

mar ker. cassette was replaced with an | RESBSDr pA and.an | REShphpA cassette
for tife first and second rounds of gene targeting, respectively. The:
resultanF %ﬁbh Line (LRK1) retained a high supertransfection efficiency

and was I '&e . responsive to LIF or other 25 cytokines which can direct
ES cell self-renewal via stimulation of LIFR LRK1 cells '

Pluripotency Determining Factor

15 Design of screen |
A functional screen of a cDNA"Iibr'ary 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 préctical. This is fulfilled by the combined use
20 of LRK1 cells (described below) which express pblyomaiarge T antigen and the
" polyoma origin cohtaining vector pPyCAGIP (Figure 1). Of the episomal vectors
" "we have tesied, this plasmid gives the highest levels of cDNA expression (data
not shown). Furthermore, compared to selections with Blasticidin S, Hygromycin
B and Zeocin, Puromycin selection allows the most rapid elimination of
25 untransfected ES cells with 95% untransfected cells killed within 1 day (data not:
- shown). Thus, a potential source of confounding biological aétivities is quickly
removed from the cultures. Secondly, the property for which one is screening was
to be present in the cell line being transfected ata sufficiently low level to enable

the screen to proceed without a prohibitively high background. Ideally this




were routinely maintained in the presence of 1L6 and sl L6R31why2086al | owed
stinulation of ES cell self-renewal via gpl 30 (Yoshida et al., 1994).

Li brary construction 31 July 2006 WD 03/064-163 PCT/ GB03/00366 - - 35
Co-cul t WS} 1 adi at ed primary nouse enbryonic fi br BETER00KG ES
cells (ZHTc6 cells; Niwa et al 2000) were initiated and nmaintained in-

- standard ES cell - nedium | acki ng cytoki,nes. The nunber of cells in the
co-cul'tures was such that the MEFs foPred a confl uent nonol ayer and the ES
cells were seeded ucht that 5 they would be in excess of the MEFS after 3
days of BFRA& .‘Sﬁ%e‘rﬁ APBbul expsessiblenindhenosticelldineorLRRKA aallsdulfil this -

Perre or Bffcat® oS 'Did HBreTtatin &' < ShuiRssian fiamother LS tamas, ner
ool yadericteasPe (BB ROEE 4 dio) B ol iiinp! B 58S diliotieuiarh DS 9pe 401 ni ng.
a Nor t heamephetfrdrrthe | difee ben%oﬁélégg F u@[@gérish 98} mneﬁ%f;gﬁﬁggi ed”

band with no detectabl e degradati on was was sy

f r om §ol rexdarergent dolied rppleag due( fh) ther adtiondofUSIFDAasoAlt $998pPEHGdr i n
~ the Superscript plasm d system for cDNA synthesis and plasm d ¢l oning

(Li fe - Teellmwhich ¢efain oesponsivenass i tonkiFe éxhibitathis bagkgsdwd deligehenall
after refc?ver, %-15 of- ¢cDNA >1 kb by el ectroelution, c was ligated into
~ Xhol./ Not10 'GP\(‘!;@ Herephiation In contrasty hkRKoeells whinhshave fastyesponsivenass s was
duc. frer. el ect ' f E.coli i n DHLOB. DNA d
P om baccanigiiapSRing YT Fa Brodicaa e smales numprrafcolnies falowos T eded
ith 5 ; ' 20 La] .SCI. .
(25p0) -1 VENSEHTAICOH T ng S0R, - T TehGHS U Brckihoundesetvenewals

cel 190 (SurhiEfeht by aRbeA IIBRAY Horén 89 BefiriomiEd Gisftfidedletb0s/ Ocm dish or
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 screeriing to
15 - proceed athigh 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 targéting 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 cassetie 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 -




“dish and cultured in IL6/sIL6R After 2 days, medium was changezboso i ncl ude
~ 25 puronycin and the cytokine was withdrawn fromthe high density plates. .

Cytokine was nmaintained on the |ow density plates to nonitor transfection

~effici e¥Q03/06d8el um was changed every 2 days until 9 dayPGIgsho3/00366 -

" transfection. At this time there were no cells alive on the nock.

transfected plates and the plates transfected with enpty vector aI one
cont’ ained only differentiated cells. FdScontrast, some of ----------- -

S -=---- - - 31 July 2006 WD 03/064463 PCT/ G003/ 00366 -36 the pl at es

‘t ransf ecCedcuitures| obydmadianad q:mtlarwatbumi enikayonici fibrobfastarard ES cells 3

mor phol ogi cal ly to resenble undifferentiated cells. Extrachronmosonal  DNA
was the?ﬁﬂ&@ osllepumaetﬁbaow)eweee injtiatedtand ;gintaired imstandard E&eelll t o

E.coli DH Jepa dfro | s of 104 bacterial colo s, and
Chi s, wasMeDHR IZGHRSLEISKiNeB THRIUIBBET S Al I e epGultites Was SueD that

- deser befh s fﬁl@f@@&@ﬂﬁﬂ%@f@ laé’rﬁr%?ﬁiﬁseﬁﬁ ColpEaSReBR kNl
N .. tDrNansrer ER;COI Im:‘%ﬁl%bg; rom a poo ﬁnd@gpr ogmﬁie 3@8@&032{ f‘)gr ‘

- was preppssdsentativel prileGag Almiméphé.sgﬁéia%eagnﬂ rﬁéﬁ‘(eiﬂQ)fSESe@éllszrbIWSS

repeat ed. DNA was prepared fromce or 19 days after stection

These weestimadion fofitheiumbérsaa ES RElISPresentiat thiertinpe @b cBINisis.pThisagavk f rom
t he DNA harvested at 14 days ﬁost transfection and 9 m ni preps dRﬂ;}pared
from t heaDRtioiEGE RNA /MEFRNAGF tdt -RNAnwasqreparedfrone 2048

e b cles b u by SR B Sk Srchliredhs 15y
PO 10, BRG g AR 4Pl Sag e B AT B R SR L
Wh' ch mib%ﬁﬁqmih e detetfbio dRgriEaSh was used further. cDNA was synthes&zed |
from polyadenylated RNA by oligo d(T) priming using reagents supplied in the
- . Superscript plasmid system fdr cDNA" synthesis and plasmid cloning (Life
Technologies). cDNA was fractionated on a polyacrylamide gel and after recbvery '
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.colli strain DH10B. DNA was prepared from bacteria after
overnight growth on 15cm diameter petri dishes seeded with 5x10* — 10° colonies
- each,
20
Library screen ,
» DNAﬁ\(2-5pg—Hr'em_— either-library-or empty-vector-was-introduced-into L.RK% cells
(6x10° by electroporation and cells were seeded at 10%/9cm dish or 5x10%9cm
dish and cuitured in 1L6/sIL6R. After 2 days, medium was changed to include -
25 puromycin and the cytokine was withdrawn from the high density piates. Cytokine: -
was maintained on the low density plates to monitdr transfection efficiency.
‘Medium was changed every 2 days until 9 days post transfection. At this fime
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 '




20 in the Genbank database. Four of the remaining 5 plasm dsuhipgdoed a cDNA
insert and contained deletions to within 2 base pairs of each other within
the IRES. The final plasmd |acked a cDNA insert and.had a del eti on which
- renmovedWO 930adSr 275 base pairs fromthe FRES. To conf PERIGES003$61e  Of

t hese plasm ds conferred the self-renewal activity a pool containing equal
wei ghts of all 9 plasmds was 25 prepared and transfected into LRK1 cells -
and subj ected to the selection,process36described.above. In contrast to
cells transfected in parallel with an enpty vector control, which al

di f f er ertheaphates deansfecteth stitic tibami DNA heontaiedotolbriésismhichDbppeared
exhibited an undifferentiated norphol ogy. To determ ne which of the 9

pl-asni dsmorpindlegicady th sesamble endifigrentiatedicelisi FatrachremoppmatNAWwEs
transfected jnto LRKL -- ------ ----- 31 July 2006 WO 03/06446 -
PCT] CBodetRISEs PerRaregifiam ipicelison thesq p@ﬁe%%@t@@sg&d% tocé&omm&
repeat e Plasm ds carrying the tial .c the uninterpretabl e seguence
cs vl | DA B ptnaiad R haoreet ﬂ@ibaﬁeﬂﬁ_ﬁ%ﬁ@@ﬁa&?@blsawaﬁeqt-ﬁtr%@feﬁffpih e
e - ARAVIRAVE _ ‘t he
tuo o aai R SelsSat e RPrc TP Rss3fivelibkt aboke reBeRISE QB R RoR's
dat abas 4. gokbf RSN I '#ﬂgp' oth
- nor phol S'Sgcirrggﬁﬁg zaﬁgﬁgeﬁbs%?? g?ﬁgdaggpresgpﬁﬁ ggé?%gDngjrglg?g?ﬁ% [ neﬁcr-rp
- phosphatthesef t4 deyysdppsi-traasfestion. aiNisfrenpbnehef fHiedeNpols evas doriidr days
~ post-transfect icl?& dst ql\ged 10 t;\‘% t4 Ofie}ngg%emn?[tjf-lq?ﬂ%tgé sane sequ%}ﬁe as
t he 2 plexamie etaileddbeiow. Aftertrans .00I5 fl2Acfioima pob
cells and possessed the ability to confer cytokine-independent :
sel f - r erivRiOXiBalely|d88 aplonins Was RIaRfiRdcresinteduceddnta kRK gallsand theony

iy o T8 el Rlekes PHEfR . DR vas el BERECRIS 3 ot T iy it o
conpar | §00 GchBRANTHECLI IR HarkRrERToENAIYDf0B ShET |2 minlh R DAY

which th sequericeés wer e T est e ‘open Teading
prepared from the DNA harvested at 14 days post transfection and € minipreps

prepared from the DNA harvested at 19 days post-transfection. Thgse 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 fransfection indicated
that one of these plasmids contained a partial cDNA, 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 contéined deletions to within 2 base pairs of each othér within the IRES. The
final plasmid lacked a ¢DNA 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 fransfected into LRK1 cells and subjected to the selection process
described above. In contrast to cells transfected in parallel with an empty vector
“confrol, which all differentiated, celis 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




" bpackbone and trans

" Individual clones were chec

showed PDF activity to lie within the ORF. Exanple 2 20 Revanszdobe ,
expression of a pluripotency determ ning factor (PDF)transgene 1In order to
denonstrate that the acquisition of a cytokine independent | uri potenti al
phenot ypEO B4 by expression of PDF in ES cells was r-eV%T’é"‘lpBBW@_”Q%fa
_transgene was nade in which the transcription unit encodi ng PDF could be

- excised by site-specific reconbinati ons As a starting point, a plasmd.

encoding PDF identified in the initial i brary screen was nodified: by

placing a | oxP site between the pronpter and the translation 31 July 2006

W0 03/ 0eRlisansshegsiesiusprcessgiassribedahayesepeatast. Plosmidsicamyingdhe | oxpP
site after .the | yadenyl atio i gnal. The downstream | oxP site S .
 fol Tonecbargal soRA YR8 R ortadis Siignst s pell B forgereniates of ofer
- pol yade i ' 1 hi . . ‘ i X G he..l oxP -
- P atke HelEesRERY dstehortiiniifte B ETal i edfEs SR B cur 5
. (see Fi guares, ) ; Hel e A o ; .
ond s BEMTORS hoTESHAdw ich HEECIRE T ot sbddeindle,
ver e 5el @ehbank databaue i‘e-baEitma@édl the aciirafewnl pRenotypel | Fiis Mhscidgkdnes.
ed for 10 green fluorescénce and :
non- f | uobatkic emrpbibtogisaliye rand: Xparsistainedt beprdssint eofothe ayartkern elkaline2
“weeks. To elimnate the self-renewing effects of juxtacrine LIF famly
nmenmber s, Phogphatese feratd days. hil F- 05 was added to the medi um during-this
period. Thereafter, the culture was split in two. The first of these
cultures was naintained as before while the other was maintained in LIF

the co | Soqiirih AplaSor T2 PASAF BIHRAR £ fobd hasiaRbiuon. neas™

LIRS R SR MRS scqur 5 851G 21BeSiS A i
‘ One of these was transfected into LRK1 cells and possessed the ability to confer
e cytdkine—indepe’ndent self-reneWél_ as -judged by -the rﬁaintenance of an
- undifferentiated colony morphology, sustained expression of alkaiine 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) fransgene

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

excised by site-specific recombination.

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

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




- transgeni ¢ PDF sequences. 20 Cells carrying both the floxedq Rizqagne or the
- excised transgene. were then injected into blastocysts separately and the -
~ recipient blastocysts transferred to foster nothers. At various tines’

-t her eaf tY¥P 93/8¢#3%3/0s wer e di ssected and anal ysed. : Fl uor eF&3HeRO380360scopy

.. all owed determ nation of the contribution of cells carrying the excised

transgene to fetal tissues of all threg germlayers. Sonme 25 chinaeras were
al.l owed to be born and subsequently net’€d to denonstrate, gernline
- transm ssign.fromthe mani pul ated ES cells. Exanple 3 31 July 2006 WO

03/ 06446 NitetioreE0dP0 e daDF- Ay ArsgopaiidoyP sitecafterpthespolyadenylatten nsignal. n

~‘pluripotent cells, Northern blottin nal ysi s denonstrates that PDF nRNA is
| eXpr'ess’e&rﬁiengﬁ@néiH@a"E Ot‘fél pide gyas %Bﬁo‘f"ﬁgc@f the; erdingrsequence aba GFP

or eover Mot defe aldH hbuiadiR et sional TodhWay LelRiiolh hafoxdised

TR O M 56 S Bt o,

cell 5na§§eg)[=;g¢m§rz)os at day 3.5 of devel opnment but not in later

. bl astocysts nor in'egg cylinder stage enbryos. Therefore, expression
~correlates with cells.which are 10 either -thensel ves established
pluripotent stemcell lines or are embryonic pluripotent cells from which
st em cel Theglasmig @eeding £Hdd wasiinearisediiy tiesvestonbacklzone ahdtransfected :
confirmed that PPF MRNA ex%essed in ES cell/NMEF co-cultures from which
the cDNAMIPLI&IYiRgsCamipatent E14T0PRqeRls. 445ells Yeerenselosted jon Grawtoin

AP S e Bt B LT R e e AR s, R

o o0 A RreBLERES R AR APPSR phsgfoe b O

e : thcecﬁbkir@f&ti Wedks.PHo EHRIRREIAB ddi-fdREWNPEHBCRCoF jthdatrfif 1iF N ES
family members, the LIF antagonist hLIF-05 was added to the medium during this

. -period. Thereafter, the cuiture.waé_ 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 (pCAGGCreGS).  After 2 days, the cells were plated at |
o 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

germiine transmission from the manipulated ES celis.

Example 3.




20 . (Figure 4B). This indicates that the ES cells in the coJayubtosre were
the source of PDF cDNA. Analysis of several cell lines indicated that PDF
~expressi g --highly restricted, being

~ undet ect‘&@l-oé%?ﬁﬁf)arl etal endoderm yol k sac, fibrobl ast ar]r’d3T"GB(’-""““?’66

haemat opoi et.i ccel | s (Figure 4C). Expression was detected in ES cells, ‘EG
cells and in both LIF dependent (PSAA and LI F i ndependent enbryonal

carcinoma cell 25 lines. Exam nation™F the human orthol ogue of PDF ‘showed
the cor r_espond'_ ng rrRNA to be exFr essed in an errbryonal carcinoma cell line
~but not i 5 expressionrof PEIR imRNA alls  nouse tissues

“were surveyed for PDF MRNA but no 31 July 2006 ] WO 03/ 064463 PCT/ GB03/ 00366
-40 expression was detectable by Northern hybri di sati on of total RNA (Fi gure

e leSN?ﬁ%rﬁﬁibﬁM%ﬂﬁsﬁﬁmm PR e POEmBNA G SareReed eE: ”eXtd-
(Fioure £ ol But ot f CALIRICE whidlf ?teeﬁstpﬁ%ﬁpeﬁmmé‘%@'wﬁ QU e

whi ch 8 heelis BndeR® my@sidr@ayc ﬁerePrl%F é)érpréjsélB c#ei& él‘@{'\éﬁ'ES)fz?lls

colonies with a mxture of differenti’'ated a eren

‘shoved tlane iRPhced o aiferentiate by esddition e retinbiteacidni ﬂwbeémmmgt 97 & -
(Figure 4B). 10 Pdf nRNA is found in-pluripotent ES and EG cells and a so in -

both moudw ﬂdtﬁatlnc)nexpcmneatsl indidaie thapRDE miNAeisaprasent iim tioe fiemert gegles ™ of

cell line é@s%‘u 4 and  data not shown). Pdf expression is down-regul ated
early duf retenros o dayes é‘m |C@(\fempm@ﬁ§bgt Rotin atenblastocystsmorin egg

ci atiop Wi ot ent Il identit mpl & 4 tenance .
ot or e b fele ERBAGE TRoroS, cupieSSitn cirrellatHaD otlls WiEh 814 ooder

,ext‘rafbt ‘either “themselves “established pluripotent stem cell lines or are embryonic

pluripotent cells from which stem cells can be established.

Thus, analysis by Northern blotting confirmed that PDF mMRNA is expressedin ES
cell/MEF co-cuitures 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 sify analyses utilised
- the ORF probe. Expression was not detected in MEFs alone, nor was there any
evidence of induction of PDF expression in ﬁbrob_lasté co-cuitured 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 ahd
haematopoietic'cells'(Figure 4C). Expression was detected in ES cells, EG-ceIIs :
and inboth LIF dependent (PSA4) and LIF independent embryonal carcinoma cell
25 lines.

Examination of the human orthologue of PDF showed the corresponding mRNA
tobe expressec_l in an embryonal carcinoma cell line but not in a lymphoid cell line

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




20 Human ES cells are cultured on a feeder layer of -f-irragia}gmdenouse
- - enbryonic fibroblast-(MEF) in 80% DVEM nedi um. suppl enented wth 100
~units/m LIF, 1 mMglutamne, 0.1 nM 2nercapto-ethanol, 1 % nonessenti al
- am no aovagjosdéry/ -ml basic fibroblast--growth factor and RO BIsM0sEEUt SR (a .
- serumfree formulation) 25 (G BCO BRL). The plasmd shown in Figure 1 (as
well as a simlar plasmd in which the nouse PDF sequence is replaced by a
human PDF sequence) is linearised in t#8-vector backbone and transfected
~into human ES cells. The transfection utilises the 31 July 2006 WO
031 064463xIBLEIAEE Rbtabitlo PEPMPRRy DRARETONBFRAZIRNA (FigiireaF)eThe! -
~except that the protocol is scaled up 0 use-101 human ES cells. "The day
af ter trerpfessioromf PDE oeRNA aueing 5% iceli sdifferentiatiop was nektvanalysedhal f
- of - the cells is plated onto a |ayer of Puronycin resistant MeFs at a
- densi ty ¥¥hatber $weughirdugeddifiesentiatiopbw relinoieasidrudomethaxy-besizamide 5
MEFs at a densit¥ o[ 1 4/c% T c{&gs after replating, the cells on the
Pur onyci Hestment, tha layekef B w{lﬁé\ rseapidlyregueed Fighre 455 Bxamisation
- .plastic ,di,shes .at 104/.cn¥. omyci] i s added,t sets of cultyres and -
Peat u Pain SdadvevieRsatien of Bal 8N Bullurss B whicniRer i FlevaLpeSuetbost 6 e
~Pur onyci esl s - - S Ce. i r.OW: I f . Al ted-
For the Pragir T BBt Taffueof S cSEnRE BB 8 AR 68 4R
trypsini ' o Bivieo 1 el t pl onygin
-resi st antﬁ ﬁé@%ﬁiﬁﬁeﬁngg‘ﬂgr ghassessﬂgﬁf 19%9gt r?gptéhﬁ@?i ?@stg t:':hs'tseedrj:Jlgt)l Ir%é

' passag'eduﬁdﬁfespg@@ét@aqﬂgnisr(ﬁmeam;nce of a feeder |ayer over the course .of
6 15 weeks. The differentiation potential of these cells is then tested

(Eiges et al. 2001) followi ng excision of the floxed PDF expression
Cass'glt()t e‘P%?’ :T?lglil%r iis_bfgghdzig p%ﬁggtleent%sand EG cells and also in both mouse ard
“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 feedersifeeder extract
20 | |
Human ES cells are cuitured on a feeder layer of w(-irradiéte_d mouse embryonic
- fibroblast (MEF) in 80% DMEM medium, supplemented with 100 units/ml LIF, 1
mM glutamine, 0.1 mM 2mercapto-éthanol, 1% nohessentia_l amino acids, 4 hglml
basic fibroblast growth factor and 20% KnockOut SR (a éerum-free formulation)
25 (GIBCO-BRL). |

The piasmid 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




Characterisation of the PDF cDNA A search for recogni sabl e3doupeoes i n the

' " PDF sequence using SMART 25 (http://smart.enbl -hei del berg.de (Letunic et

al ., 2002; Schultz et al., 1998)) revealed the presence of a honmeodonmin
. between ARBBUE 4 residues 96 and - 155, with no ot her oRGTEEBIAPeS: | onship -

‘to previousty characterised proteins. Further analysis by BLAST reveal ed
that PDF was .nbst closely related to seyeral . nmenbers of the NK2 famly.

" _However, in no case was this 1dent|ty gater than 31 July 2006 } WO

.03/ 064463 PCT/ GB03/ 00366 - 42- 500&% gure 3). Therefore, PDF is either the_ L
f oundi ng ExéreR0 Qm%t ﬁ@'\ﬁiﬂscr%ﬁléa gas gt ah@xpgpbﬂwatéh@pcmpqqlds\ssaiea!rwp

P ke, ol 0 0 S R s 5 A2
A S R G R .

. of ident
Dhdi st MEES 2 JeRERT t09cRPTRRE BRI plftedBiito PURSMVERYSEntid ° o
non- | ENMERS atrhndonsitylofo1aYemPocauRs days! SREF replating, theua eid tife hel i x

-1, regions of the honeodonain considered to be nore | oosely associ ated

- with the Pubiychr gensitidet MEiffs are trypsinisedraind plated enio dgelatigisedsplastiohi ch
‘a contiguous stre;ch of nore than 4 am no acid residues is conserved. O
t hese ‘codigheseat wdgnbnsPummy@tﬁbls adsl@d.tﬁebaﬂwcaetanof culturesnand mediimt o

hoan_ SeoaReed ayBr. Bk Ao, (AHER anRsAGnaleby 1 A Asvetn ! e rdomyan: |
-' fs'eaﬁtenigqeﬁgfﬁm}fﬂﬁ{igﬁ%*g‘a%‘hﬁ & @‘3’8‘"*‘3 Pl ke htd festgf cnGel bty to.ccc
t her g g?o\ﬁﬁgalﬁ‘erﬁbs@i& o oot Taydl Y éryﬁﬁgﬁs;{atidrf 'a@?ﬁﬁ?éc‘iétﬁaﬁﬁg ontor

trypt oph reover, wthin this sequenc I rst
gelatin coated plates.

Puromycin -resistant ES cell Iinés are assessed for their ability fo 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 (htip://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




20 acids represent a sinple reiteration of the sequence WhsQIW W _
(n=G S,N and s=S,N. The conservation of the sequence in the human is |ess
_strlkln contains a short deletion relative to the nouse: se uence. ' Yet
with the §8@B146'6n of the 161 residue every fifth resi di&CTe 66 -
tryptophan. 25 In'the 3'UTR of the PDF nRNA there is a B2 repetitive.
~element oriented in the opposite transgriptional-direction to PDF (Figure
3C). Wiether this sequence is transcrl 5d by RNA polynerase Il is not

cl ear al though the sequence of th pronoter suggests - -that it rraf/ be
(Galli etolip. (Flmmﬁ) Sherefare, d?laﬁenst §ltaeé thexiausging raembegmﬂ svBpyel n

,'enbryonl ceII ov.et al., 1983 OSSI Ie t.h 2006 WO
03/ 064463 BE3BY ofis BrIGHE AR FomRedBma (Shashikant Srabor
: PDF'WRNAiqyﬁ contrlbute to the regulation of PDF gene expression either ‘
directly r3Ugh transcriptional interference or by nore indirect neans. 5
Exanpl e 6 Anal ysis of hPDF function in nouse ES cells The ability of the
human PDFort hol ogue to replicate the activity of nmouse PDF 10 was tested
by pl @i 1y cbhtparietoORDF wmhmepﬁ’w@f\@ld%e\ﬁ??é!@te@%nﬁéﬁ@égﬁéﬁbé‘gevéﬁfé'ﬂe ES
cells. This shows that the human sequence was capabl e of directing .
cyt oki ne avedaip ity of §0% 8equehcefcomseseatich walsl motFpnoinged dVersthe
activity was reduced conpared to nouse PDF, resunabl due to the
consi der &mr@e@@namwhemem@msequen@ew&es () t@prttlcai/ﬂ"egwfef%) Totis fDF was
tested by a siim /| ar, 15 exF9¥1 i n which the ORF of one of the nouse

horreobox &fEREES Haat the ieve t’é!’( §§eﬂéfwwgﬂeﬂﬁgn@l% eEBEN ﬁﬁl_dES
P herﬁfﬁé‘lﬁ‘f)ﬁﬁ?epaﬁf‘?'ﬁgt@ﬁk%? iog BREHIAG B 'i@ﬁ?pr%&}%g%?f epf b |
tsggm | ca I Yy CO I#.t!adr%irl ecFﬁ‘EB % g%@%éﬁ}%@ m%{ '{‘%?mgg at t r | DU ea-l-’)lfélix 1,

hOfTEOdO”&egio%(ﬁﬁhéfhomeodomam 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 o 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, betweeri the homecdomain 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=8,N). The conservation of the sequence in the human is less striking and

contains a short deletion relative 1o the mouse sequence. Yet with the exception

of the 16" residue every fifth residue remains tryptophan.

25 In the 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 Il is not clear although the sequence of the split
promoter suggests that it may be (Galli et al., 1981). Since B2 elements are

: expréssed at high levels in embryonic cells.(RySkov etal., 1983)itis possible that




- Exanple 7__ In vivo expression of nPDF 25 W exam ned di st3nyfpbdogn . of PDF-
MRNA in vivo (Figure 5). No expression is seen during early cleavage o

stages. The first sign of PDF mRNA expression is in conpacted norulae. |t

-~ is stri KMe3%463t he hybri di sation signal is localised t PGHEBIYYROS cells,
the future inner cell mass. In the E3.5 bl astocyst expression is confined

to 31 July 2006 WD 03/ 064463 PCT/ GB03/.00366 =44 the cells of the inner

cell mass and is absent fromthe trophé@%odernl In later - blastocysts PDF.

MRNA is further restricted to the epiblast and is excluded from the

primi tivéhepdedenee abhetB2ngthin ihe &Hﬁ&of FDR mENpomy- oontebuie to thei mal
-l evel s between the |ate norul ae and the md bl astocyst. 1n bl astocysts
‘about toregu @iblpamo PR rggneraypressian 1rithedr dispelly’ tiélr@ugh héanseriptiasral

““visualisatjo ni,ficant| wever, transcripts 'remai ned detectable in
the epi bl%@ﬁg{ﬁn %?WJB%‘? ﬁ&'rﬁ‘c MeAlke. W al so exani ned PDF expression -
in prinordial germ cells as these can be converted into pluripotent EG
cells (Matsui et al., 1992). Expressmn is not evident in the mgratory
germ g ITE‘)E};‘ g> but PDF nRNA is 10 readily detectable in the genital
ridges o E enbryos in a pattern i ndi cative of localisation to the
prinordial germcells (Figure 5B). Exanple 8 15 Rel ationship of -PDF with
ot her known medi ators of pluripotency. The dose response of ES cells to
i ncr easi AhAlgui of APHIPfunBtioASROTRISES @dlisonal  expression in. LRK1L
cells. This was achi eved bytransfection of episomal constructs directing
differing level s of cDNA expression (Figure 8A). The 20 proportion of the
resulting colonies that could self-renew in the absence of cytokine

correl at a'dhamblhtyt ofethice heimart P&Fpoﬁhslaguee’eqmeplleater theractivityeyfimouss PIas ed-

on -5| mlar st -measurin expression I evels (data-not shown
. 10 wastes %ed %y placing the hgumgn ICé)RF Il'Fl) the pPyCAGIP vect(or and transfectlng)

mouse ES cells. This shows that the human sequence was capable of dlrectlng

cylokine independent self-renewal of mouse ES calls (Figure 3). This activity was
reduced compared io mouse PDF, presumably due to the considerable sequence
o 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 expressidn 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 intérior N

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




~_colonie

Furthernore, as observed for cells carrying integrated PDF3iuamegmnes, the
addition of LIF to cultures of cells carrying PDF epi sones augnents.

self-re 5 as assessed both in terns of the nunber of self-renew ng l -
?&@%’ﬂéﬁﬁgnd ~al so col ony norphol ogy. Essenti al |l yoﬁ%ﬁ?@@ﬁi‘“r esults

3"..mer'e obt ai ned bytransfection of the same DNAs - into the CCE derived polyoma

large T expressing cell line Ma&l. 19 (Gassmann et al., 1995). 31 July 2000 -

- WD 03/ 064463 PCT/ GB03/ 00366 -45 W i nVéstigated whet her the co-operative

effect of the gpl30 signal and PDF qverexpression is .due to the PDF gene
bei ng a Hi&afS -Pt 1@ haner cgll gaasyandigabsentdrom e rapheetodepspinlaiern

eSS R4 SRl SR P SSAS o B ™
potent i anAiRhHileEtioddin B ER nt RIS RRARE e MBBLR avd Bl fhdtime

stimn at pileldobfediPthe 1t tbfLIGEISHY ePRidbibstabisin it bRYEYsts BBiolt to

stinul ation does not occur en t our STAT ng sites 1n

o ecepsorinaplant)r thee PR mMRNADEvE! hasSAppel below ahieoleviel O vistaligation,

phenyl al anine (Figure 8B). In contrast, SOCS3 induction 10 is enhanced and -

: sust ai neSignificantlye howeMeve tranporipierremginedi netéstabler inarthg epiblasieofsed, -
a result consistent with the sustained STAT3 activati on observed in these
cel | s ( Bolegtacysts i diapesipp. We also exapyred R expressiondn prirnardiaasam no

Ll Pl oF heds R PhRriver RS RRIebhEet ool et SR T
Oota o ERPREHIH I SR b oSt Beirh U8 a1 5 DR RAR S
Thesqoce.géagigg%wcthm HiHe ﬁigéfl?ggggrof@fﬁs%b lih asﬁéﬁ%@[ilj&ﬁ%{reﬁf” be

sust al ne to-the presente xycycl I ne résponsive
localisation to the primordial germ cells (Figure 5B). ‘

Example 8

16 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 resuiting 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 celis carrying PDF episomes augments self-renewal

25 as assessed both in terms of the number of self-renewing cblonies formed and

-also colony morphology. Essentially identicai 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). |




- transgene (Niwa et al., 2000). Wien the expression of the @q:g.{,}y@dg@nsgene |s '
~repressed by adninistration of doxycycline, the cells differentiate. '
' ZHBTc4;1 cells 25 were transfected with |inearised pPyCAG P se%uences
-~ carryi ngWﬁd'Sfi“ﬁ@é?t Qct4 or PDF. As previously docurment @§T/GHA3H0¥6: 4
plasmid prevents the differentiation caused by doxycycline induced
repression of the Cct4 transgene (Niwa et al. 2002). However, the PDF

- expressi on vector coul d not (Figure 86ﬂ5-Therefore aIthough‘PDF can .

“sustain the ES cell phenotype in the absence of gpl30 31 July 2006 WO
03/ 064463N9Ctm/mimt@@tawhethetahm~apemtmeleﬂeet ofrtheagdeD mgnaiaambﬁ:’[dﬁ SO

" in the absence of "(ct4. nple 10 5 ES cell identity is faithful

. (Figure

_ maint ?u n@aengmngmﬁeé@& mmthmaPnﬁlggne being atm@rll&cflm@@affr&rggt of SP,
_ELEP; o st cBimaericyigebibgs it Bitdh ihe liaCalnE? néé%napaagua?nﬁed o
g 2&2?2”?2@%&%&%{2@%%%@% BESFRBIEBRESbIR ta MYeRRarRoaThiddeRietino e
‘the PL¥ bé%méeqﬁdﬁxﬁ' ﬁh‘él |on o bycﬂéht__%ﬁoﬁﬁ%@@f@rfa rRERBYrE! whith AR alln

eXxcl transgene al T ows assessnment

" genetic_giotemlial STEAT targehe hadisated thaeomyISGcwsfsibmﬂcérﬂmmmmtédm@sene'
expression. In these experiments we aiimed to test the ability of cells

over expr esills by LIBFigure@Bianghdataaystishdwri)ofiblsl stinulation dabs et eccur wihés0 -
“signalling. W& wished to examine two issues; firstly, whether enforced PDF

expr essi & fmyv%'ﬁﬁa'obladmgeﬁmm albe secepior are prayenied &om binging SdA Tahby. __
Sust ai neanuigtongroB P HbriilarRafous Befolngonirst SRS bebdet er e
was. ohi .*%gﬁ%b?%hoﬁﬁﬂeﬁﬁ‘?%héﬁ‘é@h%n 2RR JREARRS Yo uBlory o SR SERBARL, " o
(Vor nal 1 TABERREE o LESMOERISAL UM AYel Staie STAT cthvatiol diisetped . o5
‘ _in these cells (Burdon et al.; 1999). In contrast {o 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 tothe presence of a doxycycline responsive Oct4 -
transgené (Niwa et él., 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, Oci4
or PDF. As previously documented, this Oct4 plasmid prevents the difierentiation
- 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-
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B cassette had been elimnated were 31

bl ocks the ability of all known LIF-R Iigands to engage the1luifF206gpl 30

conpl ex. 25 Parental cells treated. in. parallel produced only .

differe ég%ﬁﬁm“el s that failed to expand. In contrast, |ines containi ng
ReS- pac cassette maintained an undiffer ST/ GBUW038, phol ogy.

and continued to proliferate. Subsequently, LI F was ‘added and cells- were

- transiently transfected with Cre. J%BI es in which the PDF expression
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ression of  GFP and a restoration of onycin

- -47 ident
ens: t|6\r/]F{%A'a%ﬂfép?%B@@Edﬂ?@MEC@@WWW lnéhﬁ@h&mceﬁﬁﬁﬂdent ES cel |

" lines E14Tg2a and ZI N40. Chronosonal spreads were exam ned for several of

the resulting clones and in all cases were found to be predomi nantly 40XY.

. 5 Col ony g?lw@ssays were performed as a rigorous assessnent of the '
phenot yp€ ransfectants and their Cre-treated derivatives. Cells :

~were plated at clonal density in nmedium supplenented with LIF, wthout LIF

or with the LIF antagonist hLIF-05. After culture for 6 days, plates were

t ai ned ] p ARLA ti f col oni
cons! 2t | Re-ealiidentiy ie eNRIRARAIALANE Y by PO LAESRIctP 0L 0776 O o

Nei t her the parental nor the GFP .expressing cells formed any fully
undifferentiated colonies in the absence of LIF or in the presence of the
LI F -ant appnimlestigaied &l@@%bﬁ@égﬂéﬁceMWF tréiﬁi'é?ﬁcirfgu E?Eé%ﬂ’?ﬁ'cfo mogoer's

- of such pure stemcell col oni Upon addition o proportion

rose to cGMimpolyoiimlTsA 6P tomiahtinGconsadichivad epislogeeBuekh | tﬁét@helﬂmnsgené.

- this enhanced response to LIF was- al so | ost. The difference in

~ proport i elANS ceed @@Qﬂt@ﬂﬂyh@ emtsed)bytﬁmmen'd)masen Fallowing Ilsolatlon of

undi £ ereng)l aI d coI on| es. Ian- presence _ar ahsence of LIF i s acconpanied
20 byVa &R C@mbfﬁétlﬁﬁlcaﬁlﬂé%“PElL@&déOBQmOVﬁrﬂ'l@ cases
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cytopl as

excision of the PDF fransgene aHows assessment of any genetic or epigenetic
changes to the ceIl$ caused by temporary transgene expression. In these
expe_rirhents 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 enfc)rced 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—]RES—pac 'cassétte
maintained an undifferenfiated 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




E ~appear ance of ES cells cultured on f

prom nent-nucleoli. Wthout LIF;, the-PDF expressors-grow ast aiyamoel ayer-and

are essentially indistinguishable fromparental or Cre-treated derivative .

-ES cells. cultured in the presence of,LIF. The conbination of LIF plus PDF -
. expressiWR B4 wever, causes the colonies to adopt a t P&EGEP3EBPact ed

- mor phol ogy in which the cells preferentially adhere to one another rather .

- than grow out over the substratum Tg%g_resenbles the "cl assical" SR

ider | ayers. 31 July 2006 WO .. o

03/ 064463 PCT/ GB03/ 00366 -48 Forced expression of PDF allows ES cells to

 sel f-rendgntifiedy expressionef Gitiendsa restpeationnof puranoyein emsitivitynThism

-~which the parental cells differentjate. ‘W next et erni ne t her PDF
expr essoRIGEAUEe Was PEErMec HElRGR Qli'W%‘P%’r‘E@@tE gh lingg %Egg%ﬁi@ents

IR R BE Eo eSErd T e e 1t

.. expressi RG4E ' ' i At ¢ ﬁﬁffarance, whereas cultures
- of both ?ﬁ%ﬁibu%ﬁgg%ég ivg@ﬂgﬁgq#iéﬁ%ggékggﬁgce s" underwent nor phol ogi cal

- diffegentiation (data not shown). These norphol ogical features are
reflected at the nolecular level in continued expression of Oct4 by PDF
expr essoCslarmynforeihgl @ssays wermgierfordmwd-asglrigoroosi assessmient ofitthees
(Figure 6E). These data establish that PDF transfectants are refractory to
_cues - t hapheretypel of BDF:dangfectanisnandttheir Cre-treated alesivatives.uCells weret hat
“follow ng transgene exci,sion differentjation capacity .is restored. 15 The
ability glﬁtef%ﬁfglﬁpabggnﬁ /ipanedive sHppleRenied w i withoite B arvattsthenat

cut tur e, HFcORRBSAIR 05 Aol P TR BB, plofef %r?e?sﬁt@irfe“ﬁtﬁoeﬁpii?ﬁ%%ﬂiiyg?d |
n nggr oATRRgE, BeUY Cd e, ORERIGH. O, Hlopiey EPhsisfhchofly b1, 7Y

48 wel | ghaifferantia8doeNs ANkt dFIGOE 68). Nelitsr SROPARIMAMUTOCHE GRPL i ons,

~ .an indicator of

expressing cells formed any fully undifferentiated colonies in the absence of LIF
or in the presence of the LIF antégdnist. PDF transfectants, however, generated
appreciable numbers of such pure stem cell colonies. Upon addition of LIF this
15 proportion rose {o >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
-prominentnucleoli. Without LIF, the PDF expressors grow.as amonelayerand are
essentially indistinguishable from parenial or Cre-treated derivative ES cells
cultured in the presence of LIF. The combination of LIF plus PDF expression,
25 however, causes the colbnies 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.




- the |ast 4 day

~cardiomyocyte differentiation. Figure 7A shows that the ingidgpgmsof
~cardi ogenesis is...reduced. by approximately 5 in- PDEexpressors .
relative., to their Cre derivatives. Furthernore, the energence of cardiac
cel |'s frEhoPOp46Xpressors is retarded relative to their GYEGHeYQ036k i ves.
In fact- the graph in Figure 7 25 underestinates the difference between the -
two cl-asses since wells derived from cells expressing the floxed transgene
contai ned only small beating areas whefl8as wells derived fromthe Cre
- derivative cells had extensive beating areas, in some ‘cases covering the
-~ whol e ouForesd bxpiEdsiyw ol PRitalevediScellsto selpoerewtio the absmxke:oﬁ?pﬂiSDOr
] s of aggregation culture and plated out under 31 July 2006
WO 03/ oea%wlai@n,@d&remmltlonwlrtmﬁmh then paranial cellg) diffarentiate. We next
di.f ferentiatiqn é%n et ., 1995; Li et al., 1998). El14Tg2a_ cells fornmed -
large nufBi&ETRed venethesPLif eXBrRsSoRsEla Wy saltienew pr difiesentiate when .
-neuron-specifie. .t | | -tubul in (Tud Fi.gure . The cqntinuous
presence 5‘?0%‘?9&(? %ﬁé%ﬁsttbapﬁ‘? W%lyeqﬂqsﬁ (il%fﬁ F‘%ﬂt%#lﬁ" @i‘?@ FG@J"@B R@%{auﬁﬁéyﬁ ence -
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~cont ai nedf ety the! GFPviderivatieesameh the parental Eselizelihderwérstr grspholegriat
~expressors had a nore di spersed appearance 10 -suggesting that they could
be part | difigirentiation (datadot Shews). rphalogict] eatares aratrefiecied dtthe
expressing PDF do not. undergo differentiation efficiently.in nulticellular

aggr egat BRIRGHIAF b Gtinpgiexqypssigaget it by PDEr expriesspsncompared |
i nduged. i gni ficantly .th derivatiye cell_Ji L
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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 contractions, an indicator of

- cardiomyocyie differentiation. Figure TA shows that the incidence of cardio'genesis
is..reduced _by approximaiely ,,,@%,in,j,PDE__QXpressor_s relative. io 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




5 requi rement for LIF-R gpl30 nediated signalling in maintenanagy zobsembryo
- 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 whi¥R9eHERous - PDF sequences had been-rempved- by RETEGB03/00366 .

medi at.ed- exci sion, were injected into nouse blastocysts. To date we have
~assessed Cre derivative lines fromone of the PDF transfectants. :
Exam nati on of the resulting chimaer as?9t ni d_gestation 25 denonstrated

wi despread contribution of the cells to tissues of the developing enbryos
as r eveatediipnsfaveuning fsivsanalmdifferentiation Gainlefraly 1995dtiat alpbl988). were
br ought é ermangd resulted in the production of live chimeras (Table 1).
These r eEATE28568 ifermed; large pumbers; ofxgelis af ngeuneaabpomhwiegy ibat

- Prepenehbidhebfalelnrespesat SRR RBERRRCTLERIF RS o R Sshaloie
Lf 20s enpre R oFLIFRRMIRE At et AR B T6I POSIG o BT ErdelehabiiTiS e

ef fects ransgene expression are reversi

. transgengogiigbdels-wad alld ModREE in VOIORLE4AGSH Rom EDB86A08R8ressy tde
Mce born Chimaeras EFtClL 73 EFIC3 21 10 5 EF1C5 11 11 abl e 7 Live

born chi floeedsiransgems dbit avasorestped vied theip Ofe ideivativesst plowasvsr e
- Exanpl e 11 Expression of PDF cDNA in a human pluripotent cell line In this

- study, wappéamntentiibercsllsdemainingdn dhe wallerfremithed diTg2an(é.Ibf and EF4

"pluripotentiality foll|ow n xpression of the human cDNA for Pl uripotenc
P P cultures was not |dentlcgl.-el' h% former contained many cells with the morphology Y

of ES cells, whereas the PDF expressors had a more dispersed appearance
10 -suggesting thaf they could be partly differentiated. These observations indicate
that ES cells expressing PDF do not undergo differentiation efﬁcienfly in
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 potenﬁal, 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 resuited in the production of live chimaeras (Table 1).

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




'Deternihing Fact or (hPDF) in a human pluripotent EC cell | BneulyXioss
clonally  derived cell line, Germ Cell Tunour 27X-1 (GCT 27X-1), kindly

~ provide sgc. Prof. Martin Pera, Mnash Institute % Reproduct i on:

- and DevgY‘gé:fjﬁi&(M RD), Melbourne, Australia) has been %‘M&?Hshom to -
.give rise to yolk sac, 20 trophoblast, skin, -cartilage, glandular o

epi thel ium neurectoderm and other tissyes -representative of the three

~primtive germlayers in xenografts. THE same cell line also shows' . ‘
spontaneous . differentiation in vitrg into somatic and extraenbryonic _cel

types (Perytekingiindepegglentrmanaer; -ﬁﬁxihatb'lﬁ aisneo-operativaivnavith g RO ned

either op_a layer of mtotically inactivated mpuse STQ.fee -cell igure -
5 & or “BaReuSiie o Bolby Shifitad sl Fheval EHpACHR S i) et the Sifects bF 91"

unchar ac i ed cf t g L.tur : human _
yolk sack oy FAspEs Spragib TR nil VRS BIEmAG RErssbE B o ar i n
Pera, M RD, Melbourne, Australia), (Figure 9 b). The withdrawal of this
~condi tioned nmediumfromlow and clonal density GCT 27X-1 cell cultures
results intheir conplete differentiation (Figure 9. 30 c). 31 July 2006
WO 03/ 064463 PCT/ GB03/ 00366 -52 The hPDF transcription factor is -
endogenousl y. expressed in pluripotent GCT 27X-- 1 hEC cells (Figure 10) and
is therefore postulated to play a role in the naintenance of self-renewal
in this and ot her human pluripotent cell l'ines.- 5 Here we denbnstrate the-
| oss of pluripotentiality in GCT 27X-1 feeder-free cell cultures in
response to the withdrawal  of the yolk sac carcinoma cell-derived
~condi tioned-nmedi um and the mai ntenance of pluripotentiality at a clonal
| evel  where exogenous hPDF is expressed. 10 These findings show that the
hPDF transcription factor provides a.basis for robust culture systens for
human ES cel l's. Experinental Strategy A construct containing a human cDNA
sequence enconpassi ng the open r.eadi ng '




15 frame for the hPDF gene was transfected both by |ipofecsian zod
- el ectroporation techniques into the GCT 27X-1 cells. Stable transfectant

colonies were established in the absence of feeder cells, with and w thout

" the addiWPIROGH6ILCT 44-derived conditioned medi um requi PET/GRIBIOPIE suppor t
. . of hEC cell- growth and maintenance. Stable colonies were selected in the
- presence of the puromycin 20 antibiotic and those. show ng. t he nalntenance

of ‘a tight hEC phenotype (as judged b§11orphol ogy) were p|cked 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 pluri
. medium with NIHNQpe(xT
“with as

_Definitive und| gﬁ 1ti ated JhEC. cel | Eenotype I n PDF- exp{(ﬁam ng cells was
~confirmed, by i i mmurpf | uorescént staining for the rker Cluster -

ot ent phenotype in the absence. of conditioned
X-1 chlice borp GCT 27X- 1 E&dimaersst ransf ect ed
sequence asgcontrols.

Desi glati on 30 EEHEB a nerper of thd1Tumour Necrosis Fattor receptor 31
Jul'y 2006 WO 03/064463 PCT/ G3B03/00366 . -53 superfami|ly. CD30 is a specific

. marker of human EC cells and is dovvnregul ated during in vitro

Cdiff t Lat 1995, P 97) Th
ovi denceTeble §hel of S e ChidRoTes SBiaBeEnTim res EaveiyeS. BEPRE ¢

- .experine tghﬁg rategy is outlined in flow chart form (Figure 11).

Materi al
- Fl oxed hPDF (Figure 12 a), containsthe open reading franme for the hPDF

odol'ogy Vector constructs 10 An 8.8 kb construct, termed -

cDNA (- 900 bp) operating under a human cytonegal ovirus imediate early
enhanger gaiplebl1 and the human actin pronoter, upstreamof a bicistronic
reporter cassette providing for |RES-nediated expression of the puronycin

‘resi stance gene, all enconpassed w thinloxP reconbination sites. In 15

addi tion, the vector contains the enhanced G-P reporter gene downstream of
the ‘Expression of PDF cDNA in a human pluripotent cell line

In this study, we have demonsirated the factor-dependent maintenance of

- 15 pluripo’tentiality following ex'pression of the human cDNA for Piuripotency
Determining Factor (hPDF) in a human pluripotent EC cell line. This clonally
derived cellline, 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 ext'rae'mbryonic

" cell types (Pera ef al., 1998). The GCT 27X-1 ceil 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 c).




| oxP sites, providing for visualisation by fluorescence whergiyGoes medi ated- -
reconbi nati on occurs. A simlar non-floxed construct pPyCAGegfpl P-("GFP
control " vector%, (Figure 12 20 b), in which the hPDF sequence in the

Fl oxed NP3, is replaced by the enhancedGFP repor P&/ GRRAEst r eam
of the I RES-puronycin reporter cassette, -wasuwed-asa o :

~control -to-providff"rron-hPDF4' expres '2ng transfected hECQeI | sfor each
experinment. 25 hEC cell culture GCT 27X#I cells were routinely cultured on

| a feeder _|a f mtotically ipactjivated nouse STOcells in a 1:1 v/v -
- aVEM Hamf@%fé@i}&ma%p(ﬂpmagtpawﬂdmﬂu@éaxpreﬂsed iRpheipotenf&CT 27X- -~

- pueelerent it P el LIRS, RS el B bap il 1 e,
Gl el BB B SOl oA Ao AT RONER PRt celiel. "  er

. passaged each 7 days using digestion with a 5 ng/nl dispase solution
(Sigma) prepared in the above nedium and replated at ‘a density of no |ess

t han ‘& 16idreake dernbasivatet theSokeroftplanpdesitiality RXGOT DXL fdatbrChréa Fell
~assays, CGCT 27X-1 cells were cultured w thout” STO feeder cells but wth

t he addi cubvrest ircoegponse el the dvithdrawal refdther yoik sae cheddemss celbdevivedr e of
~a human yo{sé_ sac car (a'_noma-' derived cell line CGI 44 (cells kindly provided -
by Narti Ropditignedh medivmy sad the mainienance)ofapluripatantialithaia cloaal level '

- suppl enent.ed aMVEM Hami - 12 nmedi um descri bed above. Single cell
suspensi rﬁ@?@g&n@bﬁﬁé@%ﬁ@?ﬁ%ﬁ? i gestion with a 0.025%trypsin
~(invitrogen)/1 nmM EDTA (Sigma)/1 % chi cken serum (I nvitrogen) sol ution
prepared in PBS buffer. Conal density cell cultures were seeded at

200- 3190 TR A ge sShow MAtRBHPDF HansdfiplioAtacBP Br&ibésa basis forrobust .

culture systems for human ES cells. -

'Ex_perimental Strategy
A construct containing a human cDNA sequence encompassing'the Opén reading
15 frame for the hPDF gene was transfected both by lipofection and electroporation
techniques into the GCT 27X-1 cells. Stable fransfectant 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 frorh 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 transfected 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 Tu_'mour Necrosis Factor receptor




15 The GCT 44 cell line was routinely maintained on ntotiegaldiyz0oeact.i vat ed
mouse STO feeder cells in high glucose DVEM nedi um (I nvitrogen) _ :
. 'supplenmented with 2 nmML-Gutamne (lInvitrogen), 3.7 g/L sodium .

- bi car bonWOD3(0G#Aa) and 10% FCS (CSL), and mai nt ai ned atP@f@B%"Wﬁﬁ%‘Vw
- but passaged by digestion with a 20 0. 25%tryp5| n (invitrogen)/1 nmM EDTA -
- (Sigma) solution prepared in PBS buffer. 'Conditioned medium was coll ect ed

on days-7, 10 and 14 from feeder-free B8l tures, filter sterilized and .

~ stored at 4C for up to 2 nonths. Each batch of conditioned medium was

tested f aupdréanally. COBA is aspecific marked of ht:mml ECmaHB am:hiadnvmragml_a.‘eem

27X-1 hEC cell s as described above (data not
f eeder cedurmqmmfrq/dlﬁemn @rb@-amatatralpéﬁgf: Bﬁ-metﬁé; ﬂ@@?heTheﬁ@é‘i na| ia)

“were routin ai ned in_hi ose medi um Vi t.,r ogen)
cuppl eneraRetcd e mesenta o EhM) SRBOURERG RE MBS B S ve! o

- passaged tw ce-weekly-by digestion with a 0.25%trypsin (invit rogen)/1 nM.
EDTA 31 July 2006 WD 03/064463 PCT/ GB03/ 00366 -55 (Si grra) sol ution

~prepargd Fhig fe@tge?i'fﬁérﬁbl s%ﬁé‘lgi i€ d d gﬁﬂbﬂ%r%frt fory m% : achi eved by

i ncubation o routine cu ours inal onyci n-.
~solution-(Sigma) prepared in suppl errent ed DVEM nedi.um (as above) and
‘washed twice with PBS prior to trypsinisation. 5 For routine norphol ogical
- exam nat iMatexfialsEahd Méethodalogyr es were fixed and stained-with Lei shman's
as previously described (O Brien, 2001). Cell cultures were routinely
~inspected by phase-contrast mcroscopy using either 10 Leica DML (Leica
. Mcroscopy Systens, Wtzlar, Germany) or N kon Diaphot 300 (N kon Inc., :
Mel ville Ventonmstructs)scopes Fl uorescing control GFP cell cultures were
' exam ned on Ni kon Di aphot 300 m croscope usi né; a 470/40 nm
10 An8. 8kb construct, termed Floxed hPDF E)Fsgure1 a), contains the open reading
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
puro_rhycin resistance gene, all encompassed within loxP recombination sites. In-
15 . addition, the vector contains the enhanced GFP reporter gene downstream of the
IoxP sites, providing for visualisation by fluorescence where Cre-mediated

recombination occurs.

A similar non-floxed construct pPyCAGegfplP (“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,
- Twas used asa control to provide “nomhPDF"-expressing transfected hEC-cells for

each experiment.

25 hEC cell culture |
GCT 27X-1 cells wereroutinely cultured on a feeder layer of mitbtically inactivated
'mouse"STO cellsina 1:1 viv 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. Lo'uis, MO, USA) and 10% FCS.




"Nikon filter. Fluorescent data was captured on a Lei ca DFC39Quij=zd0880i Nng

- system Al cell culture was performed using tissue culture grade o

- .plasticware 15 supplied by Fal con (Becton Dickinson, Lincoln Park, NJ, USA)
or -NuncW¥GHee, Denmark). Stable integrative transf eBETVERIHIOREC cells

* _“The floxed hPDF and GFP cont rol vectors were each linearised by standard

Pvu 20 1 restriction enzynme digestion_and transfected into GCT 27X-1 cells

- by both electroporation and lipofectr%"strategies. El ectroporation: A

' -d1gestio

- single c(%l suspensi on of 20-30 x 106 _hEC cells was prepared by trypsin-:
-amanenwaalik eeadmbaberaloriss, 68L1 MeloursedAusiralia); and mabitainezhs

ar o oot I SEC YRLERR B B8 et bt oach £ iGym eing Slgesting witab |
G tur o DO ShaPRRep B (SiabedbPrepred Todla SEOReHRAEY rliebieel B | or

to transh g :ofHoH@§§gﬁ%ﬁﬁlﬂ@ﬁofﬁﬁ{ﬁé tby I ncubation of the cells in

serum free nmediumfor ours w i pof' €éct anmi ne 2000 reagent (lnvitrogen)
at 605spg (1 fag/pl solution) and. 20 pg of linearised DNA, according to the
manuf acturer's instructions. Cells were trypsinised 48 hours _ :
post - | i pobetransieciion giperikrts aritbclohat assaysrGCT 28X-aAscéliy wete etitgreer at ed

cells. Transfected cells and control untransfected cells were plated at a
densi ty WithoukST@fecder cells butauitls thavadditionad conditioped metliasobtainediindm

Fet 1 oc i 15 IREURITHASLEHELES Pl D UmaTy ol S reinmasiertied gl IppOGh 3
daye. 10 085dhd BiuBEH Bt FePaiRb. Mdpobthe Addilich ati2e% Sedt ant o
CeelC B OB IR A A oo Sl

.suspensions were prepared by trypsin digestion with a 0.025% ftrypsin
(Invitrogen)/t mM EDTA (Sigma)/1% chicken serum (Invitrogen) solution prepared
in PBS buifer. Clonal density cell cultures were seeded at 200-300 cells/cm? and
low density cultures at 5000 celis/cm?.

15 . N

The GCT 44 cell line was routinely maintained on mitotically inactivated mouse ;
STO feeder cells in high glucose DMEM medium (Invitrogen) supplemented with
2 mM L-Glutamine (Invitrogen}), 3.7 g/L. sodium.bicarbonate {Sigma)and 10% FCS
(CSL), and maintained at 37°C with 5%C0, but passaged by digestion with a
o - 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-frée 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 (!n\fitrogen)
supplemented as above for GCT 44 culture. Routine STO cultures were

passa'ged twice-weekly by digestion with a 0.25% trypsin (invifrogen)/t mM EDTA




"mai ntenance of self-renewing GFP control hEC cell lines, oshyuggdoeni es from
15 condi tioned nedi um pl ates were picked and expanded. All procedures for.
achieving stable integrative transfection of hEC cells were essentially as
previ oudYQ 044493 bed for nouse ES cell's (O Brien, 2001). PEDGHI3/00366:-

| mmunostai ning 20 hEC cell cultures were prepar ed for indirect" '

"~ immunof |l uorescent staining with a . nouse anti-human CD30 nonocl onal

antibody (Dako, Qostrup, Dennmark) by-8Smashing-twi ce with PBS buffer,
fixing in _ethanol for 10 minutes on ice and storing at -20C. Stai ni hg
‘was perf(cs’lgm)lmlmtgarapﬂe[%l‘edl inuPBBrbuffert Nilitpticimagtivatidrbofi$TOncells @ag %

- Triton X-100 (Sigma)/2% goat serum (lnvitrogen)/13.3% v/v BSA 25

C (Invitr o@@hwvgd Qymwgbaﬂqn@m routieeuture forss hoursdn a 16 ugfmt;\fl&@myegm ed
" goat G secondary, antib oRe r

" Labor at o&ségo ’U@LPQ@W Fﬂﬁé\%&i@ﬁﬁ@%ﬁ @E’Qﬁe 1Andhe
above di | uent fe were Vi evved u5| ng a.535/50 nm :
Ni kon f|W?@Pegﬁ‘ﬂC@o%ﬁ%@é%?ﬁég@bgﬁf%l n) staining with a UV 330-380 nm
Ni kongfilter. Fluorescent data 31 July 2006 WD 03/064463 PCTI GB03/ 00366
-57 was captured on.a Leica DFC300 F imaging system All procedures for

i munof | pef eSERTE ensiphiolbdisalVekamiatitts of IHET dallsSehiturés vadrer el ¥nd
protocols.  Northern blot analysis. 5 Poly A+ nRNA' was prepared from

“subconf | staimedwith Ureishman@CEs previduslyldescribedt(@’BrienpR80dh -STO f eeder cells -
~and without feeder cells but in the presence of conditioned nedium as ‘
descri bed above. In additi oh poly A+ nRNA was prepared fromroutine
cultures_o

STO cel | S cel | trols. f
subsequeqspf cyibvres wats B naMRpestRRkby R hessepliasl mie BeoRy UBngR e ce |

cel 1 1P eé‘e%é?}ﬁ%’%%ﬁ@%ﬁiﬁb%&&ﬁiﬁw e, Gt RN PP o)

(O Bri e“(N:Equll}lc., 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 D~C300 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 veciors were each linearised by standard Pvu
20 [ restriction enzyme digestion and transfected into GCT 27X-1 cells by both |

-electroporation and _Iipofection strategies.

Electroporation: A singlé cell suspension of 20-30 x 10° hEC cells was prepared

by trypsin digestion and transfected with 40 lg 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 PF"

capacitance).

-Lipofe.ction: 2 x 10°hEC cells were seeded to a 78.5 cm? culture dish one day




Extracted nRNA sanples (3-3.5 pg) were el ectrophoresed on g Jfipawow 15
~agarose/0.66 M formal dehyde denaturing gel run in 1 x MOPS buffer. RNA was
- transferred to bond N+ charged nenbranes (Amersham Pharnaci a Bi otech, :
- Aner shalYOB¥e&keighanshi re,. UK) and hybridised with a 32P—HC§%‘I“13@Q35@Arrer sham :
Phar maci a Bi ot ech) 960 bp hPDF cDNA fragrrent i solated by Eco Rl restriction
enzyne di gestion fromthe pPyCAGhPDFIF. E\_/ector (vector kindly supplied by .-
tan 20 Chanbers;- | SCR, Edi nburgh, UK)~ An 800 by Hind 111/EcoR | fragnent
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27X 15 ceddmpeRiBrisites astorelectrbpblateGTBIRTX- 1 hEC cells was established as.

- described in the nethodol ogy. Mi ntenance of a pluripotent phenotype was

denonstrated, as Judged by nor phol ogy, Wnen cultured on a |l ayer of STO

- feeder ceIIs(Fl ure 5 or.in the abs of ST feeder cells tin
the presbiaisiost "4548 episal urlsarsiec WQEﬁ]P jedgk&d enslaoPP B

eabum 1enee B85 8B° dis e”%?@%ﬁhﬁv@@ ggéa%ﬁwf‘é’i?%uqﬁ% By Pon
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t hat 4ghi Ibﬁrdrﬁ?] élé@ﬁoﬁ '%fascapgné&e-s%yé mb%@}h Wamm.dw Wiitide) 800.4

nor phol ogy tures contal hing | ess "t han (v/v) conditioned nedi um
a repl acpgnmtr@fn at 1 mgv/mi frum clalysutG-16asbstrransfection éort éffective’selection

~condi ti oned medi um coul
- of stable integrants. Puromycnn 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 buifer. 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




. corresponding to -900 bp of hPDF cDNA sequence contained in the: Floxed

- not wholly support the survival and growth of the cul turess{gazosot

shown). 15 Endogenous expression of hPDF in hEC cells To confirm endogenous
expression of the hPDF gene in pluripotent GCT 27X-1 cells, a EOl A+ MRNA
" Nort her WP6446ds prepared -and hybridised with a radi ol BEEGEY ‘Bﬁ%be

+ ~ hPDF vector. Results in Figure 10 shog.gt_hat the hPDF.probe 20 strongly

- detects a hybridisation band of -2.4°Kb in GCT 27X-1 cells grown both on -
- feeder cells and w thout feeder_cells but in the presepce of conditdoned
medi um was sapiured ossar Leicsr Lffe30g Frimnaging psys m-s.gﬁlef%ei‘g"gﬁsf‘% S0

detected for. both cultures.and confiyfnmed.in.r er ] )
Gr1 f or IMMRAOTHCIBEFERGHHATRAIETS A ETolaR I oS byt FREralty biofStols. .

" detected from nRNA prepared froma 25 routine STO cell-only culture. A weak

hybri di sing band of -2.2 kb was detected in nouse E14Tg2a ES cel| mRNA and

i s indi ﬁi#‘“@'e"ﬂb'af Eﬂ@é}gous PDF transcript expressed in nouse .
‘ S. Re

pl uri po 'Ve armounts of poly A+ nRNA in different gel lanes

was get ' WahteH i 081 e nritures pftGEThEWXekeeflsng
gene%gjdcﬂyﬁﬁirﬂmﬂfgi cat gﬁéﬁtazg? ffc?]kg %r%‘t?j%demPDF't ranscript 31 July 2006 WO

- 03/ 064463i0dd GBRBOAGSHO feeddr culls ared withedt feedarcells bukin thepresencea of

conparison to the transcripts detected in hEC cells ( atd& no ovma%. ' T.he
- 2. 4 Kb dormfitiomach mediuen tasd desciiizd 2gbeve.h B - additiopRrigoly: Te'§"§ﬂﬁ£sw th 5
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i pof ectigiodi (Refy EXGPRIPBINALST Bevaily, MA, USA) as previously described |
' .(O’Brien, 2001).

Extracted mRNA samples (3-3.5 ug) were electrophoresed on a 1% wiv

15 agarose/0.66 M formaldehyde denaturing gel runin 1x MOPS buffer. RNAwas.
transferred to Hybond N+ charged membranes (Amersham Pharmacia Biotech,

Amersham, Buckinghamshire, UK) and hybridised with a “p_Jabelied (Amersham

Pharmacia Biotech) 960 bp hPDF cDNA fragment isolated by Eco Rf restriction

, enzyme digestion from the pPyCAGhPDFIP vector (vector kindly supplied by lan

| 20 Chambers, ISCR, Edinburgh, UK). An 800 bp_.Hind Hl/EcoR I fragment of Gapdh

- coding sequence was used to re-hybridise some membranes to provide a loading

—-controlformRNA 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




vector transfection done by the |ipofection nmethod only (Tablw #ps 15
‘Stabl e integrative col onies harbouring the Fl oxed hPDF vector were ‘
established as feeder-free cultures both in the presence and absence of
condi t i OFRE¥ABMM Stable integrative col onies harbour /¢S cont r ol
vector were established under the sane conditions, for the sanme nunber of.
plated cells. Stable, noderate "sized | oni es were established in 10-15
days for both vectors, with puronycin “control plates for untransfected
cells essentially clear of growh after this tine,. Results in Table 2

K
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1o shoufieldfo il GhY Fhichheroalme ShbStia ottt 57
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t hese Blogy inape\iserftel bPETO Toblieneells BIbin i) préSuned of GCT anabegbant s.

as discussed 1n the follow ng section (see 31 July 2006 WO 03/ 06446

- PCT/ GBO3/cdpditionedafediithca®othAnradineVFigure 9birdied aelomalidensity (Pigone ¢4, al |
- displaying a tight pluripotent hEC phenotype were picked and expanded from
bot h condj)t i Ghthdrawal bé conditiored rrmgxﬂmdram feedgriiree @tituresitof HEC dlalisi es

. were estabplished w thout conditioned nmedium for observation of norphol ogy

i n st abl lerapRraisd e nitalivr ogell difesentiafionantbeoppigtedossiel pluripatency
rane. 308 o kbl oo L PbARE ol g i o einid e, ™
anserits gt Bhe fo i e R iR ol ooty S A AefE L Rbayn,
Wi thout Goegithied@ShtBRfthy l@ssefﬁagrm @v)oridititied Al a rebRitentethiias ed

“with conditioned medium™This | 7
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' Endbgenous expression of hPDF in hEC cells
‘-'I'-o 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 culiure. A weak hybridising band of ~2.2 kb was detected -
| in mouse E14nga 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




3). Col oMasdeieptedsabutshalower

"a simlar observation to that for PDF-expressing nmouse ES geldiys2oest.abl i shed
in 15 cultures with and without LIF (see Exanple 8). It is also noteworthy
that GFP° control col onies expanded in conditioned nmedi um di spl ayed a -
slight| YW@AHHEH63 growth rate than their hPDF counter part ?Cmﬁﬁggé@i cal - .
observations for hPDF and GFP control transfectants 20 Stable transfectant -
~colonies established follow ng transf egéi on with the Floxed hPDF and G-P
control vectors and cultured in the pfésence and absence of ~conditioned =
medi um - were conpar ed nor phol ogii cally follow ng Leishman's staining, (Table
[

resi col.oni es .mai ntai ning a tight pluripotent 25 phenotype,

pur onyci t _
those st EEFI ﬁﬂ%@%@%ﬁ&%@t e whil e maintai ning some hEC phenotype and

"’ those that were completely |oose and differentiated, respectively. (Figure

13 a-c). Examnation of colony, norphology for primary transfectants, as

~.shown in hl : 'ﬁﬁ% ?j}( @I%g% ' Lndnds Bgicat es
“that whi F@éhl%ﬁﬁ%r%%ﬁ % tanttg'gﬁd;ig{ggi a ‘ﬁiqg%er Ié@?ggﬁgp Trﬁégﬁ{ldﬁ%ﬂf
nor ph@ othatiobseprst pn@i@@blg&ﬂ«ammpmm RECdINing GOTO2T C4 detived flops ttant s;
there was an increase in the ability for hPDF transfectants to hold a
pl uri pot-same pdremntalipee.wi t hout conditi oned nedi um conpared with GFP control
"colaonies - for 5 which an increase in |oose, differentiating phenotype was
- observed. Wile the variation in norphology for transfectants resulting

genone. _drastection bf REDF And SRBEOISIER YasteTS r anst ect | on appear to
oo bl RRE R i M SR o 0 NS B AR PRT
obs ergoacha PRI R Rled bl PRRRRRIIVERNER T TRS e (d5H MBS
medi um WeREwWRIEItAsfeBtich 6F GER2HEOHEC tels With hedubibd HPBF vector was
performed by both electroporation and lipofection, with a comparafive GFP control

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

15 'Stabie integrative colonies harbouring the Floxed hPDF vector were established -
as feeder-free cultures both in the prese‘née and absence of conditioned medium.
Stable integrative colonies harbouring the GFP control vector weré 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 appearto
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 fransfected cells
without conditioned medium does not appear to hinder the ability for colonies to
become established, the morphology of these does however, differ for Fioxed

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

gvels, inerraparson to the deanscripts delegiedin t hose




15 medium  albeit with many displaying a tight pluripotentsphapziogpe. |t
.. also remains possible that a synergistic effect: occurs where hEC cells
expressing exogenous hPDF are cultured in the presence of conditioned ,
medi um- ‘K& 'P%‘ﬁ%ce' of pluripotency in hPDF-expressing t &TS¥BO8#6s 20 The
~.ability of hPDF-expressing stable transfectant lines to definitively _
mai ntain a pluripotent phenotype undgéo_condi tions that normally initiate
- CGCT - 27X-1 cell -differentiation--was ; _ S
- confi rmafit% -4.ndi rect -i munof | uoreseent staining with the CD30 marker, .
“speci fictd %pi)uri potent hEC cells and not expressed in differentiating -
~cell types. 25 Six hPDF-expressing cell |ines, including one established
and cultured wi thout conditioned nediumfromthe tinme of transfection,

were cul A4 L&ﬂg@éleﬁt ALAHEr @ﬁhh&c&i&n@, Bt MiSpRIvieS BAR R MurRstenE AEY

~condi ti one um Four of the GFP control hEC transfectant cell |ines
(i nt ai pieshotypeondiri piekddmaddusxparded! ol bdth yostifiions\Gop The GHRETF
PCT/ GB03/ 00366 -62 renewal ) as well as untransfected GCT 27X-1 hEC cells
( al so5 mefransfiectahtsn White GE P coatrohedioniesvvens established withow condilionet tine
of transfection experinents), were cultured in parallel agclonal density
- under t hwediun fosmhaarsation g€ merpholpgyhrpstable eslonies {geeo tﬂ%lﬁaﬂé@%i s

~and CD30 indirgct,5 i nqf | uorescent . staj ni ng Jaas perf or neg —p_

cont rol. Wt tekbiskad R Bihe RERHEY nfeiger Rt Mibar g fporids
- denonstr te%zsom egﬁ or significant differentiation of colonies. It was
not ed t hAfe% g ected CGCT 27X-1 cells established expanded col onies. -

at a faster rate than GFP control and hPDF cell lines. 10, . Cell Ilines
expressing the hPI JF cDNA were shown to maintain a pluripotent phenotype

at chonaji viiennbted thvattthamefdctdd hPDF ceifdappearst tethiketherbame ameudtsf.
| time to establish colonies either in the presence or absence of conditioned
medium, however, following picking those growing without conditioned medium
expanded at a slower rate than those cultdred with conditiohed medium. This is
a similar observation to that for PDF-expressing mouse ES cells established in
15 . cultures with and without LIF (see Exgmple 8). It is also noteworthy that GFP
control colonies expanded in . conditioned 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 morphologicaily following Leishman’s
staining (Table 3). Colonies were scored as “light”, “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 (Figui'e 13

a-c).

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




~control cells and GCT 27X-1 cells could only maintain plurgpanemmoy where
condi ti oned nedi umwas present in the culture. 15 Results in Figure 14 show
t he, norphol ogy of two hPDF cl ones expanded from transfection plates in = -
the contwOwaeler esence (hPDF clone D7) or continuous aF&dfEB3OROF cl one
E7) of .conditioned nedium and cultured at clonal density wth and WIthOUt
condi ti oned medi um (Figure 14 a-d). Both hPDF D7 and E7 20 clones
~derpnstrate the ability to establi sh a®d-mai ntai n hEC col oni es di spl ayi ng
~a pluripotent cell phenotype under both conditions. Parallel clonal

-~ cul tures %ﬂn@lca'ﬁsﬁhabmﬂlelhmlﬁH@nsfﬂtﬁan@rdjSplfayedtalaigheedegmﬁf mht HEGel | s,

confirmthe gbility of these cells to only establish and mainta
pl uri pot’ éﬁPrFﬁE@%l'rérﬂO@' lor'ﬂqdng‘e 4 compared éﬂﬂhéﬂz%fc%ﬁfﬂiltfallﬁﬁ%@aﬁﬁil um
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GCT 27X-1 cell  lines, cultured in the presence and absence of .conditioned

medium All cell Ilnes di spl ayed the ability to maintain self-renew ng

" CD30--posiWhile thevaiiation wmnrprmlmgwfw(m'ansfecﬁanwmeultmgdrommmhwe@mnmaynd :
~ presence of ﬁondltloned rredl &gl gure 15 a-h). As the GCT 27X-1 cell's
est abl i sHRafn aeg%eféwyﬂ@s,@e@ egration Inmhmgenqm. thesereswiting frosa

ooul i b RbebITBEIR éﬁéﬁ%ﬁ%@tp%a?ééﬁﬁsrﬁﬁﬁé%hﬁcr%%qdﬁebﬁfaﬁﬁoeﬁg@%h%h bot
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hEC cel | hormidiN .ﬁﬁbtéraiﬂetréhmﬁﬂién&%%flgmmo@éh@ﬁm(&blsﬂréé. 15 i-p). Again,

- -Generally, colonies observed ori 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 u.nder. conditions that normally initiate GCT 27X-1 cell
- _differentiation -was confirmed-by -indirect-immunefluoreseent staining with the
CD30 marker, specific to pluripotent hEC cells and not expressed in differentiating
celi 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-




- any residual CD30-positive cells observed in GCT 27X-1 col sniwgoogoul d be .

Cattributed to the nore rapi d expansi on and overgrowth of these col onies

- (Figure - 15 o- ,% 15 It was observed that the hPDF E7 cell |ine displ ayed'a ‘
© general WOt hEC col ony norphol ogy (Figure 14 a-d; ﬁT&ﬁoém'ﬁﬁa, c, i,
k) and stronger detection of the CD30 marker (Figure 15 b, d, j, 1) when

. conpared with hPDF D7 cells, and may b flect the site of random DNA
integration into the genone in each cl The hPDF E7 cell line:was:

_'|n|t|aI_I est Ilshpg in the absence of both STO feeder’ 20 cells and
condi t1 ofREPWER AN iwngans%miés@m?m BE Gl (el maibtsiasain
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differentiate and | ose theﬁgetﬁzl [ tydrPgélggF%lrene Eefégjden;egjtgl flt2006

WO 03506 iMARINRITLERAHIMGRaMing as'petfoihed GAGPTCEP ddrifrol dri@PG@rﬂZWS'I
- Chiu C.P., Harris C.P, Waknitz M A. | t skovitz-El dorJ. and Thonson J. A

( 2000) peells Bultturedmﬂhoamoadltlanedlmedlem demorisérated@omplete oMsignifizant ner ,
: Q&f Gotrlieb,- D 1. (1995). Enbryonic stemcells express neuronal
| pr opertl rentiation, of geloniesy lhwas npted §rat theuntransiectediG 2?&(—’( zol®) |
NEth Enz 7 01-421. 0 Bur don Chanbers Ni chol s,
., and gﬁﬁ%ﬁ hﬁé P@Jj@)e @95&%@%@3@#@{' f@ﬁﬁﬁﬁnaéé’%mkobam hPRIF gebnot es
self-ren H?:l‘ of nouse enbryonic stemcells. Dev Biol 210; 30-43. Dani, C.,
Chanbers, T.’, Johnstone, S., Robertson, M, Ebrahim, B., Saito, M : _15
Tagasqgl-, Li, M, Burdon, T., N chols,-J., and Smth, A (1998). Paracrine
I nduction
Cell lines expressing the hPDF cDNA were shown to maintain a pluripotent

phenotype at clonal density, with and without conditioned medium, while the GFP
control celis and GCT 27X-1 cells could only maintain pluripotency where
conditioned medium‘was present in the culture.
15 | |
Resuits 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 phenbtype under both conditions. Parallel clonal cultures of a
_GFP control clone, C15, and of untransfected GGT 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 ioosely formed colonies (Figure 14 e-h).

Results in Figure 15 confirm the above morphological observations with

comparative CD30 and Hoechst immunoﬂuofes_ce_nce staining of individual




. of stemcell r enewal by LI F-deficient cells: a new ES cell 3f‘ﬁmoaeory

pat hway. Dev Biol 203, 149-162. Doetschman, T. C, Eistetter, H , Katz,
M, Schmdt, W, and Kemer, R (1985). 20:The in vitro devel opment of .
bl ast ocy\HD-Oéléﬁﬂﬂed enbryonic stemcell lines: - fornation P&T/GRESOBIAEI yol k-
-~ sac, blood islands and myocardi um -J Enbryol Exp Morphol -87, 27-45. Dynan .
~and Tijan (1985) Nature 316, 774-78. 25 Eiges et al (2001) Current - .
Bi ol ogy, 11:514-518 31 July 2006 V\D 0%64463 PCT/ GB03/ 00366 -65 Galli,
- G, Hofstetter, H, and Birnstiel, (1981). Two conserved sequence

] ocks V\/Ictdlmmeswsiabmsh&d thﬂm\hWiésDb,erW &7, Gl t5 aede@OTt 27 XMatatle

294, 626 631. 5 Gassnann, M, Donoho, -G, and Berg, P. é 995). Mai ntenahCe_
_of an’ eﬂmeacnw&ur@wﬂsthemrasm@a@dabsenﬁemmgad&meylcme iugm.cAltcslllinespr oc -

“Nat | Acad Ci

Enzymmol ogiSBIaYe d@ﬁsébﬁ%gztglr%?@a{ns%'e?fnrﬁgggv"%()@% 4itiye qonies when |
oTrh < Sl R ARSI ¥ Trer BRAS HNE pRerE b 9§ﬁﬁ§l?>0ﬁfi§rﬂ%fifu%ease |
Coodst g0 Figyre T8 AAT° Aihe)SCTORFNEP oo estiibich iefge PBBhded gionies. cont
i pr ovengibfe léliljreth§mt%?édie§@:éﬂ§ Pan Qﬂ(iﬁe%ﬁﬂﬁ%lét%ﬁ fcﬁélﬁtél‘éﬁ'l&ate |

Nucl ei ¢ Aci ds Res™ 30, 242-244. 20 Li, tner, M, and
(1995) . Fasthetrl;mnp‘tmwtasamoolﬂ thet Expecmdtwnh lovergmwth (Figurerts gt dnethé78

r2a-Tar absence of both feeder cells and conditioned medium, only hPDF-expressing hEC
cells were able to maintain CDSO-p'o_sitive colonies, while GFP control and GCT
10 27X-1 hEC cells could not maintain self-renewing colonies (Figure 15i-p). Again,
“any residual CD30-positive cells observed in GCT 27X-1 cdlonies, could be
- attributed to the more rapid expansion and overgrowth of these colonies (Figure .

15 0-p).

' 1_5- 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 celis and conditioned medium following transfection. After more than 8 weeks of
- continuous expansion under these culiure 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 resuits 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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15 3. A method according to Caim2 wherein the gene is thg andwgenous
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4. A nethod according to Caim2 wherein the gene Is | ocated on an

is stably integrated. 20 5. An in vitro nmethod of
3PP "ot her than a cell derived froma humeRCERBRYHG a

expression of . a .

racel lularly .and
ence 25 of -gpl

30

~activation, whereas the factor has at |east 50% sequence identity to the:
pol ypeptlde of SEQID NO 4. 6. A nethod according to any of clains 1-5,

- wherein the—factor—naipt-ai-rs—ef—gonfers: ELuLkpe%eney—eL—a—hunan—sLenLFeI
~ other thdn a cell derived|from aFle¥edhRRR verigr yo. - 31 {J@RP eandepl vesgtor7i A
met hod adcording to any of clains 1-5 wherein the fagtor maintai ns or
confer For ) f T -'| 0 T || m f
gf’a, oo 116 whorari ot ho FlEtroporion | E‘pe’fétéﬁ o ;?’ﬁ“l;ps? v
- stem cRl 1| %B eishon- per mssive st ral n of A et ho%f)gi(ﬁﬁordl ng to
any preceqispgiesled M - wWher ¢i n thgyf@act or | Sg@agdd RNl ijption or 0] 10.:
A nethod|according to anyfpreceding claim wher_ei n the fsagaédzapﬁmt;mons a
homeodongi n. -11. A .nethodlaccordi ng to ahy pra&teti-ng clain1 wherein the
~factor nyigramsfeciedwerilse efrbr yoni ¢ stem cpl |'s 2x188 pl uri pot egé ;ta‘%at e. 1p 12.
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10 | plate post-t/f
stable integrants 1:5102 (0.020%) { 1:3597 (0.028%) 1:3425 (0.029%)
established in +CM e 392 .. B 584
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Table 2; Stable integrative transfectlon of GCT 27X-1 cells with a hPDF vector
Piuripotent GCT 27X-1 celis were transfected with the Floxed hPDF vector by both

electroporation and lipofection strategies and stable transfectant colonies

20

- established without STO feeder cells in the presence and absence of conditioned
“medium (+/-CM), under puromycin selection. To provide control cell ines, GCT
27X-1 cells transfected by lipofection with the GFP control vector were established

25 under the same conditions. Equivalent numbers of colonies were piCkéd and
 eXpanded from all conditions, excéepting GFP contr’o.ls which were picked onlly f

from conditioned medium plates to maintain hEC colonies.




13. A nethod according to any preceding claim wherein thesfagmosnaintains
20 LIF non-responsive cells in a pluripotent state. 14. A method according
to any preceding claim wherein the factor is a -pol ypeptlde havi ng from
200 to WOONAHE acids. 25 15. A nmethod according to any?pFEERHY ?fgcl aim.
wherein the factor has at |east 90% sequence-identity to the polypeptide
of SEQ ID NO 4. 16. _A nmet hod accordi n%to any preceding claim wherein the
factor has at | east ' 95% sequence ide Q‘ty to the polypeptide of SEQ I D NO
4. 30 31 July 2006 -72 17. A nmethod according to any preceding claim n
- wherein the fact or has the sequence of SEQ I D NO 4. 18. A net hod according
'to any O s e : } '

~pl uri pot : hat
" has 50% |dent|ty t he . h , 4.
19. A n® , A g—t-o—cH-ar-r-8; g‘:e'\lif e+-A—t-he .agtmcr' -6 hon-

10 responﬁ me cel is| in agyuri pgtent ggate. PO.. A pethod pccordpng to|claim
18 or cllaitm 19, whefrein the factlor maintains| ES cells friom non-perni$sive
"strains |of mce in ja plurjpotent statglntha absence of{ feeder, cell$ and
Cin the dd¥ediem of fleeder el eftract 15 21| A nmethod acfordi r‘?& to amy of
cl ai i I=5—wherern-the—factor—gupports——der{vatTomamd—Tgrtemance of
cel | s frjammosen- pernf ssiveisstrai gs of nbce infa pladipoteht st@Fe in {he
absence jof feeder cells_and in tlhe absence of feeder . cell extract 20 22,

A_rret hod .‘%eglorghtng cl ai m18&, V\,herei n _Hbe facqor r%I ates tran%;di pti¢n.

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 puromycir}

~ selection for 10-15 days, inthe pfesence and absence of conditioned mediu.m (/-
CM'). Colonies were scored for a tight, medium or loose phenotype with resgeet

to pluripotency, following Leishman’s staining. Floxed hPDF colony scores shown

15  are taken from electroporation‘transfection plates.




23. A nethod according to claim21 or 22 wherein the factog &8oasns a
homeodomai n. 25 24. A nethod according to any of clains 21-23 wherein the
factor is a polypeptide having from?200 to 400 am no acids. 25. A nethod
according to any of clainms 21-24 mheng;n the factor is active in 30 LIF
non-responsive cells. 31 July 2006 3 26. A pharnmaceutical conposition
conprising a pharnmaceutically acceptable carrier and a factor conprising a
pol ypepti de having at | east 50% sequence identity with SEQID NO 4 for
use in nedicine. 5 27. A pharnaceutical conpostion according to claim 26
wherein Qﬁ ol ypeptide has at | east 90% sequence identity with SEQ I D NO
4 for u nmedi ci ne. 28. A pharmaceutical conposition according to claim
26 or 27 wherein the 10 factor is as further defined in any of clainms 1,2
or 5-25 for use in nmedicine. 29. A cell culture medium conprising a factor
corrprl silng a pdwﬂépmeﬂ@dw@ﬁ/mﬁ@talatngl%ablnpstmt%&mﬁ@@tma@ﬂnerﬂpamh SEQ I D

pol yBept i do. RELPEFIaaEbHiS HE ARLAEFHABR SFidhdadilleRafblo 57

~cell cul t ur ethz goplatian eofadiorgviich th@lmﬁaé’eﬂltﬂHr[ySéhd\hﬂhﬁamstdm:ohwgor is as
further defined in any of Clains 1,2 or 5-26., 20 .32, A cell culture nmedium
accordi-ng t oPErRPIANSY OW%PﬁﬁH&th@cﬁﬁﬁﬁF%%QBH3Q@FF'\6%H%} wl'@re%ti@cf clgg A

Fryane. oo WEFE BSPSON Sqter RN\ SRR SEBIP NocRp! o 29
conprising IL-6 and sol ubl e-
10 2. An in vitro method of maintaining a cell other than a cell derived from a
human embryo in a pluripotent state comprising activating a gene in the cell
that encodes a factor which acts intracellularly and maintains or confers
pluripotency on a cell in the absence of gp130 activation, wherein the factor
has at least 50% sequence identity to the polypeptide of SEQ ID NO: 4.
15
3. A method according to Claim 2 wherein the gene is the endogenous gene.

4. A method according to Claim 2 wherein the gene is located on an episomal

plasmid or is stably integrated. |
20

5. An in vitro method of maintaining a cell other than a cell derived from a
human embryo in a pluripotent state comprising maintaining or increasing
expression of a gene in the cell that encodes a factor which acts
intracellutarly and maintains or confers pluripotency on a cell in the absence

25 of gp130 activation, whereas the factor has at least 50% sequence identity

1o the polypeptide of SEQ ID NO: 4. .

6. A method according to any of claims 1-5, wherein the factor maintains or
confers pluripotency of a human stem cell other than a cell derived from a

30 human embryo.




| L-6 receptor. 31 July 2006 -74 35. A cell other than a c®ijuyd®osved from
a human enbryo or human germcell in which the expression or activity of a
factor as defined in any of Clains 1,2 or 5-25 has been mani pul ated. 5 36.
A pluripotent, human cell other than_& cell derived froma human enbryo or
human germcell, maintained in a pluripotent state by a factor as defined
in any of Cainms. 1,2 or 5-25 in the absence of feeder cells and in the
absence of feeder cell extract. 10 37. A cell other than a cell derived
from a FumanAemithonl accanding o gay of clEims ebphesimthesfagiemenaintains og a f act or

as defined in a@ O[B’I’Q {ali msoi,z or 5- 25, ﬁ\,herei n the gene has been
activated. 38°MEGERPIIPIGNGYA) A MELSs SIS C8Y defined in any of daims 1,2 or
5-25 in 15 maintaining a cell other than a cell derived froma human

enbryo in a pluripotent state in vitro. 39. A nethod of isolating a
pl uri poBent Aenethachagcording teasgiof claimsvied, wherieinthefanton nagibtajes or

conpri si ng: i i i nt Ll el fre i:SO 30 | |
popuISati on aéﬁﬂlt:elp%bw fé@*er}%xé’g‘ﬁ ﬁ%ng%ggg{oﬁ? gé’? ndi%}hﬁ%éd‘%f %ﬁéﬁ fg‘ﬁ'c%l aims 1,2
or 5-26. 40. A nethod of isolating a pluripotent non-human cell,
conprising: creating a transgenic aninmal, wherein the transgenic aninal
conprisfs a Azyemsigamé@mamoaﬁmﬁe%dmpmi whewie g gt IFdct or as
defined in apynofs tgnal%%rl’ 2 or 5-25 is under control of a regul ated
pronot er, obtalni rPg a transgeni c enbryo fromthe transgenic ani mal,
obtaining cells fromthe transgenic enbryo or animal, and activating the

prompter so gas tQ express the factor jn the cell.. 30 41 . A nethod of
P r oaDi nd0a t Rnetod AoREG tvahy BFFeRaInG i, Wapisgh the factor dontains &

‘homeodomain.

11. A method according to any preceding claim, wherein the factor maintains

mouse embryonic stem cells in a pluripotent state.

15
- 12. A method according to any preceding claim, wherein the factor maintains
mouse embryonic germ cells in a pluripotent state.
13. A method according to any preceding claim, wherein the factor maintains
- 20 - LIF non-responsive cells in a pluripotent state.

- 14. A method according to any preceding claim, wherein the factor is a
polypeptide having from 200 to 400 amino acids.

25 - 15. A method according to any preceding claim, wherein the factor has at least
90% sequence identity to the polypeptide of SEQ ID NO 4.

16. A method according to any preceding claim, wherein the factor has at least
95% sequence identity to the polypeptide of SEQ ID NO 4.
30




31 July 2006 -75 expressing or providing in a cell a factgrasodefined in
any of Clains 1,2 or 5-25 thereby obtaining a culture of pluripotent
cell's; carrying out a genetic manipulation of one or nore of the cells;
subst anti al | y extingui shing expressi of the factor in the cells, or
renoving 5 the factor fromthe cells;"and obtaining fromthe cells a
non- human transgeni c aninmal. 42. A non-human transgeni ¢ ani mal obtai nabl e
according to the method of claim41l. 10 43. A transgeni c non-human ani nal
cont ai n'rIﬁg aAmuethedt acterding de noy peecaxtingnglaira, Whetein thesfaebbdri esdhen any of
Clainms 1,2 or 5-25 ur}ﬁé ﬁ&gg{)o of a reqgulatable pronoter. 15 44. A

met hod of scF@‘é‘t‘l‘?qﬁ?? Q - that naintains a pluripotent cell other
than a cell derived froma human enbryo in a pluripotent state,
conprising:- providing a pluripotent cell which expresses a factor as

def i ned1Bn aﬂynathodca@pr&ng o apy %CMSm,therglrstf@U‘aytqmam@mﬁeaceth a

20" carryi ng Bt PRrier ety afS aft Bt ot odelfur s SopRlderBifior (he

factor; and #wite@kisng. behighet sbhuéhes ndeﬁt[mbrthalhambdd@naauﬁlfmm BECEID state.
45. A method accor di ng to claim44, wherein the manipulation is selected

from- 25 a b@]élc mani pul ati on of the cell, whereby the screen is
suitable for identifying a factor which controls expressi on of an
endogenous gene coding for a factor as defined in any of Clains 1,2 or
5-25 or 18. f uAtmethotdeaxicording batlaivai 18, avheseinttre fadtbr mairdapisWiF pohent st at e;

~and % mani pul ati on, of ﬁul_tur? r_m(%i um 0{ culture conditions in which the
" cel | 30 [&Pensivg cells in a pluripotent state.

20. A method according to claim 18 or claim 19, wherein the factor maintains
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.
15
21. - A method according to any of claims 1-5, wherein the factor supports
derivation and maintenance of cells from non-permissive strains of mice in a
pluripotent state in the abs;ence-of feeder cells and in the absence of feeder
cell extract.
20 |
22. - A method according claim 21, wherein the factor regulates transcription.

23. A method according to claim 21 or 22 wherein the factor contains a
homeodomain.
.25
24. A method according to any of claims 21-23 wherein the factor is a
- polypeptide having from 200 to 400 amino acids.

25. A method according to any of claims 21-24 wherein the factor is active in
30 LIF non-responsive celis.




31 July 2006 -76 46. A nethod according to claim44 or 4531 Juy28bscCh
expression of the factor is controlled by regulating a regul atabl e
pronoter in operative conbination wth a nucl eotide sequence encodi ng the
factor. 5 47. A nmethod according to c 3a_li m 45, conpri sing reducing
expression of the factor by adding a repressor to nmediumin which the cell
is cultured. 31 July 2006 WD 03/064463 PCT/ GB03/ 00366 SEQUENCE LI STI NG
<110> University of Edinburgh Smth, Austin G Chanbers, |an <120>

Pl ur i po8ncy Adeltaemaceiticalfcactpositicencbmigizsing hephermaceticay @osepRbl24222
<150> GB0202149. 1 515 > 2002-01-30 <160> 8 <170> Pgter{tfgdg version 3.1
<210> 1 <2115aBipgand Siastorgarprising.anolyneplids hayindaldedst PUya SEHUSNG

gatttggtty Ofdentity With SHA IDNOIYIERRGARMEEdcmEet cact tce 60 ttctgacttc
ttgataattt tgcattagac atttaactct tctttctatgatctttcctt120 ctagacactg

agttttttgg ttgttgccta aaaccttttc agaaatccct tccctcgecca 180 tcacactgac
Goaadi ety SAMARBRHEERIRoh REEL Al GHPRERIIRgeRe o oo
' - polypeptide has at least 90% sequence identity with SEQ ID NO: 4 for use

in medicine.

28. A pharmaceutical composition according to claim 26 or 27 wherein the

10 - factor is as further defined in any of claims 1,2 or 5-25 for use in medicine.

29. - A cell culture medium comprising a factor comprising a polypeptide having
at least 50% sequence identity with SEQ ID NO: 4.

15 30. A cell culture medium according to claim 29 wherein the polypeptide has at
~_least 90% sequence identity with SEQ ID NO: 4.

31. A cell culture medium, accfgrding to claims 29 or 30 wherein the factor is as
further defined in any of C[éims 1,2 or 5-26.
20
32. . A cell culture medium- according to Claim 31, further comprising an activator
of gp130. ;

33. - A cell culture medium according to Claim 32, comprising a LIF receptor
25 ligand, e.g. LIF.

34. A cell culture medium according to Claim 32, comprising IL-6 and soluble

IL-6 receptor.
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-t hutdregertn edll, tradintaitedLinOd pluripatdttstdte HyaafHctorest deflregichgt ct

tctgctactg agatgctctg cacagaggct gcctctcctc gccgt unecioos 360
cctcttcaag gcagccctga ttcttctacc agtcccaaac aaaagctctc 420
gct gacaagg gccctgagga ggaggagaac aaggtccttg ccaggaagca 480
4} gca ctcaaggaca ggtttcagaa 540
ctcagcctcc agcagatgca agaactctcc tccattctga acctgagcta 600
aagacctggt ttcaaaacca aaggat gaag tgcaagcggt ggcagaaaaa 660
aagact agca atggtctgat tcagaagggc tcagcaccag tggagtatcc 720
t deegjtothec tharcagglydervadfrom @ Aamagoembryggershupean geos zell 180

a _ccaacccaac,. t.t gaagcagc ca ct,gga cc ccaag -840
ERIESSIan CRACIVI T AL BGRT s dattierdd any & A £2000
Cag6Cc2s Hasehabl piafp@atedict ccat aac ttcggggagg actttctgca 960
cagttgcagc aaaacttctc tgccagtgat ttggaggtga atttggaagc 1020

agccatgcgc attttagcac cccacaagcc ttggaattat tcctgaacta 1080 31
. t t at gaga
2 SR e o B FEFE SPiR o

caaaa cgtcagatct 1260 tgtt tat ggttgtgagc caccat gtgg
t @5&9??3@98189’38@ é@én %ﬁﬁ%&gﬁ%@&; @8? &gﬂg@ the fk2eNGEgagc
OeEfdddeotb bRfrhét ttta 1380 attattattt gectttttgtt tatcgagaca
gcatagctct aattgtcttt 1440 gaactagctc tgcagaccag cctggccttg

tctgcccact tatctttgcc 1500 tcctgaatgc tgggaccaaa ggtggcatac
ggcatatata, ttgtttattt 1560 ctatttctat ttttattggt gccagagcaa
P ARESRs Pt el siverbm £ hinabarBbnpay it befE et t gg
t Bbiplibirigta §6hé Shedihg HEBBtorldsHeTricktih ahly A Iiks™ 2@rd-aggct
tgaggt gcat atactctctc 1740 cttcccaaga afaagtgctt gaacaccctt
aebcwberrin thrgeng bas begs@otivatetict t agaa gcgt gggt ¢t t ggt at acac
t gaggggt ga ggtttaaaag 1860 tatatacaaa gtataacgat atggtggcta
t gagacagaa ggaccaggag 1920

Use of a factor according as defined in any of Claims 1,2 or 5-25 in

- maintaining a cell other than a cell derived from a human embryo in a

pluripotent state in vitro.

A method of isolating a plu"_zripotent cell other than a cell derived from a

human embryo, comprising:

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

‘encoding a factor as defined in any of Claims 1,2 or 5-26.

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 as defined in any of

- Claims 1,2 or 5-25 is under control of a regulated promoter,

. -obtaining a transgenic embryo from the transgenic animal,

- obtaining cells-from the transgenic embryo or animal, and

« -activating the promoter so as to express the factor in the cell.

30
41

. A method of creating a transgenic non-human animal, comprising:-




tttgagggta ggtcagatat gcaataagtt caaggccaac ctgtactatg tttaaalyagbs 1980

. aagacagcat ctcgataaaa taataaaact aaagtctcaa caaaataaaa gctttcacct 2040
attaaggtgc ttgcttgtcc ttggagtccc ccaagagtaa ctgctatgtt aatatctgta 2100
gaaagatgtt tatatttgac tgtaccatga tgaagcgatg ccagctggac tagtttaaac 2160
aaaat aaaac actaatttta ccttt 2185 <210> 2 <211> 305 <212> PRT <213> Mus
muscul us <400> 2 Met Ser Val Ay Leu Pro Ay Pro H's Ser Leu Pro Ser Ser
Gu @u 1510 15 Ala Ser Asn Ser Ay Asn Ala Ser Ser Met Pro Ala Val Phe
- Hi's Pro 20 2&xpeéssiGguwrisovidiyg iSer cdlyas facior 43 defed iBemyAfLSlam& |2 &bt Leu
Cys Thr AD = - emess-----n 2 WO 03/ 064463

P @03/ 00368 é?‘"%'ié’u‘%@ta'“)ﬂ@aa§HP”T9r%f19iFEjp¥3PBP%‘8P Ser G uAsp Leu Pro Leu

Gndy 50 5érrgﬂg ﬂﬂ tléﬁﬁbrﬁﬁula%ﬁ of Bhe 28 ndre ®f ysS c&d? Lys Leu Ser Ser
Pro Gu 65 Lys Gy Pro Gu GQu GIanAsnLysVaI Leu

Ala Arg Lys S@bsjenmly@ttngw ngeexmegswhpfvwfaptm irstire cells, ar serabvingeu Cys

N e keu Lys rg.Phe @n Lys Gn Lys Tyr Leu Ser Leu Gn
dn t Gn @]egﬁct]oqgfrngﬁéAé@Is, HHd

obtaining from the cells a non-human transgenic animal.

42. A non-human transgenic animal obtainable according to the method of
claim 41.
10
43. - A transgenic non-human animal containing a nucleotide sequence encoding
a factor as defined in any of Claims 1,2 or 5-25 under control of a

regulatable promoter.

15 44. A method of screening for a factor that maintains a pluripotent cell other
than a cell derived from a human embryo in a pluripotent state, comprising:-
providing a pluripotent cell which expresses a factor as defined in any of

. Claims 1,2 or 5-25, which is stably maintained in a pluripotent state and in
- which expression of the factbr can be controlled;

20 carrying out a manipulation of the cell;

reducing expression of the factor; and
- selecting for-a cell that is maintained in a pluripotent state.

45. - A method according to claim 44; wherein the manipulation is selected from:-
- 25 - a genetic manipulation of-the cell, whereby the screen is suitable for:
identifying a factor which controls expression of an endogenous gene
coding for a factor as defined in any of Claims 1,2 or 5-25 or a further factor
that maintains the cell in a pluripotent state; and
- a manipulation of culture medium or culture conditions in which the cell is
30 - cultured.
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120 125 Leu Ser Ser Ile Lau Asn Leu Ser Tyr Lys A n Valuymoghr Trp
130 135.. 140 dn Asn Gdn Arg Met Lys Cys Lys Arg Trp A n Lys Asn G n
Leu 145 150 155 160 Lys Thr Ser Asn Ay Leu Ile @n Lys Ay Ser A a
Val dut Tyr 165 170 175 Pro Ser~dle His Cys Ser Tyr Pro Gn Ay Tyr
Val Asn Ala Ser 180 185 190 Ay Ser Leu Ser Met Trp GySer Gn Thr Trp
Asn Pro Thr Trp 195 200 205 Ser Ser An Thr Trp Thr Asn Pro Thr Trp
Asn G n Thr Trp Thr 210 .215 220 Asn Pro Thr Trp Ser Ser @ n Ala Trp
Al a4Gl n Bemethop smording to 2R6m28DoR48S, id AdhiciCGexpressionrgd the facidris Al a Pro

Hi Asn Ph d .Phe L 245 250 255, d - Tyr. Val G L
A hon Eharcleh by diiRing € edlilaGHl: ogsiaRie oAt cOBRNBENG U A &
Arg G n aah dheclébitdd béqidtReicolitHg fReFactdf> 280 285 31 July 2006 WD

03/ 064463 PCT/ GL103/00366 -4 Gn Ala Leu GQu Leu Phe Leu Asn Tyr Ser Val

Thr

Pro Pro Ay Gu 290 295 300 Ile 305 <210> 3
5 47. A method according to claim 45, comprising reducing expression of the

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




'<211> 2114 <212> DNA <213> ann'sépiens.<400> 3 attataachJmﬁ@mgactcc

‘aggattttaa cgttctgctg gactgagctg gttgcctcat 60 - gttattatgc aggcaactca
ctttatcecca atttcttgat acttttcctt ctggaggtcc 120 tatttct cca

. gaaaagt cVO 386 gcct taaccttttt tccagtccac 180 ctcttaa§¥ﬁwﬁﬁg%@%%cct _
-cttcctctat actaacatga gtgtggatcc agcttgtccc 240 caaagcttgc cttgcectttga
‘agcat ccgac tgtaaagaat cttcacctat gcctgtgatt 300 tgtgggcctg aagaaaacta
tccatccttg caaatgtctt ctgctgagg%mggﬁt %?ﬁ? 360 gagact gtct ctcctcttcc
‘ctcctccatg gatctgetta ttcaggadag ccctgat 420 tccaccagtc ccaaaggcaa
acaacccact, &ctgcqggggt c@g&@ﬁ&gg aaaaaaggaa 480 gacaaggtcc cagtcaagaa
acagaagacc’ agg Eg gl gggttccac ccagctgtgt 540 gtactcaatg atagatttca .
gagacagaaa tagﬁtﬁgggc %paccagat gcaagaactc 600 tccaacatcc tgaacctcag
ct acaaacag gtgaagacct ggttccagaa ccagagaatg 660 aaatctaaga ggtggcagaa

ctacctaccc
accttccaat
acatccagtc

geet&sFgcac
ccgact ggga

cagacccaga
caat cct gga acaat caggc
cagtcctgca tgcagttcca
gctgct gggg aaggccttaa
accatggatt tattcctaaa

gt gaaactga tattactcaa
tcccatccct cataggattt

tat ccagt ca atctcatgga

31 July 2006 WO 03/064463

' aaacaact 9, 6 03A0A b B3 Gkl GAEESAAUNS A0es
_ cagcctctac tcttcctacc accagggatg cctggtgaac 7
840

- gt ggagcaagagAagansiagapzanaat t caac ctggagcaac
ct ggagcaac cactcctgga acact cagac ctggtgcacc 900
ct ggaacagis@cchheioatas act gt ggaga ggaatctctg 960
gccaaatt etsct goengtigz@mct t ggaggc tgctttggaa 1020
t gt aat acag cagaccacta.ggtattttag tactccacaa 1080
ct act ccakgs@acat gcaac ct gaagacgt gtgaagatga 1140
tttcagtctg gacactggct gaatccttcc tctcccctcc 1200
ttcttgttcy’Gaadeeaecgn redeydt-Lt ccat gat gcc 1260
1320

gggt ggagt a tggttggagc ctaatcaggg aggtttcttt

PCT/ GB03kBYB661 -
tttgagacg§1%886135
<2l2> DNA

tttttttttt cctattggat cttcctggag aaaatacttt tttttttttt

<213> Mus musculus
. <400> - 1 _
gagatagget gatttggttg gtgtcttget ctttetgtgg gaaggetgceg gctcacttee 60
ttctgacttc'ttgataattt tgcattagac attﬁaactct tctttdtatg_atcttﬁcctt- _120
étagacactg agttttttgg tggttgccta aaaCCtéttﬁ agaaatccoct tcéctcgéca 180
tcacactgac atgagtgtgg thttcgtgg teoccecacagt ttgcctagft ctgaggaagce 240
atcgaattct gggaacgcect catcaa;gcc tgcagttttt cétcccgaga actattcktg 300
cttacaaggg‘tctgctactg agatgctctg cacagaggct gocketecte geocttecte 360
tgaagacctg cctottcaag geageococtga ttettctace agteccaaac aaaagetcte 420
. ‘aagtcctgag gctgacaagg gocctgagga ggaggagaac aaggtecttg cééggaagca 480
gaagatgcgg actgtgttcﬁ cteaggocca getgtgtgeoa ctcaaggaca ggtttcagaa 540
gcagaagtac ctcagcctcc agcagatgca agaactctéc tccaﬁtctga acctgagecta -Gob
taagcaggtt aagacctggt ttcaaaacca aaggatgaag tgraagoggt ggcagaaaaa = 660
ccagtggttg aagactagca atgétctgat teagaaggge tcageaccag tggagtatcec 720
cagcatccat tgcégctatc cccaéggcta tctggtgaac gecatctggaa gectttceat 780
gtggggcage cagacttgga ccaacccaac ttggagcagce cagacctgga ccaaccceaad 840
ttggaacaac cagacctgga ccaacccaac ttggagcage caggectgga ccogctcagto: 800
ctggaacggc cagécttgga atgetgektcoe getccataac tteggggagg actttétgca 960
gecttacgta cagttgeage aaaacttete tgecagtgat ttggaggtga atttggaage 1020
cactagggaa agccatgcgc'attttagcag coeacaagcco ttggaattat tecctgaacta 1080




tcttggctca ct gsawﬁomﬁlMO
gagcagct gg gact acaggc 1500

gagacagggt ttcact t- 1560
cgcct cggee tdt gi}’g 366620

agtcttgctc'tgtcgcccag gct ggagt gc agt ggcgcgg
cgcctcccgg gttcacgeca ttctcctgec tcagectccce
gcccgccac tcgcccgget aatattttgt atttttagta.
-'tagccagg‘é’ é?gﬂ‘%gatc tcctgacctt gtgatccgec
~‘ctgggattac aggcgtgagc caccgcgccc tgcctagaaa agacatttta ataaccttgg 1680 -
~.ctgctaagga caacattgat agaagccgtc tctggctata gataagtaga tctaatacta 1740
gtttggata Shilagogtt tagaatctaa cctcaagaal aagagala att :
S0t gt gaare Ay regroRRA TR, SR CARBRTLEET BRHPREER, . i
tattgag%gaaag%gggg 4330 GLOL AaGAL &AL pALddRL L hetiasadd attttrtgg&gw L 0-
gttttgctat atccCctaat ttgttggttg tgctaatctt tgtagaaaga ggtcttgtat 19

ttgctgcat Lt Jacabe gt Elgddcagtddghtcd 2aghd dajaeac 122%0
aaat atttttacctttgggttl;’gt attttagg{:télgctg gatttcaccgt agt gtttgg% c{gga aaata 2100

tacagctt ﬁttﬁa@@{:a@ %%‘ﬂ:tgt@%é@%a@c&@t%ﬁ Bt ggdde 2 tERkccéd Jackondygaapi £n%

<400> 4 t Ser Val Asp Pro Ala CysPro G n Ser Leu Pro Cys Phe Gu Ala 1 5°
10 15 SgfadeBtéy Sgkysedoks u%eac@ﬁrch&&dva&cH QGc¥adtghte wyectdneaPr o@se 20 25
30 du Asn Tyr Pro Ser Leu G n Met Ser Ser Ala Gu Met Pro His Thr 35 40
45 G u ThttafabtSergePritdged RtogSpcaSedgdet-tAs peheiycket daltegfdurtAspr4460 55 .
Ser Ala 65 70

Met Ser Val Gly Leu Pro Gly Pro His Sex Leu Pro Ser Ser Glu Glu

1

5

10

15

Ala Ser Asn Ser Gly Asn Ala Ser Ser Met Pro Ala Val Phe His Pro
25

20

30

Glu Asn Tyr Ser Cys Leu Gln Gly Ser Ala Thr Glu Met Leu Cys Thr

35

40

- 45

60 Ser Pro Asp Ser Ser Thr Ser Pro Lys Ay Lys G n Pro Thr
75 80 GhardtsgeSergVadackka doysgdatsgGrarthspadsy ScvgdecRep taktiiascly s1s@on
- . teetgaatge tgggaccaaa ggtggceatac caccacadct ggcatatata ttgtttattt - 1580
ctatttctat ttttattggt gecagagcaa acctaggact tagaacatge tgggeaccaa 1626.
ctcaacttet gagctetatt tacaacttgg tgtgttagtg tatttgtett agttétgaat_ '1680
-ttgtectttt tttagtgtta actctaggct'ttggagacag tgaggtgcat atactctctc. 1740
ctteoccaaga ataagtgett gaacaccett acccacgccoc acccacecat getagteottte 1800
tttettagaa gegtgggtet tggtatacac tgtgteattt tgaggggﬁga ggtttaaaag 1860
tatatacaaa gtataacgat atggtggcta étctcgagga tgagacagaa ggacda9gag 1925.
' tittgagggta gctcagétat gcaataagtt caéggccaac ctgtactatg tttaaatagt 1980
aagacagcat ctcgatasaa taatamaact aaagtctcaa caaaataaaa gctttcacct 2040
attaaggtgc ttgcttgtcc ttggagtecoe ccaagagtaa ctgetatgtt aatatctgta 2100
gaaagatgtt tatatttgac tgtaccatga tgaaccgatg ccagctggac tagtttaaac 2160
‘aaaataamac actaatttta ccttt 2185
<210> 2
. <211> 305
<212> PRT
<213> Mus musculus
<400> 2




Met G n Rig AdpUrASBly Pro

Gln

Asp

Leu

Gln

145

Lys

Pro

Gly

Ser

-Agn

225

Gln

Gln

Val

Lys

Arg

Ser

130

Asn

Thr

Ser

Ser

Ser

210

Pro

Pro

Pro

Aszn

‘Met

Phe

115

Ser

Gin

Ser

Ile

Leu

195

Gln

Thr

Trp

Tyr

Leu
275

85 90 95 .31 July 2006,

Arg
100

Gln

Ile

Arg

‘Asn

Higs

180

Ser

Thr

Trp

Asn

val
260

Glu

~ Phe Ser Ser Thr A n Leu
. .@n Lys Leu Ser Leu
“ Asn Leu ‘ékérm 8ys dn
~Met Lys Ser Lys Arg Trp
Ser Asn Ay Val Thr Gn
Leu Tyr
~ 190 Leu
200 205 Gn hr Gn Asn Ile
210 215 220 Thr Trp Cys Thr
Phe 225
7 @n Pro
Ala Ay u 260 265 270
, Ser Thr Pro A n 275 280

85

WD 03/ 064463 PCT/ GB03/ 00366

Cys Val Leu
Gn dn Mt
Val Lys Thr
G n Lys Asn
Lys Al a Ser

GlnA u Leu 115 120 1

Trp Phe @ n

AS%_
B R L3 2 P

G n Ser Trp Ser

130 135
Trp Pro Lys
Pro Thr Tyr

£58: R

o

-6 Lyst Jy20869 Thr Val
Asn-Asp 100 105 110 Arg Phe A n Arg -

Pro Ser:

3 T oo

n HIS Ser Trp Asn Thr Gn
An Ser Trp Asn Asn Gn Ala Trp Asn Ser Pro

aHORGHO

145 150 155 160 Asn .

Ile Leu
n Arg

165 170 175
n 180 185
r Asn - 195

TS B Sy GGk 86 dLUEN pB8rcfys Met A n Phe-

GI y Leu Asn Val
285 Thr Met Asp Leu Phe Leu Asn Tyr

Thr Val Phe Ser

Lys

Leu

Met

Gin Lys Tyx
120

Asn Leu Sex
135

Lys Cys Lys
150

Gly Leu Ile Gln

165

Cys

Met:

Trp

Ser Tyr Pro

Trp Gly Ser
‘200

Thr Asn Pro
.215

Ser Ser Gln Ala

Ala
245

Gln

Ala

230

Ala Pro Leu

Leu Gin Gln

Thr Arg Glu
280

Gln
108

Leu
fyr
Arg
Lys
Gin

185

Gln

Thr

Trp

His

Asn

265

Ser

20

Ala

Ser

Lys

Trp

Gly

170

Gly

Thxr

Trp

Thr

Asn

250

DPhe

His

Gln

‘Leu

Gln

Gln

155

Ser

Tyr

Trp

Agn

Ala

235

Phe

Ser

Ala

Leu

Gln

Val

140

Lys

Ala

Len

Thr

Asgn

220

Gln

Gly

Ala

His

Cys

Gln

125

Lys

Asn

Pro

Val

Asn

205

Gln

Ser

Glu

Ser

Fhe
285

95

Ala Leu
110 :
Met Gln

Thr Trp

Gln Trp

Glu Glu Glu Glu Asn Lys Val Leu Ala Arg Lys

Lys

Glu

Phe

Leu

-160

Val Glu
178

Asn Ala
190

Pro Thr
Thr Trp
Trp Asn

2Agsp Phe
255

Asp Leu
270

Ser Thr

Tyr

Ser

Trp

Thr

Gly

240

Leu

Glu

.Pro

Ser

39 Vg
%ﬁg%féosiﬁégrs $gr Pro- Ala Ser Agp Leu Au Ala Al g Leu du Aa
Ile Gn @n Thr Thr Arg Tyr Phe

Met Asn-




ggcccagt t
gatgcaagégn

- <213>

290 295 300 Val
1 <211> 720
tCCCC&C&_t ct
t gccgt t CaP %Y

gt
e

<211l>
<212>

V'<400> 3

attataaatc
- gttattatgc
" tatttetceta
ctecttaaatt
caaagcttgce
tgtgggectg
gagactétct
tccacecagte
gacaaggtce
gtactcaatg
tocaacatec
aaatctaaga
gcctecagcac
ccgactggga
.cagacccaga
. caatccktgga
cagtoctgea
getgetgggg
-.acecatggatt
gtgaaacktga
tcccaﬁccct

. ‘tatccagtcea

305

L

tetacca

gga

tagagactec

aggcaactca
acatcttcea
ttttectecet
cttgetttga
aagaaaacta
ctoctettee
ccaaéggcaa
cagtcaagaa
étagatttca
tgaacctcag
ggtggcagaa
ctacétaccc
accttecaat
acatcecagte
acaatcagge
tgcagttcea
aaggccttaa
tattcctaaa
tattactcaa
cataggattt

atctcatgga

aggattttaa
ctttétccca
gaaaagtett
cttecteotat
agcatcecgac
tocatecttg
cteetecaty
acaacccact
acagaagacc
gagacagaaa
ctacaaacag
aaacaa&tgg
cagcetetac
gtggagcaac
ctggagcaac
ctggaacagt
gecaaattet
tgtaatacag
ctactocatg
tttecagtetg

ttcttgtttg

gggtggagta

<212> DNA <213> Rattus norvegi cus
cctagtt gtgaggaagc atcgaactct 60 ggggattcct cgccga
g@é?gagg'aaaattattc-ttgcttacaa 120. gtgtctgdﬁgngﬁﬁﬂﬁggct
ctgcacagag act gcctctc ctccgecttce ctctggggac 180 . ctacctcttc aagatagccc
tgattcttct agcaatccca agctaaagct gtctg
gaagaaagaa gagaacaagg t.cctcaccaa gaagcagaag 300 . atgcggactg tgttctctca

AR i

aaaccaaaga atgaagtgca agaggtggca gaaaaaccaa 4

cctgactcag gcctggaaca gccagacttg gaacgctgcect 540

ggact ccctg. cagccttatg tgeecgttgca gcaaaacttc 600

gaatttggags gccact aggg aaagccaggc. gcattttagt 660

gttcctgaac tactccgtga attctccagg cgaaatatga 720

PRT <213> Rattus norvegicus

Leu Pro SgfosCys Au GQu
o 2114

DNA

Homo sapiens

<400> 6 Met Ser Val

cgttctgétg
atttcttgat
aaagctgcct
lactaécatga
tgtaaagaat
caaatgtett
gabtctgetta
tctgcagaga
agaactgtgt
tacctcagcce
gtgaagacct
cogaagaata
tettectacce
cagacctgga
cactoetgga
cecttotata
cctgecagtg
cagaccacta
aacatgcaac
gacactgget

gaaaccacgt

tggttggage

<210> 5 31 July 2006 WD 03/ 064463 PETRAB500366

<400> 5 atgagcgtgg atctttctgg

i a0
, caggtgaa

t ggtt gaaga
‘ccgctccata
t ccgccagtg
accccgcaag
<210> 6 <211> 239
Asp Lau Ser G yPro Hi s Ser

gactgagctg
acttttectt
taaccttttt
gtgtggatcc
ctteacctat
ctgctgagat
ttoaggacag
atagtgtege
tetettecac
teccagecagat
ggttccagaa
gcaatggtgt
accagggatyg
acaattcaac
acactcagac
actgtggaga
acttggaggce
ggtattttag
ctgaagacgt
gaateccttee
gttctggttt

ctaatcageg

gttgecteat

ctggaggtce

teccagtccac

agcttgtece
goectgbtgatt
gccteacacyg
ccctéattct
asaaaaggaa
ceagetgtgt
gcaagaacte
ccagagaatg
gacgcagaag
cctggtgaac
ctggagcaac
ctggtgeace
ggaatctctg

tgctttggaa

tactccacaa

gtgaagatga
toteceoctec

coatgatgcc

aggtttettt -

tgcc

ccc . 240 gaggctgacg agggccctga

c%'tlcamqlcct ccagca
da

cctggttcca
ct agcaacgg
actt cgggga

attt ggaggc
ccttggaatt

<212>

60
120
180
240

300

360

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260

1320

-7 -




‘Thr Val' Phe Ser Gn Ala Gn Leu Cys Ala 100 105 110 Leu.Lys Asp Ar
‘G n Arg GEthCRPGETyPetRabIBEr CHEIFTERte. @aﬁawtﬁl@tﬁﬁ%%“‘@aﬁa‘ﬁ% L
Thr Ile Len Asn Leu Ser Tyr Lys G n Val Lys Thr . 13(% 1351: 140 % Phe oG' n
Asn G n 'M@CWCtEy’éﬂtG%C‘f_aﬁsg%&?é’a?F%F @9}‘1951_ 9%3‘?1’ @ﬁ"fz °T4% 988955 160°° Trp
Len Lys Thr Ser AsntG\é Leu tThr CG ncA rp Asn BNy Thr 165 17g Jo’ 2
Asn Aigacm%?gﬁr% HeRGT9%S CRSYORAE &F 9"@ ‘Aépgée? tLé’n ?ﬁ Pro 185
190 Tyr Pro Leu A n G.n A%l ngtégj’:% ser. gAg Asn 95 200
ah cédadc % 15
205 Len %cﬁgﬁaécﬁ‘zgcﬁﬁ’%gﬁ 3 n Ala 210
215 220 tagccaggat ggtctegate tectgacctt gtgatcogec cgcctcggcc tecctaacag 1620
ctgggattac aggcgtgage caccgcgécc tgoctagaaa agacatttta ataaccttgg 1680
‘ctgectaagga caacattgat agaagccgtc totggetata gataagtaga totaatacta . 1740 '
' gtttggatat ctttaggatt tagaatctaa ccteaagaat aagaaataca agtacgaatt 1800
ggtgatgaag atgtattcegt attgtttggyg attgggagge ttigcttatt tttttaaaac 1860
tattgaggta aagggttaag ctgtaacata cttaattgét'ttcttaccgt ttttggectet 1520
gttttgctat atcccctaat ttgbtggttg tgctaatctt tgtagaaaga ggtettgtat 1880
'ttgctgcatc gtaatgacat gagtactact ttagttggtt taagttcaaa tgaatgaaac 2040
- aaatattttt cetttagttg attttacect gatttcaccg agtgtttega tgagtaaata 2100
tacagcttaa acat 2114
<210> 4
<211s> 305
<212> PRT
«<213> Homo sapiens
<400> 4
Met Ser Val Asp Pro Ala Cys: Pro Gin Ser Leu Pro Cy=z Phe Glu Ala
1 5 S 10 15
Ser Asp Cys Lys Glu Ser Ser Pro Met Pro Val Ile Cys Gly Pro Glu
' 20 25 30
@lu Asn Tyr Pro Ser Leu Gln Met Ser Ser Ala Glu Met Pro His Thr
35 ' 40 45
Glu Thr Val Ser Pro Leu Pro Ser Sex Met Asp Leu Leu Ile Gln Asp
50 E5 60 :
Ser Pro Asp Ser Ser Thr Ser Pro Lys Gly Lys Gln Pro Thr Ser Ala
65 70 75 80
Glu Asn Ser Val Ala Lys Lys Glu Asp Lys Val Pro Val Lys Lys Gln
‘ 85 90

1510 15 Aa Ser Asn Ser Gy Asp Ser Ser Pro Met Pro Al as¥Valy #dos Leu Pro
720 25 300 Gu Gu Asn Tyr Ser Cys Leudn Val
35 40 45 Thr .

5055 60WONH6E3 Pro Asp Ser Ser Ser Asn Pro-Lys Leu LysPEEGB&POEEy pro
65 70 75 80 Gdu Ala Aspdu Ay Pro Qu-Lys Lys udu AsnLys Val-

Ser Ala Thr G n Met Leu Cys
Gu Thr Ala Ser Pro.Pro Pro Ser Ser Ay Asp Leu Pro Leu G n
LeuThr

31
July 2006 WO 03/ 064463 PCT/ GBS/ 00366-5-85 90 95 Lys Lys G n Lys Met Arg -

S Trp

95




‘Leu G u Leu Phe Leu Asn Tyr Ser Val Asn Ser Pro Ay Gu Il g Ji2mog30 235
<210> 7 <211> 3108 <212> DNA <213> Macaca fascicularis . <400> 7 cttgggtttg
ccacagt tacc tccttgttcc gtttatctcc. ttcaccagca 6 h
~atgaatgc S)Jg}cg‘gag%t cat .ctttatgccc tattttatca tgactattaa 1%?ﬁ§?%§ct aa
tatttcttta aagttggttg tagatgttta ctacagatat ttctctgtga 180
cattaacaga.tgtggtaagg tcgttgtcga cattgtattc ccagtaattt aggatttttt 240
tctatctctg ataatgaaga: aataatgata gagtaggtaa attccaacat taacaacaac 300 -
aagaaaat ag. tygaagtAgal bt gal alacsd.Aanaaagan.t gL GLhcra, achatal tgt 360

t aagccaaca aagtataggp aacgtacaag tatgfgaatg taaatgcagf{, aaaagaaaat 420 -- - -
s------=---- 31 July 2006 WD 03/064463 PCT/ GB03/00366 -9 atttgaaagt
gtatacacca aataaacaga ctttacctct cggaagaaaa tagtgtggta 480 ggcgaaagca

t aaagagygay askt ¢Rghty dihatid igeandAghl tagt @ d &8k thaCéin 24Q 1dd t aaaaaaa
‘ccacaggcac gtatifgtat tttattctttimatttaagaa acct amsggg 600 tttccttggce
gaagaat gt g aaacacacac acacacacac. acaagat ggg cacggagtag 660 tcttgaaaga
catgacaata tcaccagacc tgagaagaag ctaaagagcc agagggaaaa 720 agtcagaagt
cgact acckegr ggagyagga Asaghendgagraygtaadilinavalaggaanet agp 8@ ¢yt gt ggat cc
agcttgtccc acamagcttgc cttgcttigaa agcatcagat ggtaaagaat 840 cttcacctgt
gcctgtgatt tgtgggecctg aagaaaacta tccatccttg caaatgtctt . 900 .ctact-gagat
"gcctcacacg gagactgtct ctcctcttce ttcecctccatg gatctgetta 960 ttcaggacag
ccccgat t 8en tE@oakrnlee Logadkydvagrec doe lactygésydegafer FF20Lysat agt gccac
aaaaaaggéﬁﬁgacaaggtcc cggt¥hagaa. acagaaggcéﬁﬁgaactgtgt 1080160

Asn Ser Asn Gly Val Thr Gin Lys Ala Ser Ala Pro Thr Tyr Pro Ser
165 176 _ 175

Leu Tyr Ser Ser Tyr His Gln Gly Cys Leu Val Asn Pro Thr Gly Asn
180 --185 190

Leu Pro Met Trp Ser Asn Gln Thr Trp Asn Asn Sexr Thr Trxp Sex Asn
195 200 205

Gln Thr Gln Asn Ile Gln Ser Trp Ser Asn His Ser Trp Asn Thr Gln
210 ©215 ¢ 220

" ' Thr Trp Cys Thr Gln Ser Trp Asn Asn Gln Ala Trp Asn Ser Pro Phe.
225 230 235 240

Tyr Asn Cys Gly Glu Glu Ser Leu Gla Ser Cys Met Gln Phe Gln Pro
245 250 : 255

Agn Ser Pro Ala Ser Asp Leu Glu Ala Ala Leu Glu Ala Ala Gly Glu
260 265 270

Giy Leu Asn Val Ile Gln Gln Thr Thr Arg Tyr Phe Ser Thr Pro Gln
275 280 285

Thr Met Asp Leu Phe Leu Asn Tyr Ser Met Asn Met Gln Pro Glu Asp
290 ‘295 300

Val
305

<210>. 5




‘tctetteege ccaget gt gt
't ccagcagat gcaagaactt

_ ggttccagaa cca aat g
“ccaat ggt gﬂ%

-i3acgctcaga lgtggkgcacc
actatgaaggag tcta

; gaag.
‘-accagggatg cctggtgaac
‘acaattcatc ctggagcaac

gtactcaatg
t ccaacat cc
aaat ccaaga

gctt cagege

ccgactggga
cagagccaga

cagttctgga

cagt cct gct

act t ggagys, 50 GLi 0023, 9619519999

-ggotattttag tactccacaa

.‘ ct gaagat at,,gt aapgat ga

b eSSt §61cteCEsd CebthanIRLLiddyre Al aehadn ARCHREHLO!
tctggtttcc aftatgtcta tccagtcaat ttgatggagg gtggagfatg gttggagcct

. aat cagagaghoghtdceit tddeghtsed abt@frahetdesigBgdtarartanr tifdrataac
~tttggctgct aaggacaaca tgataaaagc tgtctctggc tatagataag tagatctaat
. -act agt t't grodtedatht tathghoddd agasicagbfareicadtgoRicragani LacaReiAaca
‘aattggtgtt atgaagatac tcctattgtt tgggattttg aggctttgct tattttttaa
-aaact at t gaaggt@aacgglarhaatd gadtitctect cacestdechtdggyetany ttitactat a
July 2006 WO 03/064463 PCT/ GB03/ 00366

- gaacctt ccly

accatggatt
gt aaaatt ga

‘atagatttca

t gaacct ccg
ggt ggct gaa
ctacctaccc
atcttcggat
acgt cCtacc
acaat caggc

tgcagttcca

aaggccttaa

tattcctaaa

tattactcaa

gagacagaga t acgt s@gmns1140
ct acaaacag gtgaagacct 1200
aaacaact gg ccaaagaata 1260
cagccact ac t cPEELBLH0346300
gtggaggaaccagacctgga 1380 -
ct ggagcagc cactcctgga 1440 -
ctggaacagt cccttctatg 1500
gccaaattct cctgccagtg 1560
t gt aat acag cagacgacta 1620
ctact ccacg aacgt gcaac 1680
tttcagtctg ggcactggct 1740
189
1860
1920
1980
2040
2100
2460 31

‘tcccctaatt tgttggttat getaatcttt

gt agaaagawpgbctdarpatdgacgetap apegraRgR0 gapartagas gidcragterst geidcaaay caalqd

‘aagt acaaat gaatcaaaca actatttttc 2280

ctttagttga ttttaccctt attttaccta

gt gt tt caaRigagRkgctIttahnkeeh Faaeragsy tohacnriaa AuwchdesidahgrrodenagatRly

aaacct aaag

gct at gt gaa

at gt aaat t‘iaggb%t
tttgttaaH% gcataaattc ¢
gaaacttac

tcegecagtg atttggagge gaatttggaa gecactaggg aaagecagge gcattttagt

'accccgcaag ccttggaatt gttcctgaac tactccegtga

<210> 6

<21l1i> 239
<212> PRT
<213>

<400> 6

Met Ser Val Asp Leu Ser GlyiPro His
B

1

Ala Ser Asn Ser

20

Glu Giu Asn Tyr
35

Thr Glu Thr Ala
50

Asp Ser Pro Asp
65

-Glu Ala Asp Glu

aagtttgct tttttgagat 2400
agaat agc a9yt éa%\%‘ﬁ:cééwggéi’ﬂ‘taasﬂ%@“?%cﬁé cdcA&oR
aacaa tatcaatcat 2520

Bt FTEIR AT T AT G225 G o7

cctcat C?%tc

955t got agtc agtit G

ccgctccata acttcgggga ggactccctg.cagccttatg tgccgttgca'gcaaéacttc

Rattus norvegicus

Gly Asp Ser

Sexr Cys

Leu

Pro
-B§

Ser Pro

Ser Ser Ser

70

Gly Pro Glu

Ser Pro Met
Gln Vval
40

Pro Ser Ser

Agn Pro

Lys Lys

10

25

Ser

Lys

Glu

taaaatgtat tta

aggaa

Ser Leu
Pro
Ala
Gly
Leu

75

Glu

gcat t aggtttttgc

qétﬁﬁhacaﬁ%ha

agatttgc
gaath

cttct aat att

a
%éﬁﬁ@gé%T¥h§f%%%

3909 aqatal aae LA glian atatt %t 2
600
660
attcteocagyg cgaaatatga

720

Pro Ser Cys Glu Glu

15

Hisg Leu Prp

30

Ala Val

Thr Glu

45

Met Leu Cys

Asp Leu Pro Leu Gln

60

Pro
80

Lys Leu Ser Gly

Asn Lys Val Leu Thr




aaat gcaggt tggsadypaios2760
aagt agaccg ggcat ggtgg 2820
cacgtcacc t ' 2880
gtacgaaaat a%§§§%§ﬁ8@3-940_1
ct cg ggaggttgag gcaggagaat 3000
gagcd%%gat tgcaccattg cactccagcc 3060
aaaaaggaaa aaaaaaaa 31Q8 <210> 8 <211
266 <212> PRT <213> MiEcaca fascicul ari’s <400> 8 Met Ser Ser Thr du Met
Pro H-'s Thr- Gu Thr Val Ser Pro Leu Pro 1 5 10 15 Ser Ser Met Asp Leu Leu-
Ile @n ) : r lae20 1Rr g % Arg - G@Gn Pro
Thr Al a ﬁ?% ngugﬁfs%ggg%tiﬁgg ?ﬁ%%}sigssegs%ﬁgaé%f (B;‘I yig&)ségs%s Val. Pro Val
Lys Lys Gn Lys Ala Arg Thr Val Phe Ser 50 55 60 Ser Ala A n.Leu Cys Val =
Leu Asn Asp Arg Phe G n Arg Gn Arg Tyr 65 70.. 75 80.31 July 2006 WO .
03/ 064468,PGTLGRASALHING cill arkQinSREg lige Au) 56k bt1GcInGlét Leu Ser Asn
Ile Leu Asn LeuyAyg 85 90 .95 Tgo Lys G n Val LysThr Trp Phe G n Asn. dn
Arg Met Lys Ser Lys 100 105 110 . o : '

cctttttttg aaaaaaattt
gatgtaataa ttcttaaagt gactgtctta
ctcatgtctg taatcccage agtttgggag
agt t t gadh® %¥84¥et ggcc aacat ggt ga
gccaggcat g at ggcaggtg cct gt aat cc
‘tgcttgaatc caggaggcag aggttgcagt
t gggt gacag. agcgagact ¢ gagct t aaaa

aaagtggttt agtaaatggt

aaaaatgtaa
gct gaggt gg
aaccccat.ct
cagct

Ser Tyr Lys G1n Va1 Thr

140

 Gln Asp Leu Ser Thr Ile Leu Asn Leu

Lys
130 135 :

Gin-
160

Phe Gln Lys Arg Trp Gln Lys ‘Asn

155

Asn Gln Arg Met
150

“Trp Lys Cys

145

Gln Thr

175

Thr Ser Asn Gly Leu Thr Gln Ala Asn Ser

165 170

Trp Leu Lys Trp

Leun Gln Pro

190

Ala Pro Leu His Glu Asp Ser

180

Asn Phe Gly
185

Trp Asn Ala

Leu Glu Ala Asn

205

Gln Asn Phe Ser Ala

200

Val Pro Leu Gln Asp

195 -

Tyr Sexr

Phe Ser Thr Pro Gln Ala

220

@lu Ser Gln Ala His

215

Glu Ala
210

Leu Thr Arg

Ser Pro Glu Ile

235

Glu Leu Phe Leu Agn Tyr Ser Val Asn

230

Leu
225

Gly

<210> 7
. «211> 3108
«212> DNA
«213> Macaca fascicularis

<400> 7

cttgggtttg 60

ceacagtete ttecacttace tecttgttee gtttatcectcee ttcocaccagea

120

gcacatecteac
ctctgactaa
-~cattaacaga.
tctateoteotg
aagaaaataa

taagccaaca

atgaatgetg
tatttettta
tgtggtaagg
ataatgaaga

tgaactagat

aagtatacat.

ccagggtcat
aagttggtiyg
tcgttgtega
aataatgata
tttgatatac

aacgtacaag

ctttatgcee
tagatgttta
cattgtatte

gagtaggtaa

taacacagaa

tatatgaatg

tattﬁtatca
ctacaaatat
ccagtaattt
attccaacat
tgttctbcea

taaatgcact

tgactattaa

ttectetgtga -

aggatttttt
taacaacaac

gectatattgt

aaaagaaaat

i80

240

300

360

420




Thr & nuyddbs 120 125

- 260

Arg Trp Leu Lys Asn Asn Trp Pro Lys Asn Thr Asnd yVal
‘Lys Ala Ser Ala Pro Thr Tyr Pro Ser His Tyr Ser Ser Tyr Tyr G n 130135 =
. 140 33)0%4 val Asn Pro Thr Gly Asn Leu Pro Met Trp @rg,@ﬂm@sp 145 :
150 155 r"Trp Asn Asn Ser Ser Trp Ser Asn G n Ser : Pro Pro -
165 170 175 Trp Ser Ser His Ser Trp Ala G n Thr Trp Cys Thr d n Phe
Trp 180 185 190 Asn Asn G n Ala Trp Asn Ser Pro Phe Tyr Asp Tyf Qudy Qu
Ser' 195,200,205 Eh%c@cea %%&aé%{éaglaeet@aec%e A%%Jhg@&&a A%@geggt&.rog/z}ba Ser
Asp. Leu 210 215 220 QGu Al-a Leu Leu Asn Val
1le Gn %&gaaagéia %agag%%'égg%@tt{ﬁt&heté&gtaw tE’mthfa mrat&&ta n Eas Met
Asp Leu e Leu Asn 245 250 255 Tyr Ser Thr Asn Val @n Pro @ u Asp- Met
265 . tttaaaaaaa ccacaggcac gtatttgtat tttattcttt aatttaagaa acctaaaggg 600
tttecttgge gaagaatgtg aaacacacagc acacacacac. -acaagabtggg cacggagtag 660
tcttgaaaga catgacaata tcaccagacc tgagaagaag ctaaagagcocc agagggaaaa 720
agtcagaagt cgactacctg ggaggaggga tagacaagag accaaactaa aggaaactaa 780
gtgtggatce agcttgtccc caaagdttgc cttgetteaa agcatcagat ggtaaagaat - 840
cttcaéctgt gectgtgatt tgtggacctg aagaaaacta tcecatccttg caaatgbtctt S00
ctactgagat géctcacacg gagactgtet ctectecttee ttoctecatg gatctgetta 960
ttcaggacag ccccgattct'tccaccagtc ccaaaggcag acaacctact getgeagaga ’ 1020
atagtgccac aaaaaaggaa gacaaggtcc-cggtcaagaa acagaaggcc agaactgtgt 1080
tctettoege ccagectgtgt gtactecaatg atagatttca gagacagaga tacctcoagoe 1140
tcoecageagat geaagaactt tccaacatce tgaacctccg ctacaaacag gtgaagacct 1200
ggttccagaa ccagagaatg aaateccaaga ggtggctgaa aaacaactgg ccaaagaaté 1260
ccaatggtgt gactcagaag gettcagege ctacctacce cageccactac tettcocctact . 1320
accagggatyg cctggtgaac cocgactggga atctteegat gtggaggaac gagaccotgga 1380
acaattcatc ctggagcraac cagagccaga acgtcccace ctggagcage cactcctgga 1440
acgcteagac ctggtgeace cagttetgga acsatcagge ctggaacagt ccocttetatg 1500
actatgaagyg ggaatctceta cagteetgcet tgcagttcca geccaaattct cctgeeagtg 1560
acttggagge tgccettggaa getgetgggg aaggecttaa tgtaatacag cagacgacta 1620
ggtattttag tactccacaa accatggatt tattcctaaa ctactccacg aacgtgcaac 1680
ctgaagatat gtaaagatga gtaaaattga tattactcaa tttcagtctg ggcactgget 1740
gaaccttect cteccctect ceoccotecceta taggattttt cttatttgga aaccacgtgt 1800
tctggttteoe attatgtecta tecagtecaat ttgatggagg gtggagtatg gttggagoct 1860
aatcagagag gtttettttt ttecctattgg atcttectgg agaaaagacga ttttaataac 1520
tttggctget aaggacaaca tgataaaagce tgtctctgge tatagataag tagatctaat 1580
actagtttgyg atatctttag tgtttagaat ctaacctcaa gaataagaaa tacaagtaca 2040
aattggtgtt atgaagatac tcctattgtt tgggattttg aggetttget tattttttaa 2100
aaactattga‘ggtaaacggt taattgattt cctecaccett tttggetecag ttitactata . 2160
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Pro Lys Gly Arg Gln

35

Glu
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Ser Ala Gln Leu Cys

65

Agp Lys Val Pro

20

Va

70

Lieu

Pro

val

2

40

Ile Gln Asp Ser Pro

5

Thr Ala Ala Glu Asn

1 Lfs Lys Gln Lys Ala

55

Leu Asn Asp Arg Phe

75

Asp Ser Se
30

Ser Ala
45

Arg Thr
60

Gln Arg

Ser Thr Sexr

Thr Lys Lys

Val Phe Ser

Gln Arg Tyr -
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tcccctaatt.tgttggt;at.gctaétcttt gtégaaagag‘gtcttatét;.tgbtgcatca,” 2220.
taatgétgtt agtactactt tagtcaattt aagtacaaat gaatcaaaéa actatttttce 2280
ctttagttga ttttaccctt.attftaccta gtgtttcaaa tatécagctt aaacattaaa 2340
aaaaaaaaaa aaaaaaagaa agéaagéaag aaacctaaag gaagtttgct‘tttttgagat - 2400
taaaatgtat ttaggcatét aggtttttge agaatageaa gtcaccaace aagggcectt 2460
tatttccaca tagaéaggta agaacétcaa gctatgtgaafgagtgaaéaa fatcaatcat 2526
tgcaécttct aatattaagg gtagattkgce atgfaaattt ggttacttet aatgatatag 2580
gttgtcaaac a&ttaataaa aatgaactat tttgttaatg gcataaattec cctecatcgtt . 2640
ggatataagc tttatcttaa atattatgta gaaacttaca aatgctagtc agtttcttag 2700.
cctttttttg aaaaaaattt aaagtggtft agtaaatggt,aaatgcaégt tggcattaat 2760
gatgtaataa ttcttaaagt gaétgtctta aaaaatgtaa aagtagaccg ggeatggtgg 2820
ctcatgtctg taateccage agtttgggag geotgaggtgg gcacgtcaéc tgaggtcagg 2880
agtttgagac -cagcecctggec aacatggﬁgé aaccccatdt ctacaaaaat acaaaaatta .2940
‘gccaggeatyg atggcadgtyg cctgtaatce cagctactcg ggaggﬁtgag gcaggagaakt 3600
tgecttgaatc caggaggéag aggttgcagt'gagccgagat tgcaécattg cactacagece 3060
- tgggtgacag agcgagactce cagcttaaaa aaaaaaaaaa aaaaaaaa 3108
<210> 8
<211l> 266
<213» PRT
<213> Macaca fascicularis
<400> 8
Met Ser Ser Thr Glu Met Pro His Thr Glu Thr Val Ser Pro Leu Pro
1 5 10 15
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Leu Ser ‘Leu Gln Gln Met Gln Glu Leu Ser Asn Ile Leu Asn Leu Arg
' ' 85 o a0 -95 -

Tyr Lys Gln Val Lys Thr Trp Phe Gln Asn Gln Arg Met Lys Ser Lys
100 | 105 _ 110

Arg Trp Leu Lys Asn Asn Trp Pro Lys Asn Thr Asn Gly Val Thr Gln
115 120 o 125

Lys Ala Ser.Ala Pro Thr Tyr Pro Ser His Tyr Ser Ser Tyr Tyr Gin.
130 ' 135 : 140

Gly Cys Leu Val Asn Pro Thr Gly Asn Leu Pro Met Trp Arg Asn Gln
145 ) 150 155 . 160

Thr Trp Asn Asn Ser Ser Trp Ser Asn Gln Ser Gln Asn Val Pro Pro
165 170 ' 175

Trp Ser Ser His Ser Trp Asn Ala Gln Thr Trp Cys Thr Gln Phe Trp
‘ 180 . 185 190

Asn Asn Gln Ala Trp Asn Ser Pro Phe Tyr Asp Tyr Glu Gly Glu Ser
195 200 205

Leu Gln Ser Cys Leu Gln Phe Gln Pro Asn Ser Pro Ala Ser Asp Leu
210 _ 215 220

Glu Ala Ala Leu Glu Ala Ala Gly Glu Gly Leu Asn Val Ile Gln Gln
225 230 235 240

Thr Thr Arg Tyr Phe Ser Thr Pro Gln Thr Met Asp Leu Phe Leu Asn
245 ' 250 255

Tyr Ser Thr Asn Val Gln Pro Glu Asp Met
260 265




