; STUVe3e| | 6(T| The invention herein described relates to isolated
pluripotential cells, cormwﬁmmmm{IMeast part of the cytoplasm derived
froman enbryonic stemb5 ic germcell and a nucleus of a
somati ¢ cewoooesnods to prepap@such cells; therapeutic eomeBseéosmns - Of
said cells; and uses thereof. Aninmal enbryonic devel opnent is a highly
regul at ed dev ess that conbines cell proliferation and
cell/tissue dﬂmmmmmmummn to produce an 1@ intact organism The
co-ordination of ggll,oroliferation and differentiation is, and has been,
t he subject of intense resear cPLARIPOTENTIAD@EIODS®eri ved fromthis has

contributed to our understanding of cell function and di sease. For exanple
and not by way_of limtation, regulation of gene expression, cel

differentiation,0nc ter at ol . Sygrergrali r i C vel nt
is remarkably coﬂ%eerl\gg%g}?ﬁlr ihﬁéabhgg%glrb Ieé £ ages.O ag%lggﬁei(’?‘.ﬂiﬁ°§%ﬁa§n8$ﬁ§
early enbryo corgngirfing QtilleasophdSofofheCdy@apiagn delive@ frorm 4 Embaydific bem
cells. These cells conplete several nore rounds of division and devel ope

into a bl ast 6cysellfembyonic gemm codl argd a ancleus df wisdputic eeh; aRthods tdipsepanet
regi ons; the inner cell ss, which w ]| farmthe emyryo, and_the

t r ophect oderm VWEﬁew:ﬁﬂgﬁﬁwcmpgﬂémﬁygﬁ@é %ﬁ%é@,“gf%@eiﬂ‘)&cent a). Those
cells that formpart of the enbryo up until the formation of the bl astocyst
are said to be totipotent (e.g. each cell has the devel opnental 25
potential to forAmigalcsmbgbriceddreyepnrerd iald highly cegulated alpvelopehen® progeeer t
the grom h and devel opnent of said enbryo%]. WO 001 49137 PCT/ GB0OQ/ 00576 2
During the forndhplopombines el pralifesation andgeldiissus differentishipn iteproduce amer

Gevel opmont A0 pariast Prafih ¢ ThR e PhirRliod SePe BREEoh B it Erntin i,
cel I's may be pridfg ialdeknd8e siiect dafteh¥©r3iieN afd theihaitionedive® Hopt | al
cells isolated fromthe inner Cell mass are terned enbryonic stemcells (ES
cells). An alt erthist bass contcibutstl tol ouri puderstandihg o] ¢edl finctioniandddiseassm For
prinordial germcells isql ated fromf.ge .mesenteries or %eni tal ridges lgf

te

days 8.5-12.5 pddRMPST i RAHRX, S@YWRT PIRbaRy reawatiAn: 8f Bene) exPresspEnee
into germcells.g; rq tieddt gjs are referred to as enbryonic
germcells ( EG(gg?ﬁéﬁéﬁggég£§§@$ﬁ§§%°§§ es of pluripotential cell has the
sane devel opisental potential with respect to differentiation into alternate
cell types.

Mammalian embryonic development is remarkably conserved during the early
stages. Post fertilisation the early embryo completes four rounds of cleavage
to form a morula of 16 cells. These cells complete several more rounds of
division and develope into a blastocyst in which the cells can be divided into
20 two distinct regions; the inner cell mass, which will form the embryo, and the

trophectoderm, which will form extra embryonic tissue, (eg placenta).

Those cells that form part of the embryo up until the formation of the
blastocyst are said to be totipotent (e.g. each cell has the developmental
25 potential to form a complete embryo and all the cells required to support the

growth and development of said embryo).



15 It is inportant to note that an intact enbryo cannot be produced froma
single pluripotential cell ( eg either an ES or EG cell). Therefbére a’
pluripotential cell has an increased conmtnent to termnal differentiation
when conmpaWe@Y3%h totipotent cell. 20 For the sake of cIRGHEBOMPRESe t he
termpluripotential cell is used it will refer equally to ES and/or EG
cells. The establishnent of in vitro cultures of ES/EG cells has proven to
be problematic. It has only recently be shoadn that in vitro cultures of
ES/EG cell s 25 derived fromnon-nurine species can be established ( pl ease
see US 5 453 35Duting the formatowbthe Hlasiocust] thet ¢adlsRBAE®Mpriseuthe Snherveeline| |

defined characteristics. .,These incl.ude, .qut are not limted to; WO
00/ 49137 3 PCTLERE, HE55d i Eﬁiﬂl‘@ﬂ%‘ﬁﬁtéai fe. & fadly gell Jfas,ihe; déleloppental

passages when obdrfial TP bpgisubgeder |ayers; ii) produce clusters
of cells in cul ture raeﬁg"?@d"fto@g en%sr“y i'd bodies; iii) ability to
differentiate into nmultiple cell types in nonolayer culture; 5 iv) can form

enbryo chi neras when njxed with an enbryo, host; \35 ,eéfs)ress ES/ EG Ic:el |,
speci fic mar Rer Embiyonic sieny gedsemayybe i pringipally dgrived drem Huerasmbryonis

cells was not p i hle Lrst. ji0q) M) h i L0

det er m ned whi c%ag%g%'dpgﬁ&gtgr#lﬁg cfupggs(ﬁg%h Qﬂ@eﬂ{e gﬁﬁﬂuéﬁgnﬂéﬁé clgée‘rln.l'esd in
culture is descCremidonio sih QeI 23S LellshhAnadltrhfie sowrde &F phirigtRentiaglcklls isnes
and growt h conditions which allow the continuous proliferation of prinate

ES cel I's whi ch alerived tfram maimerdid sermreells dsolateid clsororthaemesenterihior fgeaital
iated with | | s hgui | uri pot ent teristics. 15, F
exanpl o, -and notidgge it S| Pt [0 TRt PRbvEx pPBBeRomAAt uedi: Hlingely
f _ +. _ + 11 , _1-
surface markgrs (3EAndate Hinto Fekf éffl(S. )Thek r%érrlg&eﬁtﬁ] %%%%4§§fe&éa 108 e

Shevi nsky et al 1982; Kannagi- et al 1983; ws et and a

phosphat ase (+) .enibryauidigeimrelhEEGstedls). i Bach df phidsatypes of pluripomesialcelChass ed

in 20 WO 96/ 22362 have stabl e karyotypes and contin to.proljferate in an
fie lopmenial boretlia with i

0
undi f f er ent i at ed%83fPe dereleBRENALBRISN gespoRcoiiiiaentiotian inte pltemaies

al so retain the ?ﬁit#ésy, t hroughout their continuous culture, to form

ti ssues derived om all three enbryonic germlayers (endoderm nesoderm
and ectoderm. 25 More recently Thonson et al 1998 have publi shed
conditions in which human ES cells can be established in culture. The above

char act er i stlifcs Isiopopiant to note that an intact embryo cannot be produced from a single
pluripotential cell ( eg either an ES or EG cell). Therefore a pluripotential cell
has an increased commitment to terminal differentiation when compared to a

totipotent cell.

20 For the sake of clarity where the term pluripotential cell is used it will refer
equally to ES and/or EG cells.

The establishment of in vitro cultures of ES/EG cells has proven to be
problematic. It has only recently be shown that in vitro cultures of ES/EG cells
25  derived from non-murine species can be established ( please see US 5 453 357
and US 5 690 926). Typically the ES/EG cultures have well defined

characteristics. These include, but are not limited to;



primate ES cells are also shown by the human ES cell lines. In addition the
human cell |ines show high [evels of telonerase activity, a characteristic
of cells which show the ability to divide continuously in culture. WO

001 49137 PEDAOEBOG1L00576 4 The establishnment of human EG cedi/GBatlobsmees - i_s

di scl osed in WD 98143679. This application describes the isolation of EG
cells fromthe gonadal or genital ridges of human enbryos. EG cells
described in WO 9%/43679 exhibit features 53in conmon with prinmate and
human ES cells, (eg expression of cell surface markers, continuous
proliferation ir)cul tmaiatenancenin oalitdre efoe rit i ledse R0s passagesnwhem imadiatajmedyge and
the ability to differentjated into selected tissues under defined
conditions). 10 It i ditsoblagtfecdasdayersie use of in vitro cul tures of

pluripotential sf{em i al ] c ' tant.. .

ram fications fc}b bp&ﬁb%"gdgicg&@%gé’gfé%l ;Eéﬂ‘ftgge %%ér{geéietp%?c?ﬁgg?u@%%g esgene
expressi on and/ gfj) t i ssuayds difedremidt@inte Mulepld den typeans BdoialAlel etlnaad/ or
repl acenent therapies for tissues which have been damaged eit her through

injury or di Sead¥) Tivendemabmbsymehimerds wienixed witlga gmbuyyekostf hurman ES
and EGcells is maj or st ward realising the full potential of this

t echnol ogy; because ﬁpfﬁéﬁgf%ﬁﬁF[lﬁB?céﬁf "H’é]f%F'e ES and EG cells may be
capable of differentiating under controlled conditions into a variety of
cell types and/or tissues and organs that could have a wi de variety of
appl i cations. Fdintiixeerplrecemlyd imoirrdyultay offhuman ESIHGRells eysane possiblef 20
damaged and/or diseased coronary and/or maj or arteries; replacenent of
damaged and/ or dihseHEstdndisgjigasthat eepditions may be detsrminegnahich; coulds allow dhe

ci rrohosi s),,di I I | . ce t maged
neur ones ( elg? Al%gﬁaltbglg%?lgg{dé @@%EW@%EAS‘@@@% g?srcg‘g%‘ﬁ’f WQ] 9u6?‘f|22e3(sé? or
cancer. It wll ’ﬂiéﬂ%}hﬁ:aﬁ_@ﬁ&feﬁéﬁbésoc&lnﬁnéskhﬁd gfowth &édiRlidds Whah allGeanes
such as 25 AIDS nmay benefit fromfromtissues derived fromES or EG cells.
The depl etion ofcontipuouss prolifsrasiony iof uprimattudi®d cells | whisht lxhibitt herangeoof

U100 TR AT P Sl B8y S i "

di fficulties assgiigbef Makdbidrigicyse of material derived from human
enbryos. Morever, such allogeneic material, if transplanted into another

human, may il1slicit a severe inmune reaction in the host and be thus
destroyed. 5 It has been kno for many_.years. that anphi bjan somatic cell
nuclei retain t é?rrc’ﬁlﬁ?ﬂq?’t @nimemggwéwm ég){‘f’Htaé‘ﬁf‘i r@e%ﬁﬁ@ﬁﬂﬁmﬂi%@}?ar e
transpl anted int Lah e . [ T cl. espved_qr

i nactivat ed {@rﬁéﬁggéﬁ%kﬁﬁgg‘ﬁg}e?gx% ér:%gittoﬁﬂejdfﬂ?ﬁei g?ﬁﬁ?’%?&? ng Ht-)hgse

cell's nust be cBHeviriskedtay 198% Kéhragherylt M83asmndrdwe bt alalDsah) and alkialine
ef fect reprograme the somatic cell nucleus into a totipotent state.

Mamal i an somat i Rhosphataseuch)ei Imadditign $he se@hlighedvprimater ealklines fisslosedidncity

and can be rgpr en transferred to enuclea 00CYl Canpbel |

15 et nl 1odd ket RV SREE P LavEr At S Bl R SRR v e
been shown to beyfifferchfated a8 iR BoRLAGSR! blng€! ITHUSRRte BStdMUBRes dlsé hi s
case, a heterokaryon was produced containing the cytoplasmand nuclei from

bot h types of celetain glee abilitys throughout their continuous culture, to form tissues derived

from all three embryonic germ layers (endoderm, mesoderm and ectoderm).

25  More recently Thomson er al 1998 have published conditions in which human
ES cells can be established in culture. The above characteristics shown by
primate ES cells are also shown by the human ES cell lines. In addition the
human cell lines show high levels of telomerase activity, a characteristic of

cells which show the ability to divide continuously in culture.



20 difficult to determ ne the actual nechanismof action of the
reprogrammng state. In all these exanples, al t hought the material produced
is genetically identical to the somatic cell donor, these somatic cells
were repr ot %H@H”by cellular 25 elements are derived froRCBGBHEOSEoCt yes
or ES cells and again, in human this poses practical and ethical concerns.
WO 00/ 491 37 PCTI GB0O0O/ 00576 6 Methods that pronote the fusion of cells are
wel |l known in the art (Kennett et _al 1979)4 However, although it is
relatively easy to fuse cells to formhybrid cells, nuclear fusion results
in a cell containing two sets of chronosones. This has enabl ed scientist to

d he dom | 5 ch |1
Cype’ and. | ndeed BitaGHERISERIAR ob hufan, G tel s leuges 8 HatnedsnalQ BBUERRIcr oss
speci es hybri ds.y;§ af)ﬂu}%'ﬂ%ﬁ’ deRIribek ﬂﬂ%’Y@ol‘aﬂoﬁ BEEE éell% *fﬁ)tm aRl éorﬂﬁgrdhr;%ngg% nbe

formed by fusing the cytoplasmof a cell ( in which nutl eus

renoved) with arikgeeof bumanembryaseEG d;edlsfdascmbpdsnVé@l%é@&??tnxhdm(fcaymset al
1973; Veonett et, al 1974; i ght and fli | 1975) . 10

enabl ed i nvest i gatqomm?rh%ﬂa@mé@ %‘ﬁm ol Somextression cefﬁur ace
particul ar, the t t

expression. It ﬁgés}i(geén tlﬁfxoﬁé’tonr ?ggdg?rogl ﬂ?ecggtg}e?ﬁlgt& q‘{he?;&éﬁt?ﬂ%(g‘l%gﬁf
treatnments of ceiomallﬁaxtymypulatndrme%ﬂltyaatdlffetmnaﬁuIxﬁtoeseléduch figsues ah@ér
resulting in the formation of separate nuclear and cytoplasmc parts terned
karyopl asts and defineprardiiony)espect ful | y. These sub-cel lular conponents
have been used in fusion experinents. For exanple, and not by way of
limtation, as nentioned, it is possible to produce a cytoplast from one
cel| and fusg the j¢\haRhRShatt teauR0oFh eﬁlrgdclﬁt‘%&és b pi&rﬂ&&tﬁyts%%mc
hybrid or cybrid. In addition it is also possible to fuse the karyopl ast or
cell with a sel espedaltyehiiman detls,mhas rinplogant tapificationFhfor foth dasié weseardht er

nucl ear merrbrane br eakdo ur| m tosis and reconst, tut fter ,
ok mear 8t o 68 B & Tp0NS) ForUOTInEgs08 CRBreaIAn o b ssiedifepnbatignands ed

techni ques are tl‘ar!ﬁ?ﬁ\’iﬁtl'o %ra{egla%@ﬁtem {Her s Re sty WatthPRave been
extensively at this stage. ave prepared cy | asts, or parts thereof,
derived from ES/dathaged| eitmﬂdhfomghdum&ydoxcyltmadwst’ISheV\eSIdrblshhtent of moviato C
cells to formcybrids. The aimof this approach is to re-programre the

di fferentiatléd sulfarescofclymann §8| adkEG eqlisosiaimaipy steprioupud redsing the fqul
through contact el 3¢ RLGebAHEA delaldiCo G IGND BN AR MBS I BN

cybrid de-differ as GAR arac es of a
pluripotential cell -mdyibe bi}ﬁalepbo\dxﬁa%nﬁﬁtmgbaﬁua tiirdlkRe esidaidssinient of
pluripotential cell lines which, upon exposure to various differentiation 5
factors, can |ea@rnety lelﬁyp@mld/@ms@ﬁewde@gm tbatfcfogkbhﬂwe@t‘euict\iasxsweoti‘ or

use, inter alia, hﬁ% atlon iheraqt)%1 é “p ! tlal eéls £
formed retain t fEPHERTMS 8f PRIPG Y 8oL &Y ngf rrIu lé)fl 63?? TR h%

cyt opl asm ofzot hgigkrlsEl é?rﬁi/br @1§eB§ednbb%agnqha/@lr ﬂﬁj&?”@téﬂ&ﬂ‘ FeplBednfinti sred
and replicated by the cybrid). Ideally, tthe somatic nucleus i's derived from
a patient requi rdanggtd arrdécursdlsaaﬂcdt prgsnge (sogtasaa tebalt tafskidoeyprdiskasgd(dgy t he

af orenenti oned nmet hod, i nol ogi cal | ,co atible with the i.ent
requiring the tr‘-‘é‘i‘i%‘i’%ﬂt d‘ Su¥@rieys \'rl% ia‘§°4§P§)eEetH1§FeWnFHéd?fP6%ﬁ9ctl on

of  Lesue eans difodeb SEUG I Ghe:SHiskREY PRIEHIR LGRE! Yoindl WBlicaCbie 1 ©

the presence of a co e or chronoso

t he parents of tdaﬁcarrbtrwul higbrbecapbarenoto bhe smlrcﬂcmehoﬁrtphaxvdlda:ases kch &S/ EG
cells. It is therefore an object of the invention to provide
pl uri pot enti28l cMIPS anay denels Somiiffun césspey dgaved from ES or EG cells. The

depletion of T-cells through virus induced cell death is the major contributory

factor to the immuno-compromised state of AIDS suffers.



20 It is a further abject of the invention to provide a differentiated
tissue Tor use in transplantation therapy. According to a first aspect of
the invention there is provided a cell conprising at |east part of the
cyt opl asm dergoMed7f rom at | east one enbryonal stemcell opcgepfiiisonar
germcell conbined with the at | east the nucleus of at |east one sonatic

cell. In a preferred enbodi nent of the invention said cell, ideally a
cybrid, is characterised by the possessign of at |east one pluripotential
characteristic. WO 001 49137 PCT/ GB0O0O/ 00576 ~ _ 8 W believe that the

e or ogr anmi rgolRvE, et sROMERILR anf 40NiRH FAGISE dsfod el lfittesfiofc o
skilled in thgafkfal HBdved REmCRAltha®Embhgdsi MeRivies, sudhllbgeritse iatstial @St

preferably, by the creation of a cybrid; but an alternative option involves
t he fusion oftranspianied inte @npthei haman, |\eY Hilicitca severy émmupetraactionsintthe opt i on

is not preferyed because supseguent mtosis will result in a hybrid having
an abnor nal k%‘?ssaf@égl.ﬁ“?@seﬁgg%q%y said pluripotential characteristic
includes tie ability to differentiate into at |east one selected tissue
type, preferably upon exposure to at |east one differentiation factor. 15

Al ternati vel ylIt las teddiknowmafdrymargaiyearpthati poplibianadomatizr edl sudleit retain ncl udes

the ability of said.cell to proliferate in culture in an undifferentiated
state. |In yetthgirrahilifyelo BVEfEe QLG OHBanksTRS BHER ey AEHRRBIANE] fiee | has

oh i1 Lid. . i ; . ot ed
tate Tor af S PBAAERTRE bt RIARE oHbLl & el ORBh IO IR oy
addi tional |y, Thay detpiminhation efitieplutipateacofthiesd tellsi mastistesoritiotled byrssi on of

at | east one selected marker of pluripotential cells. 25 It is well known
in the arl0thegs syiapiass: aviichwasepblg texisr etfectareproasammss thye prsatipocell

typically expresse i.ffer jated cells. These ale valuable tools to
noni t or whet h‘é‘?a’f‘f?e“%g’&l’@et“gg‘%‘ fsm has re- programmed a somatic cell

nucl eus. One such exanple is Cct4.

Mammalian somatic cell nuclei have also been shown to retain this placicity
and can be reprogrammed when transferred to enucleated oocytes, (Campbell
15 et al 1996; Wakayama et al 1998)

Moreover nucleated mouse ES cells have been shown to be able to
reprogramme somatic cell nuclei, although in this case, a heterokaryon was
produced containing the cytoplasm and nuclei from both types of cells so it is
20  difficult to determine the actual mechanism of action of the reprogramming

state.

In all these examples, althought the material produced is genetically identical
to the somatic cell donor, these somatic cells were reprogrammed by cellular
25 eclements are derived from either ooctyes or ES cells and again, in human this

poses practical and ethical concerns.



WO 00/ 49137 PCT/ GB00/ 00576 " _ 9 In a preferred enbodi nent of the invention
said selected nmarker is expression of the Oct4 gene. In yet still a further
preferred enbodi nent of the invention said selected 5 marker is a cell
surface maMEQ49B7Fef erably said cell surface nmarker is sebPerGBE/SI®M t he
group including : SSEA-1 (-);and/or SSEA-3 (+); andlor SSEA-4 (+); and/or
TItA-1-60 (+); and/or TRA-1-81 (+); and/or al kaline phosphatase (+).
Alternatively or additionally said pluripotéential characteristic includes
the 10 presence of telonmerase activity in said pluripotential cell. Ideally
sai d t el oner aseMzathodsi thgt pronmoe thel fasied oficeHs evetweels knownfin thel artr@{ emettraar t he

Kk f clarity, ad, d , titi DNA |
o the ende of  &hi S/ Bmeven nibgtanfos seltiraysareis Rpeasellsdo doms JobEd. _For
cxampl e the ol oy ocieh: AYTRTCSIHOTSAIREARANR 110 A CTEMNERREmS, FiTACTD

3' repeated approxrnate mes at theirr e oung, dividin

cell's the tel onhaeenabledr sdiaitisy eloy sfudpgthel dominang, expressiondiof | cblingnarkeérss,
the tel oneres beconme shortened and there is a strong . correl ati on between
tel onere shof t eAR#ACtErsHic 8 £ark \eellotype Ands idged enppled g@mertp sHdynmitetise t he

| ength of telo t.Q | e p i al Lve. [ [ e art
and are descri be ﬁ]os%ﬁgiﬁ@% mﬁrr&esrsk’g}él%gy@“%ﬁl?@g(ﬁt‘ %’l @%@Fﬁwsa?éﬁ ¢ m
pluripotential gfagicaltthgbtid infay tecfoied byhfusigerhe rRgfpMsmof RrcelySiaghich

met hyl ation pattern characteristic of pluripotentral 25 cells. It is well
known in the ar thetmgleusthasdwanremeyveduiish poelestedr igtast sl to orvmaisabiajled

Cyt o ne resi dubtoio( BaR ! 137 ediethit Aoy e AGERER) 1y,

correlated 19 WOTHY AL Sfatfédl iSRIBE AR thto nucﬂe%—d&ﬁt&ﬁd]a%@i% medthétRing Gnaggne

expression. Typically genes that are hyponethyl ate
particular, the influence of cytoplasmic determinants on nuclear gene

expression.

It has been known for several years that selected chemical treatments of cells
15 in culture can result in cells extruding nuclei resulting in the formation of
separate nuclear and cytoplasmic parts termed karyoplasts and cytoplasts,
respectfully. These sub-cellular components have been used in fusion
experiments. For example, and not by way of limitation, as mentioned, it is
possible to produce a cytoplast from one cell and fuse the cytoplast to a
20 selected cell to form a cytoplasmic hybrid or cybrid. In addition it is also
possible to fuse the karyoplast or cell with a selected cell to form a nuclear
hybrid. The nuclei fuse after nuclear membrane breakdown during mitosis and
reconstitute after cytokinesis to form a polyploid or anueploid nucleus. The
afore described techniques are well known in the art and will not be detailed

25  extensively at this stage.

We have prepared cytoplasts, or parts thereof, derived from ES/EG cells and
fused said cytoplasts with selected somatic cells to form cybrids. The aim of

this approach is to re-programme the differentiated somatic cell nucleus



tend to be highly expressed. Hypernethylation is correlated with reduced
gene exXpression. It will be apparent to one skilled in the art that
pluripotential cells will have a typical nethylation pattern. This pattern
may be anawg9edIlar a 5 genomic |level or at the |evel of apcspeBéddosregente.
Met hods to anal yse the extent of nethylation are well known in the art and
i ncl ude, by exanple and not by way of limtation, restriction enzyne
digestion of DNA with nmethylation sensitive/restriction endonucl eases

foll owed by Southern blotting and probing with suitable gene probes {
Urezawa et al 18féhgh dntict evitintfaatetsylovateddii tieoBSIEG cadslaghysb phatette al
characteristic includes the ability to induce tunours when introduced into
an ani mal, i deaPY§ri¢ deodidierentiates, aid ntoq takpsqen | thepelaracienigtioy featymes efijag
animal is inmun A Hale) @ SeCond 8. 1 nvention
there is provi dggﬂgogegﬁﬁiﬁ%ﬁé ggl?gp?}éél R}goqlcl:e 3 Q‘%ag%éﬁﬁp‘ﬁgﬁ% ggtta h@ﬁll"lﬁé\ﬁén i on.

| deal |y, said celdripoténtial agefl dineduwBizhpnipdinn expsagy db ngaricusa différestiafpect
of the invention there is provided a nethod for 20 preparing_a cytoplast,
or part ther&of facters, gaw lead tonthepproduetiompf selected differensiptegetissurifor use, t he

i nvention conpri,sing;. i rovidin | e@st LEG cell » 11), sgpapatin

o pee TPk e RSBSOS BB BE el RBETRR | )
isolating said gytlend afhe sddfdtic @NdandoRt ie@ﬁgiawofme Sh&Blhdif ofahe Hspphat ed
cytoplasmc part prior to use. In a preferred nethod of the invention said

cytopl asm ¢ par tell { thecytitwsheonxdrial genone0 wodalkB be PERIGRIOAN0SFHcatdd by thiel | be
apparent to one ski, Ielg igxthe art that said cytoplast may be provi ded
either as an al FYRI&D)- 193l other samati nuglens 13 derpvefEftome a) PRticRY tequiRINgqy ot

extracted from i . Wd i j j i ..or 5
alternati ve:ig a?\‘gnw%@ﬁsﬁ?s?ﬁéﬁgﬁé f:lgétl%prflggfrin C gaﬁlteu%gﬁ/e é&%g%l ged&) at an

i sol at ed cyt opl émtmunblogicablyedomtpatitllenwithable patidn eequiring theotrarsplaht.CPHeomeast
amount of & 10 O EXIBG GSisnreIBin JHe BIAGYEHAN 2O TRAns Shedtadon | n
gt o e SESHE] BB 9, SYRAP Bu0lp e RALGAL of 1! SHE B of

separating the nuc rom orma kKaryopl ast

and cytopl ast rampeet ifsrBhle, chrdfabdnes fromEnae oDtRgyarMith of%He eddbryo formed
p221-7371987). According to a fourth aspect of the invention there is

provi ded a A&t h&er the pumasp af preyiding she ES/EGeells. | i ne in accordance with the
i nvention conprising; i) conbining at |east one ES/EG cell with at | east
one somatic cell; 20 ii) renoving fromsaid conbined cell, the ES/ EG cell

nucleus; iii) cwW fsiheRGoeadrobjett of fiéeinveRisH td PrbVideOd Pheriptentfl cell and
proliferation and expansion of said cell; and, optionally iv) storing said
cel | cul ture underresponding eslldingr age conditions. 25 It will be apparent to
one skilled in the art that nmethods of m cromanipul ati on exist that
facilitate the renoval of nuclei fromselected cells. It will be

20 It is a further object of the invention to provide a differentiated tissue for use

in transplantation therapy.

According to a first aspect of the invention there is provided a cell comprising
at least part of the cytoplasm derived from at least one embryonal stem cell or
25 embryonal germ cell combined with the at least the nucleus of at least one

somatic cell.

In a preferred embodiment of the invention said cell, ideally a cybrid, is

characterised by the possession of at least one pluripotential characteristic.



apparent that this nethod of the invention advantageously provides that ;
WD 00/ 49137 12 PCT/ GB00/ 00576 _ i) the factors produced by the ESI EG cell
are continually produced thereby maintaining a steady-state |evel of '
factors neWss¥W@PI37t o reprograme the somatic cell nucl eusPCHRBOKG576t he-
ES/EG cell nucleus is renoved fromthe conmbined cell prior to 5 mtosis
ensuring nucl ear fusion does not occur. It will be apparent to those
skilled in the art that the nature of the somatic cell selected is not
critical to the operation of the invention although the cell-type will be
selected so as to optim se or maxi m se success in terns of production 10 of
a cell or cellsline of, t i nvent.i on. Accprdi to.a fifth aspect of the
Mavent i on ¢ hedle belisyabitiBe SRR s SiiphRCeradistis IS BER Festltne '
accordance w A ' I doa S afid muk roviding at |east part of the
cytopl asm of tg?tﬁé&xfc&gﬂ%@ﬁd}ﬁ 5 i ?gagggir%@igrﬂu%pgeugai d cytoplasmc part with at
| east one somatic cell; iii) grow ng said conbined cell in culture; and,
optionally i V,)I,t storing said conbined cell under suitable storage

condi ; i gns.5 | it wilbpepaparent taghosskaled indhe aitdhat tha celivd ths inysntiemaypart is
i 0 I .
provided as a gé de?weﬁglsxfbig grecf%%ﬁllt,] é)g %{%@&b&ﬁ?%ﬁé{bﬁg, C’ng {&8%1&&&&%

i nvention said cytop sald so vi a

cyt opl ast/ songpiién éevdivésthe Fisior of lansdni@ticodl witefCES B! capt ORdaly tthis ES/ EG
cell and somatic cell are, ideally of human origin. According to a sixth
aspect of t he latieyoptipnis notareferred %’P@MSG subsgquent|migenis wilk resulipn adivhgdat

| east one cel ih accor di ng t@ theti nventi on. WO 001 49137 PCT/ GB00O/ 00576 ~ _
| 3 According Sv’ggsaél\?gﬂ i é‘ﬁé‘fc‘iy%er the invention there is provided a

met hod forfgi nducing differentiation of at |east one cell of the invention
conpri si ng:

Ideally said pluripotential characteristic includes the ability to differentiate
into at least one selected tissue type, preferably upon exposure to at least one

differentiation factor.

15  Alternatively, or additionally, said pluripotential characteristic includes the

ability of said cell to proliferate in culture in an undifferentiated state.

In yet a further preferred embodiment of the invention said cell has the
capacity to proliferate in continous culture in an undifferentiated state for at

20 least 6 months and ideally 12 months.

Alternatively or additionally, said pluripotential characteristic includes the

expression of at least one selected marker of pluripotential cells.

25 It is well known in the art that pluripotential cells express a number of genes
not typically expressed by differentiated cells. These are valuable tools to
monitor whether the ES/EG cytoplasm has re-programmed a somatic cell

nucleus. One such example is Oct4.



51i) providing a cell according to the invention; ii) culturing said cell
under c¢onditions conducive to the differentiation of said cell into at

| east one tissue; and,optionally iii) storing of said differentiated tissue
prior to UW@O0OHRIBY suitable storage conditions. 10 |deal | ycwaBebawsist ure
conditions are selected fromso as to provide a tissue type, by exanple and
not by way of limtation, that is neuronal, nuscle {eg snooth, striated,
cardi ac), bone, cartilage, liver, kidney, ©Pespiratory epithelium
haemat opoi etic cells, spleen, skin, stomach, intestine. 15 According to a
ei ght h aspect oln 4 beefemed ambodiniédne f thesinventiordsaid atletted sharkereistexprassiony pe
or organ corrpri;hngs(%t | east one cell according to the invention. It wll
be apparent to_ b t1888€in the art that differentiated tissue accordi ng
20 to the invention nmay have extensive application with respect to

transpl antation therapy. For exanple, and not by way of limtation,

repl acenent of Hayegetllandurherdpefasat] catbodiment ofddeoinvention said seleeted

repl acenent of damaged and/or_di seased_organs (.eg.as a result of Kkidne

disease (ci r¥ ohBarker is acalb serdace tpaﬁhebuere&mbhym%@llgwﬁaag @sf)rgcerrléml&e@ﬁ«p%t |
i i co), or - cangene erhu el SERERLLTRAEr SSRAR) CERARORE SRR,

that di seases sadloPFRA-PI0NEY; M&fTRAflr-em‘-)lr; afdl/ot akdBSe PRdsphedsd (9m t he

cells of the invention. The depletion of Tcells through virus induced cell
death is the major contributory factor to the immno-conpromni sed state of
200 1T, TR BLEP A A, BB ek e o
col 1 7 muney % oopsagice”4Y SRR ech P KT ald; PRAREICREUCEHLOTIANRY ! Rug o<t
derived from t heeldémerasé adtivityhis chrrelatedtwils extension of teborher@pspl anted. 5
According to a nineth aspect of the invention there is provided a

t herapeutic conposition conprising at | east one cell of the invention

i ncluding a sui I R o, di r i :

enbodi nent of tﬁglb:ﬂﬁevgﬂﬁ g%%smé{%’ F?]%@%%seﬁf P@q’é%rrg{i)ds’i ‘ﬁ)é’hgﬁ”?‘*g?@f‘/%w /fs‘or
use in tissue tsajuentantattheonenddcodrairmmgosaings. t Eindsh arsdseate abferfed tonesnti on

there is provided a nethod to treat conditions or diseases requiring
t ranspl ant al} ontedgmeness yEOE §¥@RPIS; the telomergs of hpmannehramopernes copain thesye

type or organ agcordi e\ LOn. 1): i Ly 1 NL.r I aid
7 5eue o or gan RS S, STAGTCL S BRb Rl apirplintith' B0 nd e A ShBP 1T,
under condi ti ongowy, cdivilie @ensuhé \telohferésh ared éigpiedy den@f I agﬁhg; foRNggl-ant ed
tissue by said patient. 20 According to an el eventh aspect of the invention
there is provi déiyidingi eelsortbei tolomereat becgste shertenad apd cihers iy a Ftone
invention; instructions, wWth respect 1o the majntenance of..sai.d | N

Ul tures and. - ofrenaR bebiebr ERBRER shitwdnite 5% RoERIV IR RhuBRE. ellieds

sai d cell tggatd gRfdas@fR 188sth B delbimefddQo idP8aséDralifefttBa kapidioft KBBWA Of
the invention will now be described, by exanple only and with'reference to
the fol |l owi ng niat theias andeard desoribed sn VA9 F PBde. WO 00/ 49137

PCT/ GB00O/ 00576 ~ 15 Figure 1 shows PCR anplification of Oct4 nRNA from a
human EC x somatic cell ( thynocyte) heterokaryon. 5

Alternatively or additionally said pluripotential characteristic includes the

presence of a chromosomal methylation pattern characteristic of pluripotential

25  cells.

It is well known in the art that the genome of eukaryotic organisms is variably
methylated through the addition of methyl ( -CH3) groups attached to cytosine
residues in DNA to form 5’methylcytosine ( 5°-mC). Methylation is correlated



10 Materials and Methods This experinent exploits human tetratocarci nona
(EC) cells fused to nouse thynocytes. W reasoned that EC cells have nany
of the properties of ES/EG cells and are therefore a useful tool to analyse
re- progr anWPl4887 somatic cell nuclei. Preparation of MUE/GBMTYt es- The
t hynocytes were obtained by m ncing a thynus renoved froma 4-6 week old
mal e nouse (Swi ss strain) and suspending the released cells in 10 rnl 15
medi um (DVEM) with 10% foetal calf serum (FCS). After standing far 2-3
mnutes to allow large fragnents of thynus to settle, the supernatant was
renoved and cenwithfthgedanael afgmergxpréssions Tiypically gones that agchyposedndetad

ot pol | ott ed alaiO Be iy PRPGsiE BB len ST Wbk aehe
after 20 which Efgesfdd. 3t WRI Be aBpMEREAGE sildimédm_sme%ﬁrtﬂa@élhgg%t@ﬁﬁma@nd

counted. Human EC cells were obtained by trypsinisation o fl uent
cul tures as prewilblsbvy adegical eethylatidn epastest. Hiis paft@@0may B2 pnalpédadeat a

washing two times in serymfree M. and countin t he humgn EC cells were
mxed i th the Besicds 59&@@1%@%@96&1&&@65 ethads tp gnalysq Mg fxispt es.
The m xed cells : e : I t:] t m n.
Het er okar von Fugfglﬁnﬁ?ﬁﬁﬁln%]ﬁe‘&%Fggwgqggﬁdé k/%%g lq‘ﬂg?f%cb t%% 1 gl[ufrﬁa’iég“ n of
RNA 30 The cel | sayesfe lidistidnu sésagetionl yeiynyd egesgby asfl DN2EGyitl Kaethglation

1979). The pellet (in Experinment 1, 2 x 106 EC cells and 2 x 10~ )
thynocytes; in Espstiverrestriction gndonugkeapes followed hySapthern dlotting #pd preling was

resuspended in _. 0] =y 200 p,| 50% (wv) PEG
1500 in 75 nM Hgﬁégug%}-‘é%ﬁ%B%D&E%Hé}g%%neg%gﬁ%nand i ncubated at 37 C for

1.5 min. Sefgmfree medium prewarnmed to 37 C, was then added gradual |y
over 5 min. The cells were then pelletted by centrifugation at 1500 rpm for
5 min. and resudfernadizelynos additpnaNENsaid tukpoentindt eliarassgristiceinghadeTHbe e

|l h | i 125 fl ask .and,pl aced i hum.di £ ed i b |
(1 0% o2 i n it r FoD oy e Yoo WiRS BPO0Rel VR0 bR Pyl el g0 S
were aspirated. e%ﬁnkgirﬁé?ﬁﬁirﬂbm. ot fdaelly 41 SAU laRini81i & iAuMSRipPess&Y ~

trypsini sation, washed two tinmes i'n DEPC-treated PBS to renove the
serum The pellet was then resuspended into Tri reagent ( 1 nl) to isolate
RNA (Si gma- Al drich em cal Co., as described i.n Sigma Techni gal Jetin
VB 208) TS | s AESeET G a oM ARRACE DR AnByBEiDE de it ROy i 6 SHBRC o
and the absencecgh ARk aBISAdcBIINo WRS ifGARION 18shndd shid BIR 13 Age of
(3-actin and HPRT BI’I rs 1n separate sanples (Wakeman et al., 1998). If
free of DNA, thbulRhiomgm.t hen used for RT.PCR anal ysis of Oct4 expression
PCR Anulification of Cct4 from Human EC x Mouse Tl ~ynocvte Heterokaryon 20
In one experinent (2102Ep with thynocytes), a control was prepared,

consi sting of cal f ysi ant ] s AL AGU j ith
PEG vias. onf ¢ ed TR TY BnEd Pl eI HAOR mbd s MiOAded ARl fob.
het er okaryops Wptdpdribg af Stofast, bnpamaidiest, €xpese iethe prdductien ofsht atkdrfrom
t hynocytes al one and also froma nouse EC |line (PCC4 anal, clone 3), to
provi de furt her celbling iofdhainyeptien eQmErisiBgt rol s for nouse Oct4 expressi on.
CcDNA was then produced fromthe sanples using reverse transcriptase (RT)
(Wakeman et al., 1998). PCR was then perfornmed using oligonucleotide 30
primers specifi 9 f or prlowiEAe aNBastOne ESTEG ctll; @ mar ker of pluripotent cells

under the standard PCR conditions described in Wakenman et al. (_199;313 W th
ii) separating at least part of the cytoplasm from the nucleus of said ES/EG

25 cell;
iii)  isolating said cytoplasmic part; and, optionally

iv)  storing said isolated cytoplasmic part prior to use.

In a preferred method of the invention said cytoplasmic part is a cytoplast.



WO 001 49137 PCTI GB00100576 17 an annealing tenperature of 61C. These
products werée then subjected to €l ectrophoresis and separated DNA fragnents
detected by ethidiumbromde staining (Figure 7). Ml ecular size of the
anplified WOR0M¥ATS was determi ned by using a | kb DNA st epCT/aeb#05765 PCR
Primers for human and nouse Oct 4 SpeciesAnnealin g Tenp CSequenceBpGenBank
Accession No. and prinmer

| ocati on61. 4573X52437For war d5' - cgaccat ct gcdgjct t t gag- 3' 120- 139Rever se3' - cccc
ctgtcccccattccta-5" S34-51560. 4415Forwar d~' - b' t ccgcccgcat acgagttc- 3' 361
380Rever se3d' - a88gBccgcagcttacacat-3'93 7-918 These priners were desi gned

using the PrimetSel.ect nodule of t aserge ui.te of ogr a NASt ar
e, USR) . The InGURE BRRAFENdo RBeFRTISTE Hie Sk et v oY GPIdRh T PR atahe 4.
10 Enncl eation @fth&ehd antQighoflisblated {fPothas! RastasKb ES%EG%IP?%' a®"aliquot
mni-cells'. One of the techniques that 1s enployed in our t hod for
produci ng Re pr egtragted drdmbany ontact BS&AG celll via(RiESmariplwtionstecheiques af

cytochal asin_B 15 to.generate enucl eated ES/ EG cells (ES/EG cyt.qplasts) as
The Gyt opi as BHETRUSSN AntapRErBly; Seid, STCRIEAIG BT hia DG FVUARS BRGR « he
differentiated | cells as the nucleus donor. Cytochalasin Bis
wel | -known to |253)&§g@’g¥¢0p§‘g%o extrude their nuclei (Carter, 19b7) and has

been enpl oyed by numerous authors to induce enucleation of a w de range of
cells of a variety of 20 species including both nouse and human cells,
(Poste 1972; Pr &g @oprefastedametiproof el invention said cytoplast vy separatad dromspidi ck

1973; Ege and R ngertz,1974a. Wgler a Wi nstei n. 19 .. Such enucleation
results in a celrlflgli%%kp%gcﬁp?‘ﬁ}fﬁe S,ahﬁlﬁjarfrgacgﬁ)ﬁéc[aaysg&%ﬁnéectalgﬂlanr}vi bi% for
a nunber of jgayy{deRhIdSRN RAIly, cytochalasin B.

It is well known in the art that cytochalasin B is an example of a chemical

effective at separating the nucleus of a cell from the cytoplasm to form a

karyoplast and cytoplast respectively, (Methods in Enzymology Vol 151,
15 p221-237 1987).

According to a fourth aspect of the invention there is provided a method for
preparing a cell or cell line in accordance with the invention comprising;
i) combining at least one ES/EG cell with at least one somatic cell;
20 i) removing from said combined cell, the ES/EG cell nucleus;
iii)  culturing said cell under conditions conducive to proliferation and
expansion of said cell; and, optionally

iv)  storing said cell culture under suitable storage conditions.
25 It will be apparent to one skilled in the art that methods of micromanipulation

exist that facilitate the removal of nuclei from selected cells. It will be

apparent that this method of the invention advantageously provides that ;



al 1973); these enucl eated cells have been called anucleate cells (Poste
1972) 25 or cytoplasts (Veonett et al 1974). The nucl eus that is extruded
fromthe cell WD 00/ 49137 PCT/ GBOO/ 00576 18 retains a thin rimof

cyt opl asm WREMY3Lur r ounded by a pl asma nenbrane; _t hese REWGRWOQPIEE have
been called "karyoplasts' (Veonett et al 1974) or "minicells' (Ege and

Ri ngertz 1975). Enucleation of cells to yield both cytoplasts and

karyopl asts may be achi eved by wel | - establliZshed techniques in which cells 5
growi ng attached to a plastic disc are inverted over a solution of

cytochal asin B#n atherestorugrodussd Bndhe B¥/EG wglare; gentinpallp| prodycedenai n
attached to the plasii I SC: e .t Iy I S gl I he
bottom of the €eent rﬁ%‘%f%‘égt %%lent%irrlgs(?o{} f’e aé? saal%)l%%l) .O%A?%cg(rg%laﬁléc\e/eg a3§ E:oel S
in suspensi on may beeg@ptanhhediedsdndtiRu@il ructtessaddy gradient, typically
conposed of Ficoll, 10 containing cytochalasin B (Wgler and Winstein
1975). In this idase,theE¥BGasell nuplguk iy yepovas fomr thef eombiged raglinprjorbto

recovered fr50m di ffer%nt gr?rt.s of fhe@grad' ent faﬁ ter centrifugation.
Met hods for “conbi ni MG LFUEPHETEMECALIBIANLA P 88 cel | with the nucl eus

15 of another. The methods for creating hybrid cells by fusing two or nore
cells of different origins together are very well established and w dely
known. For a rdvmallbefappheent tmthost skille@ih thetdrbthet heswture pétheSsomiatic eell us

i nduced cell fusjon,,.or cell, fusion induced_b ol yet hyl ene (of0) PEG) , '
see Kennett (197 nef Futipg) 04h8 cariaton et ik Feliion Hidioues Tt Eelhctpe o
fuse ~ are '”C‘Wﬁ%@é’sé’l’eé@d §ofak'%&ggﬁfn‘i‘sea&erﬂﬁxinﬁw%cééssﬁﬁ'l&'f?ﬁs ot Hgﬁuf’xiorf EG,
often with centrifugation or agitation to encourage clunping and close
apposi tion 1of tdfe sl dr celininecofahe inventia! es such as tinme, tenperature, cell

concentration and fusogeni c agent concentration are optim sed for each cell
conbi nati on. These techni ques have 25 al so been shown to allow fusion of

el 15 or karyorkGerdnBlocy FRAr Rys B e PEEREcN BE o Pleb il Xt R0 o
(Posse and ReeVftegdtink a EEor¢yll Imdiaeict@rdandéOviR HihdentiiaTd 8576 1 _ 19,
1975; Ege et al 1973, 1974; Veonett et al 1974, nght and yfli1ck 1975;

Shay 1977)). Ardt herprewding ajdeast part of ergyippism ofan BBEGREE and wi del y used

for induci 5.cell fusi.on. &l HOf USion' . a NV I N hor t
electric ptr]]l%ses" t hr ocﬁ)éh “Sr‘)ﬁn%tsﬁ@ecy%?l&cnﬁlpgﬂ(mé Tr& ‘%%%ﬁ? fgr‘rgmﬁgtﬁ%%er%ﬁlg%) .
Production of REFS GebWing said combined cell in culture; and, optionally

iv)  storing said combined cell under suitable storage conditions.

In a preferred method of the invention said cytoplasmic part is provided as a

20 cytoplast.

In yet a further preferred method of the invention said cytoplast is combined

with said somatic cell via cytoplast/somatic cell fusion.

25 Inthe above described methods the ES/EG cell and somatic cell are, ideally of

human origin.

According to a sixth aspect of the invention there is provided a cell culture

comprising at least one cell according to the invention.



10 The production of RPES cells requires several steps: 1. the selection of
appropriate differentiated cells (the Nucleus Donor) and, if necessary, the
i solation of their nuclei, 2. the selection of ES/EG cells (the Cytoplasm
Donor), 3.wbhes$esi on of the differentiated cell nuclei w¢heBimoss EG.
cells, 15 and 4. the renoval of the ES/ EG cell nucleus, either beforé or
after fusion. The production technique may, in sone cases, be optimsed by
pre-treatnent of the differentiated cell or cont enpor aneous treatnment of
the differentiated 20 cell/ ES/EG cell fused products, with various agents
such as, but not limted to, inhibitors of DNA nethylation, to enhance the
ability of the differentiated cell nucleus to be re-progranmmed. After the
production of AtberdirigfoSa s@lenth aspditt ofthalinventiondiererie pradded # ehetlfodfoepagat e
the cells, to characterise their properties and to induce themto

di f f er ent i at eindyeingrdiffarentiatieneiatileast ene cel pbthe ipwentiopopiprisings 7

PCT/ GB00O/ 00576 20 Differentiated cells to be used as Nucl ear Donors -- A

| arge range of somatic cells derived fromany tissue or organ of an adult
manmal or fungn, %roﬁti&ﬂ%ﬁ@@l‘lXé’c%r&’i'hgftQ%éJﬁﬁénti&f; from extra-enbryonic

ti ssues such as the trophoblast or yol k sac may be used as a source of

nucl ei 5 for npproculturingnsaid Sell underl amdittonstdonducve to Yrediffenaitiation it ar e

not limted to thynpecytes, peripheral blood |y cytes, epidermal cells
such as fromthe bi?é‘gf’elig\}?Pg/{eagtﬂ?ﬁltﬁ?%épg@?xg&q ther stemcells isolated
from bi opsi es;:Qf vapi LSS : . : us
system and thgegutﬁ&ll'ﬁ%%tf tg%ﬁn(?&g%léerﬁn%@aa SSE E’glogg(gﬁfgggﬁ?%%vué{?pgeugsga\ég

est abl i shed cel |l |¢omlitiossuch as those 10 derived from various tunours

including, for exanple, but not limted to | ynphoblastoid cell lines. The
sel ected sdmatic cells used for the reprogramm ng procedure may be used

fur ther” mani pEAY Shta Rt R R SeCtel b0t SRV Al B b nea
entirely wt hbﬁ%kﬁﬁpréeddd%cﬁ%%'%ﬁéf h@statich, QHat i@%eﬂonﬂlﬂﬁhﬂble%ﬁ kiRl asts

may first be isolated fromthem” for exanple using agents such as
cyt ochal asi n 8riated, déasdiacy e londyoeartilage, blivert hisidnemwt mesgiratoFy x episteatiping,

nucl ei may al so be isol.at usin stabl i shed mi.cromani pul ati on procedures,
or ot her estaﬁ’i“?‘gﬁ%m& ?Fglfsréél[:?'gﬁgﬁ@tr?"&cgt‘é’bﬁ 18& 20 Fusion of parental
differentjated cells and parental ES/EG cells to yield RPES cells: Several
nmet hods may be used to conbine the cytoplasm of an ES/EG cell and the

nucl eus of a dictérdingntd atedghth elspeat wfythelinventiop2RES isprowided ray ledse onacl ear
genone of the . differentiated cell, but not the ES EG.cell, 25 A, Cells may
be fused by uHSUSHYRHRASTEED C%YQB‘HE‘EgsﬂéFPSEQ“%S?IE%‘E“ﬁWB&& HeyBYmtioBEG or
viruses such as Sendai virus, or by passing an electric current through a
m xture of cells. As discussed above, these nethods

It will be apparent to one skilled in the art that differentiated tissue according

20 to the invention may have extensive application with respect to transplantation
therapy. For example, and not by way of limitation, replacement of damaged
and/or diseased coronary and/or major arteries; replacement of damaged
and/or diseased organs ( eg as a result of kidney disease (cirrohosis), diabetes,
various autoimmune diseases); replacement of damaged neurones ( eg

25  Alzhiemers disease, Parkinsons disease, spinal injuries), or cancer. It will also
be apparent to one skilled in the art that diseases such as AIDS may benefit
from from tissues derived from the cells of the invention. The depletion of T-
cells through virus induced cell death is the major contributory factor to the

immuno-compromised state of AIDS suffers. The provision of a non-



WO 001 49137 21 PCT/ GB00O/ 005?76 are well known and nay be readily applied.
These nethods nay be used to fuse: 1. a differentiated cell with an ES EG
cell, or 2. a karyoplast froma differentiated cell with an ES/EG cell, or
5 3. a di fM¥4#133ted cell with one or nore cytopl asts i SBFHEBY/SIEM ES/ EG
cells, or 4. a karyoplast froma differentiated cell with one or nore
cytoplasts isolated fromES/EG cells. In cases { 1) and (2), the result
will initially be a heterokaryon 10 contai ddng two nucl ei, one from each
parental cell. If this heterokaryon were allowed to divide the result would
be a hybrid cel lexbaustize sipply of 3i-cejlsalenived fom andh-infectedsbratic oell fiant thel

genone from each parental cell. However, in our nethod of  producjng ItPES
Gel 5. the ES EGEHAR B OPEoRS HSDEHSp MUEOYES: LaTHE BIAION ot O anhoTyasil g
cell, so that t i | Lapdr gl ibi j : A t he
genone of the pgﬁgﬁtﬁl aeﬁ%g'?%ggr gﬁt‘%%gd ?glrﬁggil$lg&gg§‘£eﬁiﬁf %‘gsgﬁg@ki%)?"étahnfégﬂy EG
nucl eus is renovkedhdst dmotwidclSieR{ssnels totbeftransplantedon, for exanpl e by

enucl eation with cytochalasin B as 20 di scussed above, so that the

resul ting préduct contains only the differentiated cell nucleus and

cyLopl asm fom (g oRBHES SSihe RSP of! e Henfibn SRR, RViReq BFerhBMEL 19

| ZPES cells that continue to pro ate retaln on e nuc nome of
the differenti atcethpositioftcdmpiBilg atehst loneell OF the pivedtiamiBdudiag @ Rfi@bR a
new pattern of gene 25 activity.” WO 00/49137 PCTlI GB00/ O0OS76 _ 22 In cases
(1) and (2) t he eRsipiEBtodiluanhorcdastier.i s removed fromthe heterokaryon in one
of several ways that include, but are not limted to, partial enucleation
usi ng drugs such as cytochalasin B, applied in the sane manner as descri bed
above for enygcl §aty prerGRPembeliinterd Nt the IRVGRBHI A W&éﬁﬁuﬁ%tc%réﬁsitfdﬁsison-
In the present case in which enucleation is carried out after fusion, sone
het er okar yons | gsevided fornuse liretigsuetrankplefitatiaise t hey do not proliferate, sone-
het er okaryons | ose the differentiated cell nucleus, in which case they
retain the parental ES/EG nucleus and continue proliferating, sone

het er okaryons | 2 i j j.nue
proliferating a?‘%ﬁgﬁgg{g @ﬁg&ﬁ@g%@ﬁﬁ%\?gﬁgﬁgﬁ§%ﬁg@g?% rh%?ﬁdgﬁ{g gleti and
eventual | y cont icondition®bri disesses raguiringtyimspthneatiohof tissueecomhprisiidiods are used
to select the 1ZPES cells and to elimnate any of the cells retaining an
ES/ EG cel | dénorre or to elimnate any cells retaining a somati c 15 nucl eus

that has failed;to u : s ] I t.he . shherating
cells are cl oneé} by g%%@ gﬁé@ﬁf@%ﬁ%ﬂ@ge@epgbﬁb%g%@% tﬁghgf%ﬁgb{’:’el S
with a mcropipéite suptaaliiredring said tidRB2r oifiidihjo a patibnt relby trdatad; cl ones

are screened using genetic narkers for those that retain an ES/ EG genone.
The latter cell dithr etrgnting saisy patiendr vadert ponitions whigh ags gopdegive tg the

expr ose an 12PES phed b pEc 8t s RN B AR by A kot i ng
techni ques yvging well established DNA fingerprinting technology (Jeffreys
et al 1985, 1988; Yan et al 1996) may be used to identify whether the,
nucl ear genone dfccarding3opar|elgventy asnpect @f | the | igverdiany therd iy mrevidadra e

ES/EG cell or d'c]:)Ineprrxes{]r;[g'; aattel(e::ias(%ecl)nle 5] ea@édrdl%rg oOtt}Pé invention; instructions with

respect to the maintenance of said cell in culture; and, optionally, factors
required to induce differentiation of said cell to at least one desired tissue type

25 ororgan.

Embodiments of the invention will now be described, by example only and

with reference to the following materials and methods and Figure.



I n anot her nethod, before use as a fusion partner, the ES/EG cell parent is
geneti cally marked by insertion of a gene that will allow selection WO
001 49137 PCT/ GBOO 00576 ~ _ 23 against any cell carrying that gene; for
exanpl e, tWOOWRIBG cel|l can be stably transfected with a PEeE/GBIVWAREOdI ng
the Herpes Sinplex Virus-1 Tk gene (HSV 1-Tk), such that any cells carrying
that gene can be killed by culture in the presence of a nunber of drugs

i ncluding acyclovir (9 5 [(2-hydroxyethoxy)yget hyl]guanine) or FlI AU

(1- (2-deoxy-2-fluoro- (3D arabi nofuranosyl )-S-iodouracil) (Borrelli et al
1988; Hasty et aghjghR91)shoWs BERCualphficatibRWT 08 IRA Bom! A9FumMe Gact 1k ck
and Andrews 1992). In this nethod, follow ng partial enucleation, the

remai ni ng het er.clemalisrosll4tbymatyte) keterokaryesi um cont ai ni ng this drug, and
only 10 those that have |ost the ES/ EG cell nucl eus survive. O her

sel ect abl e genetic systens can also be simlarly used. Persisting parental

differentiated %a't&lil?%hdhﬁ\éﬁldmt been reprogrammed are renoved by cloning
the surviving c ing RPES cells by virtue of their

expressi on of speC|f|c surface antigen markers that include, but are not 15

limted to, SS dirsou e a
characteristic lﬁe E@x‘gpe%? Pﬁ&aJRgtfgt?ﬁ%cﬁngﬁ}a p%ii@g@ﬁ%)&% idise
fluorescence actthy@oftes oWe ré¥onkd thdt BACRIs Faveiriilyyolihe bromiriedofl BS/EG
separating subsets of cells can be used (e.g. Andrews et "al” 1982, 1987,
Ackerman et al 1®d4aniare thereforeta nsefulo®e) to analysa rerpoegremnming obdomatiecéls/ EG
cell parent is inc bated prior to fusion, wwth a drug that irreversibly

i nactivates its Mf'eus and prevents its replication, for exanple,

t opoi sonerasgg i nhibitors such as etoposide (Downes et al 1991; Ful ka and

%ﬁ[eﬁigﬁi.o?“?o—sé#—&mﬁ%n—;%—r%r“ o Ao T A 2 ol 1) ng ivi ding coll o
I I
G Trerentfat o’ coy iotieyted SRRy Fﬂ‘%"iee?{cﬂaﬁ;ﬂﬁrrﬁaro&?@ a4 wedhi ng

“parti al enucleadluqnalefmbaéceg 5 Ys#asn @%@hdfhg me%re@s&pwlsehﬁlb%ﬁ of
t he ES/ EG genone WO 001 49137 24 PCTI GB00/ 00576 I n anot her net hod

after cell flfsi onedivmp(IDMEN) mtlnel(li/’rfnfmaﬁayoaif semen (RESG After standingifor 2s3

renoved by m cro-nmani pul afi han c

Clectrically | ndOUulEs HoAURS erer Fagmens of UORRG Y FePBnire it yas
conbi ned wi th anefES AR berﬁﬁhfg&i Ry 15@(53rr9m”l’d}' B Ui 't@"pellbf‘ tﬁé"sﬁsﬁ”éﬁﬂé@d
the nucleus of the differentiated cell is Wthdrawn using a m cropipette

inserted thr oughhytmecytes | The thymaowytes| weregesuspendedjie dieshi nedire withoub FES,

| at ed ES/ EG 10 | tact ES/EG | t t h
ES/ £G cel I mucl ARG Pleret #Bpink By SoSBER R 5 Web atibelsdcr soTHTBRETSE 1 ne

techni ques dgscrypied tﬁ?%égs gtagel Fs;t'lsﬁéﬁdeﬁ"% frdshi é%?uﬁnﬂc&%édlﬂh‘ﬂnﬁ'&'ﬁn%wr S.

G owm h and selection o E
Human EC cells were obtained by trypsinisation of confluent cultures as

previously described (Andrews et al., 1980; 1982). After washing two times in
serum free DMEM, and counting, the human EC cells were mixed with the
mouse thymocytes in a ratio of 1 EC cell to 10 thymocytes. The mixed cells

25  were pelletted by centrifugation at 1500 rpm for 5 min.

Heterokaryon Fusion of Human EC cells and Mouse Thymocytes & Extraction
of RNA

30 The cells were fused using polyethylene glycol (PEG) (Kennett, 1979). The
pellet (in Experiment 1, 2 x 10 EC cells and 2 x 10’ thymocytes; in

Experiment 2, 3 x 10® EC cells and 3 x 107 thymocytes) was resuspended in



15 Following fusion to conmbine a differentiated cell and an ES/ EG cel |s,
with prior or subsequent rempval of the ES/ EG cell nucleus, it is necessary
to provide appropriate conditions for the re-progranmm ng of the

di fferenti%PAM498T | nucl eus and for the subsequent proli fRGTAFR8R053S ¢ he
resulting RPES cells. 20 Several nethods are used to enhance the efficiency
of reprogrammng: 1. prior to fusion the differentiated cell and ES/ EG cell
are synchronised with respect to position & the cell cycle, by use of
reversible inhibitors that arrest the cell cycle at specific stages (e.qg.

nocodazol e), or 269 HheSQ%e(\MV)cBE& tiPBRsins (716h el HEPESr phigi®b (Boebsnges
cells in G, e II t.S I ¢ _stages thecellcycle
by using vital B&&"@‘F o@lfgf)ﬁ By eq'\}@ 85? Jeggigmo pre-
PCT/ GB00/ 00576 I t

warmelf tbl@ve@c%ehéma nggd&ﬁial ov%?VSt i) Tﬁé\%gnggg §e ﬂgﬂ o

Baserga 1979; Andrews et al 1987; Criss Stern et al
differentiated pellé¢ttegr by mentnrmeDat&! 5081 rpm ﬁmmﬂunm asd (redu'splemiddim 5 hed

presence of dru t .inhibi t hyl ati on denet hyl atign {e.g.
5-azacyti di ne) MM £¢9a£98{;§8%§°11‘§?9 6“2%@ T@B@St ﬁ’ég into %1IT2§986),
or alter the st (o]

trichostatin A ?;dg% lrég& £ceﬁ%1 m‘hhﬂ%‘ﬁ& tmg&étgdg@{ @Iogﬁtflt%ﬁ é“f)g‘e@m@%r 2
acetyl ation of Haﬁones which plays a role in X chrom)sorre i nactivati on,

gene inprinting and 10 regul ati on of gene expression (Caldarera et al |975;
McKni ght et al 1980; Stein et al 1997; Hu et al 1998, Wl ffe and Pruss

rormovai of the Bajerc dfls, W RoRFHIBER AP et Wl A " THE RN Bngiea "°
pernmitting mycl eells e itvestdti by #9piiRdatict) ahe vilsRE@ V& nfY id DERC-Hdafedy t he

het er okaryons under conditions that reversibly inhibit progress through the
cell cycle (e.gPBSrprenione thd serwm. Thse pclxhetezt/asat el &38jpended imoa]rtmagerg (rowt h -

condi ti ons, such ser.u tion red tenperat t etard
cel | division bmﬁé%r‘ﬁ‘?l@@r Bﬁ}ﬁ%ﬁm ft“%l’ ﬁ‘&% B a3, “éﬁﬂ}be‘ﬂ igma
conbi nati ons of ] | B308)1 e 'm,p%s I

cultured in standar cg?fm%ﬁf%reon%dlgﬂztﬁelaﬁfiggpude sugﬁ%?iggﬁo%}s Egtrl cted
t o Dul becco' s ndensityededsaginéris Aatitherab§Eide, of wogtanghatagsBNowas Hetetmimed or
Hams F 12, pgl enented in sone cases 25 with foetal bovine serumor wth

ot her addi t.lé/es (R usipg Prartinaang HRRE primeass) in sepgeate sagppies (Wokigmansepaoquent

to fusion and r 0

opti m sed cul tu?e%()ngqf %e&q?ayérs%ela?ih#hhgﬁeaﬁﬁgm{dpﬁb %ll}'glﬁre&)r%‘%%E
restricted to, expragdigt,ed or mtonycin C treated STO cells, WO OO ~19137
26 PCT/ GB00/ 0057

PCR Amplification of Oct4 from Human EC x Mouse Thymocyte Heterokaryon
20

In one experiment (2102Ep with thymocytes), a control was prepared,
consisting of cells treated as for fusion except that the incubation with PEG
was omitted - thus it was anticipated that no 2102Ep x thymocyte
25  heterokaryons would be formed. In another experiment RNA was isolated
from thymocytes alone and also from a mouse EC line (PCC4 azal, clone 3),
to provide further negative and positive controls for mouse Oct4 expression.
cDNA was then produced from the samples using reverse transcriptase (RT)
(Wakeman et al., 1998). PCR was then performed using oligonucleotide
30 primers specific for human and mouse Oct 4, a marker of pluripotent cells

under the standard PCR conditions described in Wakeman et al. (1998) with



or enbryonic fibroblasts of various species, including humans (see

Robert son 1987a; Thonson et” al 1998). The cells mad be cultured in the
presence of various growth factors or other tissue culture additives, that
i ncl ude buwoanmompt restricted to LIF, FG-, SCF 5 Differ ercT/aBiomsisf the
RPES cells In the best cases, the RPES cells acquire pluripotent properties
that closely resenble those of enbryonic stemcells, sa that the RPES cells
are able to differentiate and to initiate dhfferentiation pathways that
result in the formation 10 of any cell type that nay be found in the adult,
enbryo or in exthagfiRRhiNe Mehpérafie OF 6 19CY € ThaRP pRIAuLAt WercOhdh t duBlttted R

mai nt enance of an ES/EG cel |l state can be nonitored by assay of Vvarious

mar kers that i nelagttophoresisaind sepafateseDNA ifcpgmensSéstesteS b /ethidia-tromiide

TRA-1-81, by their .expressi on of . al kal i ne osphaLase and by expression of
i3l as o scotinnEabiEe PriblolgulBegtattioiny thed fednrus e dhamined o
cel |l phenotype : riate feeder cells. However, they can
initiate differe ﬁ{%gﬁ’%?}k‘%n e@gtgﬁ\eg‘?@giy of circunstances. Thus renoval
fromfeeder 6ells, or culture in suspension, followed by 20 replating in

t he absence of feeder cells in appropriate tissue culture flasks results in
di fferenti ati on pgR Frireens e hlusian dddmonse@dtigycty of cell types that include
neur ons, mnmusc ga’iesvarlﬁgeam{tgechdﬁaenat opol et1 ¢ gpel | BGénBaak Ae&sdiandt | ONS

]
in Robertson 1987a). Difgeemptifati on of pluripoteny sten N&lah&pAm¥r al so|be
initiated by @altered con@Cyi ong affecting cell densgity andediggr egati on
(e.g. 25 seed dgnsities or trypsini $ag3 on)_or_Dby forcing

growt h suspen; t50cp4adatcRdSgcgRint’s tEKat i nf- q but are ngt
restricted to d-edcbdtccc@bttddmisds, hexanef fyf dne

bi sacet am de, PON= :
Andrews 1984, ) 001 49137 PCT/ GHOO 6b576| 2718027 1982, 1990,
1994, 1996; T .,'#‘ﬁ“e%“t‘ggé‘“éafg““c' |I's|that j3d1geodepend uppn
the nature of TRbﬁ-,rsiendUC ng agen, 28BREFEVERHFYHr e dondi t| sm®iancl udi ng { he
r[)]_r esence or Alabﬁermesﬁ pail‘mesqowabfdeﬁgr@a Qg tflfelal-”vlil@d’rSel&F] nﬁﬁlhﬁrof m:jm&lg&xg.s#ﬁe of
scussi on Althou t ent e i nes have. been derive ro.

early enbryos (I%o%éﬁ"gs H,A%%ég'fb;a#ﬁm%ﬁ’ogfe Rifmeityauld Pefohs) exp ?Tdn’@r?f?pg’fng germ
cells (Matsui ethuabn @882; Shanbl ott et al 1998) and fromgermcell tunours
(revi ened, 118 Andrews, 1998) of various species, including the |aboratory

[-

transpl antati on i e 504y BB 3 PO W oy o
1998), there are_no reports that pluripotent stemcells, resenblin
enmbryoni ¢ st em &9 9f\ﬁﬁ? feqhmidues thaty i pmplaysdqing pwr misthog; forj produgingRewt y

of functional s j D I 7 of
i fforent i ated Srouafeied BulotPife 6 cBfis PROBY BRI hdfed G BHGCHALTH B0
extra-enbryqsi c t6egdnerat¥d énneleatedhBSIB®@ &¥llsO(BES/EESs cytoplasts) as the cytoplasm

donor, and ‘karyoplasts’ (also called ‘mini-cells’) from the differentiated or

committed cells as the nucleus donor. Cytochalasin B is well-known to induce
cells to extrude their nuclei (Carter, 1967) and has been employed by
numerous authors to induce enucleation of a wide range of cells of a variety of
20 species including both mouse and human cells (Poste 1972; Prescott et al
1972; Goldman et al 1973; Wright and Hayflick 1973; Ege and Ringertz
1974a; Wigler and Weinstein 1975). Such enucleation results in a cell lacking
a nucleus, but is otherwise intact and viable for a number of days (Goldman et
al 1973); these enucleated cells have been called anucleate cells (Poste 1972)

25  or cytoplasts (Veomett et al 1974). The nucleus that is extruded from the cell



W now descri be nmethods by which ES/ EG cells can be used to re-program 20
various somatic, differentiated cells, or other erbryonic or ’
extra-enbryonic cell types, to a state fromwhich they can then be induced
to di ffereWPi?¥¥3T nto one or nore functional differenti atREI/GRANUOFG pes- t hat
are distinct fromthe parental cells. In the best cases, but not
necessarily in all cases, the reprogrammed cells produced by this

techni que, called "Re-programmed 25 Enbryomgc Stem Cells' (RPES cells),
resenbl e enbryonic stemcells derived directly fromearly enbryos, and can
be induced to dididies enthimtrimioft yteplasmaahdr Bngeravhdédibyt 4 @hdina membrane;
differentiated cell ty(ges that incl Lig%,‘ but re,zot limted to,  neurons,
muscl e (i ncl udi-Fgse REBEhLes haxe been erlisd ‘Fanoplastsy fHeomeipebal k33 or ‘mini-

PCT/ GB00/ 00576 b j: ef | S. P ‘ [ i ith a
nor mal karyot ypéﬁ,ehs- i‘gﬁ%ﬁﬁﬁ;%@%&l{z vﬁﬂ% t%ry&g%?? Erogﬁte ﬁgk(leglepaﬁgﬁlt §}t8%lgft¥ms
from whi ch t heyaid ar§ieplavte thayheachied by welbdstaslighed esohhRrjuds i fhhtdeds ed
cells for transplantation and use in cell and tissue replacenent therapies.

5 In sone caSesgroying apacheddp a plpstisgdisenaraninvered pxend solutiomof extaakalesint he

ti ti f A | t hat ! t) I th ] I
Gt rerenttated fuib oss RS MREmnd CluBibedt | HYToohigiEreBRiE Bifihed to e oo
of these same cplastidTaisaRfle tHkAYBpRSE 8¢ pelsted 8t SR NMdtlom @‘ﬁgb cefrifhgbas

previously been reported to be 10 characteristically expressed by
undi f f er ent i at ethbEC(RmascolS et edll $97Br ehAltetnatively, kell8)in Fhspeafionemayobe est

the ability of humap EC cell cytoplasmto r.eprogram.somatic cells,  isol ated
mouse t hynocyt e%e%ﬁ’@egug}gﬂu%tﬁ H?Hﬁhtﬂ Iﬁ@‘@%‘ﬁb st pFQWHEZE%‘PPE?f@né’QB@O?L
(Andrews et @l . - ( . . 75; dr t -
1980)), to b@odﬁ%%%ﬁégtge%gkogﬁ %%1? %?%g&gr%&f;@? rélalje?qsqag{] ?gr gx\lg‘gfﬁs c?i o
activation of Ceytdplaxterangskarpoplastsnaid dorniadmed eaygles estoveredi flemcdifiefant such
activation would indjicate, not only that human EC cells are capabl e of

re- progranmi ng Barkopfdhe gradient afigre@ifugatian. ES/ EC cel | |ike state, but al so
that the regulatory factors involved are capabl e of working between
different mammal i an species. Thus if human EC cells can reprogram a nouse
20 somatic cell, we would anticipate not only that they would be able to
reprogram a huniethedeforaconthining)fusiapy the Hravphmmsef dne celll with whe hdcleas abl e
to reprogram human somatic cells as well. Simlarly; given the resenbl ance
of EC and EE cegianother..oy| d pe expected that ES cells could reprogram
somatic cells in the sane way as EC cells. 25 In Experinent 1, as

anti ci pat ed, anTherpiethiadsdfonareating hgbrig rellsby fesimpivad aymore eliseof ditferent
expression was detected simlarly in .preparat.ions fromithe 2102Ep .x
Chymooyt e f uat off RS toRethrate e well sablidticd AR ingD dontt Estom ey RG

absence of PEG th%%%hﬁaﬁlgtus\ehtrnethéés Ed%@ﬂﬁ‘?%h%nhéﬁ ARBARBusEN Fisidiglot S-
WO 001 49137 29 PCTI GB00/ 00576 ' However, band corresponding to nouse Cct4

(415 bp) was ontsll desient aduced thye palNAtigrema rglydod n(PRG)n seee K2hH@EQ1279).
thynocyte fusiop .ip the presence of  PEG .when het erokaryons re expected
Lo ot el Briehyopelistn af oUS Hoah i i ASHENGLO dhycs a1e BRPAEd BB £ uei on
i ndi cat es both i r IENC) in
I'ndi S ﬁﬂﬁﬁﬁﬂ?ﬁ%ﬁﬁ’t Qficr a%e%d?ié?irr S ok PEJ, mfnn‘ﬁ'g?e?éxoﬁ(lﬁgfrﬁgﬁﬂ&??g |

this experinment, a réqui r enent ormation o ons rits
activation fromgitationhtyrencytrage ehmping\ant rebos214ppbgitioy todphasell mémbranekict s
were seen in the "water' control, indicati ngi absence of contam nation. 10
In a second exp¥iahies suchnasHimen tempetaiira,neellr concentratiom angdugagents aeang

concentration are optimised for each cell combination. These techniques have

25 also been shown to allow fusion of cytoplasts, prepared by cytochalasin B
induced enucleation, with whole cells or karyoplasts, also derived by

cytochalasin B induced enucleation (Poste and Reeve 1971; Ege and Ringertz



fused with nouse thynocytes in the presence of PEG nouse Oct4 was only
detected in the 2102Ep fusion, again confirmng the ability of 2102Ep cells
to reprogram nouse thynocytes with activation of Oct4 expression, but
suggest i ngwoeosdizs experinent that TERA 1 cytopl asm di d nptT/@Béimsms 15
reprogramm ng. In both cases, human Cct4 was detected as expected, )
consistent with its expression by 2102Ep or TERA 1 human EC cells. In
further controls, no nouse Cct4 expressiongas detected in RNA prepared
fromisol ated nouse thynocytes not used for fusion. However, a simlar
sized 20 PCR band750rpbat aHedEY,t B4l WebhRit2k0dBo7X; mygm%tieﬂggbmws-
sanpl es, corresponding to nouse Cct4, was detected in nouse P EC cells
as expected. |nShay 1887))od, RPES cells are created by conbining the nucl eus
froma 25 differentiated or conmtted cell (the Nuclear donor), whether
fromadults or fromenbryos, with the cytoplasmfroman ES/ EG cell (the
Cytopl asm donor), from which the nucleus is renoved. Several nethods can be
used to combi ne A{ihériettigud M hewdiéll esieblishall add Geidelyaibdt fog isdticay asm
fromthe ES/EG cell; in sonme nethods the ES/ EG cell nucl éus is renove

prior to WO 0CehofiionPCelecBOfstS,7 nvole panshignahdrbrelediric aulssst twoughm

wi th the donated nucl eug, lara{I i.n ag]er met hoﬂg the ES/EG cell nucleus is
removed after cORBPHEY PEEEUS (NegangZimmermannd o83k ¢ erentiated cells fromthe
sanme species are used, then the resulting RPES cells retain cytoplasmc
genetic determ nants (e.g. the mtochondrial genone) 5 and a nucl ear genone
fromthe sane species. By contrast, enbryonic stemike cells produced by

t ranspl ant at i on Rifoductian iof RPES eellsnt o enucl eat ed oocytes of other species
will continue to harbour mtochondria of that other species. Especially for
the productiion dfhetproductionRIERRES tellsaequirdsaeverdl §tbpy:enti at ed derivatives
for transplantation into a hunman host, the maintenance of a hunman 10

nucl ear and human cytop] agfd Sele@HTf Caprébritve AiffeRhliel adrafhaIucidhe

met hod that we describe incorporates the techniques for maintaining and
propagati ng the RPES ceDbsorpandiuteecessanyl, theésolaionmfdbeis nédei,i nduci ng t hem
to differentiate into a range of differentiated, functional cell types. is
20 zs WD 001 49137 31 Retiwysetwedsn of ES/EG cells (the Cytoplasm Donor),

3. the fusion of the differentiated cell nuclei with the ES/EG cells,
15 and

4. the removal of the ES/EG cell nucleus, either before or after

fusion.

The production technique may, in some cases, be optimised by pre-treatment
of the differentiated cells, or contemporaneous treatment of the differentiated
20 cell/ ES/EG cell fused products, with various agents such as, but not limited
to, inhibitors of DNA methylation, to enhance the ability of the differentiated
cell nucleus to be re-programmed. After the production of the RPES cells
additional methods are required to propagate the cells, to characterise their

properties and to induce them to differentiate into required somatic cell types.

25



PCT/ GB00O/ 00576 ~ _ Andrews P.W and Goodfellow P.N. ( 1980) Antigen
expression by somatic 5 cell hybrids of a nurine énbryonal carcinoma cell
with thynmocytes and L cells. SOOOConmat. Cell Genet. 6: 271-284. Andrews
P.W, Bron¥880#187 Benham F., Strickland S. and Know es RETHBO0/08S3EG0). A
conparative study of eight cell lines derived fromhuman testicul ar
teratocarcinoma. Int. J. Cancer 26: 269-280. 10 Andrews P. W, Goodfell ow
P.N., Shevinsky L., Bronson D. L. and Knowgs B.B. ( 1982) Cell surface

antigens of a clonal human enbryonal carcinoma cell |ine: Morphol ogical and

antigeni ¢ dif f elDifferéitiated icellctd belused dsMNucldar Daneey 29: 523- S31. Andrews

P.W (1982) Human enbryonal carcinoma cells in culture do not 15 synthesize

ftbronectin untila 14y ratigdef & RiMdtiRt Rlls |detived froaR AR tisR oP6rfaR 6F anARIEWS
P.W, Danjanov L, Sinon D., Banting G, Carlin C, Dracopoli- N.C. and Fogh

J. ( 1984b) PI umgromehor dwimano el fremrembryas ozl foetusesdor i fvard dxtranenabryohigman
teratocarci nona cell |ipe '{ﬁrﬁ;z bl?i fferentiation.in vivo and in t\/itro.
Lab. | nvest . 50: asuepesych 38 e, frophblast\pr yoli a6 may Pe usggl a5 2 Spupee of myglet
harris H(1984qh: ppodtRaheNPhrllat OGS olIPHRERNINRE HHF BRI SULIARIY fOn
human enbryonal carcinonma cells react specifically with the liver 1sozyne
of human al kal i tieympboges; gtesipheraHplmoddynphdcyt8s- G@derdvall cells siRh\Vis {rd@8the
Reti noi ¢ acid i nduces neuronal di f{erenti ation of .a 25 clopned human
enbryonal carci P88 €Y1y, |qunailps, cglls, ror othey stam gells jisalated giomg biopsiegyof

0045137 PCT CORHZER g, 16 LU oy SR S IR, e

Arnaud D. and Avner ree nonocl’ona g

di stinct differeshnijueonapalsodssnspplizdasivatiods vetablistied fcell @ines, hiugh ag@h&seul ar
wei ght pol ypeptides on the surface of human enbryonal carcinoma cells.
Hybri doma 3:10347egged feoranwarions wmQurs dnelpding; (fo examplg; kiut it Alimitedl feazi o

M d G huigs J. W, (1986), O.f f iatd f TERA-2.h b I
car ¢ nom cel 1's TPAHat, S, lihescy s efeBe Urorman oty R, R0, R

other than reti nbgameifly prbéddareMayad @itdatiiecli UpbaGsolSH B¥SheyPmHY b
Qosterhui s J.W@’gn%raDanlj %r??\)/ l. (1937) Cel | ﬁcngglpfbro%) 16 hurraneyglg\%ln gell

li nes. In: Ter atcolturedi foo asborinime hioys Airthes namipdation. W some instaacesapshoach
E.J. Robert , ed,). IRL P e , 207 . d P. A,

Nadel man E. - raRemait el Ty e corietpiyeRviR BT8G5t &6 Rrtariie bslanter ns

of glycolipiid ankifRRs RANGrfoiesaRs fidt bevikdlated! fERMBEN! & Sndle T@l%‘ 2ne

human enbryonal carcinoma cells i1 nduced by 15 retinoic acid, heXantehyle
bi sacet am de ( HeBéjts anclbaprpidebalgsiniBjiasaliscussed above, or by other methods. For

example, nuclei may also be isolated using established micromanipulation

procedures, or other established cell fractionation procedures.

20 Fusion of parental differentiated cells and parental ES/EG cells to vield
RPES cells:

Several methods may be used to combine the cytoplasm of an ES/EG cell and
the nucleus of a differentiated cell to yield an RPES containing the nuclear

genome of the differentiated cell but not the ES/EG cell.
25

A. Cells may be fused by use of chemical agents such as polyethylene
glycol (PEG) or viruses such as Sendai virus, or by passing an electric

current through a mixture of cells. As discussed above, these methods
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single nucleus with a complete or partial genome from each parental
cell. However, in our method of producing RPES cells, the ES/EG
nucleus is removed prior to cell division of the hybrid cell, so that the
15 derivative dividing cell population retains only the genome of the

parental differentiated cell.

In cases (3) and (4) the ES/EG nucleus is removed from the ES/EG cell
before fusion, for example by enucleation with cytochalasin B as
20 discussed above, so that the resulting product contains only the
differentiated cell nucleus and cytoplasm from the ES/EG cell parent.
In any of these cases, the resulting RPES cells that continue to
proliferate retain only the nuclear genome of the differentiated parental
cell, which is now reprogrammed to express a new pattern of gene

25 activity.
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select the RPES cells and to eliminate any of the cells retaining an
ES/EG cell genome or to eliminate any cells retaining a somatic

15 nucleus that has failed to undergo re-programming. In one method, the
proliferating cells are cloned by established techniques (e.g. by picking
single cells with a micropipette - see Andrews et al 1982, 1984b), and
individual clones are screened using genetic markers for those that
retain an ES/EG genome. The latter cells are discarded, whereas those

20 that retain only a differentiated cell genome but not an ES/EG cell
derived genome, and express an RPES phenotype, are retained.
Standard DNA genotyping techniques using well established DNA
fingerprinting technology (Jeffreys et al 1985, 1988; Yan et al 1996)
may be used to identify whether the nuclear genome of any

25 proliferating cells is derived from either the ES/EG cell or
differentiated cell parent, or both.

In another method, before use as a fusion partner, the ES/EG cell parent

is genetically marked by insertion of a gene that will allow selection
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expression of specific surface antigen markers that include, but are not

15 limited to, SSEA3, SSEA4, TRA-1-60 or TRA-1-81, as discussed
above as characteristic markers of ES/EG cells. For the latter approach,
fluorescence activated cell sorting (FACS), a widely used method for
separating subsets of cells can be used (e.g. Andrews et al 1982, 1987,
Ackerman et al 1994; Williams et al 1988).

20
In another method, the ES/EG cell parent is incubated prior to fusion,
with a drug that irreversibly inactivates its nucleus and prevents its
replication, for example, topoisomerase inhibitors such as etoposide
(Downes et al 1991; Fulka and Moor 1993). The resulting
25 heterokaryon naturally eliminates this treated nucleus prior to cell

division, so that the resulting dividing cell population only contains the
genome derived from the parental differentiated cell. This approach
may also be combined with the preceding ‘partial enucleation of

heterokaryons’ approach to ensure complete loss of the ES/EG genome.
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described above, before nuclear fusion and cell division occurs.

Growth and selection of RPES cells

15 Following fusion to combine a differentiated cell and an ES/EG cells, with
prior or subsequent removal of the ES/EG cell nucleus, it is necessary to
provide appropriate conditions for the re-programming of the differentiated

cell nucleus and for the subsequent proliferation of the resulting RPES cells.

20  Several methods are used to enhance the efficiency of reprogramming:

1. prior to fusion the differentiated cell and ES/EG cell are
synchronised with respect to position in the cell cycle, by use of

reversible inhibitors that arrest the cell cycle at specific stages (e.g.

nocodazole), or by the use of conditions such as low serum to arrest

25 cells in G1, or by selection of cells at specific stages of the cell

cycle by using vital DNA stains and flow microfluorimetry
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3. the period of time between production of heterokaryons and the
removal of the ES/EG cell nucleus is made as long as possible
without permitting nuclear fusion. This period can be elongated by

15 culturing the heterokaryons under conditions that reversibly inhibit
progress through the cell cycle (e.g. thymidine block - Stein et al
1995), or by altering growth conditions, such as serum starvation or
lowered temperature, that retard cell division but permit

reprogramming to proceed.

20 4. any, or all combinations of these methods.

In all these experiments the cells are cultured in standard cell culture media
that include but are not restricted to Dulbecco’s modified Eagle’s Medium
(DME, high glucose formulation) or Ham’s F12, supplemented in some cases
25  with foetal bovine serum or with other additives (e.g. sce Andrews et al 1980,
1982, 1984, 1994). Subsequent to fusion and re-programming, the growth of
the resulting cells may be optimised culture on feeder layers of cells that

include, but are not restricted to, irradiated or mitomycin C treated STO cells,
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pluripotential characterjstic cell according to Caim?2 characterised
in that said pl of the istic includes the ability to

differentiate into at | east one selected tissue type. 4. A cell according
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alkaline phosphatase and by expression of Oct3/4, as discussed above. The

15 RPES cells typically retain their stem cell phenotype when cultured on
appropriate feeder cells. However, they can initiate differentiation under a

variety of circumstances.

Thus removal from feeder cells, or culture in suspension, followed by
20 replating in the absence of feeder cells in appropriate tissue culture flasks
results in differentiation of stem cells into a variety of cell types that include
neurons, muscle of various sorts and haematopoietic cells (see descriptions in
Robertson 1987a). Differentiation of pluripotent stem cells may also be
initiated by altered conditions affecting cell density and aggregation (e.g.
25 seeding at low cell densities or trypsinisation) or by forcing growth
suspensions by exposure to various agents that include but are not restricted to
retinoic acid, and other retinoids, hexamethylene bisacetamide, and the bone

morphogenetic proteins (see Robertson 1987a; Andrews 1984; Andrews et al
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origin. 20 15) net hod for preparing a cytoplast, or part thereof, for use
in the produgtion of the cell according to any of Clainms 2-12 or the
cell-line according to Clains 13 or 14 conprising: 25 (i) providing at

| east one enbryonal sten enbryonal germcell; (ii) separating at |east part
of the cytopl asiiseussionhe nucl eus of said enbryonal stem enbryonal germ
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monkeys and humans, and nuclei from differentiated somatic adult cells have
been re-programmed to yield embryonic stem cells by transplantation to
enucleated oocytes (Campbell et al 1996; Wakayama et al 1998), there are no
reports that pluripotent stem cells, resembling embryonic stem cells with the
15  capacity to differentiate into a variety of functional somatic cell types, can be
produced by the re-programming of differentiated or committed embryonic or

adult somatic cells, or extra-embryonic cells, without the use of oocytes.

We now describe methods by which ES/EG cells can be used to re-program
20  various somatic, differentiated cells, or other embryonic or extra-embryonic
cell types, to a state from which they can then be induced to differentiate into
one or more functional differentiated cell types that are distinct from the
parental cells. In the best cases, but not necessarily in all cases, the re-
programmed cells produced by this technique, called ‘Re-programmed
25 Embryonic Stem Cells’ (RPES cells), resemble embryonic stem cells derived
directly from early embryos, and can be induced to differentiate into a broad
range of functional, differentiated cell types that include, but are not limited

to, neurons, muscle (including skeletal and cardiac muscle) and



10 germcell nucleus; (iii) culturing said cell under conditions conducive
to proliferation and expansion of said cell; " and, ‘optionally (iv) storing
said cell culture under suitable storage conditions. 15 18. A met hod for
preparing WOM#3According to any of Clainms 2-12 or a cel FCUER@0A¥Eor di ng
to Clainms 13 or 14 conprising; (i) providing at |east part of the cytoplasm

of an enbryonal stenl enbryonal germcell; 20 (ii) conbining said
cytoplasmc part with at | east one somatic28ell; (iii) grow ng said
conmbined cell in culture; and, optionally (iv) storing said conbined cell

under suitabl e $nematppoiaticciells.olsiese BPEA cells laotidipaid vdiing noondll keiryotyfe,
characterised in that said.c sm.c art 2 rovi ast.
20. A et hod. acaBHdEgRCViE e HeregHied fatsnial sals Fomubiebfey Sy abpved | 5
combined with s %er?a{g I %@ﬁh 21. A
met hod accordi nz}l tg X any %ﬁseg%glgﬁféé@tgf% C g?%é? g{]?f;dégraﬁﬁﬂl%rggﬂ&ﬁsgﬁ%u?@in

enbryonal sten esthapdnidsuegephicemtnt therdpeematic cell are of human ori gin.
SUBSTI TUTE SKEET ( RULE 26) WO 00/ A9137 PCT/ GB00O/ 00576 44 22. A cell

cul ture conpsi sifAGonte logets! ofReE paklal repegrahming ecany vaith, Foal é,2the23. -
A method for inducing di fferentiati on of at |east one cell accor ing to any

of 5 dains 2-12actwaton ef seyergli genss dhatdarngm astive indbemdrentalt diffarentigted
Claims 2-12; (i In%; lcuI tdurl n’g ; alréj % 1 under1 CO?dI ti ons canduciye to the
di fferentiati on"yeleandgner Pelly Fuehogelscare alsy, Oof yse dnea vapiery 6#) SHIETY 10

(iii) storing of.samdtafibdS erentiated tissue prior to use under suitable
storage conditi ons 4. A nethod according to Caim23 characterised in

t hat said netho [ OVi ssue f. from | east one .of, the
o) owing: menr AP eSmAEekh B i RER QRIS pLERBLAY, Bef BpoRlaE 4 be
bone, carti I1age,chhﬂau@h,sn&salmms@@&ay LAdETeYerRtdd B Wi EXesens QBRtne ki &1,
cells, spleen, skin, stomach, intestine. 25. At |east one tissue type "or

organ conpri si nd988) I"Eh@tcfcmqéoceﬂt theaahi Btydefpinaan Eﬁweﬂfcympéasmt@repmgrm 26.
A therapeutic c ositi nco SII’] Ieat one cordin ny of
Gaims 212 | noROENG SIS R AL TSREy BEPEorieh Moy Bl Fied 15 Sl ©'
(hershett 232%%*;9%%&lﬁz@ﬁﬁwﬂv%ﬂ:ﬁ“e*?aﬂ?ﬂsﬁz@ﬂ ) g ¢ 29
1975; Andrews et al., 1980)), to produce heterokaryons which were tested
15  after 2 days for activation of Oct4 expression from the thymocyte genome.
Evidence for such activation would indicate, not only fhat human EC cells are
capable of re-programming a somatic cell nucleus to an ES/EC cell like state,
but also that the regulatory factors involved are capable of working between
different mammalian species. Thus if human EC cells can reprogram a mouse
20 somatic cell, we would anticipate not- only that they would be able to
reprogram a human somatic cell, but also that mouse EC cells would be able
to reprogram human somatic cells as well. Similarly, given the resemblance
of EC and ES cells, it would be expected that ES cells could reprogram
somatic cells in the same way as EC cells.
25
In Experiment 1, as anticipated, an amplified band (573 bp), corresponding to
human Oct4 expression was detected similarly in RNA preparations from the
2102Ep x thymocyte fusion in the presence of PEG, and in the mock fusion in
the absence of PEG, consistent with its expression by 2102Ep human EC cells.



28. A nethod to treat conditions or diseases requiring transplantation of
tissue conprising: 30 (i) providing at |east one tissue type or organ
according to Caim26 or 27; SUBSTI TUTE SHEET ( RULE 26) WO 001 49137
PCT/ GB00109B26/49137 (i i) surgically introducing said tissuepOr/Gpoogasréi ntQ a
patient to be treated; (iii) treating said patient under conditions which
are conducive to the acceptance of said transplanted tissue by said
patient. 5 29. A kit conprising; at |east epe cell according to any of
Clainms 2-12; instructions with respect to the nmai ntenance of said cell in
culture; and, opbivRVE, 'a%anﬁ%}&ﬁﬁorfd%’gltd %uﬁ@O'cﬂﬂng 7] idefeRA iff
said cell to at | east one desired tissue type or organ. SUBSTI TUTE SHEET
(RULE 26) . AY . the. BY@Aypreparativn fitom Al 2 N02EpAK thymaGite AuisidaaB? theFpresdnce Af. A3

A A3 LA LA ATACA3.A . A3 A3..A A .AS.A.A . AE.A3.AAA.AY
AF A ..A@A %.éAEY})@) @mtp{f?axfyon&e@ze @&xpected to be present. 'ﬁ\le corresponding

(522 2 4 oo g gk e map Mt Pk agl g iheakit o)

5 Oct4 expression from mouse thymocytes in this experiment, and the

requirement for formation of heterokaryons for its activation from the
thymocyte genome by the 2102Ep cytoplasm. No products were seen in the

‘water' control, indicating absence of contamination.

10 In a second experiment, in which 2102Ep and TERA1 human EC cells were
fused with mouse thymocytes in the presence of PEG, mouse Oct4 was only
detected in the 2102Ep fusion, again confirming the ability of 2102Ep cells to
reprogram mouse thymocytes with activation of Oct4 expression, but
suggesting in this experiment that TERA1 cytoplasm did not achieve

15 reprogramming. In both cases, human Oct4 was detected as expected,

consistent with its expression by 2102Ep or TERA1 human EC cells.

In further controls, no mouse Oct4 expression was detected in RNA prepared
from isolated mouse thymocytes not used for fusion. However, a similar sized
20 PCR band to that detected in the 2102Ep x thymocyte fusion samples,
corresponding to mouse Oct4, was detected in mouse PCC4 EC cells as

expected.

In our method, RPES cells are created by combining the nucleus from a
25 differentiated or committed cell (the Nuclear donor), whether from adults or
from embryos, with the cytoplasm from an ES/EG cell (the Cytoplasm donor),
from which the nucleus is removed. Several methods can be used to combine
the nucleus from the differentiated cell and the cytoplasm from the ES/EG

cell; in some methods the ES/EG cell nucleus is removed prior to
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stem cell or embryonal germ cell combined with a nucleus of a somatic cell.

2. A cell according to Claim 1 wherein said cell is a cybrid and is characterised

by the possession of at least one pluripotential characteristic.

3. A cell according to Claim 2 characterised in that said pluripotential

10  characteristic includes the ability to differentiate into at least one selected tissue type.

4. A cell according to Claims 2 or 3 characterised in that said pluripotential
characteristic includes the ability of said cell to proliferate in culture in an

undifferentiated state,

15
5. A cell according to Claim 4 characterised in that said cell has the capacity to
proliferate in continuous culture in an undifferentiated state for at least six months
and ideally 12 months.

20 6. A cell according to any of Claims 2-5 characterised in that said pluripotential

characteristic includes the expression of at least one selected marker of pluripotential

cells.

7. A cell according to Claim 6 characterised in that said selected marker is

25  expression of Oct4.

8. A cell according to Claim 6 characterised in that said selected marker is a cell

surface marker.
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3F characteristic includes the prcsence of telomerase activity in said pluripotential cell.

11. A cell according to any of Claims 2-10 characterised in that said
pluripotential characteristic inclades the presence of a chromosomal methylation

10  pattern characteristic of pluripotential cells.

12. A cell according to any of Claims 2-11 characterised in that said
pluripotential characteristic includes the ability to induce tumours when introduced

into an animal.

1S
13. A cell-line comprising cells according to any of Claims 2-12.
14. A cell-line according to Claim 13 characterised in that said cell-line is of
human origin.
20
15. A method for preparing a cytoplast, or part thereof, for use in the production
of the cell according to any of Claims 2-12 or the cell-line according to Claims 13 or
14 comprising;:
25 (i) providing at least one embryonal stem/embryonal germ cell;
(ii)  separating at least part of the cytoplasm from the nucleus of said
embryonal stem/embryonal germ cell;
(iii)  isolating said cytoplasmic part; and, optionally
(iv)  storing said isolated cytoplasmic part prior to use.
30

SUBSTITUTE SHEET (RULE 26)



110% "' & ()- 3F 10% "' & ()- 3y 10% "' & ()- { 4"10%" o0& ()-
4"10% & ()- 10Ng" NLONg" N@&Z| [ : A310Ng" N 3S% 10% "' & ()-3 3F 3" 10% "' & ()- 3
1109% "' & ()- 3F ,10% "' & ()- 33 s10% "' & ()- 310% "' & ()-1"\]~_| obU410 |
"1098 & () WO0M4OmG' v 10 "' 3F L610% "' & ()- F1! 10%" U& () pcBicBod/oikrs ' & () -
3F ,,10% "' & ()- 57|[:bU410 _Ys! 109" ?2&3()-Y 310% & ()-1 3 “10% & ()--
3S10% & ()- 310% & ()- Y'10%s!a& ()-|[:bU410 3\F/:110% & ()-m
FQ:!10%" a&'16) - Amédd &cc(o}dmggafﬁcl%m $charactdriéed ﬂrﬂ%t"shr& cgioplasmlc part is
3y10% & ()-jopqr' vU410 3L 10%": & ()- |G 10%! & ()- G'1 10" 10" 10"
35109% & ()- R/CYtopss & ()-mi 20| [: vU410 3 3& 10% ": & ()-| 39l 10% " & () -
39 10%": & ()- 39f10% ": & ()- 3l 10%":& ()- 3Lsml0% "-&' ()-F|[:vu410 3
399%4.0% ":&' ()-1-3L3"10% ": & ()- 3 10%":& ()- 3L10%":& ()- 39@0%": & ()-
3L10% ": () 17! | [ A 0d Forepsing agéell)actording 14 88 Of @lajns 2-39 ot @%ell-lige () -
39S, 10% " - ' 39L' 10% ": & ()-"1vU410 nFF"109%}! (& ()-t
DFF" 1098 &'5() (a)P‘i‘Bg‘S‘gi‘b‘f ‘E%?Q’r Y OBPESINS: o (Y- 31L410% ": & () -
39310% ": & ()-1J|[:vU410 n d& 10%& ()-G 36& 10%"& ()-G 3 10%"& ()-
3F109%" & ()- 31098"& ()- 3 10%"& ()-|[:VvU410 n 3+10%" & ()- 3*10%" & ()-
3F(10% " & ()- 351694 g'cpmbiningiaigeaskone embryaunlstegy/embryersh mormy eefl Withgs & () -
3"10% & ()- ' 3" 19%/ ﬁ'@iﬁ A&e?p 107" 3410%" & () -
3310%" & () - YkZ] 0"10" 3,210% & ()- 3@ 10% & ()- 36! 10% & () -
310% & ()- 3&109% &i ) - m&ﬂm@mww co@ARdate, (He- embr3ondl S0Hle@biypnal
38310%l!" & () -z! 3" 100& élg "10%9& ()-G 3"10%kR& ()-G "yzzY8+410d' 3&
=10%' & (Y 3" 0 BFBRACILMYOJeUS: 34t 1 100 & ()- YUs! 109Kd' K& () -
@40%l' & ()-m -! 3@t 0%Bukirid® said cell under conditions conducive to proliferation and

expansion of said cell; and, optionally

(iv)  storing said cell culture under suitable storage conditions.

15 18. A method for preparing a cell according to any of Claims 2-12 or a cell-line

according to Claims 13 or 14 comprising;

6)) providing at least part of the cytoplasm of an embryonal stem/
embryonal germ cell;

20 (ii) combining said cytoplasmic part with at least one somatic cell;
(iii)  growing said combined cell in culture; and, optionally

(iv)  storing said combined cell under suitable storage conditions.

19. A method according to Claim 18 characterised in that said cytoplasmic part is
25  provided as a cytoplast.

20. A method according to Claim 19 characterised in that said cytoplast is

combined with said somatic cell via cytoplast/somatic cell fusion.

30 21. A method according to any of Claims 18-20 characterised in that said

embryonal stem/embryonal germ cell and somatic cell are of human origin.
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@) providing a cell according to any of Claims 2-12;
(i)  culturing said cell under conditions conducive to the differentiation of
said cell into at least one tissué; and, optionally
10 (iii)  storing of said differentiated tissue prior to use under suitable storage

conditions.

24. A method according to Claim 23 characterised in that said method provides a
tissue type selected from at least one of the following: neural, smooth muscle,
15  striated muscle, cardiac muscle, bone, cartilage, liver, kidney, respiratory epithelum

haematopopietic cells, spleen, skin, stomach, intestine.

25. At least one tissue type or organ comprising at least one cell according to any
of Claims 2-12.

20
26. A therapeutic composition comprising at least one cell according to any of

Claims 2-12 including a suitable excipient, diluant or carrier.

27. A therapeutic composition according to Claim 26 characterised in that said

25  therapeutic composition is provided for use in tissue transplantation.

28. A method to treat conditions or diseases requiring transplantation of tissue
comprising:
30 @) providing at least one tissue type or organ according to Claim 26 or
27;
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5 29. A kit comprising; at least one cell according to any of Claims 2-12;
instructions with respect to the maintenance of said cell in culture; and, optionally,
factors required to induce differentiation of said cell to at least one desired tissue type

or organ.
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