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Abstract The invention relates to isolated pluripotenti al
conprising ¥*f¥ast part of the cytoplasmfroma teratocareChesa/essd and a
nucl eus of a somatic cell. The invention also relates to nethods to

prepare such cells. )0/49138 | PLURI POTENTI AL CELLS-1 2 0. AUG 2003 PCT/ G

BOO' 00582 The, invention herein described rlelates to isol ated
pluripotential cells, conprising at |east part of the cytoplasmfroma

teratocarcinoma cell and a nucleus of a somatic cell; nethods to prepare
therapeutic conpoditVBABQTENIIALAIEE]. S3Md uses t hereof

such cells;

The . invention herein described relates to isolated pluripotential cells,
comprising at least part of the cytoplasm from a teratocarcinoma cell and a
nucleus of a somatic cell; methods to prepare such cells; therapeutic

compositions of said cells; and uses thereof.

Animal ernbryoni'c development is a highly regulated dgvelopment process
that combines cell proliferation and cell/tissue differentiation to produce an
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, feratology.

Mammalian embryonic development is remarkably conserved during the early
stages. Post fertilisation the early émbryo completes four rounds of cleavage
to form a morula of 16 cells. These celis complete sevéral more rounds of
division and develope into a blastocyst in which the cells can be divided into
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
potential to form a complete embryo and all the cells required to support the

growth and development of said embryo).
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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 an increased commitment to terminal differentiation when compared to a

totipotent cell.

Until very recently in vitro culture of human ES cells was not possible. The
first indication that conditions may be determined which could allow the
establishment of human ES 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

sluripotent characteristics.

“or 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 er ol 1982; Kannagi er o/ 1983 Andrews ef o/ 1984a; Thomson ef
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in culture.

An alternative source of pluripotential embryonic stem cells are those derived
from primordial embryonal germ cells (EG cells) which are located in the
mesenteries or genital ridges of embryos. WO 98/43679 describes the isolation
of EG cells from the gonadal or genital ridges of human embryos. EG cells
described in WO 98/43679 exhibit features in comrion with primate and
human ES cells; (eg expression of cell surface markers, continuous
proliferation in culture in an undifferentiated state, normal karyotype and the

ability to differentiated into selected tissues under defined coriditions).

It is evident that the use of in vitro cultures of pluripotential stem cells,
especially human cells, has important ramiﬁcaﬁons for both basic research (eg
as a model for studying gene expression and/or tissue differentiatién) and 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
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However, there are practical and ethical difficulties associated with the use of
material derived from human embryos. Morever, such allogeneic material, if
transplanted into another human, may illicit a severe immune reaction in the

host and be thus destroyed.

It has been known for many years that amphibian somatic cell nuclei retain
their ability to give rise to entire organisms when they are transplanted into
egg cells which have had their nucleus removed or inactivated (Gurdon 1974).
Thus determination of the pluripotent 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; Wakayama et al)
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Embryonal carcinoma cells derived from teratomas are also able to

reprogramme somatic cell nuclei in order to produce cells with pluroptential

characteristics.

Teratomas, tumours that contain a wide range of more or less organised tissues
have been known in humans for many hundreds of years. They typically
occur as gonadal tumours of both men and women, but they also occur in
other sites. The gonadal forms of these tumours are generally believed to
originate from germ cells, and the extra-gonadal forms, which typically have
the same range of histology, are widely thought to arise from ‘mis-placed’
germ cells that have migrated incorrectly during embryogenesis. However, a
non-germ cell origin from persisting embryonic stem cells may be considered

n some cases, especially for teratomas occurring in the new born.

Because of the presumption of a germ cell origin in most cases, teratomas are
generally classed as germ cell tumours (GCT), which also manifest a range of
other histological types, including seminoma (often called dysgerminoma in

females), embryonal carcinoma (EC), yolk sac carcinoma and
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are always malignant containing any combination of the tumour tissue types
discussed above. Any teratoma elements present may be less well organised
than in benign human ovarian teratomas, but somatic cell types such as nerve,
muscle, bone and cartilage may be quite recognisable. Testicular GCT are
rare but have a peak incidence after puberty, being the most common form of

cancer in young men between the agés of 20 - 35.

Early histopathological studies of human GCT led to the proposal that EC
cells resemble early embryonic cells and are the stem cells that give rise to all
the other cell types in GCT, with the exception of seminoma. (In the currently
- prevailing view, seminoma more closely resembles the primdrdial germ cells
from which these tumours arise, and so may represent an earlier stage in
tumour development and progression). Detailed experimental study of GCT
became possible with the discovery that male laboratory mice of the strain 129
develop spontaneous testicular teratocarcinomas. Studies of these mice
confirmed that these tumours had a germ cell tumour origin, and indeed arose
from primordial germ cells (PGC) at about the time that they migrated into the

genital ridge of the developing embryo - 11 - 13 days of gestation in the
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pl uri potent phenotype and could be induced to differentiate into a range of
cell types, either by transplantation back to a syngeneic nouse, in which

case a
EC cell lines that can be maintained in vitro have been derived from several

mouse teratocarcinomas. Some of these EC cell lines were found to retain a
pluripotent phenotype and could be induced to differentiate into a range of cell
types, either by transplantation back to a syngeneic mouse, in which case a
teratocarcinoma would be formed, or by various manipulations in vitre. Some
EC cell lines differentiated spontaneously when allowed to grow to
confluence. Others required a feeder layer of irradiated or mitomycin-treated
cells if they were to retain an EC phenotype, and they differentiated
spontaneously if removed from the feeder cells. In a number of cases, it was
found that maintaining EC cells in suspension culture for several days forced
them to form floating clumps of cells that became vesiculated and began to
differentiate. These floating clumps were known as embryoid bodies; a wide
range of differentiated cell types, including nerve and muscle, would grow out
from these if they were subsequently allowed to attach to a tissue culture
surface. It was also found that a number of chemical agents, most.strikingly
retinoic acid, also induced the differentiation of many murine EC cells into a
range of cell types. The precise cell types formed in response to any of these

treaiments depended upon the particular EC cell line.



terat ocarci noma woul d be fornmed, or by various manipul ations 23’];’5‘.[6)2%13

EC cell lines differentiated spontaneously when allowed to gr

confl uence. 0Qshes required a feeder |ayer of irradiated Of’CT/CBOOIGUSég.
mtonmycin-treated cells if they were to retain an EC phenotype, and they

differentiated spontaneously if renmoved fromthe feeder cells. In a nunber .

of cases, it was found that maintaining EG cells iP sulslpensiho? gulture f or
| d forced  t tg formfloafing.clunps of cells that becane
vest tul at oo andonEgal E5 coll e aivih SoHHEY ec'h‘%mg@r.ls@ﬁom o iuprapekhour
nb id bodies; . ' ..di fferenti at cell types,, i.nc¢luding
norve and mscriE Bangmlof Sad 808 ieith | 1 ELEPH ARy Tuiesh{ RS unbintel 9
al | owed to all aafdrd d!3aguSpeulit Wifibryild Afigedll 8 A1ISQ Loyt Al .2
gly re? acid, a

nunber of chem cal agents, "nost strikingl I noi SO 1 néuce t he
di fferenti ati ochashctieanycally expeds€d dgl hsusenEQ @llsr dngas Fhribe! hotkd PRS thdde

recise cel| types fornmed in response to any of these treatnments depended
Epon t he part i €dlisafidEetciipress gless 12rruuMsmﬁﬁpaﬁb@m_@ds@Fzm’rﬁg@tqﬁopﬁqmsz
8 Access to EC gell line || owed detail ed characterisation o eir
properties and Pat F}aqnﬁe'o?rﬁ%ﬁ F‘mé?cspr_aés‘g% S @Q\?%}F‘gf’g)sfﬁfa@@“aiﬁﬁagghs@ )
notably the "FE i Ve i -1. -
were i )(;ent i fi e%fﬁ%tgﬁgggﬁgéﬁ?ﬁ%ggﬂ y e’?prgfélseg Séfﬁ)rlr%du gl ‘JE%?EI%ET frin_er Ellwas
further noted mhaf off pEsgtieebtddéting ofl Ble Q¥R BSSCERASSyd. 1If“ﬁisoxreserpblance was

hi stoconpatibility (MHC) antigens - H 2, "in the nouse. These teatures, as

wel | as nor phatosgiyneaddbyt thei finding alvittspmec=C diells epaht didfesersirgg @nt edrtidigite

ine EC cell.s resenbled cells of the inner cel] mass or primtive
rené{ Iogerm of tHB n@ama[};%ﬁ@ax@%ﬁw%pmﬁw EsEanifanee taadlastonyst ofren ebylyt he

finding that BE%] ' entiate and participate in nornal
enbr yogi c devgﬁggsmn B%Z)\F]}ﬁ?}rﬂg%gﬁlé% gé(’:lﬁ?}%)]ag&rﬁ Bq 8%%19 HEERAtIRPIngT 2pduse
embryo, whi ch aNasvddenddeidp®) @RRhednisdnR RSEYER: Mi%&?@s"%&@t})ﬁ‘ﬁg fﬁﬂ'ﬂ such
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EC cell «> embryo combinations were normal with extensive contributions
from the EC cell component; in some cases the chimeras subsequently
developed teratocarcinomas, indicating that the tumour phenotype of the EC
cells had not been fully suppressed. Only in a very small number of cases was

germ cell chimerism reported.

EC cells have been shown to have many of the features which characterise ES
and/or EG cells. EC cells are relatively easy to establish in culture, express
cell surface markers associated with iEZS and/or EG cells, can be maintained in
continuous culture in an undifferentiated state and have the potential to
differentiate into selected tissues both in vivo and in vitro. However what is
also evident is that EC cells contain a mutation, or mutations, in genes
(oncogenes) which result in the additional undesirable feature that the cells

retain the potentia! to form tumours.

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
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t he potenti al 1t51 oﬁ({‘gglrk%j ??Jr%gérﬁgde %t ﬁ);!slﬁsggfgﬁmkﬁgwe O%ﬁ‘@éfgﬁe%‘g}?e %{aﬁ’%éastt ﬁéta

sel ect ed chenisehdctad edt nefirm otyweldsmic hpbad| braeiC@&mARSW knbWnCelchBrid.
extrudi ng nuclei resulting in the formation of 2 1 AUG 2003 PCT/ GBOY Q0582

9 separate nudlagdditiemt ispisoppassibletpirsedhe dameaplastripapsaatted astl to form a
cytoplasts, respectfully. It is | known in the art that the separated
parts of the élélﬁreaﬁév%%j\é T%%Q{mf%& F Pucdsar messane fypaledawmp| diringnd
not by way of _li m: 1300h A f il i £ 0. pr. ce a cytopl.ast from on

cel | and fuseﬂ_tuhe I%:)a/a%llgp)l%gks) St{tj(l)l%agﬁgrzlcg{cq%é%&ésgItgd#’gnf 8r?r¢lléfp&)aocﬁﬂ Q%W'?Fﬂm‘f
hybrid, or asnuglee@MEYsy thelaWuesdar WoEll tnowrNirpdfd &k QR4 il § ?Bé% PR bl'e
to fuse the karyoplast to a selected cell to forma nucl,ear Ry Fi'g. e
nucl ei fuse akxtnsively etathinsape.ane breakdown during nmitosis and

reconstitute after cytokinesis to forma polyploid or anueploid nucleus.
These techniques are well known in the art and will not be detailed

el 5 and T uodit ths BPdfrioP R RoRRAG bR BifRhdeteed B wommiers
cell's. The ai fo:@f ciblids IR 0AELetiSohfatlceells. The aim of this approach is to re-
programme the differentiated somatic cell nucleus, through contact with
factors located in the EC cytoplasm, so that, the cybrid de-differentiates and
so takes on the characteristic features of a pluripotential cell. This then
provides the basis for the establishment of pluripotential cell lines which, upon
exposure to various differentiation factors, can lead to the production of
selected differentiated tissue for use in, amongst o{her things, transplantation

therapy.

Advantageously there is no requirement to use harvested embryonic cells to
derive the cytoplasts. Therefore any ethical issues with respect to the use of
embryos in this way is circumvented. In addition the establishment of EC
cells in culture is a relatively amenable task when compared to the problems
of establishing human stem cell cultures in vitro. Finally the removal of the
EC cell nucleus from the donating EC cell results in no transfer of genetic

material carrying potential oncogenes to the cybrid cell so formed.



programme the differentiated somatic cell nucleus, through contact with
factors |ocated in the EC cytoplasm so that, the cybrid de- deq]eA |Zﬂ&3
and so takg&g?@ht he characteristic features of a pluripotential cell- This
then provi e basis for the establishment of pluripot Bat/f-800/882 |i nes
whi ch, upon exposure to various differentiation factors, can lead to the
production of selected differentiated tissue for use in, anongst other
things, transplantation therapy. Advantageéfusly there is no requirenent to

use harvest ed kenbtlyoafae @eldtg'ecttoaftderihva]ttd”tﬁt(ﬁpﬁdlmj@%t;ﬂﬁri%‘%ﬁﬁgf’&ﬁl A is
way | s

ethical issues with respect to the use of enbryos in this

ci rcunvent ed. N4t deaiviedifommtehebrgenmblisseh e agfriEary sabrks. in culture is a
rel atively anmenabl e task when conpared to the problens of establishing
human stemcell cultures in vitro. Finally the renoval of the EC cell

| from tihe, i ng.. - i t f f ti
i er i al | car i o o tbipr 3L G el ioRfisy BBafT oboRBimveat mest
AUG2003 00/;49%38t HIGHECyRIMAR232n EC ckli wifhm%h%it&r@fg?usobi ect of the

invention to provide a pluripotential cell that 1s derived from

enbryonic tissue froma primary source. It is a further object of the
invention to qr_ovi de t hods of conmbining at |east part of the cytoplasm
of an EC cel | ‘Wst¥eta &g%f pejestief gusinventips tg growdeur pheipoahitiat telbhating
invention to ovide.a pluripotential cell havin the capacity to

di fferenti at e%%g ascépetép?tcgéfe%f”é?ﬁ%é“tﬂﬁ&f?%@ggﬂw HRPTEHRASPFG it &ppropidatsr s.
Accordi ng to Fdihfst aspect of the invention there is provided a cell
conprising at least part of the cytoplasmderived fromat |east one
enbryonal carcinoma cell conbined with at | east the nucleus of at |east
one somatic cell. In a preferred enbodi nent of the invention said cell,

i deal Iy a cybricgordisg tedirst aspeics ofl teyinvihetipnssessi providedts delasdmiding
pluripotential, gcha a%%eri tic, bel i ev Lfthat the acquisition of this

pl uri potenti aft E‘?‘E{B &t i‘g‘f C¥tqPdas d&“ﬁ’ég Fm at least one embryonal carcinoma

cell combined with 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.

We believe that the acquisition of this pluripotential characteristic is as a result

of the re-programming of said somatic nucleus.

It will be apparent to those skilled in the art that the cell of the invention may
be derived, most preferably, by the creation of a cybrid; but an alternative
option nvolves the fusion of a somatic cell with an EC cell. Clearly this latter
option is not preferred because of the potentially oncogenic genome (gene) of
the donating EC cell. Preferably the further step of removing the EC nucleus is

described hereinafter.

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

differentiation factor.



of the re-programm ng of said somatic nucleus. It wll be appz\rlgg,huﬁszﬁ%e

skilled in togfggl?%t that the cell of the invention may be der

preferably, by the creation of a cybrid; but an alternativ&CTEFHPAS2

i nvolves the fusion of a somatic cell with an EC cell. Cearly this fatter
option is not preferred because of the potentially oncogenic genone (gene)
of the donating EC cell. Preferably the furither step of renoving the EC
nucl eus is described hereinafter. ldeally said pluripotential
characteristic includes the ability to differentiate into at |east one

sel ected ti ssudleypdively.eberadditiongblyn sekpaduripotential che@ster@ie includes the --
differentiatio .I.actgr ..,00/49138 11 2 0 AUG 2003 PCT/ GBOO 00582

Al ternati vel y, 33HDAaHF3IdGsHI teyprok frategn gl ise émen anddffereacated ssté.c i ncl udes
the - ability of said cell to proliferate in culture in an undifferentiated
state. In yet a further preferred enbodi ment of the invention said cell has

the capacity 0 | ief, i )& re.i . iLfferentiated
state for at’ Tolnt b pandn e unppymgh s fe' MRt Sl S b e

addi tional |y saipdcipy uoi potiéshiealn ebatimaiseeiBtieCin ﬁ‘z@'u%ﬂﬁ%‘er%ﬂﬁateﬁ)%ﬁ{(tgsfﬁ} gp of
at | east one selected marker of pluripotential cells. It is well known in
the art that peeftibpowaths aid idehlly 1@xpoess. a nunmber of genes not typically
expressed by differentiated cells. These are valuable tools to nonitor
whet her the EC cytopl asm has re-programed a somatic cell nucleus. One

such exam e, gk o, BA LR SRD gLl Ry B Loty on sl g,
Ut ace: mar kor P By e e R R S T ot BB LIS 2™ ' om ¢ e
group including SSEA-1 (-); SSEA-3 (+); SSEA-4 (+); TRA-1-60
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 EC cytoplasm has re-programmed a somatic cell nucleus.

One such example is Oct4.

In a preferred embodiment of the invention said selected marker is expression

of the Oct4 gene.

In yet still a further preferred embodiment of the invention said selected
marker is a cell surface marker. Preferably said cell surface marker is selected
from the group including SSEA-1 (-); SSEA-3 (+); SSEA-4 (+); TRA-1-60
(+); TRA-1-81 (+); alkaline phosphatase (+). '

Alternatively, or additionally, said 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



(+); TRA-1-81 (+); alkaline phosphatase (+). Alternatively, or
additionally, said pluripotential characteristic includes th w

t el oner ase Afohs b\é&ty in said pluripotential cell. Ideally sai te ornerase
activity is Qofrelated with extension of tel omeres. For t hBCH&BA0HH82
clarity, tel onmerase enzynes add, de novo, repetitive DNA sequences to the
ends of chronosones. These ends are referred to as 2 0 AU G 2003 100/ 49138
PCT/ GBBOQ 00582 12 teloneres. For exanple tlle tel omeres of human

chronosones comdlairerehe Fs&@m&ﬂp% the EloiEks 3f hepaat @dodRRsR%E Thaly tHO00
tines at their ends. In di vi di ng cells the telomeres are relatively

| ong. | n agi ngseq@ensgn-> 7&' B Gg3 cepkaicd mppraxemoredy d §00erneearsthet enedland

there is a strong correlatlo bet ween tel onere shoBtenl ng. and capacity to
proliferate. MéPHBEs diYiding&r %ééettﬁ@m%ﬁbtaﬁedﬁla@%’f? meeRgs o agmgf eRfs gon-

Hoos13305, At STIGHE G915 oFC ot Gal Potirbe W osRiRd piRCrine e strong
characteristi chﬁEia‘f’i‘iﬁsb&Wéen95@%@?5%b9ﬁelﬁng@rnﬁmr%?QE@noﬁ}B%fﬁ OMGQE%(?]E‘EY n

characteristic of pluripotentia S I e art

t he genone of &ukﬁttya(ﬁelthe@ﬁr@nloﬁlt@omresabllﬂhieyse prelifisrhet e dapauiguad kinaen
addition of neth roups attached to cytosine residues in DNA to
form 5' et hyl cmé@laféa(ldareﬁ@):ﬂb%ﬂhW@Pﬁlﬁ%k correlated with the control
of gene expression. Typically genes that are hyponethylated tend to be

hi ghly expressed. Hypernethylation is correlated with reduced gene

expression. |t We atﬁ?e V\fppfaraﬁﬁ mfn% Igg%ﬁlkbidrﬁ)@n%n'? rb?la?d'cic?ﬁﬁfact mﬁj.lf%es B or n

pl uri potenti al i of ern

nmay be analys eéén@e oﬂ@'&ﬁ?@rﬁoicﬁﬂﬂ' m%y@dﬂdn%tﬂe@d’@har@fzteﬁsﬁ@%ﬂhﬁ SRRl
Met hods to anal yse the extent of nethylation are well known in %e art and

i nclude, by exesiisl e and not by way of limtation, restrlctlon enzyne
digestion of DNA with nmethylation sensitive restriction endonucl eases
foll owed by Southern blotting and probing

It is well known in the art that the genome of eukaryotic organisms is variably
methylated through the addition of methyl { -CH;)} groups attached to cytosine
residues in DNA to formn 5’methylcytosine ( 5°-mC). Methylation is correlated
with the control of gene expression. Typically genes that are hypomethylated
tend to be highly expressed. Hypermethylation is correlated with reduced gene
expression. It will be apparent to one skilled in the art that pluripotential cells
will have a typical methylation pattern. This pattern may be analysed at a
genomic level or at the level of a specific gene. Methods to analyse the extent
of methylation are well known in the art and include, by example and not by
way of limitation, restriction enzyme digestion of DNA with methylation
sensitive restriction endonucleases followed by Southern blotting and probing

with suitable gene probes { Umezawa et al 1997).

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 animal is immunosupressed.



with suitable gene probes (Unezawa et al 1997). Alternati velz QbAlL’G QQB
addi ti On?)’%%é lg iid pluripotential characteristic includes the yz
i nduce t § en introduced into an aninal, ideally a r 88&H{iB00/00582

experinmental nodel. More ideally still said aninal i's imunosupressed. 2 0
AU G 2003 WD 00/ 49138 PCT/ GB0O0f 00582 13 According to a second aspect of
the invention there is provided a cell-izne conprising cells according to

the i nvent igfcorifgakd b s&@ind ekr 'o'fflﬁn%%rﬁdoed i Wts‘ﬁ%ﬂc?%&‘ed Accm' ng to a

third aspect of the invention there is provi Pfng a
cytopl ast, compranngt ¢twdiseatcortiong us ethieniriviagtiph 0dded]iyonsOf gg]qa]ﬁgl !HeOBf cel |
line of i n}/]entl on .conprising; i) providing at |east one EC cel i)
separ at i ngDEM3e@ELImart of the cytopl asm from the.nucl eus of sal d EC
cell; iii) isolating said cytoplasm c part; and, optionally 1iv) storing
said isolated cytoplasmc part prior to use. In a preferred nmethod of the

I nvention aaldr&nboR 85114 %ﬁ%& bP 1 fl%/\}ng B! astthsyeovﬁ Bé‘a‘/’dggt%g‘?a%fgdngﬁ; © one

skilled in the art that said'cytoplas

al i quot i spiepaeihd & @t @lalicds haRNeflefC Rl e ﬁgth%ggx%dhgﬂﬁﬁe%r 3¢ ed from

an intact EC cell via m cromani pluation techniques) or a and
pr ef er abl ycelsding nynummmpasimmay be provided as an isol ated cyt opI ast .
In a preferred nethod of the Invention said cytoplast part is separated

from said nucleus by exposure to a pharmacol ogically effective anmount of

at | east ne cyt ochal astlln j%(h%/-} Jgyt ochalasin B. It is well known in the
art that cYytochBRfQSPHEs gas&ﬁmg F8: of a chemcal effective at

separ ati ng;{ he o Ias to forma,. karyapl ast
and cyt opl éjst rg e%#;ﬁ?/%lt[ﬁas? % {))%@{Q EW@H% MR |nuf§e1qs Of said BC
celi; ‘
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.

It will be apparent to one skilled in the art that said cytoplast may be provided
either as an aliquot isolated from at least one EC cell ( eg an aliquot extracted
from an intact EC cell via micromanipluation techniques) or alternatively, and

preferably, said cytoplasmic part may be provided as an isolated cytoplast.

In a preferred method of the invention said cytoplast part is separated from
said nucleus by exposure to a pharmacologically effective amount of at least

one cytochalasin. Ideally cytochalasin B.

It is well known in the art that cytochalasin B is an example of a chemical
cffective at separating the nucleus of a cell from the cytoplasm to form a

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



- P221-237 1987). 2 0 AUG 2003 WD 00/ 49138 PCT/ GBOO 00582 14 According to a
fourth aspect of the invention there is provided a nethod foz []pA rzma
a-cel | or“(‘deb(i/@l]jgne in accordance with the invention conprisi N9 50!
combining at | east one EC cell with at |east one somatic cdlq7/CByyss2

renoving from said conbined cell, the EC cell nucleus; iii) culturing said
cell under conditions conducive to proliferation and expansion of said
cell; and, optionally iv) storing said celll®ulture under suitable

condi tions. |t Atddrdingeocapparrentsgeat ofiehskivdredni thetdhs providdinh @hb@dsoof
m cromani pul ation exist that facilitate the renoval of nuclei from

sel ected cel | s.Prepaig 4-colé or splbdinenn achendanpe svitfethesdverftiarheompieingt on
advant ageousl y .grovi des .t hat ; i% th a Eor.é}groduced by the EC cell are
continual Iy prdducedOrMdrEgyAt Icast aps; 'ﬁ% It @St angsomaticetellst fact or s

necessary to reprogramne. SQIAt | C 1€ Y i,l) "the EC cell
nucl eus is rem?@ed from {r\%ﬁgfgn%%;éé&ggﬁd %%]#g}rlgﬁo %%E}Pg'é?lg?l&ensuri ng
oncogeni ¢ genesijar € cifthrihp asd efdletindet Mnldhid® BBRAAVE {0 pLoPREurld 'ahﬁd
in the art that the nature of the somatic cell selected is'not critical to
t he operation of thexpawsémt bbseidlceHoayh drhmadll -type will be selected so
as to optimse_or nmaxi mse success in terns of prodcution of a cell -or

cel | -1ine of tHhe i nskaieseid peltevlduieg ndsr suitpblecoadipans. of t he invention
there is provided a nethod of conbining at |east part of the cytoplasm of
an EC cell wth a somatic cell conprising; i) providing at |east part of

| cast one. somat ALerrPpeent §d e ETRUIATGe 3 Bl KPR fibiiaaflidoy

opt ij_otnal |y 30 kexist shar fagliged dhe arhidiad efehliclenORbmS dbfedRid® BT AIKll be
condi tions.
apparent that this method of the invention advantageously provides that ;

i) the factors produced by the EC cell are continually produced thereby
maintaining a steady-state level of factors necessary to reprogramme
the somatic cell nucleus; and

i)  "the EC cell nucleus is removed from the combined cell prior to mitosis

ensuring oncogenic genes are not transferred.

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 50 as to optimise or maximise success in terms of prodcution

of a cell or cell-line of the invention.

According to a fifth aspect of the invention there is provided a method of
combining at least part of the cytoplasm of an EC cell with a somatic cell
comprising;

0 providing at least part of the cytoplasm of an EC cell;

ii) combining said cytoplasmic part with at feast one somatic cell;

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

30 1v)  storing said combined cell under suitable storage conditions.



WO 00/ 49138 15 2 0 AUG 2003 PCT/ G BO0O/ 00582 In a preferred pethod of the

i nvention said cytoplasnic pan is provided as a cytoplast. 21§ AbG 200
further Pref&Pidd met hod of the invention said cytoplast isctembineg Wth
said somatic cell via cytoplast/somatic cell fusion. In the above descri bed
met hods the EC cell and somatic cell are, ideally of human origin.
According to a sixth aspect of the invention there is provided a cell
culture conprising at |least one cell actbrding to the invention. According
to a seventh aspect of the invention there is provided a nethod for

i nduci ng di r I.afi : | east_one cell of the.invention conprising:
i) provi di nggrT g Fggﬁr?égcg{(;értﬁldngtft%e e W]e?ﬁlfiocﬁ?oﬁ’llaﬁmé‘hpf’ﬂr'? RyOKKed ase |
under condi ty@psaseonduci ve to the differentiation of said cell into at

| east one tissue; and,optionally iii) storage of said differentiated tissue
prior to use under suitable storage conditions. ldeally said culture

conditions are selected so as to grovide a tissue type, by exanple and not-

by way of |ihvelat iferiher peafeited meshodref thenmsenbog sgids npobhast istomdised,
cardiac), bone, cartilage, . liver, kidney, respiratory epithelium

haenat opoi e fr}ﬁ Sgécﬁgr,naggpggﬂ}a E)ktioﬁ,&(asé)tg%’éélﬁ,c lfuisian. ne. According to a

ei ght h aspect of the invention there is provided at | east one tissue type
or organ conprising at |east one cell according to the invention. 20AUG003

WO 00/ 49138 nPGY £bBROGELSH2d1RetHdds WHe! EEe.APRAHEY M4 0OF a?g,i Hegﬂyiorf the

art that differentiated tissue according
human origin.

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

comprising at least one cell according to the invention.

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

inducing differentiation of at least one ceil of the invention comprising;:

1) providing a cell according to the invention;

i) cuI'turing said cell under conditions conducive to the differentiation of
said cell into at least one tissue; and,optionally

i)  storage of said differentiated tissue prior to use under suitable storage

conditions.

Ideally said culture conditions are selected 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

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



to the invention may have extensive application with respect to
transplantation therapy. For exanple, and not by way of Ii[zt tA@G zma
r epl acem;'n{D @f dgmaged and/ or di seased coronary and/ or ngj rteries;
repl acement "f'd8naged and/or diseased organs ( eg as a r'gsUFBOPPSR| dney
di sease, (cg cirrohosis), diabetes, various autoi mmune di seases);

repl acenment of damaged neurones ( eg Al zhi eners di sease, ParKkinsons

di sease, spinal injuries) or cancer. It wiljg also be apparent to one

i ssues dorivell b cRE R ae G illef i O TR qRERSl ke [ 6P 0ime ¢

ti ssues derived fromt e inventi e

through virus knducrGes8bh rﬂ%ah'&'vé SxtehaveRbOlicAIH With4EHaht gJﬁ‘Eﬁs%'iaﬁtQti&be

i mmuno- conpr om sed state of DS suffers. e provision of

non- exhaust i vetisarppy yF @if eXampld, anderdit \bydwhy @i lantietied, ntplitedesoopiinaged |
fromthe patient has _obvious benefits. Mreover, tissue rejection due to
host cell i mané/orediserrsds caranary katdjor gnaer rstariag: beplasemert fedaoaged c
nucl eus wused in the.cybrid would ideally be derjved fromthe patient.
fequiring the SPUE JUSRARt PIERESd B8 2r 8RS ACHOKUPRY JsPaik, e EUTOSiRet
of the inventi re,i: r.ovi. ( ifion _gonprising at
| east one cel IQ%Pteﬁé%?h\g/ggtaﬁ%%%ﬁ%ﬁggﬁé&g%gﬁ” a%ﬁ%wgzcéa&agﬁg,n%f?%ﬁn or

carrier. In a pgefohlepskrerdioaiseR PhriQhsdriedibensentpinn) flided)NG BRRUE 11§ will

conposition is “provided for use in tissue transplantation. According to a
tenth aspect odlsbhee appament da ¢rieeskilled iorthei aiedhat disthod fuzht 42 AIDS may
conditions or diseases requiring transplantation of tissue conprising; i)
provi di ng at | Berafilofem | Gege tisspes sleriyedakiort dbe deslls ©6 thieinvsution g“rh,e

surgically introdugin id ti,ssue type.or organ to a.patient to b
Created: and -Brblonas s TobRuLlISRNEh M elusfRRAG i ey miios sbriipuse
patient under gandifiQps; Lﬁl@—&frﬁ?ﬁ%g&?bt‘é% bR ARR QRGP ANCE siSR? o
transpl anted tissue by said patient. ;
non-exhaustive supply of T-cells derived from a non-infected somatic cell
from the patient has obvious benefits. Moreover, tissue rejection due to host
cell immune responses are likely to be negligible since the somatic nucleus
used in the cybrid would ideally be derived from the patient requiring the

replacement tissue or organ.

According to an nineth aspect of the invention there is provided a therapeutic
composition comprising at least one cell of the invention including a suitable

excipient, diluant or carrier.

In a preferred embodiment of the invention said therapeutic composition is

provided for use in tissue transplantation.

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

conditions or diseases requiring transplantation of tissue comprising;

1) providing at least one tissue type or organ according to the invention;
1) surgically introducing said tissue type or organ to a patient to be

treated; and



According to a eleventh aspect of the invention there is pr @'b?@ile m
conpri si ng: mﬁgulseast one cell according to the invention; | J PO ith
respect to the mmintenance of said cell in culture; and.. 'TptiGRY4IPS?
factors required to induce differentiation of said cell to at |east one

desired tissue type or organ. An enbodi nent of the invention will now be
descri bed by exanple only and wth referepgce to the follow ng tables and

fi wher ety Tad.@ ry. Of h EC . cell i
nd some of ChY chareBter et PR T ariies Srokihs MIReR B8 cdrgifinae e

and sone of t characteri st ;

Tabl e 2 represents aaceptan®d ¥f &fid tR8spTuhiciaidle $9/dajd 'E&@&]Iused; Figure 1
shows various human teratocarci noma-derived cel 't nes. The characteristic

enbryonal carcinoma (EC) norphol ogy of several human EC cell |ines derived
fromtesticular (a:e) and extragonadal (#-g) teratocarcinomas: (a) 1156QCE,
(b) TERA-1, (&rceifBag e gharmh @epect1gfz eniioh ) theed 8K, proyidedCa@ Kit Bar
= 50pm Figure 2 shows | ow cytofluorinetric analyses of surface antigen
expr essi on b@oq]ﬁ}élsmﬁmﬂ stop qqllnéc‘%‘ir(ﬁl?rt%);mﬁ%ﬁu’r@egtlgﬁb\)\ss'ﬂuc’flons with

differentiati ] : i d_b alteration in
growt h condi tli%cg)ﬁgét ?‘g%%i‘@ﬁg@gfﬁ fg?éée%agtq A fg'gH%g’r a’?é’ Qﬁ}lon?ﬁbs e o\
density); (b)regpoetasdagdscelifff@emiiiont O8] R r&nQf
1156QE; (c) aegul ture of CSuSla cel | éogla%g%égge%ﬁ?fv;/%glk h?gél{éf%%ﬁﬂ%%ﬁé §p8
cul ture of 00i4®ga8. PCZPBAO 9922003 18 1777NRp differentiated cells

derived from 1777NRpnet EC cells by repeated passage of |ow density
(Bronson et al 1983a), Bar =50pm and Figure 4 shows diff.erentiation of

TERA- 2 derived hupman,.EC cells: .(a) . NTERA-2 c| DI human EC cells; (b)
parental TERA™2 C&{ﬁ"ﬁ?%}(f&ﬂ@f&ﬁ; ﬁ‘é}V%“tWé‘d“’ﬂéP@Wege gesebeshby saammds @ef}! end(c)
neurons and Qf, j ' : I Sg Ln.cultures of NTERA-2 cl
D1 cells foll oj\?mﬁES&:I%%%:@{%E%émﬁétﬁmcgedahfesae[nd fiflites Wierein;

Table 1 represents a summary of the human EC cell lines and some of the

characteristic features of said human EC cell-lines ;
Table 2 represents a summary of the murine EC cell lines used;

Figure 1 shows various human teratocarcinoma-derived cell lines. The
characteristic embryonal carcinoma (EC) morphology of several human EC
cell lines derived from testicular (a-e) and extragonadal (f-g)
teratocarcinomas: (a) 1156QE, (b) TERA-I, (c¢) SuSa, (d) 833KE, (e
1777TNRpmet, (f) 1618K, (g) NCCIT. Bar = 50pm;

Figure 2 shows a flow cytofluorimetric analyses of surface antigen expression

by the human EC cell line 2102Ep;

Figure 3 shows differentiation of several human EC cell lines caused by
alteration in growth conditions: (a) 2102Ep cells placed at 10° per 75 cm” flask
(low density); (b) spontaneous differentiation of a few cells in a culture of

1156QE; (¢) a culture of SuSa cells passaged by trypsinisation; (d) a culture of



retinoic acid (Andrews 1984); (d) non-neural differentiated NTERA-2 cl D
cells induced by exposure to hexanet hyl ene bi sacetam de_ ( B%%ﬁz re -
5 shows het g?lfﬂngyons obt ai ned by fusion of 2102Ep cl 4D3 cells ..
and the human T-cell |eukaemi a cell |line, MOLT4. Several heterokaryons

containing 2 and 3 nuclei can be seen in this field. (Bar = 50p.m; Figure -
6 shows cytopl asts derived from NTERA-2 cl18Dl human EC cells follow ng

enucl eati on WiTR7sPeTRk@RidleBeells HETRD RGN YOG RRIS Get | ) rehb@k)
has been incl uded inrpt he field ?%r conparison; and igu%?ceg%g&sméég%

anpl i fi cati onpafsa@etof lofRNAnitw (Besunen aECI§3a)sBaRES O gelahd( t hynocyt e)
het erokaryon. Materials and Methods Preparation of Mouse Thynocytes The
t hynocytes were obtained by mincing a thynus renoved froma 4-6 week old

mal e nouse L SS_sfrain) and.suspendin | eased cells in 10 m

ot um ( DVEN TR S0otepsc AT arRetian i £hRd 2 Arngs ramen nCT oplle2. @)

m nutes to al rge,fHag t t t,he super natant. was
renmoved and cm@u%:% 121? E@’%ﬁr%@] ;%pr{@;ﬁ% ﬁalfegE%engfd‘"?hgugﬁgepeﬁi’S@’d”g
00/ 49138 2 0 Al YARHBETH FOGHA0R2 ELD ce bV EyGihpsns 0 Jhoragyd-&ni 48] ©
resuspended in fresh nmediumw thout FCS, and pelletted again by
centrifugati ocgllst hiisingam celpeas ed NTERRAM o iDE @il ebllowib GRdutdien 6akl S

were resuspended in fresh serumfree nmedi um and count ed. uman EC cell's
wer e obt ai ned'SBRoLG Pl (fingewen 384 )c 6bf nermeural | differentiated PR A Iy D1

descri bed (Andrews et al., 1980; 1982). After washing t tinmes in serum
free DVEM anﬁeIE‘dHﬁP?‘?@?Y %Wsﬂfﬁr@i}l@a‘%@ﬁwgl\%}l@%%@%ﬁ THe:MYpuse
thynmocytes in a ratio of I EC cell to 10 thynocytes. The m xed cells were
pelletted by centrifugation at 1500 rpmfor 5 mn.

Figure 5 shows heterokaryons obtained by fusion of 2102Ep cl 4D3 human EC
cells and the human T-cell leukaemia cell line, MOLT4. Several
heterokaryons containing 2 and 3 nuclei can be seen in this field. (Bar =

50pm);

Figure 6 shows cytoplasts derived from NTERA-2 ¢l DI human EC cells
following enucleation with cytochalasin B. A remaining nucleated cell (top

right) has been included in the field for comparison; and

Figure 7 shows PCR amplification of Oct4 mRNA from a human EC x

somatic cell { thymocyte) hcterokarydn.

Materials and Methods

Preparation of Mouse Thymocytes

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 ml
medium (DMEM) with 10% foetal calf serum (FCS). After standing for 2-3
minutes to allow large fragments of thymus to settle, the supernatant was

removed and centrifuged at 1500 rpm for 5 min to pellet the suspended



Het er okaryon Fusion of Human EC cells and Mouse Thynocytes & rRﬁEG; g)f
RNA The cel ) 49\@%3 fused usi ng pol yet hyl ene gl ycol (PEG (Ke t ;
The pellet (iIn Experiment 1, 2 x 106 EC cells and 2 x 107"?%%?(9@’9‘1’@75 in
Experiment 2, 3 x 106 EC cells and 3 x 107 thynocytes) was resuspended in
200 pl 50% (w'v) PEG 1500 in 75 mM HEPES, pH3.0 (Boehringer Mannheim and
i ncubated at 37 Cfor 1.5 min. Serumfree Hedium pre- warned to 37 C, was
then added gr aeumbtyteov @teShyinocyEheverelrbsuspen ged hﬁﬂeslpefhécﬁ&heﬂnﬁm FCS
centrifugation at 1500 rpmfor 5 mn. and resuspended in 5 DVEM wi th
20% f oet al carpd psilgied Hgaie byeqelmm@g@npnentms atasdrepetizdaa 'E%ond‘ hmaakaﬁad

pl aced in a hu ified jncubator (10% nar) at 37C for 2 days.
After 2 days, “{rpd& e cst %éf&%d’eé'é‘meéldﬁgo ig fa%%ﬂi BRURY Irepnmedimi andhgountedc hed

[ 1 h
PEPC ¢ rat ed TRt EC Vel RS TRURRR wh JNaARRARtoR % hoRTReicmsecs nt o
Tri reagent ( re%ﬁslﬁi_@eéé%e@t@%r@}‘éu@%rgzmi%@* l%}]ﬁe Sl r(‘\%shg?%mﬁ‘%mes in

described in Sigma Technical Bull'etin MB-205) ol ate

quantified bysapti &k DNERNS, tandneaaitirggreht huaneh B calisenge @ixed with the
cont am nati ng DNA was determ ned 00/49138 20AUG2003 PCT/ G800100582 20 by

PCR usi ng P- aBYouge spmpiPREs pa iamatie ol f&b&ﬂl’itte dathynescytyv k dirmmetedadells
1998). If free of e RNA_was. t hen r RTPCR anal ysis of Cct4
expr essi on. %H%F‘%%quclé}f F@Hﬂg‘fga@é)matflrsg) IIH ®f E@IR. Mouse Thvnocvt e

Het er okar yon In one experinent (2102Ep with thynocytes), a control was
prepared, consisting of cells treated as for fusion except that the

i ncubation with PEG was omtted - thus it was anticipated that no 2102Ep X
t hynocyte heterokaryons would be formed. I n another experinment RNA was

i sol at ed

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

The cells were fused using polyethylene glycol (PEG) (Kenﬁett, 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 10’ thymocytes) was resuspended in
200 pl 50% (w/v) PEG 1500 in 75 mM HEPES, pH8.0 (Boehringer
Mannheim) and incubated at 37° C for 1.5 min. Serum free medium, pre-
warmed to 37° C, was then added gradually over 5 min. The cells were then
pelletted by centrifugation at 1500 rpm for 5 min. and resuspended in 5 ml
DMEM with 20% foetal calf serum. These cell were then plated into a T25
flask and placed in a humidified incubator (10% CO, in alr) at 37°C for 2
days.

After 2 days, the non-attached cells were aspirated. The remaining attached
cells were harvested by trypsinisation, and washed two times in DEPC-treated
PBS to remove the serum. The pellet was then resuspended into Tri fcagent (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



fromthynocytes al one and also froma nouse EC |ine (PCC4 azal, clone 3),
to provide further negative and positive controls for nousé ¢AUG 200
expressi on. %4DNA was then produced fromthe sanpl es usi NgrPLEVRLHGRSS2
transcri ptase (RT) (Wakeman et al., 1998). PCR was then perforned using
ol i gonucl eotide primers specific for human and nouse Cct 4, a marker of
pluripotent cells wunder the standard PCR gonditions described in Wakenman

et al. (1998) w an anneal i ng rature. of 61C. These products Were
Then subi oot ot BERaTREE Pomir e BPRRGPRRES i 80P A SN SeaRArcest &l by

et hi di um brom st e R
fragnents was @?tggr%ﬁﬁleg Qﬁrﬁﬁ L{hg @f‘ %A%ﬁf&&{ fq%%ﬁg‘éﬂ]g&%yngﬁl Fréfcgd'for
human and NMDUSKpEEsich, Anneal | n GenBank Accession SpeC| esg Tenp
SequenceBpNo. and priimer C)location Human6l. 4573X52437

Forwar d5' - cgaccat ct gccgctttgag-3' 120- 139 Reverse3' -ccccctgtcceccattceta

5' 534- 515 MouetR .MApHiddatbSAF (e \iRe el H u:fhe T & DYOReAINAS dvee Betdfolca?Béh
Rever se3' aggggccgcagcttacacat-3"'937-918 These priners were designed using
the PrinmerSel ect nodul e of the Lasergene suite of programs (DNASt ar Inc.,

USA). Th i d e 4 0
AUG) 2003%3223@3@%2%@@%0@@%5 £ gﬁﬁoggﬁ()?) ' cel %Cym{‘nu% %’bmdz
~cytopl asts’ apfsiskas mm.eﬂ@tt?eat@d as MoPifu§i6h | skcept M€ tRé Iﬁ&iﬁaafﬁﬁ it pess t hat
is enployed in our nmethod for producirng Re-

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 expression.

c¢DNA was then produced from the samples using reverse transcriptase (RT)
(Wakeman er 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 ef al. (1998) with
an annealing temperature of 61°C. These products were then subjected to
electrophoresis and separated DNA fragments detected by ethidium bromide
staining (Figure 7). Molecular size of the amplified fragments was determined

by using a lkb DNA step ladder.

PCR Primers for human and mouse Oct 4

Species Annealin | Sequence Bp GenBank Accession
g Temp No. and primer
49 location

Human 61.4 N teccsoitiann.d’ 33| x52437

Forward ; -ogaccalcigeege gag‘s, 120-139

Reverse -cccectpteececatfecta- 534-515

Mouse 60.4 . , 415 | 711899

Forward 3,-gtccgcccigcatafgagttc— . 361380

Reverse “agggBccprageliacacal- 037-918

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,



Programed Enbryonic StemCells (RPES cells) is the use of ydiAUE)m

to generate oY ﬁ% eated EC ceI ls (EC cyt opl asts) as the cyt J and
“kar yopl ast & ? so called 'mni-cells') fromthe differentiHFEMNYPESZ
commtted cells as the nucleus donor. Cytochalasin Bis well-known to
induce cells to extrude their nuclei (Carter, 1967) and has been enpl oyed
by numerous authors to induce enucleatiolof a wi de range of cells of a,
vari ety of species including both nmouse and human cells (Poste 1972;
Prescott et al 1972; ol dman et at 1973, nght and Hayfllck 1973; Ege and
Ringertz 19748RUCigadlo ells ) vie 2sts’ andcikasnoplasts’ o minswets’. i n a
cell lacking a nucleus, but is ot hervm se intact and viable for a nunber of
days (ol dnanOet af thdgé’&jmqtltmﬁwemummmyed tebls rhethedbenpeabed Re-
anucl eate cells (Poste 1972) or _cytopl astséVeorrett et al 1974 The

nucl eus t hat- P@%&WEW%W{C@C%@? Is t BPAiheelts)inthe usw%ttytoyh&ipmasﬁ%n and

Rarvopt et o o YRl SR BRI b RS SbLAR) S e bt e L;gd
1975) . Enucle% ERRI8G OS5 daich} Shihiaeh D) WEAPHRShTre LKA SRR AT

be achi eved by establrs nlque

to a plastic ghllgcasatte hiwiens Ql@n@if/efcyéoﬁﬁﬂlaﬂim(BW]QW&NWﬁ't@%hHucé?’cbﬂ %o
centrifuge tube and centrifuged; the cytoplasts remain attached to ?1e

pl astic di sc,exthidee théie mumigiofCastrs HH)paid diasdbedn ehplbpéd iy ehimdious
centrifuge tube (Prescott et al ,1972). Alternati velé cells in suspension
a@

may be cent r?}“m@écfot BAEGe wnack@éhgmtog? %W&%ﬁ wnege efeallsa0f ¢ veoispostapeties
Ficol I, t. hal B | 1975). In thi

case. cy583| B AR ORRE ee nbiial oot Eocte 5! wéew)eqteal“f Sani
di ff t ' d
Gescri bed by By SoRln PRI, COTidth i SRORIGY 187%, Rie i RApRO, TRAAR
pl astic di sc Wgler iandeW edsweier1 9d550l sudhoenmegucﬁpgémtSZmOaAéélﬁIé’&Qﬁf%[&

00/ 49138 PCT/ G 800/ 00582 cytochal asin B, in phosphate buffered salin
cont ai ni ng 10clatsabubisvitherwise 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
retains a thin rim of cytoplasm and is surrounded by a plasma membrane;
thesé structures have been called ‘karyoplasts’ (Veomett et al 1974) or ‘mini-
cells’ (Ege and Ringertz 1975). Enucleation of cells to yield both cytoplasts
and karyoplasts may be achieved by well-established techniques in which cells
growing attached to a plastic disc are inverted over a solution of cytochalasin
B in a centrifuge tube and centrifuged; the cytoplasts remain attached to the
plastic disc, while the karyoplasts are pelleted at the bottom of the centrifuge
tube (Prescott et al 1972). Alternatively, cells in susp;ension 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.

Using the method described by Prescott et al 1972 NTERA-2 clD1 EC cells

growing on a plastic disc were inverted over a solution of 7.5ug/ml



serum in a 50 m centrifuge tube, and centrifuged for 30 mnutes at 12,000
rpmand 37C in a J2 Bectnman Centrifuge using a JA20 rotor. tme

wi t hout nuchﬁ remain attached to the disc. Occasional cel t

escaped en "£dtd on al so remain, pl ease see Figure 6. AftCTreeEvEE32 by

i ncubation overnight in nediumw thout cytochal asin, the discs were fixed
in methanol and stained with haematoxylin and cosin (Bar - 50pm. Methods
for conbining (fusing) the cytoplasmof onexell with the nucleus of

anot her. The hads rgat.j I, Ghe: | Si1; LNg twe,0or re cells
of different ”gciyi gi nlsgsﬁ‘)ggét ﬁ&h%&g@{é&ﬂf#ﬁﬁi %élggb%(:j@ Iggnga\rll@/\?vi %garqygﬁ‘ﬁ’@\ﬁn.
For a revi ew ofserurheinc@rovomil YekigHdg et e den d ass fupan fe e dhinkidsus: | nguged
cell fusion, or cell fusion inducéd by polyethyl ene glycol (nPE(_%), see
Kennett (1979) 1pBr ked 13y, Crinxt U2 3easinapeCkatrifoge using s H&20 retbrt 0 Fyussiagise
i ncubated with a6 fusogeni c agent, such as Sendai virus or PEG often with
centrifugation %Fho%ﬁpgg’é ir‘?fﬂalflc?tf@ﬁh@fm%g@ gisamprosgsignal eslbssbanbpes esdapad of
the cell nenbr anyari ab - SUC s tine, tepperature, cell . :
concentration gﬁgélr, %%%rgéﬂrﬁ%c‘leggaé’?nPl@%%:né%%ﬁ% rieoﬁpdlg"ﬁef)ﬁ?dr%e%&’yf greubgipn
cel | conbi nat i @RernfghtepamBlRinP iviffluk cyfcébﬁia%iﬁ,other&Q&C%P@g%{e%@r S arlot
presented in Figure 6. Cell fusion waS carried out using Polyethyléene

G ycol 1000, aandemiiddoeithhyekiemielih ahA7dsin BRA 09da) fusion, the cells
were seeded into tissue culture dishes, and incubated in fresh nmedi um
overni ght. They were then fixed with nethanol and stained with

haemat oxyl in and cosin. Several heterokaryons containing 2 and 3 nucl ei
can be seen in this field. (Bar = 50pm. 2 0 AUG 2003 00/49138

PCT/ GB00O/ 00582 23 These techni ques have al so been shown to allow fusion of
Cytoplasts, e RPARSYs oo SMbRGHS ALl UGS BN UF LERI Ahich b
(Poste and Reeypad®het ; Ege

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. An example of cell
fusion to produce heterokaryons is presented in Figure 6. Cell fusion was
carried out using Polyethylene Glycol 1000, as described by Kennett 1979,
Following fusion, the cells were seeded into tissue culture dishes, and
incubated in fresh medium overnight. They were then fixed with methanol
and stained with haematoxylin and cosin. Several heterokaryons containing 2

and 3 nuclei can be seen in this field. (Bar = 50um).



and Ringertz 1975; Ege et a] 1973, 1974; Veonett et al 197QEDWA!SG;%M
Hayf | i ck 19724 %Pay 1977)). Another technique that is now I hed
and wi dely W&8&¥% or inducing cell fusion, "electrofusion PCT/RBENYES?

passi ng short electric pulses through mxtures of cells (Neil and

Zi mrer mann 1993). Production of RPES cells The production of RPES cells
requires several steps: 1. the selection aof3 appropriate differentiated

cel I's (the NugheustechaRales 1ﬁm€,auofbéa@p§ﬁﬁﬁmandw fh§9hi‘$ﬂ\:;3f'fbﬂfast§£&§ﬂe ared
nuclei, 2. the selection of EC cells (the Cytoplasm Donor usi on
of the differbptdyadethlash|B nndhadd enutdiedttom, EGicetlicde calid ordkarybplassraisal of
the EC cell nucleus, either before or after fusion., The production

t echni que nay,erlﬁe%c%%@%@lasmeBolﬁdpﬁ%éauwatmre(i’%tataﬁéinileew h%fé Ege
differentiated t ora ff |at d
cel I/ EC cel |W‘ﬁ?&&%?‘6dh¢c}t§ Egy Fhaﬂ‘é%usﬁ% Tedhdt et g.i S e ted
to, inhibit to enhance the ability of the
differentiat ce)l(r—iﬁgﬁﬁ? nucI Hhéjﬁ)ﬂgg re-programred. After the production of
the RPES cells additional nmethods are required to propagate the cells, to
characterise their properties and to induce themto differentiate into

required somatic cell types. 2 0 AUG 2003 00/49138 24 Differentiated cells
to be used asANQ&@atﬁclmmuﬁéhnm/mwajbsgabhshedrg& radele wiedsfomdnileciogl | s

derived froma i Ssue, or or an of. an adul t human, or fro
enbryos or fo‘é‘{iﬁstlé‘é’onor P‘F‘a BB Passing ggggs eLe&gp]c e&“@%ethfough
trophobl ast q K of nuclei, for

repr ogr amm ngIlil ))F/}%%% o eI ﬁ%@?%ggglgﬁ)cl ude but are not limted to
t hynocyt es, peri pher aI bI ood I yrrphocyt es, epidermal cells such as fromthe

bucal cavity, cunulus cells, or other stemcells isolated from bi opsies of

Production of RPES cells

The production of RPES cells requires several steps:

1. the selection of appropriate differentiated cells (the Nucleus

Donor) and, if necessary, the isolation of their nuclei,

2. the selection of EC cells (the Cytoplasm Donor),

3. the fusion of the differentiated cell nuclei with the EC cells, and
4. the removal of the EC cell nucleus, either before or after fusion.

‘The production technique may, in some cases, be optimised by pre-treatment
of the differentiated cells, or contemporanéous treatment of the differentiated
cell/ EC 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.



various tissues, such as the bone marrow, the nervous syst

The technique may al so be applied to various established ﬂﬂammﬁoﬁ&ch
as those déPF%é# from various tumours including, for exanPE®GBpUOSFIOL
limted to | ynphobl astoid cell lines. The selected somatic cells used for

the re- programm ng procedure maybe used directly upon isolation or they
may be cultured for a short tinme before farther manipulation. In sone

Lnstances SuclpiQRthfed el Pulia FORBERGY BBhbES! yb\éw th EC cells as

t hem for exanple us t h di d
orohy orher mokHEES T SRt M?féfﬁ%@%@ﬁ&i Bis0e & ot ?rﬁ&d% v
establi shed mcrq '&uh@ﬁl or Fffcf?ﬁ o C@%F & rdhess est@abh EQEQe onic

fractionation prog%gures Ea’rent s to be used as Cytopl as Donor s

A | arge number;sghieFsudiehd tHel MEphdving dreek isaolmaede fusedaswresurce of nuclei
t erat ocar ci nomas, whi ch occur predom nantly, but not exclusively, as

testicul ar gerfor otq:lrbgltaum)u@ Piianipr semetic agHitypes @Chlﬁit?dwtm‘,e oel limitedds ar e

shown in Table |I. Simlarly, EC cell s derive eratocarcmo s of
Pho T abor at o VhHEGSHERap e Hic6 BOOH HEINNGeH an G HEET AR Fob s EHT )

Exampl es of avei | abl o, ouse, 6C £al) L 0As, angns L0 00t -2 bidf 5 EC

cell lines ha/& from any Bt her specl es, ey were

derived in t h%h%%ﬁsu&% YRl 55 BEtosE BdreowBle $AOYLSHRLE HRNAY ut NTAe

manner sinilar to the existing human and nouse EC cells which ré&senble
or, : ~ anot her .techiligise nragwdlyo bedpplied t&E@acielk estdblishéd ceB gewisesychozs fhosm
human or nouse 00/491 38 2 0 AUG 2003 PCTI CBOOQ,00582 25 sources,. shoul d
al so be abl e tdsTivegr HgmamMarORs duBWUr B tiBeiLdMS, sfaroexipries s gk linggad tP bed

Fecogni bed” by (HTEBRBIRE] o briFSat s SEiTSied 1 HETGEe oG v i dRe g5 sen

Figure 1), thej b @XRhARSHRehrel ey BRI hseBUit&GH upon isclation or they may be
cultured for a short time before further manipulation. In some instances such
somatic cells may be combined entirely with EC 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. For
example, nuclei may also be isolated using established micromanipulation

procedures, or other established cell fractionation procedures.

Parental EC cells to be used as Cytoplasm Donors

A large number of EC cell lines have been isolated from human
teratocarcinomas, which occur predominantly, but not exclusively, as
testicular germ cell tumours. Examples of available human .EC cell lines are
shown in Table 1. Similarly, EC cell lines derived from teratocarcinomas of
the laboratory mouse have also been derived and are readily available.
Examples of available mouse EC cell lines are shown in Table 2. To date EC
cell lines have not been described from any other species, but if they were
derived in the future we would anticipate that they should behave in a manner
similar to the existing human and mouse EC cells which resemble or= another.

Thus, newly isolated EC cells of other species, or from human or mouse



antigens SSEA3 (Shevinsky et a] 1982, Andrews et al 1982, 1%%&), @éggﬁ 3
SSEA4 (Kannergj'91 t al 1983, Andrews et al 1984b, 1996), and A g
TRA-1-81 (Andrews et al 1984a, 1984b, 1996), and typi cal | yPE&}/QBEHp0S32
expression or absence of SSEAlL (Andrews et al 1980, 1982, 1984b, 1996)
(see Figure 2). By contrast, nouse EC cells typically express SSEAl (Solter
and Know es, 1978) but not SSEA3 (Shevinsky et al 1982), SSEA4 (Kannagi et

al 1983) or TRArdessGHouldTRAs be Abld dndruwgrah dffeld8tadd cEBREES Gakls

| i ke mouse EC cells express high | evels of al kaline phosphatase (ALP)
(Bernstine etdegcripedan iisgnppeasétoniumesand menseHeCazgdle. of human EC cel | s
nost ALP activity is due to expression of the liver/bone/kidney isoform

whi ch can  beHdshacEEdcal earcht resdiif Ao gankiasna ompRAGhaNF feaﬂ}rﬁlaﬁtes
TRA-2-59 and  TRA-2-54 (Andrews et al 1984c). I'n common wth ES cells and

prinordial dachdedihely, mpphadbly (atesbigyrpi Qalthsir expressort hé the ael$ cuifatkon
factor Cct3/4 %Rosfa%'é%g 2&% Ri zzino 1994: Brehmet al 1998). Fusion of
parental di f fEFBAET & iSNEVIRSHY FArant U2, ndEmss et @l iP8Rd 1 IRPESI226), s
Several neth Y ed. 10 { e the cyt.opl.as an el | and the
nucl eus of a%g&ﬁ‘ggr(ﬁat%ﬁgglegt %:le1 W%ﬁsf‘a eaEnEX Ii%%@c?ﬁ?é?wﬁ%%ﬁél?ﬁ%%%r
enone of th pif enenpl cal b ot E | ., A

g TRA [@letinatégs col ] DISs ol 1086, G096 anft (SRbLS,THY RSy

fused by use of chenical agents such as’ pol yet'hylen

viruses such expreSeiaabr wbseise of SSEAHREAnde e cladCIIsc 198 Rl bt hp%%gh a
m xture of cells., As discussed above, these nethods 00/ 49138 PA, 10 AUG 2003

26 are wel | (Kifolguand) mady bentraddmopsa il icells tyHesBy maphao sSR! l{Soltased
2 i 1 or ent | 2pA TSR TR e B AT nsvinafuict edrioke) s SRAE dRiannpeh one
or more cytop} asy9ss5AraFRA-169"br TRA-1-81 (Andrews et al 1984a). Human EC
cells like mouse EC cells express high levels of alkaline phosphatase (ALP)
(Bemnstine et al 1973, Benham et al 1981); in the case of human EC cells most
ALP activity is due to expression of the liver/bone/kidney isoform which can
be detected as a cell surface antigen by monoclonal antibodies TRA-2-59 and
TRA-2-54 (Andrews et al 1984¢). In common with ES cells and primordial
germ cells, EC cells also typically express the transcription factor Oct3/4
(Rosfjord and Rizzino 1994; Brehm et al 1998).

Fusion of parental differentiated cells and parental EC cells to vield

RPES cells

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

genome of the differentiated cell but not the EC 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



EC cells, or 4. a karyoplast froma differentiated cell with one or rmre

cytoplasts isolated fromEC cells. P In cases (1) and (2), mz’ug @jg
initially beé0d%13&t er okaryon containing two nuclei, one fr & @ en
cell. If this heterokaryon were allowed to divide the result would be a

hybrid cell containing a single nucleus with a conplete or partial genone
fromeach parental cell. However, in our thod of producing RPES cells,

the EC nucleus is rem)vcfgi prior o cell é si on .of tﬂ?ﬂ hybrid cell, so
that the derivati verrcd\l nﬁ’é”“cép rB@bLhearteia HY rapplicds bhasy medoge mawe bsf
the parental diffeg s%ﬁtp?%fed cell. In cases (3) and (4) the EC nucleus is
renmoved fromthe EC cel efore fusion, for exanple by enucleation wth

cytochal asin B as discus bove SO at.th esyl ting product contains
only the differentiated @efild1 RLraiatRd %%GWE{}@&SFFQ fPlom t he EC cel |

parent. In any of these cases, the resulting RPES cells that continue to
proliferate retain only Zhe kanyag! esirTgenotiéicodntianed oilf wathemtE@teetl, par ent al
cell, which'is now reprogramred to express a new pattern of gene activity.

In cases (1) and (2) the E&d¢fkientidtldedss) w%m%%%&@%ﬁ&% 156%@&? yon
in one of several ways that include, but are not limtéd'to, part

enucl eati on using drugs subR edlscgt ochal asin B, applied in the sarre manner
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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 EC 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 EC nucleus is removed from the EC 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 EC 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.

In cases (1) and (2) the EC cell nucleus is removed from the
heterokaryon in one of several ways that include, but are not limited to,
partial enucleation using drugs such as cytochalasin B, applied in the

same manner as described above for enucleating EC cells and



the differentiated cell nucleus, in which case they retain t p C
nucl eus andm{g,\%q%énnue proliferating, sonme heterokaryons |ose 2m @WW
nucl eus, in whi case they continue proliferating as RPESPESUBIIEAH sone
het er okaryons retain both nuclei and eventually continue proliferating as

hybrid cells. Several methods are used to select the RPES cells and to
elimnate any of the cells retaining an ECzgell P genone or to elimnate

any cells retaini ngehesh Ilﬁftﬂﬁﬁkﬁu%ﬁ halidias 1 atlee bt QB899 which
re-progranmng. In one nethod, the proliferating cell's are c onelgi by
establ i shed techni ques!dagion. ishyarpied koutgaSemfisos.eddmse hetdrbkarysheriond peti e -
see Andrews et al 1982, 1984b), and individual clones are screened using
genetic markers fofUcHdse MHEED casarlievado ot pjelitaete, Torme|hettrokanyenk ose e

di scarded, whereas.thgsg that retain only.a differentiated cell genope but
not an EC cel | deritf}%g1 %rr?Bﬁ'@EEdaCr‘?gl m&ﬁ%‘ﬂ%&%"ﬂﬁ%ﬁﬁ% %ﬁ%ﬁ%‘@‘b e pirgntal EC
retai ned. Standard IRVARY AN S ' st '
fingerprinting teg:krllno é%;e/‘ﬁ QI((\}Jlotert ft?]rglg)ﬁgsg%u} gﬁHg’Qséj?? ¢ Qggwa%ﬁ&eﬁgékﬁe?ggé%y
be used to identifywuclue} hervHibie case kigar p@ﬂﬂ@tﬁ@g?&lit@fﬁﬁ &4 RIPFTALENY 461 | S
is derived from either the EC cell or differentiated cell parent, or both.

| n anot her net hod, sbefeorksterodanom fragiion bptr t meclei tael B/ aebdllpac@ninues

genetically marked by.jnsertio f.a gene that will allow sel ection
agai nst any cel | c&F&;‘/ﬁeﬁ@mﬂ&éﬁ q‘@’g’rﬁ@* CEldt yeplemetheds mrecesed toaselpe the

stably, st ect ) QINCHELCRRNNS HIF RS BARGY R ol
o b oty oy RERRE, B PATOR: o A LA DOy O
D- ar abi nof ur anosy| faifed tslamdargd Ye-pRograaithinget 1al onkO8&ths@sthe ploldbradng AUG
2003 00749738 PCT/ gg(ljsoérocogl%%eczlsby 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 EC
genome. The latter cells are discarded, whereas those that retain only a
differentiated cell genome but not an EC cell derived genome, and
express an RPES phenotype, are retained, Standard DNA genotypiﬁg
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 proliferating cells is derived from

either the EC cell or differentiated cell parent, or both.

In another method, before use as a fusion partner, the EC cell parent is
genetically marked by insertion of a gene that wilf allow selection
against any cell carrying that gene; for example, the EC cell can be
stably transfected with a vector encoding the Herpes Simplex Virus-1
Tk gene (HSV1-Tk), such that any cells carrying that gene can be killed
by culture in the presence of a number of drugs including acyclovir (9-
[(2-hydroxyethoxy)methyl]guanine) or FIAU (1-(2-deoxy-2-fluoro-B-

D-arabinofuranasyl)-5-iodouracil) (Borrelli et al 1988; Hasty et al



1991), or gancyclovir (Rubinstein et al 1993; MCarrick and Afﬂlemm -'
In this method, follow ng partial enucleation, the renaining t S .
are cul tured®H3fedi um containing this drug, and only thosertRaduddave | ost
the EC cell nucleus survive. O her selectable genetic systens can al so be

simlarly used. Persisting parental differentiated cells that have not
been reprogramed are renoved by cloning-ghe surviving cells, or by

sel ecting RPES cell ‘virtue of .thei.r éxpressj f specific surface
antigen markers t hé? 9itqf?ffc ru%@‘cyﬁf?t“raﬁg“br%%temi ‘?tn"iﬁt @33\4@% argEpmlrews
TRA-1- 60 or TRA-1- S @ a i cteristic markers, of EC
cells. These sane %x]a}rg %Zr Sﬁﬂf}g@g%ﬁ@gg% gﬂg%ﬁ%oﬁ %g{aertﬁlﬁlgls%éanb)[/heE§e[Péinl“§g

derived directly fheterbkdradns arbeyberedTiRoMRANIAt cAHtaihB8EBihiShanP! L4 al
1998) For the latter approach, fluorescence activat eg%gellﬁ soTt |8ltrllg O?IE}ACS),

a widely used et Howef drat deyyar st ne filbswlls notlewel Stisvivan IGahes edleteibk
Andrews et al 1982é 987, Ackerman et gl 199@; WIlliams et al 1988). In
anot her met hod, t h8“REICAYPIGNY AR RS0 REuBHRBE Hr BErd- t o PRIkt peremtal a

drug that irreversj i iV i n and prevents its

r eplgi cation, for eggkn%fgiéﬁgt%gpcgﬁégﬁr%ﬂr %%5 ﬁﬁdn?%?q B?EOQE&%“‘QQ 2t SpBwivad by
Downes et al 1991:idnk eaifh/i 9 ; i - ryan.

Elat urally elimnat ggﬁ"[}k%gl t realt e %%%I’ g%gy-é?{%gi;iﬁgﬁﬁ%%?‘:llg‘gf S/:irgﬁegﬂ?(ﬂgeg t hat

the resul ting diviekmgsgeh lofppetifiatsupfacoahygeoniakas thieincBaRoFa: 48 hyed

fromthe parental differentiated cell. This approach nay al so be conbi ned
with the precedi nglimigdt fal SERAS eSVEHA, FFRAREHEr Ok aFRAnE8 lapsr distsseal

ensure conplete loss of the EC genone., In he hod, after cell fusion
to produce a het er%ﬁﬂ?ﬂ? atr@‘:ge 1C E’@Fl’}erﬁQ?%&,ge{%%ﬁmm@@amers have |
m cr o- mani pul ati o . - Lcak,.vi.ral . or electrical i nduced
fusion, the nucl gljjeséﬁo?ﬁf{ﬁg?%ib%f e é%sgp(g{%dé (g:e(ﬁ\ﬁlsi@ré\%gbﬁ%ﬁ%cgfyvﬁf)ﬁl hﬁnﬁé cel |l
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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 EC 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 resuiting
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 ‘partiai' enucleation of

heterokaryons’ approach to ensure complete loss of the EC genome.

In another method, after cell fusion to produce a heterokaryon, the EC

cell nucleus is removed by micro-manipulation.

B. Rather than chemical, viral or electrically induced fusion, the
nucleus of the differentiated cell is combined with an EC cell parent by

micro-manipulation. In this method, the nucleus of the differentiated



2 0 AUG 2003 C /3@B00/00582 29 cell is withdrawn using a
inserted thypyghs the cell nmenbrane. It is then injected %é@%%}é
inocul ated EC cell, or into an intact EC. In the later ca Tel |
nucleus is then renoved by.a simlar technique, or by one of the

t echni ques descri bed above, before nuclear fusion and cell division
occurs. Growth and sel ection of RPES cel | %ol | owi ng fusion to conbine a
differentiated cel kelant aritiECawel lusingnia mipropipetter irsahisdquienugh e ey ale|lof
the EC cell nucleus, it is ece sary to pr.qvide appropriate condltlons for
t he re-progranmi ngnt?fm?rﬁ@ed ?Féﬁ@?\t‘%&??ﬂi GHI9r InHu@n é‘EFéCUé@\T@dea@ aefleor into
subsequent prolife th ul £ ng Sev are
used to enhance thégté ??tciﬂe:nélﬁg‘%%ﬁ%rp?%s& gﬁﬁﬁﬁfucbeﬁsdﬁ%@%n ffifg?%@dgh
differentiated cel i SREC ion
in the cell eycle, Elgf}mgstgghcﬁﬁirjéevg% %}ﬁgcg}lfttrp{% t%:?i?rgg\s%% Eeg&arreélfé‘%hgggéer I
cycle at specific stadgasfu§mngnd ceibdoddgioh@kccur by the use of conditions
such as low serumto arrest <cells in Gl, or by selection of cells at
specific stages of the cell cycle by using vital DNA stains and fl ow

m crofluorinetry (Fluorescence Actl vated Cell Sorting) (Ashihara and .
Baserga 1979; ) man 1995; Stein et al 1995). 2. the
di fferenti at edL Lo £9sS on product is cultured in the
presence of drugs that |nh| bi t rret hyI ation or pronote denethylation (e.g.
5-azacyti di neﬁiﬂ? vigg fnaidnoio eerdbinsne differratiateionds 2498k ERestibs veith akior

1986), or alter the structure of _c ti exanpl e .butyrat e,
sperm ne, tri¥h8LpSeAPFRiATIROYE aph ‘?10}*‘5@ I ri”ﬁ?ﬁ%i ot dequeweysaay i ionprotdde

pronote acet yépg;trér)_'@natgf c&ﬁ {18H§Sfo m@%@g@%{)%@%lﬂg & 'fe dff?erentlatcge cell

i nactivation Mprinting an
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 EC cell are synchronised
with respect to position in the cell cycle, by use of reversible
inhibitors that armrest the cell cycle at specific stages (e.g.
nocodazole), or by the use of conditions such as low serum to arrest
cells in G1, or by selection of cells at specific stages of the cell
cycle by using vital DNA stains and flow microfluorimetry
(Fluorescence Activated Cell Sorting) (Ashihara and Baserga 1979;
Andrews et al 1987; Crissman 1995; Stein et al 1995).

2. the differentiated cell or the immediate fusion product is cultured in
the presence of drugs that inhibit methylation or promote
demethylation (e.g. 5-azacytidine) (e.g. Taylor and Jones 1979;
Jones 1985; Keshet et al 1986), or alter the structure of chromatin,
for example butyrate, spermine, trichostatin A or trapoxin which
inhibit deacetylation and promote acetylation of histones, which

plays a role in X chromosome inactivation, gene imprinting and
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1975; McKni ?&49\%% 1980; Stein et al 1997; Hu et al 199

Pruss 1996;
the renoval of the EC cell nucleus is nade as | ong as possible w thout

permtting nuclear fusion. This period can be elongated by culturing the
het er okaryons under conditions that reversibly inhibit progress through

the cell cycle (e.g. rdpumattbmer BbckxpreSiion NCaldadéra el%%))?aof(/icmﬁ é{tté?ra‘lng

growt h conditions, such as serum starvation or |owered tenperatur t hat

retard cel | division BB80;fem ¢t al 18PV phuastmil 1§98 pWrlffemad Prdss B6;).or al |
conbi nations of these nethods. In all these experinents the cells are

cultured in standand gel peGed toff meeBE@yechh ﬁodulaﬁbﬁdﬁf
restricted to Dul becco sbrmdl fied Eagle's |\Edl um E[E &{??y ucca)%de the

formul ati on) or Hanm sreRial sxippd Eﬁbnt@@uﬂewama&%m on\gn etsfpcfs@x%llﬁkum\at ne
serumor with other additives (e.g. see Andrews et al 1980, 1982, 1984,
1994) . Subsequent to PEUSHBMEHMCIEr pfedeamm higs 'pﬁ@O@]r@W tbeofelongated by

|t [ 1 b d |t d f [ ] hat
el ude, “but are mot SUSRHE RGO d TS SRy e TrkarbibisTo
cells, or enbryonic Igﬂogféggltﬁl% OﬂcneV@éi ggé (I;%eglﬁg 121%' ugp@g é(}léra fﬁésee

Rober t son 1987a; Thomson et al ~1998). C ur e

presence of various 9SG dr E:y’d@lt@ﬂiﬁg(glfo@tm%n&h%ﬁy%u@ﬁ|afsl$(3ﬁuﬁ‘§f$'r€dﬁ’df?§m t hat
include but are not restricted to LIF, FG, SCF. Differentiation o ];he

RPES cells In the beslﬂw@%iastemibﬁam?ES et sremrdum@l pHivisipnt et preppér ti es
that closely resenble those af errbryonl c stemcells, so that the RPES
cells are able to di'fPOREHRIHEE (ARSI nitiate differentiation pat hways
that result in the formation of any cell type that may be found in the
adul t,- embryo or it exyrer asoymbmasicns@iAuGe20etods.

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
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,
or embryonic fibroblasts of various species, including humans (see Robertson
1987a; Thomson et al 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, FGF, SCF.

Differentiation of the RPES cells

In the best cases, the RPES cells acquire pluripotent properties that closely
resemble those of embryonic stem cells, so that the RPES cells are able to
differentiate and to initiate differentiation pathways that result in the formation

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

the period of tinme between productl on of ﬁ@fféfiﬁﬂ(@pgﬂons and ..
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mai ntenancepé)/%gr}gép EC cell state can be nonitored by assayerB\ém
u

mar kers tha de the cell surface antigens SSEA3, SSER&GT/GR&KU05§2 g0,
TRA-1-81, by their expression of al kaline phosphatase and by expression of
Oct 3/ 4, as discussed above, The RPES cells typically retain their stem
cell phenotype when cultured on appropriatalfeeder cells. However, they

can initiate didkfiey eidrmipaopHadesomiNghd. eTHe MhainfnhBbdTBE ANETS cell Bldk can |
renoval from feeder cells, or culture in suspension, followed by replacing

i n the absenceeafiohaectrbicedsay dfrvaaipps oparkatsethtal ssledectietoatlesuf faas keatigens
results in differentiation of stemcells into a variety of cell types. that

i nclude neur enEEARSTIRAGF VRAROWY: sERA 1ol reverfeisparraessor el salkaline
descriptions in obhertson 1987a).. Differ i ati.on_ of uripofe e
ol s e o saboppiars T oy aabissiad, SLPEE e 4RfhSraRogle ARhERRRY el
condi tions af g itchﬁg réid tt%f‘&'eh%/c@l@%hcﬂ&[@@@%ﬁé@@u&&ne@-orﬁ opﬂa&tfeleﬂ&‘
cell densities”or trypsinisation) or exposture to various ents that
include but arejlpot Hesidviee! atley 0cagt imidht: adiffbredidicat hekder I gt ivagieds, of
hexanet hyl ene bi sacet am de, and the bone norphogenetic proteins (see
Robert son 198zacumsihireds. 1984; Andrews et al 1982, 1990, 1994, 1996;
Thonmson et al 1998). The type of cells that arise depend upon the nature of
t he i nduci ng agent, and the culture conditions including the presence or
absence of specific growh factors or other nolecules. Discussion Although

PLUTL POt Nt S o bl g B St S TR SR B, o
oSt B ke o SRIB A BT, LMt
monkeys and huwesits, inatiffenermtiagionf ostedi £&léy aridiavadetyonfadallctypdulthatcimkligichave
2 0 AUG 2008 neurons, muscie of various sorts and haematopoietic cells (see descriptions in
Robertson 1987a). Differentiation of pluripotent stem cells (e.g. see Figures 3
and 4) may also be initiated by altered conditions affecting cell density and
aggregation (e.g. seeding at low cell densities or trypsinisation) or 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 1982, 1990, 1994, 1996;
Thomson et al 1998). The type of cells that arise depend upon the nature of
the inducing agent, and the culture conditions including the presence or

absence of specific growth factors or other molecules.

Discussion

Although pluripotent stem cell lines have been derived from early embryos
(Robertson, 1987b; Thomson et al 1995, 1998), primordial germ cells (Matsui
et al 1992; Shamblott et al 1998) and from germ cell tumours (reviewed,
Andrews, 1998) of various species, including the laboratory mouse, rhesus

monkeys and humans, and nuclei from differentiated somatic adult cells have
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cells by transplantation to enucleated oocytes (Canpbell 3 @A

Wakayanma et 98), there are no reports that pluripote d
resenbl i ng eu%grlégni c stemcells with the capacity to diffe BHEY A nto a

variety of functional somatic cell types, can be produced by the
re-progranm ng of differentiated or commtted enbryonic or adult somatic
cells, or extra-enbryonic cells, without ti¥e use of oocytes. W now

descri be met hoglenbye \Wod&neAtd Yonakldc aitirponiz 6=t @tlsl By defdpradatidn o
teratocarci nomas, can be used to re-program various sonatic,

di ff er enti at ecemeldased opcythéCampbely ohilcl Y6, Wakayarb ey ehil B9 Eelthere wpeso to
a state fromwhich they can then be li[nduced Eo differentiate into. n% or
more functi orf&PORE fthalr BINTIPRIA Steat Icells, JESCPRUPS LePTyPRIS HEM Flbnyihehe

I Il's, . the. . - I: |\ | h
e or ogr anmed GBRFLY "B AIRERDHER) R Hialor AREERRR] ponkeri QB iR R g

Enbryoni ¢ StemGalib&d by (RPES p&@rhBining @5 eiff@nelidyONtSmatiesd etlvkporlerdrved
directly from'early enhbryos, and can be induced to differentiate into a

broad range ofadulingimatiatells, di ttter-embirpdrad ceBs,| withpetsthe at of notytde, but are
not limted to, neurons, nuscle (including skeletal and cardi ac nuscle)
and haemat opoietic cells. These RPES cells are diploid with a normnal
karyotype, and isogenic with the differentiated parental cells from which

L anspl ant at | O AR GERIF BRioR Ay TrER I puprabehsmioRs FEPEEHEE ey eone

cases, only p%éljnal tefzﬁgéé}g{rﬁmsngce&f: CHe Suﬁé& hiof 9&5}%%5?{6%&&% %gﬁét‘i’@}t ion

of several ge t hat are not attive In the parent erenti at

nucl ear donor Gefetentiausd) c6BS. &r 8itRr AnsiryBhicuse dxfradenBrsioaliy cefl fypesetosame
circunstances. An exanple of such a gene is Cct4. COct4 has previously been

reported to bestate Haomcwdidhs theayadanythen greenslage dhyio yhitiiergndiaga intat ene GCmrd ES

cells (Brehm efgmggiéﬁal 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 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 haemata;)oietic cells. These RPES
cells are diploid with a normal karyotype, and isogenic with the differentiated
parental cells from which they are derived. They may be used to generate

differentiated cells for transplantation and use in cell and tissue replacement

therapies.

In some cases, only partial reprogramming occurs with, for example, the
activation of several genes that are not active in the parental differentiated
nuclear donor cell. Such cells are also of use in a variety of these same

circumstances.

An example of such a gene is Oct4. Oct4 has previously been reported to be

characteristically expressed by undifferentiated EC and ES cells (Brehm ez al.,
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of human ECO&%j]L cytoplasmto reprogram .., somatic cells& MNs use
t hymocyt es were tused with human EC cell's, (2102Ep. clone ZERGBAMMRSEWs et
at., 1982) or TERA 1 (Fogh and Trenpe, 1975; Andrews et al., 1980)), to
produce heterokaryons which were tested after 2 days for activation of

Cct 4 expression fromthe thynocyte genone33 Evidence for such activation

woul d i ndi catlé&98notThent fpre. hateshuimaabiES oélhusnar EC edbapoplein te rdiregfam ng
a somatic cell nucleus to an ES/EC cell like state, but also that the
regul atory +3€HWS £¢Hr| glatedr @orsp dby BOF teqowvRien §1356t Wetnhumiiafif BCeatlls,
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EC and ES celafigr J daywibdabieygiopest €ttd hpr&RiGelifom afel @ vhRREAYRAbme.
somatic cells in the same way as EC cells. In Experinent 1, a$ antici pated,

an anpl i fi ed Byadenoesps sbph actomatiomswontt mglicate, hoinemy Ghavdhexpn €3G icefls wes
detected sim|ar]l g i.n RNA gr eparations fromthe 2102Ep x thynocyte fusion
in the presefERARIF MPEEPRERTAIE SABEKCTGR) Brclews ta pe ByESneell dfkerease,

a band
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of nouse Cct dohato télf meckvduldi amidipatecabesodiot that hthegbsange BE et
expression fromnouse thynocytes in this experinent, and the requirenent
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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 b3; 2102Ep human EC cells.
However, a band corresponding to mouse Oct4 (415 bp) was only detected in
the RNA preparation from the 2102Ep x thymocyte fusion in the presence of
PEG, when heterokaryons were expected to be present. The corresponding
absence of mouse Oct4 from the mock fusion indicates both the absence of
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.

In a second experiment, in which 2102Ep and TERA1 human EC cells were

fused with mouse thymocytes in the presence of PEG, mouse Octd was only
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detected as expected, consistent with its expression by 2102Ep or TERA |
human EC cells. In further controls, no na#se Cct4 expression was detected
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However, a simlar sized P and to "that detected in the 21

t hynocyt e fusigprogenml esmusecoiyrespansli ngtht cagtbasienCaif4 Ouds edpissicad bur
nmouse PCC4 EC cells as. expected, In our nethod, RPES cells are created by
conbi ni ng t heSYERISENE fit ofia exficrmesinthait dERA lcovioplesm «od | not HEDMYE! ear
donor), whether from aduC!tsIor Lnrome r%gs @/it4h thec%ito asmfroman EC
cel | (the Cyt BPTSSHEHST) , M UM Wceh TR (LFuVss FETrivb s SsResat:

net hods can b : i : Y rpgﬁga i rated cell
and the cyt opF%@%P%ﬁ]@ﬁ?éﬁgﬁwb?ﬁqbggﬁearmat ogghl?hfgﬁggggll? nucl eus is
removed pri or I dutiidiatdlQmonduie Oaytaphrasionmil ddiectdo naRadAnsieberdd,

and in other methods the EC cell nucleus is renoved after conbination. If
EC cel | s and &iohi srodaied matseshymocyesmat hised Jamfusiprcileweser ausimdiar sived t he

i N g ) N e YO
Col | & i o onbieurontuihey HEuEE GEELERlat, i) AREELALEY D RuSaT ' ©
m tochondri a gfndch@d, ot her species. Especially for the production of human
RPES cells and their differentiated derivatives for transplantation into a
human host, the mai ntenance of a human nucl ear and human cytopl asmc
genorre coul d Ibne o?lrdrini%hior&?tnggg agélgggfe Ellﬂje:rattgc? rEy Egr%%ining the nucleus from a
differentiated or committed cell (the Nuclear donor), whether from adults or
from embryos, with the cytoplasm from an EC 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 EC cell; in
some methods the EC cell nucleus is removed prior to combination of the
cytoplasm with the donated nucleus, and in other methods the EC cell nucleus
is removed after combination. If EC cells and differentiated cells from the
same species are used, then the resulting RPES cells retain cytoplasmic
genetic determinants (e.g. the mitochondrial genome) and a nuclear genome
from the same species. By contrast, embryonic stem-like cells produced by
transplantation of somatic cells into enucleated oocytes of other species will
continue to harbour mitochondria of that other species. Especially for the
production of human RPES cells and their differentiated derivatives for
transplantation into a human host, the maintenance of a human nuclear and
human cytoplasmic genome could be a distinct advantage. Further, RPES
cells that are isogenic with the anticipated human host can be produced by this

technique without resort to any embryo, so avoiding practical difficulties that

may be associated, for example, with immune rejection upon transplantation to
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raiive but not” ~prehensive) Surface Antd'sgen ~i | Li neExpreEéT’S’ﬁOW ence
SSEA-1' +Benstine et al 1993, Softer and Know es 1978 4+Jakob et al 1973,
Salter and Knowl es 1978 3 (NDI)+Jakob er al1973, Salter and Know es 1978
15+Sal ter and Know es 1978 +Salter and Knowl es 1978 [ter and Know es 1978
SUBSTI TUTE SHEET (RULE 26) 2 0 AU G 2003 49 CLAIMS 1. A cell having a
singl e nucl &%, which cell possesses at |east one pluripotenti al

characteri sideC EQNiCen Chpdssndic | Troners N@hideEst he Ginkirhitvd Opdi f hey entiate
into one Obré{enkﬁéﬁt two selected tissue types, which cell

:il Line Surface Antigen Reference
Expression
SSEA-1*
+ Bemstine er af 1993, Soiter and Knowles 1978
4 -+ Jakob er af 1973, Solter and Knowles 1978
3D |+ Jakob er af 1973, Solter and Kpowies 1978
15 + Solter and Knowles 1978
5 + Soiter and Knowles 1978 -
iter and Knowles 1978
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conprises either (i) at least part of the cytoplasm derived froma
enbryonal teratocarcinoma cell, or (ii) a cytoplast froma eﬁowaaam
teratocarcinoma cell, and which cell has its nucl eus obtai r?e
differentiated somatic cell. 2. A cell according to Caim1l characterised
in that said pluripotential characteristic includes the ability of  said
cell to proliferate in culture in an undidferentiated state. 3. A cell
according to Claim2 characterised in that said cell has the capacity to
proliferate in continuous culture in an undifferentiated state for at

| east six nonths and ideally 12 nont hsC4IM§ cel| according to any of
Clains 1-3 characterised in that said pluripotential characteristic

includes the expression of at |east one selected marker 5. A cell
according to Clelai M ﬁetﬁd}adfc‘t“@r PsBFIP Rt eug ai Whisttucepdt eptjedses at

characteri stic liessexpnegsionpotefeidl dharAcesr]s@ccordipg to Caim4

characterised i sai.d sel ect ed rker is a ce]l surface marker. 7_ A
cel | according c{ﬂg&%@&ems *Characters tg% Fﬁl%h{fﬁf Lo GiEfessrtiahs 48ECmar ker

arm 6 characteris
is selected fromethé ot dwpsti bed ush Ing;te8SEAs dud -t)ypeandibf ciBSEA13 (+) ;

and/ or SSEA-4 Liipri@d/Qh K IRAT Ly - 60 165 or -1-81 (). and/or
al kal i ne phospﬁat g!s:le (+)e 50%@0)6366%0(9§?3tA3%e I(-Jfa}?g\r Syﬁ%plgaos)nb ains 1-7
characterised PRT{ReE TX08 @ proFygivtlefeiraroetegiacmer csllc amcliddes t he

presence of tekosprase radhi ¥iédbryonal teratocarcinoma cell, and which
cell has its nucleus obtained from a differentiated

somatic cell.

2. A cell according to Claim 1 chdracterised in that
sald 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.

5. A cell according to Claim 4 characterised in that

said pluripotential characteristic 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
said cell surface marker is selected from the group
including; SSEA-1 (-): and/or SSEA-3 (+}; and/or SSEA-4
(+); and/or TRA-1-60 (+}; and/or TRA-1-81 (+); and/or

alkaline phosphatase (+).



9. Acell according to any of Clains 1-8 characterised in that said
pluripotential characteristic includes the presence of a cl2r @am
met hyl ation pattern characteristic of pluripotential cells. 10. A cell
according to any of Claim1-9 characterised in that said pluripotential
characteristic includes the ability to induce tunours when introduced into

an animal . 11. A cell-line consisting ob0cells according to any of O ains
1-10 12- A cell-line according to Claim1ll characterised in that said
cell-line is of human origin. 13. A nethod for the preparation of a

cytoplasmc part for .use in the production of a cell 1gccor ding to a?_y) of
Claims 1-10 orga g£eldql L in aai 11 o conpri sing; (i
provi ding at | east gdnedlen%??/%%%ﬁ; qJtoergell grgsarglj;r%r?ﬁlrééﬁ?]fls(‘?q JPsépaFating at

| east part of t¥EtWlypraskenframansantetousicofinshideceaie piiebihcd SOl ati ng

sai d cytopl asm&r pallbineafde adifithii@Ral |y (iv) storing said isolated _
cyt opl gsmpc part under suitable s'?gr age conditions. 14. A method according

to Gaim13 characterised in that said cytoplasmic part is a cytoplast. 2
0 AUG 2003 51 15. AAceil haccdwiing epashp B qelihsaccodrding e apy;of O ains

i . I r 12 _conpri sing;
1-10 or a cell ﬂd Qﬁa@cggq&“ﬂy%rggo%ggkigi:%%S%acterist{g)inclu es the
) présence 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 consisting of 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 the preparation of a cytoplasmic part for
-use in the production of a cell according to any of Claims

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

comprising;
(i) providing at least one embryonal
teratocarcinoma cell;
(ii) separating at least part of the cytoplasm

from the nucleus of said cell;
! (iii) isolating said cytoplasmic part; and,
optionally
(iv) storing said isolated cytoplasmic part under

suitable storage conditions.

14. A method according to Claim 13 characterised in that

said cytoplasmic part is a cytoplast.



(i) conmbining at |east one enbryonal teratocarcinoma cell wth at |east

one differentiated somatic cell; (ii) renmoving the enbryo aﬁj
teratocarci noma nucleus fromsaid conbined cell; (iii) cukt rA@Mcell

o . . . . . L] -
under conditions conducive to proliferation and expansion of said cell; )
and, optionally (iv) storing said cell culture under suitable conditions.
16. A nmethod for combining at |east pagt of the cytoplasm of an enbryonal
teratocarcinoma cell with a somatic cell conprising; (i) provi F: .ng(a;ti)

| east part of the cytoplasm of an embryonal teratocarcinoma cell; (iii)
conbi n!ong sai d t@%f“% Red {94y PrePehing 2 |aedst aonerdiinfef épeaty aied somati ¢

cel I; (iii) grouiangssaith cambi red1celhe iftdouhiH o a0d;naPtionally (iv)
stori né sai) dgconbi ned. cel | under suitable storage conaiti ons. 1]';. A met hod
according to A4 16" &Haracterised in that “said cytoplasnic part is

provi ded as a cytoplf@st. tsmbmmmﬂlgaeerdm@gangﬁy&ﬁlm _13 O:)rrgi . cel |
characterised in that sal ast _I.s C [ W sald s .

via cytoplast/somatic ce:t?r%%(gg%rfmf@é ﬁemwgg‘ 5505)?%‘?5@’“@0 dains 16-18
characterised in that saf#féeanidedledcarsainomeedell and somatic cell are

of human ori gin. {(ii} = removing the embryonal teratocarcinoma nucleus
" from said combined cell; '
(iii) culturing said cell under conditions conducive
to proliferation and expansion of said cell;
and, optionally
{(iv) storing said cell culture under suitable

conditions. -

16. A method for combining at least part of the cytoplasm
of an embryonal teratocarcinoma cell with a somatic cell

comprising;

{1) providing at least part of the cytoplasm
of an embryonal teratocarcinoma cell;
{1ii) combining said cytoplasmic part with at
least one differentiated somatic cell;
(iii) growing said combined cell in culture; and
optionally
(iv) storing said combined cell under suitable

storage conditions.

17. A method according to Claim 16 characterised in that

said cytoplasmic part is provided as a cytoplast.

18. A method according to Claim 16 or 17 characterised in
that said cytoplast is combined with said somatic cell via

cytoplast/somatic cell fusion.

19. A method according to Claims 16-18 characterised in
that said embryonal carcinoma cell and somatic cell are of

human origin.



2 0 AUG 2003 52 20. A cell culture conprising at |east. one cell according

to any of Claims 1-10. 21. A nethod for inducing differenti t$3ﬂbﬂ1J§E¥¥
| east one cell according to any of Clains 1-10 conprising;&(¥) g a

cell according to any of Cdains 1-10; (ii) culturing said cell under
conditions conducive to the different%gtion of said cell into at |east
one tissue; and optionally (iii) storing of said differentiated tissue
prior to use under suitable storage conditions. 22. A nethod of Caim?21
characterised in that said nethod provides a tissue type selected from at
| east one of the follow ng, neural, snmpoth nuscle, striated nuscle,
cardi ac nuscl e, oﬁb?eggi?éﬁﬁﬂi§,CPFBE&?lqa dheyeast ey caldr ycegridinsl um
haemat opopi et i cxcelnlyspifsplaieds, 1skbn, stomach, intestine. 23. At |east one
ti ssue type or organ conprising at |least one cell according to any of
Clainms 1-10. -24. A therapeutic conposition conprising at |east one cel
according to ardi-of @bk forl@nidnclnglidiFfarsutiabie ofxat pientt, ozl uent or

carrier. 25. Ackhqr@ggg}&ﬁufqugﬁ§tépgﬂgﬁ&grgiggd&%l%&g&g&?4 characterised

in that said therapeutic conposition is provi r-use’in tissue _
transplantation. 26. Use of at |east one cell according to any of Cains

1-10 in the manuflacture of a rRdveamBta fQ1t BBcording to any of
Claims 1-10;

(ii) culturing said cell under conditions
conducive to the differentiation of said cell
into at least one tissue; and optionally

(iii} storing of said differentiated tissue prior

te use under suitable storage conditions.

22. A method of Claim 21 characterised in that said
method provides a tissue type selected from at least one
of the following; neural, smooth muscle, striated muscle,
cardiac muscle, bone, cartilage, liver, kidney,
respiratory epithelum haematopopietic cells, spleen, skin,

stomach, intestine.

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

one cell according to any of Claims I1-10.

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

excipient, diluent or carrier.

25. A therapeutic composition according to Claim 24
characterised in that said therapeutic composition is

provided for use in tissue transplantation.

26. Use of at least one cell according to any of
Claims 1-10 in the manufacture of a medicament for the
treatment of any of the group consisting damaged

coronary artery, diseased coronary artery, damaged



treatnment of any of the group consisting danaged coronary artery, diseased
coronary artery, damaged 2 0 AUG 2003 53 nmmjor artery, disga ewj

artery, damaged organs, diseased organs, kidney disease, ﬁiﬁr itm

di abet es, autoi nmune di sease, AIDS, damaged neurones, Al zheiners disease,
Par ki nsons di sease, spinal injury and ggncer. 27. A kit conprising at |east
one cell according to any of Cains 1-10; instructions with respect to

mai nt enance of said cell in culture; and, optionally, factors required to
i nduce diff er enPFAPT ofT b ¥ %ai Y SG&5% B23PT| REERT N laMpgsicy A IBPEsue type or
or gan. diseased organs, kidney disease, cirrhosis, diabetes,

autoimmune disease, AIDS, damaged neurocnes, Alzheimers

disease, Parkinsons disease, spilnal injury and cancer.

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

of Claims 1-10; instructions with respect to maintenance
of sald cell in culture; and, optionally, factors required
to induce differentiation of said cell to at least one

desired tissue type or organ.






