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(54) Title: PLURI POTENTI AL CELL DERI VED FROM AN EMBRYONI C Sil.:@/l@lﬁ.m A
NUCLEUS OF A SOVATIC O CELL (57) Abstract: The invention r t

i sol at ed U?J(?;ﬁl potential cells, conprising at |east part of the c%t opl.asm
derived 1 'an em bryonic stem cel |/ enbryonic germ cePFT&B8Y805k0c| eus of
a somatic cell. The invention also relates to nethods to prepare such cell
and t herapeutic conposition conprising said cells. 2 0 AU G 2003 10/49137 |
PLURI POTENTI AL CELLS-2 PCT/ GBO0O/ 00576 Thé& invention herein described
relates to isolated pluripotential cells, conprising at |east part of the
* cytoplasm derived froman @IbURIBIOTENGRAICEIRLT.ESS2yonic germcell and a
nucl eus of a somatic cell; nethods to prepare such cells; therapeutic
conpositions of said ceI | s; and uses thereof. Animal enbryonic devel opnent

|sah|ghly regul elop nt ess that. c nes cell | oI| eration
and cel I /ti 58 efng elr%t‘t“l gﬁ’sfrégﬁfo@i%tg arP ’?ﬂ@é‘idt Pg‘P&QHF%a Tﬁ%[[
co-ordinati r f i been
the subj ecth")(rg}iEl |% gnéteﬁ)%ags fgﬁcﬁfg}ﬁé;c%l %o@%ﬁg?oﬁij er| V&Bb?%rﬂgc s has
contri but e%eul%xﬁeqm@egeﬁﬁ@al B Af nif@bhs HPRGbhARCARY; theBage o E%parsxarrp' e
and not by way of Timtation, regulation of gene expréssion,

di f f er ent i atuchreellantadragyutict comaposidoys oMﬁéﬁlﬁmndrﬂseydmreoﬁevel opnment is
remarkably conserved during the early stages. Post fertilisation the early

enbryo conpletes four rounds of cleavage to forma morula of 16 cells.
These cells cogﬁl et sev.er& nore rounds OEE’ di vi s n and devel ope into a

bl ast ocyst “MHTRH; EMBFRANIEf5 e onReRfe 1SgA i”?ﬂ‘ﬂa ARHCPPRERL PERfSRS: “the
| nner cel | %ﬁ&h ol ! erlPerI'EIEl(Sl? ”c?é'lVﬁssu@n&kffc'i'grmattfo%ptbeﬁfé)ﬂﬁrenﬁnWh' ch
rae eg placenta).

wil | forme ryonrc “trssue
intact organism. The co-ordination of cell proliferation and differentiation is,

and has been, the subject of intense research and the information derived from
this has contributed to our understanding of cell function and disease. For
example and not by way of limitation, regulation of gene expression, cell

differentiation, oncology, teratology.

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
two distinct régions; 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
potential to form a complete embryo and all the cells required to support the

growth and development of said embryo).



Those cells that formpart of the enbryo up until the formation of t

bl astocyst are said to be totipotent (e.g. each cell has t@&é@ﬁ)ﬂﬂé& al
potential to forma conplete enbryo and all the cells required to support -

the groWH9dAd devel opnent of said embryo). 2 0 AUG 208STGH¥8%3y __ -

PCT/ GBOO 00576 2 During the formation of the blastocyst, the cells that
conprise the inner cell nass are said to be pluripotential (e.g. each cell
has the devel opnental potential to fornm2a variety of tissues). Enbryonic
stemcells may be principally derived fromtwo enbryonic sources.

Pl uri pot ent ighrigglths fhisedtriredf tHeoobldstoysnnke cetlsIthamsompte ttee imger cell
enbryonic stemcélls (ES cells). An alternate source of g_flmuri potenti al

cells is denassedrd som pe i ropdimpotgatied delgl seackorbel el toen ddyvelopmsenitler i es
or genital ridges of days 8.5-12.5 post coitum enbryos which would
ultimately poterieal éodomm a viapet geliseuge)-| s. These pluripotential cells are
referred to as enbryonic germcells (EG cells). Each of these types of
pluripotential cell has the sane devel opnental potential with respect to”

differenti atﬁrﬂﬂgindri;%g AheEBal emagebl biREBalll! dbivbAPELEANNY Quilbenichal an

“intact enbryo ¢ e produced fronmta single pluripotential cell ( eg

ei ther an ESopfceEGRi@lipoteniliietetlorisolatedl Gronpateninnet @l Imadzasreaterioredr eased
conmmtment to termnal differentiation when conpared to a toti Eoten_t cell.
For the sakemfrycharstey sehisr@S bedls)edn pitemajos@nte AF wuripotestigbealls ts wi | |
refer equally to ES and/or EG cells. The, es i shment of in vitro.

cul tures of degved em rrimgedial §6ER qeélsbléolaﬁq%%? P ANeFSNtEies BhiBs i dcent | y

be shown t h%}déers] \(/)%t crié)ysc %|§—lbeas ;%stE§é§9mcee%l§ryos which would ultimately
differentiate into germ cells. These pluripotential cells are referred to as
embryonic germ cells ( EG cells). Each of these types of pluripotential cell has
the same developmental potential with respect to differentiation into alternate

cell types.

It is important 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 am increased commitment to terminal differentiation when compared to a

totipotent cell.

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
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;



derived from non-nurine species can be established ( please_see US 5 453

357 and US 5 690 926). Typically the ES/EG cul tures have wgdl (] Grﬁﬂﬂa
char act er; ;'cs. These include, but are not limted to; 2 0 AU G 2003

0/ 49137 B OO0’ 00576 3 i) mmintenance in culture forPQP@Wéﬁgﬁﬂﬁo
passages when nmai ntained on fibroblast feeder |ayers; ii) produce clusters
of cells in culture referred to as enbryoid bodies; 1ii) ability to
differentiate into nultiple cell types ih nonolayer culture; iv) can form

enbryo chineras when mixed with an enbryo host; v) express ES/ EG cell

speci fic nmapker smaiktendnoseiry cokuenfdryat igasyi2or paﬁagbslr\ﬁhéﬁ TR &5 EG
cells was not possible. The first indication that conditions may be

det er mi ned whi chﬁbmhléﬁtafﬁﬁfwlﬁms est abl i shment of human ES/EG cells in
culture is descri b in, WD 96/.22362. The application gescrl bes cell Iines

and growt h ¥bndiR%O HEC\R}HSE‘?{S SF CoN Ihaltg seiSed e a5y enbrygidihogiesot. pri mat e
ES |1 h t Kk h
rosoci ated it h AR, fo FeEeAAmEho BNREE Bl MickSphoBlaSEf fultier ¢

| t f [
Surface. rar ket Cé“%yafﬁw‘?ﬁw I QlifRaDned R RIRT ah Mo RRES 1 ©°

Shevi nsky et) al ckpdess Ealidagell epecific hWo8BersAndrews et al 1984a) and al kal i ne
phosphatase (+). In addition the established primate cell |ines disclosed

in WO 96/ 2_2362 have stable karyotypes and continue to proliferate in an

250 | Tt APHRETIGRRR: DGR e HePTan T O s GUNEsRe! POrsIPss m

L esues derfitst EABERRbL th &5 ARTRIYAR) OSHELAYS S SPIoger Mowsroder m
establishment of human ES/EG cells in culture is described in WO 96/22362.
The application describes cell lines and growth conditions which allow the
continuous proliferation of primate ES cells which exhibit a range of
characteristics or markers which are associated with stem cells having

pluripotent characteristics.

For example, and not by way of limitation, the expression of specific cell
surface markers SSEA-3 (+), SSEA-4 (+), TRA-1-60 (+), TRA-1-81 (+) (
Shevinsky et al 1982; Kannagi et al 1983; Andrews et al 1984a) and alkaline
phosphatase (+). In addition the established primate cell lines disclosed in
WO 96/22362 have stable karyotypes and continue to proliferate in ‘an
undifferentiated state in continuous culture. The primate ES cell lines also
retain the ability, throughout their continuous culture, to form tissues derived

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

More recently Thomson ef 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.



More recently Thonmson et al 1998 have published conditions in which human '

.ES cells can be established in culture. The above charact egiti ' by
primate ES cells are al so shown by the human ES cell Iines.ezlmégaémg]the

human cel%%4Pi3fes show hi gh |l evel s of tel onerase activit PCT&ESHEISEEt eristic
of cells which show the ability to divide continuously in culture. 2 0 AU
G 2003 00/ 49137 4 PCT/ GBOO 00576 The establishnent of human EG cell
cultures is disclosed in WD 98/43679. This application describes the
isolation of EG cells fromthe gonadal or genital ridges of human enbryos.
EG cells described in WD 98/ 43679 exhibit features in conmon with prinmate
and human ES cells, (eg expression of cell surface narkers, continuous
proliferati Ghei ¢stehbiithmenti of Anman EGf ealeonitateds sissiesed oW RIS #KEFG6E ype
and the ability to differentjated into sel ected tissues under defined
condi ti ons) Thig applicariagedasctipas thenisolgtion of HG colly frome the gnmagaber genital
pluripotenti.al st cells espeei all y, hungn, ce h i r.t.ant

ram ficatio gF%P?@HFW'“beé@P@/ Otseggga?%i’? de(sce‘rdng%gmawr@gg{ &T%jlg %g?%ﬂﬁéne
expressi on I SSH i r Al i i / or
repl acenent ﬁ?%é%%%%?@%ﬁﬁé@u%@ %@ﬁ%%@gﬁ%e%g 2 aEn%gAéngé?%f%%?rf? ?ough
injury or diseReR; dJddifineehabpiciifeRiionofin i dulitirtr @& a@UhdifeSenfiatbd n&aeES and
EG cells is a major step toward realising the full potential of this

t echnol ogy; nbrnalukaryotypcend the abilpytiendiffeatniiaedERitarctideGd tiesues unslpr be
capable of differentiating under controlled conditions into a variety of
cell types defanes condigigas). and organs that could have a wi de variety of
applications. For exanple, and not by way of |imtation, replacenment of
damaged and/ or di seased coronary and/or major arteries; replacenent of.

damaged andf;of; difRA?RHCHIANSE (09 33D EGBHES A pltriiotdhidi S8aRCeellcCY
especially human cells, has important ramifications for both basic research
(eg as a model for studying gene expression and/or tissue differentiation) and a
in transplantation and/or replacement therapies for tissues which have been
damaged either through injury or disease. The establishment of in vitro
cultures of human ES and EG cells is a major step toward realising the full
potential of this technology; because of their pluripotent nature ES and EG
cells may be capable of differentiating undér controlled conditions into a
variety of cell types and/or tissues and organs that could have a wide variety of
applications. 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, (eg
cirrohosis), diabetes, various autoimmune diseases); replacement of damaged
neurones ( eg Alzhiemers disease, Parkinsons disease, spinal injuries) or
cancer. [t will also be apparent to one skilled in the art that diseases such as
AIDS may benefit from from tissues derived 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.



ci rrohosi s), diabetes, various autoi nmune di seases); replace 6 gamaged
neurones ( eg Al zhi eners di sease, Parkinsons di sease, spi2n§ mt& Q ) or
cancer. It will also be apparent to one skilled in the art that di seases
such as A8lHay benefit fromfromtissues derived fromBES/GBOKGE el | s..
The depletion of T-cells through virus induced cell death is the major
contributory factor to the inmmuno-conprom sed state of Al DS suffers.
20AU&R2003 00/ 49137 PCT/ GBO0O/ 00576 5 Hogever, there are practical and
ethical difficulties associated with the use of material derived from

hurman e”brm%edéépr&l\éﬁ aréPFzﬂ:ti%f QUL BRI G RSk 18k aésEciaEécﬁﬂv?lﬂ'tﬁ@ttﬁg ognt 0
may 1[T1ci the h

anot her hunan, a severe I nmune reaction I n ost and be

thus destrgyediallderhast fean hkpowerhBfycsRMYIoy&sr Ssitdhad] laEabichinarerROMEL | C
cell nuclei retain their ability to give rise to entire organi sns when

they are trangphmietedte anotherdymnasl, | manilicht haeeerhdthmies reastiohdosheenoved .
or inactivated (Gurdon 1974). Thus determ nation of the pluripotent of
these cel | Boshast brethuis fesBoled by the egg cytopl asm which was able to in
effect reprograme the somatic cell nucleus into a totipotent state.

Mammal i an somatic cell nuclei have al so been shown to retain this placicity

and can benr%r%ﬂﬁs@n mtah?%%fa?srﬂﬁﬁ atlﬂ%l?i'ﬁﬂﬁll Sihask e YRS detanpbel |

et at 1996; kayama et al 1998) "Moreover nucl eated nouse ES cells have
been shownheir disiligplte dgive fieptoenwEerganisms wheal thepuet efansplahtwdugghoi n this
case, a heterokaryon was Er oduced containing the cytoplasm and nuclei from
bot h t ypesegs calld Whichohive hed thgir nuelans ramoved er maglivatd (Gawden 1 ¥thani sm
of ‘action ”Plfmst Stermination of tﬂ]egplugfp%tcgrit of these cells must be controlled by the

egg cytoplasm which was able to in effect reprogramme the somatic cell

nucleus into a totipotent state.

Mammalian somatic cell nuclei have also been shown to retain this placicity
and can be reprogrammed when transferred to enucleated oocytes, (Campbell
et al 1996; Wakayama et af 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 1s
difficult to determine the actual mechanism of action of the reprogramming

state.

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

poses practical and ethical concemns.



[n all these exanples, althought the material produced is genetically

identical to the somatic cell donor, these somatic cells gegeﬁuergqygmnéd
by cellular elenents are derived fromeither ooctyes or ES Cells an -

again, inodusan this poses practical and ethical concetGEGB/@SNUG 2003
00/ 49137 PCT/ GBOO 00576 6 Methods that pronote the fusion of cells are
well known in the art (Kennett et al 1979). However, although it is
relatively easy to Rise cells to formhybrid cells,.nuclear fusion results
in a cell containing two sets of chronobsonmes. This has enabl ed scienti st

L P A R R Peth, B ot et e

cell type one to study mtotic r onoso stability in

Cross speciaq?dwyr Hesvevet, difioabRat Vetdlatinelwreasp tbasarkctlls thdbrmehybrid/bri ds
may be formed by fusing the cytoplasmof a cell (in which the nucleus has
been renovead)jspntdiear Sslectesults int acell containingftyomets ebchuamesemasydlid ( Ege
et al 1973; Veonett et al 1974; [ Bt 8nd.l—la flick et al 1%113) hi s has

enabl ed i nJ@st EBaRlE@nsEABIES nigc| Yca pl gl FYRIESHPT oRE JIRLKCLS ‘

particul ar, .the influence pof I '  Nant S...an ;

expr essi on.CIRFAGELSHEQ Ei?ﬁgvﬁ?ﬁ/ bﬁ%sg@g‘rlafi g§%gngb @a%&ggl ted(;;é @é@? el?h&([:tgl
treatments @f @%E{gxﬁe §t£biﬁ{;y U sE FPedi@SHY Bridd) IEQ AlSo SIT kEbWE iRUGkkt
resul ting |n(t) e formationn of separate nuclear and cytoplasnc parts
ternmed kar yapl 88l hybrids eydyobd fsinsed by dapiegtthaldyyoplTrasel s gbH deinl whih
conponents have been used in fusion_ _experinents. For exanpl e, an@d71 r}gt by
way of |i nithamiugkeus dwmsrineniremeyed) withsa sgisstsdraagtrall iy 8 W eallhst

f Il . f | ast t ted .

cytopl asm EhyBry BE et a 0T Y Remanat el a7y aust it HaokBeb BLA 378ke (e

karyopl ast -t Geldl e Wiilq dne&hiBsliat i) hubRol&ftBpRsMYE iRREactions and, in
particular, the influence of cytoplasmic determinants on nuclear gene

expression.

It has been known for several years that selected chemical treatments of cells
“in culture can result in cells extruding nuclei resulting in the formation of
separate nuclear and cytoplasmic parts termed karyoplasts and cytoplasts,
resj:ectﬁllly. 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
selected cell to form a cytoplasmic hyBrici 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

i 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



hybrid. The nuclei fuse after nuclear nenbrane breakdown rdn ' s and
reconstitute after cytokinesis to forma polyploid or anugluilgu&lm.
The afor]&‘iﬂ?;cri bed techniques are well known in the art _and will not be
detailed extensively at this stage. W have prepared cyEOfFEI{0ST66r vart s
thereof, derived fromES/ EG cells and fused said cytoplasts with selected
somatic cells to formcybrids. The aimof this approach is to re-programe
the differentiated somatic cell nucleus 2 0 AU G 2003 )0/ 49137

PCT/ GBOO 00576 7 through contact with factors |ocated in the ES/ EG

cytopl asm tsougintcontast Wwithrfagtade-ldedteér ientha b Edhdysoplaste ssoothat e

characteristic. featyres of a pluripotential cell. This _then prevides the

basis for JW{;}"Uéitc%ﬁﬁ'f’iffaﬁﬁ%tﬂﬁtc%fan%plsﬁrFf’%@ﬁ efli the cBpracteridic vishiares wion

exposure t I di fferentiation 05S, .can Lead to th r oduct.i on of

sel ect ed dﬁ%I@P g%ﬁ;ﬁgfgghti g@ﬁg‘e%‘? pﬁggﬁacﬁts n{hgr bafif o0 n?ﬁ‘iagﬁtsgrf‘?%h oF

therapy. ThtuRbbtenpial @il dlne§elhscrso 1y GhRiqRU ,ﬁ&% e

somati c celtl?ua%d at | east ggrt of t’hgf)%ﬁ/'?g %S?rrrn@o td%glogélg célﬁltﬁlt1§ljpt he

m t ochondr.ifattoge ncare leaduted thee prafuiioadofnelctril dFairetinedt HesueCRR h) -

| deal 'y, the somatic nucleus is derived froma patient requiring

transpl ant ieies g, spnsplantatins therapyeThe plutpetehiial ¢rilsafoofeament fetaindheret hod
the patie requiring the transpl ant.

is imunologjcal ly.conpati.bl e wt n
The Use  ofCERERIE, SOFIrETaly et at peashRsei et fih BIoPANE Y tediy Ehe
tissue is [ -rﬂ;H'é”O i cal “si.lent'. due to t resence of a
conpl ete sgtg Ho? %H%arﬁ'gb&g% erlrﬂéegl%?ﬁéragbn%%lgn%é ?%%g%n@cgfeﬁ%ﬁﬁgﬁgn&e of the
enbryo for gpBridf.olddalle, pHe Paseate! fcltsdiNURRIERRE £ebdifent! feghii
therefore an object of the invention to provide a pluripotential celi and
cor r espondinagspleht tisuseso that the tissue produced by the aforementioned method is '
immunologically compatible with the patient requiring the transplant. The use
of ES/EG cells directly in the production of tissue means the tissue is not
entirely immunologically “silent” due to the presence of a complete set of

male .or female chromosomes from one of the parents of the embryo formed

for the purpose of providing the ES/EG cells.

It is therefore an object of the invention to provide a pluripotential cell and

corresponding cell line.

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
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,



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

-for use in transplantation therapy. According to a first %1@%?83120039
invention there is provided a cell conprising at |least parl o he  _

cyt opl ashPUEHPVed from at |east one enbryonal stem cell FTCBINGEnal -ger m
cell combined with the at |east the nucleus of at |east one somatic cell.
In a preferred enbodi nent of the invention said cell, ideally a cybrid, is
characterised by the possession of at |&ast one pluripotential
characteristic. 2 0 AUG 2003 ) 00/49137 8 PCT/ GBOO 00576 We believe that
the acquisition.of this pluripotential charatteristic is as a'result of
the re-programm ng of said somatic nucleus. It will be apparent to those
skill ed i Wetelizve thatahe ahguisiion of thihphiripetentiabeharagteristic dreas a'msultnost
.preferably, by the creation of a cyhrid; but an alternative option

i nvol ves t0Adhe T PERE@RIBINg M ¢ SIBRTIC HUEKUSEN ES/EG cel|. Jearly this

| atter option is not preferred because subsequent mtosis will result in a
hybrid having an abnormal karyotype. Ideally said pluripotential '

char act er iistify ﬂéﬁ@ép%ﬁa& tbﬂﬁo?é’%l{ihkb! ihnéaff @aeted @iror inRtigvalideasl one

sel ected f1ssue t preferably upon exposure to at |east one
di f f er ent inat d@fivddcmest pAfebhgt by ehy credticaddf ta oytaid;ybutsan ditetnativeot ent i al

characteristic includes the ability of said cell to proliferate in culture
i n an undioptienemvicltesdhstfasien afna yemagictasthk wath gr ES&rvectlebelyting of the
invention said cell. has th acity to proliferate_.in cqntinpus .culture
i n an undl#HE QTSI S eeEAdecause suSeiRRtBiions Vallger bR £ BYasdnont he.
:[Alhteer nat i Yxﬁ{%goin gggé&ﬁé}%@&ypé_al d pluripotential characteristic includes
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.

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

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.

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 exampie is Oct4.



expression of at |east one selected marker of pluripotenti % I S
well known in the art that pluripotential cells express a r@iUB ngaes
not typi expressed by differentiated cells. These are val uabl e tools
to noni tq@rbl%et her the ES/ EG cytopl asm has re- progr amed So86Hats - cel |
nucl eus. One such exanple is Cct4. 2 0 AU G 2003 0/49137 PCT/ GBOO 00576 9
In a preferred enbodi nent of the invention said selected marker is '
expression of the Cct4 gene. In yet stfll a further preferred enbodi nent
of the invention_ said selected pmarker is a cell surface marker. Preferably
sai d cel | Buppieeriasy kapofines elcthsdnventinn s3id sglastgs inatards sypresSSEA- |
(-);and/or tS EAQ3 (+%d- and/ or SSEA-4 (+); and/or TRA- 1-60 (+); and/or
TRA. - 1-81._‘€+t§1,e ﬁ%ﬁ‘/% €l kal i ne phosphatase (+). P, Alternatively or
additionally said pluripotential characteristic includes the presence of
tel onerase activity in said pluripotential cell. ldeally said telonerase
activity ik get rseillaetinthdrh peafegadi @RbOdirh&ltOFERES -invdront BLidS 8kectel
clarity, tel omerase enzynes add, de novo, repetitive DNA sequences to the
ends of chmerizgdseselltetaeanddear Prefetalyadid celhsurfice! marieess sdffocteéxanpl e

the tel oneres of  human chr Qrmsgrggs caontain the sezuence "5 TTAGGG 3
r epeat ed ErEPUP yRalyding i mebfal (Opand/oeSaEA-B ht)aedier, SSEAFH(HY cel | s

the tel oner relatively.., | o ing,, or.nan- dividing cells, the
t el oner es aﬁ?i%rﬁgﬁﬁfgﬁéep\éﬁ aéx,%ort'ﬁ%%él-@g @%sﬁf?‘yﬁ@alkéﬁp? @ﬂﬁ’él?}%?ﬁas%e(fr en

tel onere shortening and capacity to proliferate. Methods -to increase the
|l ength of telonmeres to increase proliferative capacity are known in the

art and arglteteativebedri addWidniBR8shid pluripotential characteristic includes the

presence of telomerase activity in said pluripotential cell. Ideally said

telomerase activity is correlated with extension of telomeres.

-For the sake of clarity, telomerase enzymes add, de novo, repetitive DNA
sequences to the ends of chromosomes. These ends are referred to as
telomeres. For example the telomeres of human chromosomes contain the
sequence ‘5 TTAGGG 3’ repeated approximately 1000 times at their ends. In
young, dividing cells the telomeres are relatively. long. In aging, or non-
dividing cells, the telomeres become shortened and there is a strong
correlation between telomere shortening and capacity to proliferate. Methods
-to increase the length of telomeres to increase proliferative capacity are known

in the art and are described in WQ9513383.

Alternatively or additionally said pluripotential characteristic includes the
presence of a chromosomal methylation pattern characteristic of pluripotential

cells.

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



i hcl udes
the presence of a chronpbsomal nethylation pattern charac eﬂi G Zﬁﬂa :
pl uri potedwf:} cells. It is well known in the art that the genonme of_ :
eukaryotic 3 dani sns is variably methylated through t hECAEER00ORS of  wet hyl
(-CH3) groups attached to cytosine residues in DNA to form
5' methyl cytosine (.5 -nC). Methylation is correlated 2 0 AUG 2003 00/49137
PCT/ GBOQ 00576 10 with the control of déne expression. Typically genes
that are hyponethylated -tend to be highly expressed. Hypermethylation is
correl ated wiitththeeduted gfegene expessai. ohypitaliygbhesthadpERhePbmeSyPRLd
skilled in the art that pluripotential cells wll have a typical
met hyl at i onfssk iodhmhighty sxpressask Alypsympihyiationyiseoresated vgénoeduced @ept or  at
the | evel of_ a specii.li

c.,gene. Methods to angl.yse the extent of, nmethylation
are wel | kn&WFHOtnh vg}l? gﬁﬁap?rﬁe{]t?d@?e g‘@&?dﬁﬁﬁ%ﬂﬁﬁéﬂhawwtew cellpf
limtation, 1.CL1:0R; < i } . Lth nethylatio
sensitive r&?ﬁ%{ei %n@gﬁgﬁﬁ%@g?@geﬁ%ﬁ?@mﬁ‘% H’earyng?)lad]tahsﬁg_a&n%l
probi ng | wi pénatid RPEEoneBenER@F a( thaiAvacst. M_leﬂﬂo?ﬂb-anéi#s%rtﬂﬁk{;eéﬁ{ y or
additionally said pluripotential characteristic includes the ability to
i nduce t unoof metieatiomtare sealbkindwn dn dhe arti amad inchetiza lbyyesganipidenid not by
experi ment al m)djglcy Mre ideally still said animal is inmmunosupressed

Accor di ng tB3% QB eesirgfionhenTne rdigefiian ef ONA pishi wethydatiai | - | i ne
i Si el j t he i fi - | i.d [l- |1
of " human otV eACe fblEaldt Bl a0y SP8ineta plSuRe G mobing o ©

provided a wRhRegabRl gerR908Ed pgn?ezs%%@'aﬁ%@r part thereof, for use in
the production of the cell or "cell Tine of the invention conprising; i)

provi ding at | east one ES/ EG cell;

Alternatively or additionally said pluripotential charactﬁristif

Alternatively or additionally said pluripotential characteristic includes the
ability to induce tumours when introduced into an animal, ideally a rodent

experimental model. More ideally still said anima! is immunosupressed

According to a second aspect of the invention there is provided a cell-line
comprising cells according to the invention. 'Ideally, said cell- line are of

human origin.

According to a third aspect of the invention there is provided a method for
preparing a cytoplast, or part thereof, for use in the production of the cell or

cell line of the invention comprising;

i) providing at least one ES/EG cell;

i) separating at least part of the cytoplasm from the nucleus of said ES/EG
cell;

iif)  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.



ii) separating at |east part of the cytoplasmfromthe nucl |
ES/EG cell; iii) isolating said cytoplasmc part; and, optfﬁa&ugqjﬂm
storing sgi ,}'sol ated cytoplasmc part prior to use. In a preferred nmethod
of the invention said cytoplasmic part is a cytoplast. BCHCRYEISIHOI --

)4/ 49137 11 PCT/GBOO 00576 It will be apparent to one skilled in the art
that said cytoplast nay be provided either as an aliquot isolated from at
| east one ES/EG cell ( eg an aliquot ektracted froman intact ES/ EG cell
via m cromani pluation techniques) or alternatively and preferably, said
cytoplasmc part may be provided as an isolated cytoplast. In a preferred

met hod of the .j,nvention said cytpplast i s separated from sai nucl eus by
exposur e LoItX’%%&?r%?&’@&?%é?@&ﬁsgﬂg%f@ FEt %‘ﬁ‘gﬁﬁ Gftoplagt ey be RaPHEEH.

| deal |y, : | : ol i t hat tochglasin B i
an' exanbl o roh Snahragro! el 2P Mot b BTG, Ml KRR © 1

fromthe cyoptranfioe faar Mtact REMIGPLES tviangi Gyl AShti i
(Methods in Enzymol ogy Vol 151, p22' 1-237 1987). /@coﬁé.ﬁﬁ%e?%fqﬁg%%ﬁhh

aspect of talfernativett aod prie&areblys spidbeywpdasmitepinad thay beppepadedhsaacel | or
cell line in acgor dar‘ice with the invention conprising; i) conbining at

| east one B! &¥FIP§it h at | east one somatic cell; i ) renoving from
said conbined,cell, the ES/EG cell nucleus; iii) culturing said cell under
conditions conducive to proliferation and expansion of said cell; and,

opti onal | y 1 \) pRtrGhédon&RbA! dTethk iGVEREEE sHROE) 1Y AR Bl AEBrs Qg T ons.
nucleus by exposure to a pharmacologically effective amount of. a

cytochalasin, Ideally, cytochalasin B.

It is well known in the art that cytochalasin B is an example of a chemical
effective at separating the nuclens of a cell from the cytoplasm to form a
karyoplast and cytoplast respectively, (Methods in Enzymology Vol 151,
p221-237 1987).

According to a fourth aspect of the invention there.is provided a method for

préparing a cell or cell line in accordance with the invention comprising;

1) combining at least one ES/EG cell with at least one somatic cell;

if) removing from said combined cell, the ES/EG cell nicleus;

iif)  culturing said cell under conditions conducive to proliferation and
expansion of said cell; and, optionally

iv)  storing said cell culture under suitable storage conditions.

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 ;



It will be apparent to one skilled in the art that nethods gof -
m cromani pul ation exist that facilitate the renoval of hucfeﬁ) AUGn2003
selected cells. It will be apparent that this nethod of the invention
advant agdd#813f provides that ; 2 0 AUG 2003 00/ 49137 PCE EERH8TT6 - -. 12
i) the factors produced by the ES/EG cell are continually produced thereby
mai ntai ni ng a steady-state level of factors necessary to reprogramre the
somatic cell nucleus; and . ii) the ES/BEG cell nucleus is renoved fromthe
conbined cell prior to mtosis ensuring nuclear fusion does not occur. It
wi || be appigrent theo fatiose prkdibdedd biynthh ERMRIG t dwll ardecominuaBy oprddoeedonat i ¢
cell selected is not critical to the operation of the invention although
the cell-type wherele maindainge s» Hsadysupei vek of faatorsi sesesirsreds, in
terms, of production of a ne of .the invention. According to

cell or c lll-l' )
a fifth aspect O]fepfﬂgapwgﬁlger 6%“?‘_?1%?@ P’s‘dﬁ?“év%d’ a netfiod for preparing a
cel | or celify i ng I goag@OrdaNGE sl régfggﬁvﬁ%ﬁﬂ he %QFFPJriT%éd Q)1 phoPfPVi ding
n > cel'l; aid

at | east part of 'the cytoplasmof a 1) "conbini ng1

cytopl asmi ¢ par tiosty édsutiastuctiae fisomidoss a6t becuri 11) growing said
conbined cell in culture; and, optionally iv) storing said conbined cel
under suitable storage conditions. In a preferred nethod of the invention

said cytoplasmi,c part is provided as.a cytoplast. In yet a further
preferred rléﬁﬂﬁgobf‘oapwsnﬁﬁw@ﬁﬁ@élﬁll@éila thg pEpings the ratewndf Hedomationcedhi d

metnods ¢ heelSr LY BRTOARtA IBTRE ibefiian S B vsafiol Mipoua s S
Accor di ng tgi1ppsisXfiaBReat t@bphifesd BY 8RR ARYEsd B REAYI ISR oBuGR

cul ture
of a cell or cell-line of the invention.

According to a fifth aspect of the invention there is provided a method for
preparing a cell or cell line in accordance with the invention comprising;

1) providing at least part of the cytoplasm of an ES/EG cell;

i1) combining said cytoplasmic part with at least one somatic cell;

ili)  growing said combined cell in culture; and, optionally

iv)  storing said combined cell under suitable storage condifions.

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

cytoplast.

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

with said somatic cell via cytoplast/somatic cell fusion.

In the 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

camprising at least one cell according to the invention.



conprising at |east one cell according to the invention. 2 ZQU%:I’&%&?
00/ 49137 13 PCT/ GBOQO 00575 According to a seventh aspect of e n
there is . O%F‘i&d a nmethod for inducing differentiation of at |east one
cell of tHe*A¥¥ntion conprising: i) providing a cell accofel/rBlyYStshe
invention; ii) culturing said cell under conditions conducive to the
differentiation of said cell into at |east one tissue; and,optionally iii)
storing of said differentiated tissue pripr to use under suitable storage
conditions. ldeally said culture conditions are selected fromso as to
provide a tissue type, by exanple and not by way of limtation, that is
neuronal, nmuscle (eg snmooth, striated, cardiac), bone, cartilage, liver,
ki dney, respccatding tepi ddvehituagpechagied apentibhaher! ik Hro¢ide e metHod for
stomach, intestine. According to a eighth aspect of the invention there is
provi ded atindeging éiféerentiatiereof sijeasironsr epdlnofcthepnvesitiop edmpmsiag: one cel |
according to the invention. It will be apparent to one skilled in the art
that differentiated tissue according to the invention may have extensive

applicati or‘igvn\g EQP‘E"%% t, %’81 550%9@'&%@%2@‘2%“5 herapy. For exanple, and not

by way of | I on, Feplacenen “%nd/ or di seased cor onary
and/ or maj qi) art @ilk@sng 55 GIEORM:r SdndlABRIRHNd | seasedQt (eg
as a result )of ki dney gdi sease (ci rrrohrg)sfﬁsfﬁé,J g?a@?éeg tI{jévgrl ou%@&%ﬁ?ﬁwne
di seases); repl asmdesl info atdemyedendunenes] dpththallpl zhi emers di sease,

Par ki nsons di sease,, spinal injuries), or cancer. [t wll also be apparent

in
to one skillfgd i¥orHAg ofrtaid htfexengietere §swiecprion toAnBSundsr -baitelé storfgeom f r om

ti ssues derived from.the cells of the invention. The depletion of T- cells
t hrough virus in O%%| |1 death is the major contributory factor to the

Ideally said culture conditions are selected from so as to provide a tissue type,
by example and not by way of limitation, that is neuronal, muscle (eg smooth,
striated, cardiac), bone, cartilage, liver, kidney, respiratory epithelium,

haematopoietic cells, spleen, skin, stomach, intestine.

According to a eighth aspect of the invention there is provided at least one

tissue type or organ comprising at least one cell according to the invention.

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



I mmuno- conprom sed state of AIDS suffers. The provision of n 003
27 K06 200"

00/ 49137 PCT/ GB00/ 00576 14 exhaustive supply of T-cells

non-i nfected somatic cell fromthe _patient has obvious benefits. Moreover;
ti ssue réds7on due to a host cell immune responses a€/GRKBINS o be
negligible since the tissue is derived from the host into which the tissue
is to be transplanted. According to a nineth aspect of the invention there
~is provided a therapeutic conposition ggnprising at |east one cell of the
invention including a suitable excipient, diluant or carrier. In a

referred enbodi t i L I [; i i te j
Br ovi ded foggﬂ%‘gﬁ?ﬁ S ? é%@ﬁfg}r@ggkggﬁa?ﬁ ﬁ? gé‘gr I %%E?I%QQP? Egt%&gé%ict of

the inventi ﬁ&iérﬁeﬁ%'ioﬁyﬁf@vbéiﬁﬁitﬁ WRirb@ekr! st agjeciondhisl ens hostdédbases
requiring transplantation of tissue conprising; i) providing at |east one

ti ssue typeimmpeegespacesand hietyotct be nephigibl¢ simce the Yissug & erived from
introducing said tissue or organ jnto a patjent to be treated; iii)
treating sathe hpast irterwhishdhe o9 isito R taRsERNEde conduci ve to the
acceptance of said transplanted tissue by said patient. According to an
el eventh aspect of the invention there is provided a kit conprising; at-

| east one Cgkggﬁaglgg&giagﬁiggﬁ %t e Eﬂbndgﬂ%éi'&:fsi SRidéd B thé@pe@ed to

t he mai nten sai in culture; an optionally, factors required
to induce d%ﬁgbﬁﬁbhﬁdn@;ﬁkiﬁﬁg%ﬂé&s@@hb ckl aftthbdasténtivieintbsdingd suisdie type
or organ. Enbodi ments of the invention will now be described, by exanple
only and wéxdipieat,etibrane ot oatrlee. f ol | owi ng materials and nethods and Figure.
2 0 AU G 2003

In a preferred embodiment of the invention said therapeutic composition 1s

provideqd for use in tissue transplantation.

" According to a tenth aspect of the invention there is provided a method to freat

conditions or diseases requiring transplantation of tissue comprising;

i) providing at least one tissue type or organ according to the invention;
i) surgically introducing said tissue or organ into a patient to be treated;
iii)  treating said patient under conditions which are conducive to the

acceptance of said transplanted tissue by said patient.

According to an eleventh aspect of the invention there is provided a kit
comprising; at least one cell according to the 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

or Organ.

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

with reference to the following materials and methods and Figure.



00/ 49137 PCT/ CBOO 00576 16 200 d-'50% (w'v) PEG 1500 in 75 nmM HEPES, pH8.()
(Boehringer Mannheim and incubated at 37 C for 1.5 mn. ?Fﬂﬂﬁem

medium pre- warnmed to 37 C, was then 'added gradually ove M
cells wer®4Kén pelletted by centrifugation at 1500 rpRETEBIYHH. _and
resuspended in 5 M DVEMw th 20% foetal calf serum These cell were then
plated into a_ T25 flask and placed in a hum dified incubator (10% CO2 in
air) at 37C for 2 days. After 2 days, tle non-attached cells were
aspirated. The remaining attached cells were harvested by trypsinisation,

and washed tygp ti)m8go} ng@CPEGeam@ 1fPBP5 t VIETHRES h§, 138 hUMR odhEnp&! | et

was then resuspended in ri reagent (I mnm) to isolate RNA(Sigma-Aldrich
Chemi cal Co.ManashélepcandéscdbateSi gn37° Tetdmi Samiful Setiim fMB- 2@%)um,Thee-
i sol ated RNA was quantified by optical density nmeasurenments and the
absence of cwammzed aB7hiy. DA thers adéadpraduetly ®igr BORIws iy ¢edlsaweranttgnd HPRT

P | RS BRI s R b ol SRR
Amplificati f
Aot Sy AR RS Bl PUR R G BBy one

cells treat %sﬁ,saﬁcsvgldccééi g %ﬁﬁ@iﬁeﬁhﬂicubﬂ@rimg%@@ﬁm Wir) hatPEBC Y618 2
omtted - thus it s anticipated that no 2102Ep x thynocyte heterokaryons

woul d be fordt:{ys'i. I n anot her experi-nent RNA was isolated fromthynocytes
al one and al so froma mouse EC [ine (PCC4 anal, clone 3), to provide
further negative and positive controls for nouse COct4 expression. cDNA was

AR SRS L 8 T
speci fic forchumRR AR ARISE) P5psiflisafofBidtPivatietws HBRLSRIDEPU. feated
PBS to remove the serum. The pellet was then resuspended into Tri reagent (1
ml) to isolate RNA (Sigma-Aldrich Chemical Co., as described in Sigma
Technical Bulletin MB-205). The isolated RNA was quantified by optical

density measurements and the absence of contaminating DNA was determined
by PCR using p-actin and HPRT primers in separate samples (Wakeman ez al.,
1998). If free of DNA, the RNA was then used for RT.PCR analysis of Oct4

expression,

PCR Amplification of Octd from Human ¥C x Mouse Thymocyte Heterokaryon

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
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 expreséion.

cDNA was then produced from the samples using reverse transcriptase (RT)
(Wakeman e al, 1998). PCR was then performed using oligonucleotide
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

consi'Sting of .



under the standard PCR conditions described in Wakeman et al. (1998) wth 2

0 AUG 2003 ) 0149137 PCT/ GBOO 00576 15 Figure 1 shows PCRgagpAUG n of
et €r Okar yon

Cct4 nR a human EC x somatic cell (thynocyte) h .
Mat er i a:\ls%’/%;llg;n%t hods This experinent exploits hunman teftATOHPEhoma- ( EC)

cells fused to nmouse thynocytes. W reasoned that. EC cells have many of

the properties of ESSEG cells and are therefore a useful tool to anal yse

re-progranmm ng of somatic cell nuclei. Peparation of Muse Thynocytes The

t hynocytes were obtained by mncing a thynus renoved froma 4-6 week old

mal e nouse FoMirsS] SSHoa N P @Rd, ' %R?§ | S0, 1004 |

medi um (DIVEM@MJ\A' th 10% f oet al I?g?g%gg?@u%ft %J); Al té?ﬁgﬁaﬁdplﬁéa{aoﬁ%g‘s

m nut es t o sorthatic call jehymagye)thetabkadypnus to settle, the supernatant was

removed and centrifuged at 1500 rpmfor 5 mn to pellet the suspended

t hynocytes. The thynocytes were resuspended in fresh nmedi umw t hout FCS,

and pellettg 2 akn b!I@eﬁtri fugation; this was repeated a second tine

after whi 2 0 suspended in fresh serum free nedi um and

counted. Hunman EC cells were obtained by trypsinisation of confl uent

-cultures as_ previously described (Andrews et al., 1980; 1982). After

washi ng t wolhis reperimendesxpioits denDiVEMtraiochreinond (GC) tbls HusahtERagk! s

were m xed with the use thynpcytes in a ratio of 1 EC cell to 10

t hymocyt es.t W@%ﬁ%@e%é?@@ncﬂgg@ b€l qells thayeppare af il prgpeitiss GiEI/EBO rpm

]ICE>C<){ ' 551cm (r)]n c'é@% %&ﬁkﬁe MeretSied ug)éﬁlWoncﬁQo %%a y%glrg—p%gra%%%eg g sonn?gt){ct: (ca:esll &
nuclei.

Preparation of Mouse Thvmocytes

The thymocytes were obtained by mincing a thymus removed from a 4-6 week
old male mouse (Swiss strain) and suspending the released cells in 10 mi
medium (DMEM) with 10% foetal calf serum (FCS). After standing for 2-3
minutes to allow large fragments of thymus to settle, the supematant was
removed and centrifuged at 1500 rpm for 5 min to pellet the suspended
thymocytes. The thymocytes were resuspended in fresh medium without FCS,
and pelletted again by centrifugation; this was repeated a second time after
which the cells were resuspended in fresh serum free medium and counted.
Human EC cells were obtained by trypsinisation of confluent cultures as
previously described (Andrews e 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

were pelletted by centrifugation at 1500 rpm for 5 min.

Heteroka_rvon Fusion of Human EC cells and Mouse Thymocvtes & Exfﬁ-action
of RNA

The cells were fused using polyethylene glycol (PEG) (Kennett, 1979). The
pellet (in Experiment 1, 2 x 10° EC cells and 2 x 107 thymocytes; in

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



The cells were fused using polyethylene glycol (PEG (Kennett, 1979). The
pellet (in Experinment 1, 2 x 106 EC cells and 2 x 107 thy t s |
Experinment 2, 3 x 106 EC cells and 3 x 107 thynocytes) Wag)ﬂaﬁggbm in 2
0 AUG 200%*4181 49137 PCT/ GB00100576 - 17 an anneal i ng REHEBPYOIFE of. 61C.
These products were then subjected to electrophoresis and separated DNA
fragnents detected by ethidiumbromde staining (Figure 7). Ml ecular size
of the anplified fragnentswas determ ned7 by using a 1 kb DNA step | adder,
PCR Priners or human and nouse Oct 4 Speci esAnneal i nSequenceBpGenBank
Accessi on gar] emRRBiinAemBEiMRe OOkl i PR M verd | é? 3Pidoted 1

For war dcgaccat ct gccg%tttgag-3 120- 139 P{%ve se s g‘(’:etl:r‘gci’?i (2:5'&l é%czi'?‘iléet a-5'
534-5 3 5_Miase60ioréiisZinti8ePatated DNA fragments detected by ethidium bromide

staining (Figure 7). Molecular size of the amplified fragments-was determined
by using a 1kb DNA step ladder.

PCR Primers for human and mouse Oct 4

Species Annealin | Sequence Bp GenBank Accession
g Temp No. and primer
L docation
61.4 57
T ’ ) X52437
Forward > -cgaccatcigecgetigag-3 w2437
Reverse 3’-ccecetgteceecatteeta-5 534515
60.4 G
M
Fo?':raid 5’-gtcegeeegeatacgagtte-3° ‘BZé i’ 29890
Reverse ¥’-aggggccgeagettacacat-3’ 537918

These primers were designed using the PrimerSelect module of the Lasergene suite of
programs (DNAStar Inc., USA). The mouse primers would not be expected to amplify

human Oct4.

Enucleation of cells to yield ‘cytoplasts’ and ‘karyoplasts’ or ‘mini-cells’.

One of the techniques that is employed in our method for producing Re-
programmed Embryonic Stem cells (RPES. cells) is the use of cytochalasin B
to generate enucleated ES/EG cells (ES/EG 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
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)

or cytoplasts (Veomett et al 1974). The nucleus that is extruded from the cell
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(Poste 1972) = or cytogplasts (Veonett et. al, 1974), The nucleus that is
extruded f i heoERIED tape s zmﬁe@%gﬂwcrﬂeﬂwwtme@ to the

plast‘ic disc, while the karyoplasts are pelleted at the bottom of the centrifuge
tube (Prescott et al 1972). Alternatively, cells in suspension may be
centrifuged through a density gradient, typically composed of Ficoll,
containing cytochalasin B (Wigler and Weinstein 1975). In this case,
cytoplasts and karyoplasts are formed and may be recovered from different

parts of the gradient after centrifugation.

Mei’hods for combining (fusing) the cytoplasm of one cell with the nucleus

of another.

The methods for creating hybrid cells by fusing two or more cells of different
origins together are very well established and widely known. For a review of
the commonly used methods based upon Sendai virus induced cell fusion, or
cell fusion induced by polyethylene glycol (PEG), see Kennett (1979).
Briefly, mixtures of cells that it is desired to fuse are incubated with a
fusogenic agent, such as Sendai virus or PEG, often with centrifugation or
agitation to encourage clumping and close apposition of the cell membranes;
variables such as time, temperature, cell concentration and fusogenic agent
concentration are optimised for each cell combination. These techniques have
. 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
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1. the selection of appropriate differentiated cells (the Nucleus

Donor) and, if necessary, the isolation of thetr nuclei,
2. the selection of ES/EG cells (the Cytoplasm Donor),

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

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
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.
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or human, romenbryos or foetuses, or 'fromextra-enbryonic
various tissues, such as the bone marrow, the nervous system and the gut. The

technique may also be applied to various established cell lines, such as those
- derived from various tumours including, for example, but not limited té
lymphoblastoid cell lines. The selected somatic cells used for the re-
programining procedure may be used ‘direcﬂy upon isolation or they may be
cultured for a short time before further manipulation. In some instances such
somatic cells may be combined entirely with ES/EG cells as described below,
or nuclei or karyoplasts may first be isolated from them, for example using
agents such as cytochalasin B, as discussed above, or by other methods. ¥or
example, nuclei may also be isolated using established micromanipulation

procedures, or other established cell fractionation procedures.

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.

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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entirely with ES/EG cells as described below, or nuclei or karyoplasts may

first be isolated from thifferdrPhteXPWethusi BY/E@QRN! §; such as cytochal asin
B, as di scussed above, or by other nethods. For exahple, nuclei may also
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differentiated cells and ental ES/EG cells to yield RPES cells: Several
met hods may be used t édﬂ%{a’ﬁénﬁw ey Withone ermare egppBsisdsolataddfrothe
nucl eus of a differenti %g?% cegl to yield an RPES containing the nuclear
genome of the different Fated €M %ut not the ES/EG cel . A Cells may be
fused by use of chem cal agents such as polyethylene glycol (PEG or
viruses such as Senddi- &ikaiyoplast @P%a%sfﬁﬁ@r%mlmfb&eﬂirwiﬂbwmem mbreough a

oo 51 e PRSI, S o et
ey be In cases (1) and (2), the result will initially be a heterokaryon
containing two nuclei, one.from each parental cell. If this heterokaryon
were allowed to divide the result would be a hybrid cell containing a
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

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
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

activity.
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nucl eus is remdvgeiéi @WRRL case they do not proliferate, some heterokaryons lose

the differentiated cell nucleus, in which case they retain the parental
ES/EG nucleus and continue proliferating, some heterokaryons lose the
ES/EG cell nucleus, in which case they continue proliferating as RPES
cells, and some heterokaryons retain both nuclei and eventually
continue proliferating as hybrid cells. Several methods are used to
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
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
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 1983, 1988; Yan et al 1996)
may be used to identify whether the nuclear genome of any
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

eto
nt al
Ivity.
G cel |
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genetic systems can also be similarly used. Persisting parental
differentiated cells that have not been reprogrammed are removed by
cloning the surviving cells, or by selecting RPES cells by virtue of their
expression of specific surface antigen markers that include, but are not
limited to, SSEA3, SSEA4, TRA-1-60 or TRA-1-81, as discussed
above as characteristic markers of ES/EG bells. 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).

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
heterokaryon naturally eliminates this treated nucleus prior to cell
division, so that the resulting dividing cell popuiation 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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popul ation only dhatallmeemhenegeitanthateinjacted tithen inte apdneeatlated ES/EG
differentiated C%lell; o;r lhnltg 27 tragtaﬁE/EG. In the later case the ES/EG cell nucleus is

then removed by a similar technique, or by one of the techniques

described above, before nuclear fusion and cell division occurs.

Growth and selection of RPES cells

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.

Several methods are used to enhance the efficiency of reprogramming:

1. prior to fusion the differentiated cell and ES/EG cell are
synchronised with tespect to position in the cell cycle, by use of
reversible inhibitors that arrest the cell cycle at specific stag"és (e.g.
nocodazole), or by the use of conditions such as low serum to arrest
cells in Gl, or by selection of cells at specific stages of the cell

cycle by using vital DNA stains and flow microfluorimetry
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plays a role in X chromosome inactivation, gene imprinting and

regulation of gene expression (Caldarera et al 1975; McKnight et al
1980; Stein et al 1997; Hu et al 1998; Wolffe and Pruss 1996;).

. the period of time between production of heterokaryons and the

(V5]

removal of the ES/EG cell nucleus is made as long as possible
without permitting nuclear fusion. This period can be elongated by
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, s{lch as serum starvation or
lowered temperature, that retard cell division but permit

reprogramming to proceed.

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 somie cases
" with foetal bovine serum or with other additives (e.g. see 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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i nactivatio I I AL.§ : l.af .0 . [ darera
et ol 1o75: OhEREPECRIArDbl-og O reri g kBl SN Y GRS T ¢
and Pruss 199872 . Tkbmidie epel 11998?).1‘ THeeelkenagere PuRAR ipfhobrdrehed oRaryons
and the renoval of the ES/EG cell nucleus iS made as | ong as possible

wi t hout per naridusngromdh Ifectors arsother tiThiescybewe additives b ae imrgdxt bt drg not
culturing the heterokaryons under conditions that reversibly inhibit
progress t hrestighed eLEaI FCEyeEE (e, g. thynmidine block - Stein et al 1995),
or by altering growh conditions, such as serum starvation or |owered
tenperature, that retard cell division but permt reprogranm ng to proceed.
4. any, or all conbinations of these nethods. In all these experinents the

Festri ot od D e R el e’ o Nedi um. (DVE, high glucese
ol o1 o B, P G 1 2288 LA AR ons gy
resul i ng. CoTHEDR, e PRAIIHIE SR IRTED Mar B REIRY SR are P 19,4,

differentiate and to initiate differentiation pathways that result in the fqrmation

) of any cell type that may‘bc found in the adult, embryo or in extra-embryonic

tissues, given appropriate conditions. The maintenance of an ES/EG cell state

can be monitored by assay of various markers that include the cell surface

antigens SSEA3, SSEA4, TRA-1-60, TRA-1-81, by their expression of

alkaline phosphatase and by expression of Oct3/4, as discussed above. The

RPES cellls 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
i 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.
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



I nclude, but. are not restricted to, irradiated or mtonycin C treated STO
cells, 2 0 AUG . 2003 00/49137 PCT/ GBBOO 00576 26 or enbr rﬂ ' sts
of varioygespeci es, including humans (see Robertson _ /&%Mt "a
1998). The cells may be cultured in the presence of various growth-factors
or other tissue culture additives, that include but are not restricted to
LIF, FG-, SCF Differentiation of the RPES cells In the best cases, the RPES

cells acquire pluripotent properties thar closely resenble those of
enbryonic stemcells, so that the .RPES cells are able to differentiate

and to initbgpe1900f epemt i 994;0ThekbMaY it IAIR) eFHE ttypd drhelkanamhlien  of
any cell type that nmay be found in the adult, enbryo or in extra-enbryonic
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state can be nonitored by assay of various markers that include the cell
surface aHtGleding . $heapresggmaper P%Aﬁll‘l%(ﬂf PReCULCg Browih t 6iars efpradbdi on of
al kal i ne phosphatase and by expression of COct3/4, as discussed above. The
RPES cel | 5“1@%‘?‘@8?1 y retain their stemcell phenotype when cultured on
appropriate feeder cells. However, they can initiate differentiation under
a variety of circunstances. Thus renoval fromfeeder cells, or culture in
suspension, followed by replating in the absence of feeder cells in
appropri at piédugsiom cul ture flasks results in differentiation of stemcells
into a variety of cell types that include neurons, nuscle of various sorts
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cell densities or trypsinisation) or by forcing growt
et al 1992; Shamblott et al 1998) and from germ cell tumours (reviewed,
Andfews, 1998) of various species, including the laboratory mouse, rhesus
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
~ 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
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 fhat 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 ‘Rc—progfarnmcd
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



suspensi ons by exposure to various agents that include but are not _
restricted to retinoic acid, and other retinoids, hexane hgl N :
bisaceta?i@§n3@nd t he bone norphogenetic proteins (see ber Ma, -
Andrews 1985 Andrews et al 2 0 AUG 2003 ) 149137 PCT/ GBGY UEBY¥I%H 1982 -
1990, 1994, 1996; Thonson et al 1998). The type of cells that arise _
depend upon the nature of the inducing agent, and the culture conditions

i ncl udi ng, the presence or absence of spé&8ific growth factors or other

nol ecul es. Discussion Although pluripotent stemcell |ines have been
derived fronmhgankywpeidicyedls. (RodxerRBBS, cell9&irtd dipibiamedih £hothallR&y0tybe98)
prinordial germcells (Matsui_ et al 1992; Shanblott et al 1998) and from
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at 1996; Wakayana e are no reports that pluripotent stem
cells, resenpling enbryonic stemcells with,the capacity to differentiate
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types, to a @taimsthness which they can then be induced fo differentiate into
one or nore functional differentiated cell types that are distinct fromthe

parental cel A§.exafhgiBor¥eh £E8R5s O, T4 IREGFIABLLY bdbrPdpof@aH bd Ne
characteristically expressed by undifferentiated EC and ES cells (Brehm ef al.,
1998). Therefore, to test the ability of human EC cell cytoplasm to reprogram
somatic cells, isolated mouse thymocytes were fused with human EC cells,
(2102Ep, clone 4D3 (Andrews ef al, 1982) or TERAI (Fogh and Trempe,
1975; Andfews et al, 1980)), to produce heterokaryons which were tested
after 2 days for activation of Oct4 expression from the thymocyte genome.
Evidence for such activation would indicate, not only that human EC cells are
capable of re-programming a somatic cell nuclcus' 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
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.

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.



progranmmed cells produced by this technique, called " Re-progranmed
Enbryonic Stem Cells' (RPES cells), resenble enbryonic StQ”QCAUG MVed
directlyﬂf‘{gﬁ) early enbryos, and can be induced to differéntiate into a

br oad réﬁé’ of functional, differentiated cell types tHM3¥CB#I0Gte, but are
not limted to, neurons, nuscle (including skeletal and cardiac nuscle)
and ) 00/49137 2 0 AUG 2003 PCTJ@EB00/ 00576 ' , 28 haematopoietic cells.

' These RPES cells are diploid with a noggral karyotype, and isogenic with
the differentiated parental cells fromwhich they are derived. They may be

used 10 germiRdhtinuatid abBiing!hambil OLANSAI AN LODLRHaR 8 cel!
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gene is Cct4. Cct4. has previously been reported to be characteristically
expressed B3CAEi 4 @Pé‘ﬁ’tgi ?téd#@@ télﬁdmegiéﬁwpg ingicatan kethathe, absegod)of
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Andrews et al., 1980)), to produce heteroKaryons wWere te after 2
days for abymmtyitogenbmechy tex @l e2Bp eytdplasimt Mo hyAReEY teero 8ROy thEvi dence
for such activation would indicate, not only that human EC cells are

capabl e of Waterpeerfalainidigating absenre of epntaminstéars to an ES/EC cel | |i ke
state, but also that the regulatory factors involved are capabl e of

wor ki ng between different manmmal i an species. Thus if human EC cells can

reprogramrg f"Ré&nd experiment, in which 2102Ep and TERA! human EC cells were
fused with mouse thymocytes in the presence of PEG, mouse Octd 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
reprogramming. In both cases, human Oct4 was detected as expected,

consistent with its expression by 2102Ep or TERA.1 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
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
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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expressi on Bgryaieasyfop frapspantatioRd AloEEheglanshost, the maintenance of a human

nuclear and human cytoplasmic genome could be a distinct advantage.

The method that we describe incorporates the techniques for maintaining and
propagating the RPES cells produced, and the techniques for inducing them to

differentiate into a range of differentiated, functional cell types.
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41 CLAIM5 1. A cell, which cell is diploid and possesses at least one
pluripotential characteristic, which characteristic incl ud?suv\m.éﬁbzmay
to differentiate into at | east one . selected tissue type, d

conprises at lteast part of the cytoplasmderived froma mamrali an
enbryonal stemcell or mammalian enbrygnal germcell conbined with a
nucl eus of a manmmalian somatic cell. 2. A cell according to daiml
characterised in that said pluripotential characteristic includes the
ability of said cell to proliferate in_culture in an undifferentiated

state. 3. A cell according to Claim2 &Y€t erised in that said cell has
the capacity to proliferate in continuous culture in an undifferentiated

state for at |eas S d.d aI 2 nths. 4. A cell according
to any of O ai ?ns %%!lc agglg gr‘f%&d Lé’t& PRFEFF P et igpst

characteristi coilﬁdﬂuv@@%hetlekpﬂ”@s@p@amﬁm, hdash emaﬂieeq%edcrrar ker of
pluripotenti al 11@@111c§-:»s 2he aSPiitf%%O?QEggréI& 91:%' ar,act %r' sed in that
6 F? 3 ISPGi

said selected narker is expression o in§"fo Caim4
char acteri sed ?‘?‘llefcfﬁﬁd tdgpe seireot eadnarker ded lacowptisem fadcéematker. 7. A

cel | accordi ngodst Gfartma6cp1|£k&ﬁ1a£sfnﬁﬁla§§¢edi Neddieh nadhth 8l e ' E&Lg&? mar ker

is selected fromthe group, (iludln SSEA-1 (-); and/or
and/ or SSEA-4 °t°0 el mamalian & ryonal germ’ cell combined with a

nucleus of a mammalian somatic cell.

2. A cell according to Claim 1 characterised in that
said pluripotential characteristic includes the ability of
said cell to proliferate in culture in an undifferentiated

state.

3. A cell according to Claim 2 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.

4. A cell according to any of Claims 1-3 characterised
in that said pluripotential characteristic includes the
expression of at least one selected marker of

pluripotential cells.

5. A cell according to Claim 4 characterised in that

said selected marker is expression of Oct4.

6. A cell according to Claim 4 characterised in that

said selected marker is a cell surface marker.

7. A cell according to Claim 6 characterised in that
sald cell surface marker is selected from the group

including: SSEA-1 (-):; and/or SSEA-3 (+); and/or SSEA-4



2 0 AUG 2003 42 (+); and/or TRA-1-60 (+); and/or TRA-1-81 (+); and/or

al kal i ne phosphatase (+) 8. A cell according to Clains 1-7 ghgr e} in
that said pluripotential characteristic includes the preseZC@ ﬂy@ zw

telonerase activity in said pluripotential cell. 9. A cell according to any
of Clains 1-8 characterised in that &aid pluripotential characteristic

i ncludes the presence of a chronosonmal nethylation pattern characteristic
of pluripotenti al ceI I s 10 A cell according to any of Caim1-9

characterised i pl ugi potenti characteristic includes the

ability to i ndtﬂég tu urs \%ﬁ Jn (igdnt +3du883/?ﬁt%r?‘§ﬁi hél ¢ aPE/oK cel | -1ine
conpri si ng cel hskakiger dhngrhatasy ©ff . Clains 1-10. 12. A cell-line )
according to Claim1l characterised in that said cell-line is of human ,

origin. 13. A rrethod for preparing a cell according to any of Cainms 1-10
or a cell-IineBactdidiingceording e £ladms 12-7 cdwpricseénised idn eambi ni ng at

| east one enbryanalplust gt &MbIa0ONRArder 8y £614 | 8as somatic
cell; (ii} renp |tnegi) fur orph said c nblarfed cell, 5 \Mntcliu%ry%ﬂealtpr%tggﬁfenbryonal

germ cel | nucl 2us;S+TeIR§e c?ﬁttldfrﬁtﬂgl§aﬁﬂl‘éérjiuﬁ}@@é?n‘émﬂdlqaldns conductive
to prolifer at| on and expansi on of

8. A cell according to any of Claims 1- 8 characterlsed
in that said pluripotential characteristic includes the
presence of a chromosomal methylation pattern

characteristic of pluripotential cells.

10. A cell according to any of Claim 1-9 characterised
in that said pluripotential characteristic includes the

ability to induce tumours when introduced into an animal.

11. A cell-line comprising cells according to any of
Claims 1-10.

12. A cell-line according to Claim 11 characterised in

that said cell-line is of human origin.

13. A method for preparing a cell according to any of

Claims 1-10 or a cell-line according to Claims 11 or 12

comprising:

(i) combining at least one embryonal
stem/embryonal germ cell with at least one
somatic cell;

{(ii) removing from said combined cell, the
embryonal stem/embryonal germ cell nucleus;

(1ii) culturing said cell under conditions
conductive to proliferation and expansion of
said cell; and, optionally

{iv) storing said cell culture under suitable

storage conditions.




said cell; and, optionally (iv) storing said cell culture under suitable

storage' conditions. 2 0 AU G 2003 43 14. A nethod for.prepaq%ﬁpjﬂJgpgﬂoa
according to any of Cdains 1-10 or. a cell-line according to aim 11 or 1?
conprising; (i) providing at |east one embryonal stenfembryonal germcell;
(i)separating at |east part of the cytoplasmfromthe nucleus of said
enbryonal (iii)stenif enbryonal gernlcéBI; isolating said cytop]aSﬁlc part
(iv)combining said cytoplasn}c_part with at Ieast_ggglfon?azcsfglghg cai g

i ng sai d 4CoRDbj : ; opt | _
é;ﬁ%{ﬁﬁh gell g4degbgﬁﬁggﬁﬁgrs?g?%ggﬁgéﬁ F??gﬁ%&”ngnﬁ“ﬁ%t dfﬁ%cordlng to
Cd ai m 14 char ag{iéﬂ‘@ejd“]i% Fhat ceShildneyeepPading tpactais hrowi ded as a
cytoplast. 16. cAmpeifitgaccording to Claim 15 characterised in that said
cytoplast is conbined with said-somatic cell via

{i) providing at least one embryonal
stem/embryonal germ cell;

{i) separating at least part of the cytoplasm
from the nucleus of said embryonal
stem/embryonal germ cell;

(iii) isolating said cytoplasmic part

(iv) combining said cytoplasmic part with at least

| one somatic cell;

{v) growing said combined cell in culture; and
optionally

(vi) storing said combined cell under suitable

storage conditions.

15. A method according to Claim 14 characterised in that

said cytoplasmic part is provided as a cytoplast.

16. A method according to Claim 15 characterised in that
said cytoplast is combined with said somatic cell via

cytoplast/somatic cell fusion.

17. A method according to Claims 13-16 characterised in
that said embryonal stem/embryonal germ cell and somatic

cell are of human origin.

18. A cell culture comprising at least one cell according

to any of Claims 1-10.

19. A method for inducing differentiation of at least one

cell according to any of Claims 1-10 comprising;

(1) providing a cell according to any of
Claims 1-10;




cytoplast/somatic cell fusion. 17. A nethod according to Clainms 13-16

characterised in that said enbryonal stem enbryonal germ cgl iC
cell are of human origin. 18. A Zel'l culture conprising at ﬁeésﬁ‘ﬂiﬁl
according to any of Cains 1-10. 19. A nethod for inducing differentiation
of at |east one cell according to anys4of Clains 1-10 conprising; (i)
providing a cell.according to any of Cains 1-10; 2 0 AUG 2003 44 (ii)
culturing said cell under conditjons conductive to the differentiation of
said cell into at |east of8 TREEYE;SadfdCBhti Yt wopritiont oring of said
differentiated tissue pri Obonﬂ@cmd&a wa;dﬁhesaiffa&le%t&%eg@zgeoﬁ%%qgi otn_s. 20.
A nethod of Claim19 characterised i at  sai et hod provides a tissue
type sel ected fromat | easfegjr"lelntocf atqhéfeflfﬁl%r\‘/ﬁ AgSSHeOr2d WrderAliuscl e,
striated nuscle, caridiac sbscimy da‘bmeidcaiffdnﬁ]yﬁ,iaté&gtﬁj.sé(jed@QYorh
respiratory epithel um hae ety spl.een, skin,,  .stomach,
i nt gsti ne. y21l.o At | east OE&?lip%s)utgﬁe%pgg%#g%lregasﬁoégﬂ%r‘fosriqfd:lgflsI' east
cell according to any of Cains 1-10. 22. A therapeutic conposition
conprising at keash @hoLelfl cageRr i nghat-gcaby; oy Gak g, 1340, ncluding a

i xci pient, diluant or carrier.
suitable exc Re%ﬂod proéi es a tfssue type selected from at least one

one

of the following; neural, smooth muscle, striated muscle,
cardiac muscle, bone, cartilage, liver, kidney,
respiratory epithelum haematopopietic cells, spleen, skin,

stomach, intestine.

21. At least one tissue type or organ comprising at least

one cell according to any of Claims 1-10.

22. A therapeutic composition comprising at least one
cell according to any of Claims 1-10 including a suitable

excipient, diluant or carrier.

23. A therapeutic composition according to Claim 22
characterised in that said therapeutic composition

provided for use in tissue transplantation.

24. Use of at least one cell according to any of
Claims 1-12 in the manufacture of a medicament for the
treatment of any of the group consisting damaged
coronary artery, diseased corconary artery, damaged
major artery, diseased major artery, damaged organs,
diseased organs, kidney disease, cirrhosis, diabetes,
autoimmune disease, AIDS, damaged neurones, Alzheimers

disease, Parkinsons disease, spinal injury and cancer.

25. A kit comprising at least one cell according to any




23. A therapeutic conposition according to Claim22 charactefised in that
sai d therapeutic conposition provided for use in tissue trarépﬂﬁ%mﬂa
24. Use of at |east one cell according to any of Cdainms 1-12 in the

manuf acture of a medi canent for the treatnent of any of the group

consi sting damaged coronary artery, disseased coronary artery, damaged

mej or artery, diseased major artery, damaged organs, diseased organs,

ki dney di sease,__.cirrhosi di gbet es, , autoi,nmune di sease, AIDS, damaged
neurones, Al zhél fﬁgrlglmﬁllieja ‘e IDBEFRE HsBiTs Wdithes8®0e EpitRamai Af ¢R3nENd
cancer. 25. A kift sedapeéki niy atilkeast ang @ptho:@é:mqr difagtb@s aryqa r@4AUG

2003 45 of clai nstruc S Wt esp to i ntenance of said
cell in cul ture%slgigg[ge Jtll onal ' E arad orésqsreéu tq g%iﬂaﬁ@é one

differentiati orﬁieé’firsél’dlft%id tvpeaerlcaaﬁtn one desired tissue type or organ.




