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PLURIPOTENTIAL CELLS-2

The invention herein described relates to .isolated pluripotential cells,
comprising at least part of the cytoplasm derived from an embryonic stem
cell/embryonic germ cell and a nucleus of a somatic cell; methods to prepare

such cells; therapeutic compositions of said cells; and uses thereof.

Animal embryonic development is a highly regulated development 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 contributt;d to our understanding of cell function and disease. For
example and not by way of limitation, regulation of gene expression, cell

differentiation, oncology, teratology.

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

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

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

growth and development of said embryo).
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embryonic germ cells ( EG cells). Each of these types of pluripotential cell has

the same developmental potential with respect to differentiation into alternate

cell types.

It is important to note that an intact embryo cannot be produced from a single
pluripotential cell ( eg either an ES or EG cell). Therefore a pluripotential cell
has am increased commitment to terminal differentiation when compared to a

totipotent cell.

For the sake of clarity where the term pluripotential cell is used it will refer

equally to ES and/or EG cells.

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

characteristics. These include, but are not limited to;
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establishment of human ES/EG cells in culture is described in WO 96/22362.
The application describes cell lines and growth conditions which allow the
continuous proliferation of primate ES cells which exhibit a range of
characteristics or markers which are associated with stem cells having

pluripotent characteristics.

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

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

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

cells which show the ability to divide continuously in culture.
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telonerase feid Wi ident 3nh#AUE b4 Gifth cultures of pluripotential stem cells,
especially human cells, has important ramifications for both basic research
(eg as a model for studying gene expression and/or tissue differentiation) and a
in transplantation and/or replacement therapies for tissues which have been
damaged either through injury or disease. The establishment of in vitro
cultures of human ES and EG cells is a major step toward realising the full
potential of this technology; because of their pluripotent nature ES and EG
cells may be capable of differentiating undér controlled conditions into a
variety of cell types and/or tissues and organs that could have a wide variety of
applications. For example, and not by way of limitation, replacement of
.damaged-and/or diseased coronary and/or major arteries; replacement of
damaged and/or diseased organs ( eg as a result of kidney disease, (eg
cirrohosis), diabetes, various autoimmune diseases); replacement of damaged
neurones ( eg Alzhiemers disease, Parkinsons disease, spinal injuries) or
cancer. [t will also be apparent to one skilled in the art that diseases such as
AIDS may benefit from from tissues derived from ES or EG cells. The
depletion of T-cells through virus induced cell death is the major contributory

factor to the immuno-compromised state of AIDS suffers.
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nucleus into a totipotent state.

Mammalian somatic cell nuclei have also been shown to retain this placicity
and can be reprogrammed when transferred to enucleated oocytes, (Campbell

et al 1996; Wakayama et af 1998)

Moreover nucleated mouse ES cells have been shown to be able to
reprogramme somatic cell nuclei, although in this case, a heterokaryon was
produced containing the cytoplasm and nuclei from both types of cells so it 1s
difficult to determine the actual mechanism of action of the reprogramming

state.

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

poses practical and ethical concemns.
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cybrid ( Ege et al 1973; Veomett et al 1974; Wright and Hayflick et al 1975)
This has enabled investigation into nucleo-cytoplasmic interactions and, in
particular, the influence of cytoplasmic determinants on nuclear gene

expression.

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

afore described techniques are well known in the art and will not be detailed

i extensively at this stage.

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

this approach is to re-programme the differentiated somatic cell nucleus
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of ES/EG cells directly in the production of tissue means the tissue is not
entirely immunologically “silent” due to the presence of a complete set of
male .or female chromosomes from one of the parents of the embryo formed

for the purpose of providing the ES/EG cells.

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

corresponding cell line.

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

in transplantation:therapy.

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

somatic cell.

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

characterised by the possession of at least one pluripotential characteristic,

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

differentiation factor.

Alternatively, or additionally, said pluripotential characteristic includes the

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

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

least 6 months and ideally 12 months.

Alternatively or additionally, said pluripotential characteristic includes the

expression of at least one selected marker of pluripotential cells.

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

nucleus. One such exampie is Oct4.



2 0 AUG 2003 ) 00/49137 8 PCT/ GBOO 00576 We believe that tl'i n

this pluripotential characteristic is as a'result of the r @r@égmsg

sai d som@,p?fs snucleus. It will be apparent to those skil] q hn the art that
the invention may be derived, most . preferZpl/ {05 the. -

t he cell

creation of a cybrid; but an alternative option involves the fusion of a
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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
telomeres. For example the telomeres of human chromosomes contain the
sequence ‘5 TTAGGG 3’ repeated approximately 1000 times at their ends. In
young, dividing cells the telomeres are relatively. long. In aging, or non-
dividing cells, the telomeres become shortened and there is a strong
correlation between telomere shortening and capacity to proliferate. Methods
-to increase the length of telomeres to increase proliferative capacity are known

in the art and are described in WQ9513383.

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

cells.

It is well known in the art that the genome of eukaryotic organisms is variably
methylated through the addition of methyl ( -CHj) groups attached to cytosine
residues in DNA to form 5’methylcytosine ( 5°-mC). Methylation is correlated
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activity isvdtr the etmdolwef perexexgmeisomn. dFygiedlgees thabar: hgoseks1atd
clarity, telonerase enzynes add, de novo, repetitive DNA sequences to the
ends of chr Gifskoneshighhssspressed. Slyperaedmiasipn i casrelatet ovith esducEdgerxanpl e
the tel oneres_of .hunan ﬁgéormsorre cont SH'I t.he sequence "5 TTAGGG g
repeat ed apﬁ?‘%r)?ﬁ‘?‘fﬁflg&yw B 2PPHSEL 1 O gfilled jadhe p tﬁ%ﬂh’g@%?ﬂii%icﬁ Scells
the tel oner l:at.tvel . gi on-..dividi el.ls, the
t el oneres bgz?:%?rﬁeﬁse[lgr gir?\eég I%% y{aﬁggepzllt{;érg ;@?gorqg&e oPte| ?i%p}%‘éﬁv@eﬁ\ :

tel oner e; shged@ningvaner eadadedal dfa Bp&Yifit geaé MelRdiGESinalyse thoekease the
|l ength of teloneres to increase proliferative capacity are known 1n the

art and ar eofipethylotidn iane WHIbEB38S in Ah¢ ertnatd irelydegbyaeittiniplenald yotsai d
pl uri potenti al ,cgi\r acteristic_includes the presence of a chronosonal
met hyl at i onWB%t A iera ciesiicdonc ergyme uHepdtasn of aPNA evith . methylatione! |

SRR AR Y M A R B TN
correl ated SR8 R LA TP IR B8R2E 10 Cwth the control of
gene expression. Typically genes that are hyponethyl at ed

Alternatively or additionally said pluripotential characteristic includes the

ability to induce tumours when introduced into an _animai, ideally a rodent

experimental model. More ideally still said anima! is immunosupressed

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

human origin.

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

cell line of the invention comprising;

i) providing at least one ES/EG cell;

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

iif)  isolating said cytoplasmic part; and, optionally

iv)  storing said isolated cytoplasmic part prior to use.

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



-tend to be highly expressed. Hypernethylation is correl atgﬁ Ammd
gene expression. It will be apparent to one skilled in th m

pl uri pot i cells wll have a typical nethylation,pattern. This pattern
may be aﬁde)l‘fglf/g}ed at a genonmic level or at the |level of BCYSSEPPISEE gene.

Met hods to anal yse the extent of nethylation are well known in the art and
i ncl ude, by exanple and not by way ~ of limtation, restriction -enzyne

di gestion of DNA with nethyl ation sensittive restriction endonucl eases

foll owed by Southern blotting and probing wth suitable gene probes
(Unmezawa et al 1997). Alternatively or additionally said pluripotenti al

anani mal - 1t SO ARGt Bre BRilad thohe arl Rotienid TRPRBstIgRRY be srovieani o

ani i _ _ j GBeY he Srovid:
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| deal |y, saixeracell frobi n@ Bit&ctOES/BGNE4l] Gka %[broﬁ%%l@hﬂﬁnthﬁniytﬁE@doﬁspeCt
of the invention there is provided a nmethod for preparing a cytoplast, or

part t her editerfasivels @nilrprefrrablyp daixt cptopddsricepas! |may becPkéviHéms,Oh t he

i nvention coq‘gri sing; 1) providing at |east one ES/EG cell; ii) separating
at |east patdlatgH cyEPIast opl asm from the nucl eus of said ES/EG cell; iii)

i solating said cytoplasmc part; and, optionally iv) storing said isolated
cytoplasmc part prior to use. In a preferred nethod of the invention said

cytopl asm L I : : B P0576
ol be?%%ﬁgﬁeefﬁ?e?éﬁ%ﬁg@s Erthp dfvihdtn Sad Pﬁ")ﬁgﬁgéﬁpé{ﬁ‘%ﬁ@& S be
provided eutkes ay axpabii@uab iSopRirethdolofcally | efelriope AR & 1a ( €9

an al i quot ]
cytochalasin, Ideally, cytochalasin B.

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

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

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

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

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

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

iv)  storing said cell culture under suitable storage conditions.

It will be apparent to one skilled in the art that methods of micromanipulation
exist that facilitate the removal of nuclei from selected cells. It will be

apparent that this method of the invention advantageously provides that ;



extracted froman intact ES/EG cell via m cromanipluation tgchnigue
alternatively and preferably, said cytoplasmc part may be ﬁrﬁvAﬁkGi

i sol at ed Cétoj?l ast. In a preferred nmethod of the invention said cytopl
i s separ % ¥From said nucleus by exposure to a phar m@éﬁT@}?o@ﬁ?Pﬁ%
effective anount of . a cytochalasin. ldeally, cytochalasin B. It is well
known in the art that cytochalasin B is an exanple of a chenmical effective
at separating the nucleus of a cell fror2the cytoplasmto forma

karyopl ast and cytopl ast respectively, (Methods in Enzynol ogy Vol 151,

p22' 1- 237 1i987) . thkc dactdingproducedf byr the HEPECT «fll the comvembilpnpiddeced i s
provided a nethod for preparing a cell or cell line in accordance with the
i nvention conpri BickePY | Madaing ny Heatesite olweEpEdaciors mecehsay [®ast

one somatic cell; i re i ng from.sai d, conbi ned cell, the ES/ EG cell
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skilled in the amfitositadnsiEhbotielaat fildien @sBahbUbadron exist that facilitate
the renoval of nuclei fromselected cells. It will be apparent that this

nmet hod of the invention advantageously provides that ; 2 0 AUG 2003
00/ 49137 PCT/ GBOO/ 00576 - 2 1) ﬁ,lge factors produced by the ES/ EG cell are
conti nual | Yt BAERR sRpareREiocthpseakitiediinithe ait basthfnave of theemasic gelkt or s

ol 1 nuct euSisckF LnBOEEToA 15 A8 Bslbicrcet ol e Mhough b pe¥ e ing
nucl ear fusi9NLEQeRcROL sQEE W ﬁgﬁ%myé bt lrrﬁs;iﬁwma%sm {hosRrsibhh&in N the

art that the nature of the sonmtic cel

of a cell or cell-line of the invention.

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

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

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

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

iv)  storing said combined cell under suitable storage condifions.

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

cytoplast.

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

with said somatic cell via cytoplast/somatic cell fusion.

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

human origin.

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

camprising at least one cell according to the invention.

s) or -
Fin
oplast -



selected is not critical to the operation of the invention zbhwémﬁ
cell-type wll be selected so as to optimse or naxi mse s e [ 3

terns, ofmo({%?% tion of a cell or cell-line of the invention. According to
a fifth aspect df the invention there is provided a net hodP¢BEB0ESar i ng a
cell or cell line in accordance with the invention conprising; i) providing
at least part of the cytoplasmof an ES/EG cell; ii) conbining said
cytoplasmc part with at | east one somatjx cell; iii) growng said
conbined cell in culture; and, optionally iv) storing said conbined cell

under suitable storage conditions. In a preferred nmethod of the invention
said cytoplasmc part is provided as a «cytoplast. In yet a further
preferred nAthoniing tbhesdveutnaspent shilte iyeapbasheresis GPaPidead mutida %ﬁ‘i d
somatic cel] via cytoplast/somatic cell fusion. In the above descri bed
met hods t helndgeig édfarentiaticroatat leasiaire colleof thdémvéntionf corhprigingor i gi n.
According to a sixth aspect of the invention there is provided a cell
culture conprising at |east one cell according to the invention. 2 0 AUG

2003 VO 00/49137 13, kX 'a?%90%§a%§9%&§r?%?ﬁ%’&to a seventh aspect of the
ed a e

invention there 7's pr ovi ’l?@iﬁg differentiation of at

| east one GgJ | ofulbliend BXRNSAIPBAESBSAGHBE:S chdRioy gl - ACCOrdi ng
to the i nve?ti on; ii) g(:uI turing said ceFI %ﬁgﬂer‘ﬁgg% I !tﬁ?%rcllgff%%hg%%%bg%t o the
di fferentiation sfid csHiinfocat! lkast ohe tRkuteast omishalliyssue; and, optionally iii)
storing of said differentiated tissue prior to use under suitable storage
condi t i ons.1} deattPying ffcsaid | diffeventiotad tisoiespriontes vieohder-suithls atoasgd O

provi de a ti ssuecgl%/d?t%ns.

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

haematopoietic cells, spleen, skin, stomach, intestine.

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

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

It will be apparent to one skilled in the art that differentiated tissue according
to the invention may have extensive application with respect to transplantation
therapy. For example, and not by way of limitation, replacement of damaged
and/or diseased coronary and/or major arteries; replacement of damaged
and/or diseased organs ( eg as a result of kidney disease (cirrohosis), diabetes,
various autoimmune diseases); replacement of damaged neurones ( eg
Alzhiemers disease, Parkinsons disease, spinal injuries), or cancer. It will also
be apparent to one skilled in the art that diseases such as AIDS may benefit
from from tissues derived from the cells of the invention. The depletion of T-
cells through virus induced cell death is the major contributory factor to the

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



by exanple and not by way of |imtation, that is neuronal, S m .
snooth, striated, cardiac), bone, cartilage, |iver, ki dneZ(Tﬁer@ y
epithelium haenat opoietic cells, spleen, skin, stomach, intestine. _
Accor di ng04%3a ei ghth aspect of the invention there is HroGPHeds%t | east
one tissue type or organ conprising at |east one cell according to the
invention. It will be apparent to one skilled in the art that
~differentiated tissue according to thejynvention may have extensive
application with respect to transplantation therapy. For exanple, and not
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and/or mgjo I'es; pl acenént o nage seased organs ( eg
as a resul tof ki gnevbdiciRaseelii  MRResIE) tistiabeeson dMRr toushastt cdlhmune
di seases) ;’—Pep?acerrent of dammged neurones ( eg Al zhieners disease,

Par ki nsons. fhaemeacspmiseslart tikaly Eshe nogligime since Ithe wiske i derivaseiTappar ent
to one skilled in the art that diseases such as A DS may benefit fromfrom
ti ssues derthedwbst iten whishdbe figsusristpecitiapeplantsd. The depletion of T- cells

t hrough virus induced cell death is the major contributory factor to the

i rmmuno- conprom sed state of AIDS suffers. The provision of a non 20 AUG003
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non-i nfecte f ce _patient has obvious benefits. Moreover,
tissue rej e@élhgﬂsiﬁﬁﬂ donpriding tat ¢&dst onk wBlUNS thedpoastem arctudinge suitablde
negligible sinte the tissue s derived from the host into which the tissue
is to be trendspleantdtianfocoamtieng to a nineth aspect of” the invention there
is provided a therapeutic conposition conprising at |east one cell of the
invention including a suitable excipient, diluant or carrier. In a

T 0, S P HHE N 0 S BB SO AR

provideqd for use in tissue transplantation. -

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

conditions or diseases requiring transplantation of tissue comprising;

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

acceptance of said transplanted tissue by said patient.

According to an eleventh aspect of the invention there is provided a kit
comprising; at least one cell according to the invention; instructions with
respect to the maintenance of said cell in culture; and, optionally, factors

required to induce differentiation of said cell to at least one desired tissue type

or Organ.

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

with reference to the following materials and methods and Figure.



According to a tenth aspect of the invention there is provided a nethod to
treat conditions or diseases requiring transplantation of & i

conprising; i) providing at |east one tissue type or or anzagaﬂﬁngm t he
i nvent i or0/49137) surgically introducing said tissue or og B BOHPYH78 pati ent
to be treated; iii) treating said patient under conditions which are
conducive to the acceptance of said transplanted tissue by said patient.
According to an el eventh aspect of the imvention there is provided a kit
conprising; at |least one cell according to the invention; instructions with
respect to thg MR BEePapss)OPESAIGoeelh 75 NIt HEPESNGHOD! i(BBhiNger
factors required to inducé differentiation of said cel'l to at |east one
desired tisSyenilygien) ad dngratedEnbdTH Gefdrs] of ndibe Saventreenmedidmneye-be
descri bed, “by exanple only and wth reference to the following materials

and net hods vaarengd gud @’ C2 vasAlecaddabguaiuaty 3IwepdTaBOdeosis wes: Hgo
d-'50% (w-v) PEG 1500 in .75 HEP, H8. 0 (Boehringer Mannhei.m_and

i ncubat ed atPe3t ﬁﬁfr Cﬁqtg%ﬁga;{%nsgrﬁofﬁgé ‘%édf T AR -reWﬁﬁge‘fén@‘Tg, was'
t hen ' added r M, D o

centri fugat iw a\%%oéqb%rﬁo %arl Cglfr#ﬂ&naﬁfdﬁ ‘?ng\é\%gg‘é&r?g%@‘ clnﬁﬁ ‘gltér-# hﬁﬂ)ﬁi@?\?\n th
20% f oet al Cf?dskéﬁf?!ﬁceaflﬁsﬁ heelififear mcibgtor 1 8ve T ONLY aﬂ? ak297°f kgsk and
placed in a humdified incubator (10% CO2 in air) at 37C for 2 days. After
2 days, thedags-attached cells were aspirated. The remaining attached

celI's were harvested by trypsinisation, and washed two times in
DEPC-treated PBS to renove the serum The pellet was then resuspended into

ol A0S s M o 206, SR Ly IR S8l R e
quant | 11 ed %éll%%&‘rﬁgéwggfégfﬂ# iy BEASH GHEH S wAlled o ARRBNADEPC-treated
PBS to remove the serum. The pellet was then resuspended into Tri reagent (1
ml) to isolate RNA (Sigma-Aldrich Chemical Co., as described in Sigma
Technical Bulletin MB-205). The isolated RNA was quantified by optical
density measurements and the absence of contaminating DNA was determined
by PCR using p-actin and HPRT primers in separate samples (Wakeman ez al.,
1998). If free of DNA, the RNA was then used for RT.PCR analysis of Oct4

expression,

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

In one experiment (2102Ep with thymocytes), a control was prepared,
consisting of cells treated as for fusion except that the incubation with PEG
was omitted - thus it was anticipated that no 2102Ep x thymocyte
heterokaryons would be formed. In another experiment RNA was isolated
from thymocytes alone and also from a mouse EC line (PCC4 azal, clone 3),
to provide further negative and positive controls for mouse Oct4 expreséion.

cDNA was then produced from the samples using reverse transcriptase (RT)
(Wakeman e al, 1998). PCR was then performed using oligonucleotide
primers specific for human and mouse Oct 4, a marker of pluripotent cells

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



by PCR using (3-actin and HPRT priners in separate sanples (Wakeman et al .,
1998). If free of DNA, the RNA was then used for RT.PCR ag yAUﬁcﬂmt4
expr essi %)491§ Amplification of 004 from Human EC x Mbus hyrnocyt e
Het er okaryon 1 n one experiment (2102Ep with t hymocyt es) PCHIN09536 ~ 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 woul d be fornedjs|n another experinent RNA was
isolated fromthynocytes alone and al so froma nouse EC |ine (PCC4 anal,
clone 3),  FowpeoVigdewURdRr 4 | i hi ]‘N"‘ o rql r se Cct4
expressi on. gchNA was t hen pro%gggghﬁ‘{@éﬁr%%anp e‘% ﬁginng fﬁlé{}lgflsg%ux
transcri ptasengtRTyell (\WakRermente)thetdrokary®88) . PCR was t hen performed using
ol i gonucl eotide primers specific for human and nouse Cct 4, a marker of
pluripotent cells wunder the standard PCR conditions described in Wakenan
et al. (1998 .ti'. 2 UG 2003 ) 0149137 PCT/ GBOO 00576 15 Figure 1 shows
PCR anpl i fi%# PERGEEIOMIA from a human EC x somatic cell (thynmocyte)
het er okaryon. Materials and Methods This experinent exploits human
-tetratocarcinoma (EC) cells fused to nouse thynocytes. W reasoned that. .
EC cel | s halkis rexpgrisientexploip duimas tatfat&SrE@onte (ES) ablls fused ferrfgee a
nmi.ng of somatic cell nuclei. Preparation

useful tool to analy re-progr
of Mbuse THYHBOFYES- ’Sr’ﬁ% I?Wgyﬁé%EMSéWsim@w bY thei propartics athyRG
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After stangjpgifor 2-3

Preparation of Mouse Thvmocytes

The thymocytes were obtained by mincing a thymus removed from a 4-6 week
old male mouse (Swiss strain) and suspending the released cells in 10 mi
medium (DMEM) with 10% foetal calf serum (FCS). After standing for 2-3
minutes to allow large fragments of thymus to settle, the supematant was
removed and centrifuged at 1500 rpm for 5 min to pellet the suspended
thymocytes. The thymocytes were resuspended in fresh medium without FCS,
and pelletted again by centrifugation; this was repeated a second time after
which the cells were resuspended in fresh serum free medium and counted.
Human EC cells were obtained by trypsinisation of confluent cultures as
previously described (Andrews e al., 1980; 1982). After washing two times in
serum free DMEM, and counting, the human EC cells were mixed with the
mouse thymocytes in a ratio of 1 EC cell to 10 thymocytes. The mixed cells

were pelletted by centrifugation at 1500 rpm for 5 min.

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

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

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



mnutes to allow large fragnents of thynus to settle, the supernatant was
renoved and centrifuged at 1500 rpmfor 5 mn to pellet t

t hynocytes. The thynocytes were resuspended in fresh nedi %%ﬁﬁﬁ]m
and pei | V%38 again by centrifugation; this was repeat RCHCERYAC t i ne
after which the cells were resuspended in fresh serumfree nedi um and
counted. Human EC cells were obtained by trypsinisation of confl uent
cultures as previously described (Andrews et al., 1980; 1982). After
washing two tines in serumfree DMEM and counting, the human EC cells
were m xed 3 tnkhlng TS BCYY €S, | Thasd 3t | b Oed

t hynocytes. The m'xe% cells were pe Iettecfr gg‘@é’ﬁ{ P"??quggﬁ?oﬁﬁlbé?"ti‘?%@o rpm
for 5 mn_ ¢leteopharesis dndssaparatd MINAN fEEeekd JeRBEIMWYSeHidN A0S &
Extraction of RNA The cells were fused gsi ng pol yet mene lglfyco?bh?EEG)
(Kennett, 197018 fhigurgpé). | Molgquarmsipeef thenamplified frapfterFOwvaeldeseramide® x 107
t hynocyt es;, i n_. Exper,i . 13 106 EC cells and 3 x 107 thynocytes) was
resuspendeob}f HSIEgc?pﬁ%Bg%é%Pdiﬁé%w PCT/ GB00100576 - 17 an anneal ing
tenperature of 61C. These products were then subjected to electrophoresis
and separated DNA fragnments detected by ethidiumbromde staining (Figure

7). MNbl ecul i.ze O he amplified fragnentswas determined by using a 1
) Cﬁﬂf&%mtm/{&ré&gmm% o Y o

kb DNA S 14 —orororets ™ .._,!;ng)uﬁql' _E_;l [ap=Nal ,’-\nrl npLse ('T‘ A
Speci es AnABEAEn SequREBIGEAERITRCAACcessi on g TefrBRo. aGdnBaikdrces@oCat i on
Human61. #5' 573X524 8§ TFmp No. and primer
(°C) dacation
61.4 373
Humar X52437
5S¢ tetgecgetttgag-3°
Forard 3 cosootgtonme o s 120-139
Reverse 534-515
60.4 415
M,
2 ous‘ed §'-gtccgcecgeatacgagtic-3° Z11899
orwar 3’-aggggccgeagcettacacat-3’ 361-380
Reverse BEEECCECag 3 037918

These primers were designed using the PrimerSelect module of the Lasergene suite of
programs (DNAStar Inc., USA). The mouse primers would not be expected to amplify
human Oct4.

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

One of the techniques that is employed in our method for producing Re-
programmed Embryonic Stem cells (RPES. cells) is the use of cytochalasin B
to generate enucleated ES/EG cells (ES/EG cytoplasts) as the cytoplasm
donor, and ‘karyoplasts’ (also called ‘mini-cells’) from the differentiated or
committed cells as the nucleus donor. Cytochalasin B is well-known to induce
cells to extrude their nuclei (Carter, 1967) and has been employed by
numerous authors to induce enucleation of a wide range of cells of a variety of
species including both mouse and human cells (Poste 1972; Prescott et al
1972; Goldman et al 1973; Wright and Hayflick 1973; Ege and Ringertz
1974a; Wigler and Weinstein 1975). Such enucleation results in a cell lacking
a nucleus, but is otherwise intact and viable for a number of days (Goldman et
al 1973); these enucleated cells have been called anucleate cells (Poste 1972)
or cytoplasts (Veomett et al 1974). The nucleus that is extruded from the cell



~ Forwar dcgaccat ctgccgctttgag-3 120-139 ' Reverse3 -
-ccccctgtcccccattccta-5 534-5 3 5 Mouse60A 4157211899 5 ggmﬁm
For war d- gt ccgcccgcat acgagtta-3' 361-3 $0 ' Reverse-aggggctgtag t-3'.
937-918 Juighese prinmers were designed using the PrinerSetecionmedu e of the
Laser ene suite of g prograns (DNAStar Inc., USA). The nouse priners woul d
not be expected to anplify human Oct4. Enucleation of cells to yield
“cytoplasts' and " karyoplasts' or mni-cells'. One of the techni ques that
is enployed in our nmethod for produci ng1 e- programed Enbryonic Stemcells
(RPES. cells) is the use of cytochalasjn B to qge{Perate enucl eat ed ES/ EG
cel | s (ES/ EGtaips gpthistEm af avkeplasmopidhdmSUHEHBECE B da ‘Nkasyd pRergbranc;( al so

ucl cus dorFSe EFRGRRE eIt UG REAAIACY ol Y siTED ot efp %) b effiuae

their nucl e&elfs%égrandlﬁﬁl@er@n@m.s D200 8Y 881IPYo 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
plast‘ic disc, while the karyoplasts are pelleted at the bottom of the centrifuge
tube (Prescott et al 1972). Alternatively, cells in suspension may be
centrifuged through a density gradient, typically composed of Ficoll,
containing cytochalasin B (Wigler and Weinstein 1975). In this case,
cytoplasts and karyoplasts are formed and may be recovered from different

parts of the gradient after centrifugation.

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

of another.

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

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



nunmer ous authors to induce enucleation of a wide range of cells of a
variety of species including both nouse and hunman cells (EoBtAU@ 3
Prescott | 1972; Goldnman et al 1973; Wight and i 3;  Ege and
Ri ngertzmglg%a; Wgler and Weinstein 1975). Such enum‘g’#lbgbr?m:ogéul—ts in a
cell lacking a nucleus, but is otherw se intact and viable for a nunber of
days (Goldman et al 1973); these enucl eated cells have been call ed

anucl eate cells (Poste 1972) or cytopld8ts (Veonett et al 1974). The

nucl eus that is extruded fromthe cell 2 0 AUG 2003 00/ 49137 PCT/ GBOO 00576
18 retai nd 95t Mige ¢ti ah b7 ykVH; déeomad dtsal shi7do ONdigtit ayd dip)fHeke 976 nbr ane;
t hese structures _have been called 'karyoplasts' (Veonett et a! 1974) or
‘mni- cal%”aY(@Jg%and Ringertz 1975)."' Enucleation of cells to yield both
cytoplasts and karyopl asts may be achieved by wel | -established techni ques
in which cells growing attached to a plastic disc are inverted over a
solution of cytochalasin B in a centrifuge tube and centrifuged; the

cytopl ast s ArpiRéMntedhhRflRetat & hH6 wellastinlisBed GndWid8y tlied ‘fg{ *%‘SJ%%@ s are

pell eted at the bottom of the centrifuge tube (Prescott et

Al t er nat i vetly, fusedd,s‘dlectsefapions; cmvoisgs t;mssmgnshd)iftugledtrmﬁmsgkl relghsi ty
gradient, typically conposed of Ficoll, containing cytochalasin B (Wgler
and Wi nst BUKISYS PEIﬂ;lTBﬂWﬂﬁnéﬁﬁl,memmpl%%i)s and karyopl asts are forned
and may be recovered fromdifferent parts of the gradient after
centrifugation. Methods for conbining (fusing) the cytopl'asm of one cell
with the nucleus of another. The nethods for creating hybrid cells by

fusi ng tV‘DP%dgE_%iS%%?'V}igESfceﬂEfferent origins together are very well
est abl i she i . For a review of the commonly used nethods
based upo endai Vi rus.y ced cell. fusion r cell fusion induced by
por yet hy! ohBe prouistid R PESE e SRRt fadrhe) s

1. the selection of appropriate differentiated cells (the Nucleus

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

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

and

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

fusion.

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

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



Briefly, mxtures of cells that it is desired to fuse are ipcubated with a
fusogeni c agent, such as Sendai virus or PEG often with cefitlyi U&tzﬂﬂa or
agitatio courage clunping and cl ose apposition of nbr anes;
vari abl 62002‘%(; as tinme, tenperature, cell concentratlonPElil %é)s&gﬁic-‘agent
concentration are optimsed for each cell conbination. These techni ques
have al so been shown to allow fusion of cytoplasts, prepared by

cytochal asin B induced enucl eation, w tBCwhole cells or karyoplasts, also
derived by cytochalasin B induced enucl eation (Poste and Reeve 1971; Ege
and Ri nger t zDIffOr A 2AQRII04d B IkePGT NROAODDAGILY 1975, Ege et al 1973,
1974; Veonett et aI 1974 “Wight and Hayflick 19/5; Shay 1977)). Anot her
techni que Lhaj geebt seanabLLEned: ARdpBnfighy sedof o %rm%p%unce' |
fusi on, | ectro SIO , I nvolves passing short electric p% ses through

m Xt ures of mahirfal deilungag ofi fromr Bmhﬁydﬁeﬁfoetﬁﬁésduﬁt Troth @fctrBl%Erﬁa@@hicS The
production of RPES cells'requires several steps: 1. the selection of i
appropri at e id§stieesapl iaatthd twﬁlbblaﬁt peyNiciagunay Ib@nme)i asnal sourfce refomsdeir v

the isolation of their nucl the selection of ES/EG cells_(the
Ot op! s Do EFPIORTAARIE, CRHiFilAT SOME G Sy ot Pichiilp e are RGL TR fon t he

ES/ EG cel | s . | | eit ef ore
or after fusﬁhgﬁ{b%‘yﬁeeﬁ ;%glghg{ﬁ%ﬁé?fl‘ﬁhﬁ%%%?ﬂ? P ﬁ%ﬁmé'xg#gilgggglg b% &ﬁ m sed
by pre-treat t t hat ) r{at ment
of the diff et?{};dr%g |c§? fla hﬁmﬂll}x ¢ E{gﬂ %Gbgeoﬁl?efgﬂglgg CS?% ﬁ@tﬁ Ese%{”%rﬁr!ﬁ‘a#) ??S%Js&:gent S
such as, butvargusltissut€duch as thabors marswo thdNavors bwysltamlm the@ueniTaace t he

ability of the differentiated
technique may also be applied to various established cell lines, such as those

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

procedures, or other established cell fractionation procedures.

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

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

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

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

current through a mixture of cells. As discussed above, these methods



cell nucleus to be re-programmed. After the production of the RPES cells

additional nethods are required to propagate the cells, zuc rGCQ&' se
their pq@@gg,/ties and to induce themto differentiate in r r Jomat i c
cel | types. 0 AUG 2003 100/ 49137 PCT/ GBOQ 00576 Diff feHtB&¥d el l s to
be used as Nucl ear Donors - A large range of somatic cells derived from any
tissue or organ of an adult nmammal or human, or from enbryos or foetuses,
or 'fromextra-enbryonic tissues such g@$ the trophoblast or yol k sac may
be used as a source of nuclei for reprogramm ng. Particular somatic cell

types include busreawellnaiown ahl afay Ge tdadIOCHiRRd. PThbRD&idhod H’Fél@ be
| ynphocytes, epidermal cells such as fromthe  bucal cavity, cunulFus cells,

or other stem celiges! todubett ed from bi opsi es of various tissues, such as the
bone marrow, the nervous systemand the gut. The technique nay al so be

applied to various estahldiseshtiald cdli W8S arSES/E@%clingse derived from
various tunours including, for exanple, but not Timted to |ynphobl astoid

b ocedur o may be used drrared S ST E oo el EREEEER E Bred for
a short tine-before furth mani pul ation. In some instances such somatic
cells may be conbine 'eﬁtq%&'é"feynﬂfe@ﬁe@@’g@%@l qramgee eigeplasisadolptadofvom or
nucl ei or karyopl asts ng\?«(% rs}1 be isolated fromthem for exanple using
agents such as cytochal B°"%"i scussed above, or by other methods. For
exanpl e, nuclei may al so be isolated using established m cromanipul ation
procedures, or other %estasyeplast dem &r@gﬁer@ﬁmtﬁ:d)meﬁrwi‘é‘dwnesor Enefeon of

parental differentiated cells. an r ent EG.cells to yield RPES
cells: Several nmethods wﬁp@mdéﬁépﬁgeﬁﬁﬁéﬁ Scyt opl asm of an ES/ EG
cell and the nucleus of a differentiated cell to yield an RPES contai ni ng
the nucl ear gehBngasss (he anilf (25 ethei aewdt celll ihitialhotbet e HESrBEGG®Nl . A

Cells may be f u%:ggta%}/ing%%oogucferf,e Cr)TIilCC- lon(;f1 %Eé}{ }S)az%lﬂ%aq c%lsl. % ltﬁ/igthg%/c!rgﬁgryon
were allowed to divide the result would be a hybrid cell containing a
single nucleus with a complete or partial genome from -each parental
cell. However, in our method of producing RPES cells, the ES/EG
nucleus is removed prior to cell division of the hybrid cell, so that the
derivative dividing cell population retains only the genome of the

parental differentiated cell.

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

activity.



glycol (PEG or viruses such as Sendai virus, or by passing an electric -
current through a m xture of cells. As discussed above, t% Equg
10/ 49137 2 0 AUG 2003 PCT/ GBOO 00576 21 are well known a W e dily.
appl i ed. 007k83e net hods may be used to fuse: 1. a diffePenGBav@d7cel | with
an ES/EG cell, or 2. a karyoplast froma differentiated cell with an ES/ EG
cell, or 3. adifferentiated cell with one or nore cytoplasts isolated

from ES/EG cells, or 4. a karyopl ast fr29ma differentiated cell with one
or nore cytoplasts isolated fromES/ EGTCells. In cases (1) and (2), the

I i1l initjally b h : i ni . | ei .
cach parental cell.CoHFS T Selal SRt SURC REl onar o e atiod: G0t RS reoul

I'd be a hybri : 2 ' ' '
wou e a hy I’Igctgﬁhia %Eﬁbﬁé %? Sé‘\(/:eer?]; %#gt%{%@lﬂﬁe,‘"ﬁﬁt@ré t%ﬁgﬁ{lof o?r

partial genone fron_1eac par ent al However, 1n our ne ot
produci ng RPES C?é:lnal ehleleESbEGsing dheussick aeapietalasinoB, applied lindhe/i si on
of the hybrid cell, so that the derivative dividing cell population
retai ns only thesaehonennér @hedesgrbehtatiovei fote canelrating E%% qedlscamdbs - (3)
or exanple by cERRNGHRE oGPy PbcaIdS] 1B B¢ RIFSEUSSRR dBoWiho 1t hat
or exanple by e 0 ’0C i n- B a S ove;"'so tha
the resulting pr Fal.ns: an ffe i and
cytoplasm from t%@%@%@%ﬁ?ﬁjﬁ% é%tt Eﬁ&l Jrfl"%égr)l{lf’ o‘?’ﬂﬁ“h@g’%&‘g‘?@?,ﬁ‘ qpﬁée%ﬁglsul ting
RPES cells that ganéi RH8vhiRh éﬁ%@'ﬂzéymégﬁ)tFp?bﬁf&a&?%&nfeﬁ?et&‘é&h%ns%é@”e of
[

the differentiated parental cell, I's now reprogranmmed t'o express a

new pattern of gémedifferentiated cell nucleus, in which case they retain the parental
ES/EG nucleus and continue proliferating, some heterokaryons lose the
ES/EG cell nucleus, in which case they continue proliferating as RPES
cells, and some heterokaryons retain both nuclei and eventually
continue proliferating as hybrid cells. Several methods are used to
select the RPES cells and to eliminate any of the cells retaining an
ES/EG cell genome or to eliminate any cells retaining a somatic
nucleus that has failed to undergo re-programming. In one method, the
proliferating cells are cloned by established techniques (e.g. by picking
single cells with a micropipette - see Andrews et al 1982, 1984b), and
individual clones are screened using genetic markers for those that
retain an ES/EG genome. The latter cells are discarded, whereas those
that retain only a differentiated cell genome but not an ES/EG cell
derived genome, and express an RPES phenotype, are retained.
Standard DNA genotyping techniques using well established DNA
fingerprinting technology (Jeffreys et al 1983, 1988; Yan et al 1996)
may be used to identify whether the nuclear genome of any

proliferating cells is derived from either the ES/EG cell or

differentiated cell parent, or both..

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

is genetically marked by insertion of a gene that will allow selection



activity. 2 0 AUG 2003 00/ 49137 PCT/ Go0100576 22 In cases (1) and (2) the

ES/ EG cell nucleus is renoved fromthe heterokaryon in o:za&gf E; way's
t hat i ncl }ﬁ?g but are not limted to, partial enucleatio [ @g such
as cytoct’ din B, applied in the sane manner as descr FEESBAHYRE f or--

enucl eating ES/EG cells and generating cytoplasts for fusion. In_ the
present case in which enucleation is carried out after fusion, sone
het er okaryons | ose both nuclei, in whioh case they do not proliferate,
sone heterokaryons lose the differentiated cell nucleus, in which case

they retain the papppbay ceﬁ%aﬁ@iﬂg%ﬁ @E‘dfdi%}ﬂﬂlﬁ, BEF S/ alif g%?éome

het erokaryons | ose the "ES/EG celT nuclTeus, in whi'ch case they ¢ hue
proliferating astdiFSramsétdied veitid asvesoheheodingr theHeret AithRet lviAMcl ei and
eventually continue proliferating as hybrid cells. Several "nethods are
used to sel ect kheciRPESS¥drTk), sneh thatadnynealks eareripg thattgeae cah lbs kilddai ni ng
an ES/EG cell geno or. to elimnate an ells . retaining a sonatic

nucl eus t hat hag’yf%}q{auéa IPéﬁ%HEeESFBSe P@%ﬁl%‘&f’&hﬂ?ﬁ@qg% Wclﬂﬁgn%réﬂ‘f‘d@l‘;’lfl(?re
proliferating cejj |-l shed ni s, (e. g, by picking
single cells w ﬁ? & @ﬁ{o% o%?%@?lfn%ﬁ}ﬁ ié%ﬁwi%)r g)\ﬂrsﬁggﬁaﬁﬂ'zg'éjfg)XX%‘BﬂBgr,o‘émd-

i ndi vi dual cl ongsafiien SERSERSY-YSbAgusens!t | kek s, f h tyretain
an ES/ EG genone. The latter Cells ar% di 20@?%%%]?1 %e%legggghgz%t}; [Er%a%l retain

only a differentPlpdregdicygovinmtRhbinstedh e3ral BOOBECNeEt Arricedidv Add@sRo e,
and express an RPES phenotype, are retained. Standard DNA genotyping
t echni ques usi n§%9R) | Iasthipimethed, Bowinggeartinl soitcgatienhtiel myyainitef f r eys

ciear oonore. Betedgkpryond ard Chfthred B MR Confainthg this Arug, and only
those that have lost the ES/EG cell nucleus survive. Other selectable
genetic systems can also be similarly used. Persisting parental
differentiated cells that have not been reprogrammed are removed by
cloning the surviving cells, or by selecting RPES cells by virtue of their
expression of specific surface antigen markers that include, but are not
limited to, SSEA3, SSEA4, TRA-1-60 or TRA-1-81, as discussed
above as characteristic markers of ES/EG bells. For the latter approach,
fluorescence activated cell sorting (FACS), a widely used method for

separating subsets of cells can be used (e.g. Andrews et al 1982, 1987,

Ackerman et al 1994; Williams et al 1988).

In another method, the ES/EG cell parent is incubated prior to fusion,
with a drug that irreversibly inactivates its nucleus and prevents its
replication, for example, topoisomerase inhibitors such as etoposide
(Downes et al 1991; Fulka and Moor 1993).  The resulting
heterokaryon naturally eliminates this treated nucleus prior to cell
division, so that the resulting dividing cell popuiation only contains the
genome derived from the parental differentiated cell. This approach
may also be combined with the preceding ‘partial enucleation of

heterokaryons’ approach to ensure complete loss of the ES/EG genome.



proliferating cells is derived fromeither the ES/ EG cell or
differentiated cell parent, or both. In another nethod, beﬂoﬂe

fusion partner, the ES/EG cell parent is genetically rked by insertion
of a gene®™®¥H7 will allow selection 2 0 AUG 2003 0/ 4913 Cﬁ?@?"@éﬂﬁﬁoowa 23
agai nst any cell carrying that gene; for exanple, the ES/EU cell can be
stably transfected with a vector encoding the Herpes Sinplex Virus-1 Tk
gene (HSVI-Tk), such that any cells carry ng that gene can be killed by
culture in the presence of a nunmber of drugs including acyclovir (9-

[ (2- hydr oxyet hoxy) nmet hyl ] guani ne) or FlI AU (1-(2-deoxy-2-fluoro-B-

D- ar abi nof uranosyl )-5--iodouracil) (Borrelli et al 1988; Hasty et al

1991), or gancyclovir hi in : rick d drews, 1992).
I'n this nethod, f% F%%%% IB%?‘%’?@@%!‘jgl-leég%g‘n}%%‘ﬁlﬂ%nﬁi ﬁ?r}ﬁrg&%ﬁ}é?%rtgﬁar yons
are cul tured in nedipa.entaiens Mrchitvedipsicaldafiphlatidihose that have | ost
the ES/ EG cell nucleus survive. O her selectable enetic systens can al so

be simlarly used. Persisting parental differentiated cells that have not
been reprogrammed are renoved by cloning the surviving cells, or by

selecting RPES cells by virtue of their, expression of, specifjc, surface
anti gen markers that Ragegruthan phemiget wgel orj ¢leetsigally, indueegd fusispagine

TRA-1-60 or TRA-1-8 as, di scusse bove as characteri st rkers of
ES/ EG cel |'s. For Dc”f?iéqseﬁfttg? %TFBTS%Tﬁ,g Ceﬁ|1§18?@§’8beﬁ€%“§€ﬂm(g%8ﬁlp|ﬂ rting
(FACS), a wdely ed,: met : s nSepay.at iy S I o used
(e.g. Andrews et %Iﬁ %@,ﬁ%glgwtm&ékeﬁnrgn{hgg a 4;t8%/\i ﬁ%ﬁcgﬁﬁ}é ZC{T a f:1988).
I'n anot her net hodiiffehaitia®ldEERILed i@lrewh using AcubabaibeRti iBkekted Huslgh,
with a drug that irreversibly inactivates its nucleus and prevents its
replication, for thxaafilmembrgyei slonethegeinjetédbeitbersinduen inscwntrloB diG

cell, or into an intact ES/EG. In the later case the ES/EG cell nucleus is

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

described above, before nuclear fusion and cell division occurs.

Growth and selection of RPES cells

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

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

Several methods are used to enhance the efficiency of reprogramming:

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

cycle by using vital DNA stains and flow microfluorimetry



(Downes et al 1991; Ful ka and Moor 1993). The resulting heterokaryon
naturally elimnates this treated nucleus prior to cell D i S) mhat
the resulgiopng dividing cell population only contains the %%@g& \ d
fromthe parental differentiated cell. This approach ® combi ned
with the preceding "partial enucleation of heterokaryons' approach to
ensure conplete | oss of the ES/ EG genone. 2 0 AUG
2003 001491 37 PCTI GBBOO Ob76 24 In anotker nmethod, after cell fusion to
produce a heterokaryon, the ES/EG cell nucleus is renoved by

m cro- mani pul at i on(FlRord3ather Actinued Gl Satting)i (AhilRira®n@cBEdes84 1 y76.nduced

fusion, the nucleus of the differentiated cell is conbined with an ES/ EG
cel| parent by ni émoreramicpal H870Crissmanhi%®9SpStdinat at b@9Fucl eus of the
differentiated cell is withdrawn using a m cropipette inserted through the

cel | nenbrane. 1% itg diffffentiited telll of tHdRAimietlRe HisibA MHIRS incel |,
or into an intact ES/EG In the later case the ES/IEG%ggqu nSSF&gﬁl S t hen

removed by a sinilte tpebicguef ofrupy tme dfhibie metiyiitipiesor dpssnbleed
above, before nuclggﬁr_l fusion an cell division occurs. Gowh and sel ection
of RPES cells Foll BiEviainofe-8o arasyHEME) diF gerlanloragnd fules A9 :an

ES/EG cells, with ri of,oQr wsubsequent nmoval, of, the ES/ EG.cell nucl eus,
it is necessary tOIODRSF&%8&1@6&&%&@&9@’6@09}&4@5 ?IBVCW%OFQE-W’B?&F%W ng
of the differentia LS £ or hsgq roliferation of
the resulting RPESfoggﬁag@lgewtﬁwngt% E%‘ééaa%éﬁ&g%&g t%‘ ﬁ%ﬁr@éﬂt‘ ﬁ&ﬁmﬁ
efficiency of repripgitdtmicagetylationr agd I;iy@;ﬁgﬂ@igmr)tm@mgigff ﬁfsgﬂ{ésgtv@ﬁlicﬁd | and
ES/EG cell are synchronised with respect to position in the cell cycle, by

use of reversi bl epleyhiabraleris Khalromoseste tiwrctivatione gehe iatpriperg nd st ages

(e.g nocodazol e), or, by thte use of c,ond'é i 3ns such as | ow serumto _arrest
regulation of gene expression & aldarera et al 1975; McKanight et al

1980; Stein et al 1997; Hu et al 1998; Wolffe and Pruss 1996;).

. the period of time between production of heterokaryons and the

(V5]

removal of the ES/EG cell nucleus is made as long as possible
without permitting nuclear fusion. This period can be elongated by
culturing the heterokaryons under conditions that reversibly inhibit
progress through the cell cycle (e.g. thymidine block - Stein et al
1995), or by altering growth conditions, s{lch as serum starvation or
lowered temperature, that retard cell division but permit

reprogramming to proceed.

4. any, or all combinations of these methods.

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

include, but are not restricted to, irradiated or mitomycin C treated STO cells,



cells in G, or by selection of cells at specific stages of the cell cycle
by using vital DNA stains and -flow mcrofluorinetry 2 0 137
PCTI GBOO 00576 25 (Fluorescence Activated Cell Sorti ngg { i &
Baserga 9837 Andrews et al 1987; Crissnan 1995; Steintet/CEPVNEYs). . 2. the
differentiated cell or the immedi ate fusion product is cultured in the
presence of drugs that inhibit nethylation or pronote denethylation (e.qg.
5-azacytidine) (e.g. Taylor and Jones 19£9-; Jones 1985; Keshet et al
1986), or alter the structure of chromatin, for_ exanple butyrate,

spermne, tr] ! r SO I [, i t tr
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et al 1975; McKnight et al 1980; Stein et al 1997; Hu et al "1998; Wl ffe
and Pruss 19860ys gi3wthHectpey ooakhef tisurecibprerdditivesdihat immnudd bltetremokar yons
and the renoval of the ES/EG cell nucleus is nade as | ong as possible

Wi t hout per FESEiGIRG thLEr4PFf 8SFon. This period can be el ongated by
culturing the heterokaryons under conditions that reversibly inhibit
progressithrough the cell-cycle (e,g. ‘thymdine block - Stein et al 1995),
or by altering gromh conditions, such as serum starvation or | owered

tenperatureDFﬁg}%tllt{a@fo%rgfﬁﬁI%?gijg/&ajson but permit reprogramm ng to proceed.

4. any, or met hods. In all these experinents the

cells are | tured . in stand ell,culture di t hat incl ud ut, are not

restricted hﬁﬁ%c‘@ﬁe%aIE‘Bgﬁ‘?ﬁgdceéjég?(@@%gﬁm%r{t[ﬂ@peﬁ??h%?lfi??gg'
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serum or wi FreBpREESGRY FrpEHRR SR By SoAARPURARITG S SrORR
differentiate and to initiate differentiation pathways that result in the formation

) of any cell type that may‘bc found in the adult, embryo or in extra-embryonic
tissues, given appropriate conditions. The maintenance of an ES/EG cell state
can be monitored by assay of various markers that include the cell surface
antigens SSEA3, SSEA4, TRA-1-60, TRA-1-81, by their expression of
alkaline phosphatase and by expression of Oct3/4, as discussed above. The
RPES cellls typically retain their stem cell phenotype when cultured on
appropriate feeder cells. However, they can initiate differentiation under a

variety of circumstances.

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

morphogenetic proteins (see Robertson 1987a; Andrews 1984; Andrews et al



1982, 1984, 1994). Subsequent to fusion and re-progranmng, the growth of
the resulting cells nay be optim sed culture on feeder | m t hat
i ncl ude, ),8% are not restricted to, irradiated or mtoﬁgaﬁ% g STO
cells, 2 /ﬂJG . 2003 00/ 49137 PCT/ GBOO 00576 26 or enbryonic Tibroeblasts
of various species, including hunmans (see Robertson _ 1987a; Thonson et " al
1998). The cells may be cultured in the presence of various growh factors

or other tissue culture additives, that27nclude but are not restricted to
LIF, FG-, SCF Differentiation of the RPES cells In the best cases, the RPES

cel I's acquiing2pli9pppevent | PIEOPThéMEsn tdhall Blayel Yheﬁ?ﬁ@@f' Rlkheaeakde
enbryonic stemcells, so that the .RPES cells are able to differentiate
and to inidepemd dipfone tlennantre onf plat hndyaing hagenteantit thienculeref comditioren  of
any cell type that may be found in the adult, enbryo or in extra-enbryonic
tissues, gitendiagptBpr PESENGOR wbsEReE e SREFIACe BARWEN ofaCkHs By Ftheel |
state can bei rrlﬂnitored by assay of various markers that include the cell
surface aftd E)% £5-SSEA3, SSEA4, TRA- 1-60, TRA-1-81, by their expression of
al kal i ne phosphat ase and by expression of Oct3/4, as discussed above. The
RPES cells typically retain their stemcell phenotype when cultured on
appropriate feeder cells. However, they can initiate differentiation under
a vari et yD¥dcugsiogunst ances. Thus renoval from feeder cells, or culture in
suspension, followed by replating in the absence of feeder cells in
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into a varie Yy types that inc neur ons, nusc vari‘ous sorts
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Differentiation of pluripotent stemcells may also be initiated by altered
condi t i onsetadlf ¢892nFhemblottetsilt I928)dad Jraogagémn el gimours  (reviewed,
Andfews, 1998) of various species, including the laboratory mouse, rhesus
monkeys and humans, and nuclei from differentiated somatic adult cells have
been re-programmed to yield embryonic stem cells by transplantation to
enucleated oocytes {Campbell et al 1996; Wakayama et al 1998), there are no
reports that pluripotent stem cells, resembling embryonic stem cells with the
~ capacity to differentiate into a variety of functional somatic cell types, can be

produced by the re-programming of differentiated or committed embryonic or

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

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

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



seeding at low cell densities or trypsinisation) or by forcing growh
suspensi ons by exposure to various agents that include bu r t2003 :
restricted,tn.-retinoic acid, and other retinoids, hexa hgl .’ .
bi sacet ani g& “and the bone norphogenetic proteins (see RobEP¥ET9087a; -
Andrews 1984; Andrews et al 2 0 AUG 2003 ) 149137 PCT/ GBOO 00576 27 1982,
1990, 1994, 1996; Thonson et al 1998). The type of cells that arise _
depend upon the nature of the inducing agént, and the culture conditions

i ncl udi ng, the presence or absence of specific gromh factors or other

nol ecul es. Chaamsivipoietdl tdibudFhge RPBBt@ils ast efiplor tvithi mQSUHQIVEaLg@E}?)e,
derived fromearly enbryos (Robertson, 1987b; Thonson et al 1995, 1998),
pri mor di al _gandrisegenss Wihtbediferentiated perentgheatlsifomm whichithd0e8) dexiwgdf r om

germcell tugpurs (reviewed, Andr , 1998). of various species, .including
the | aborato CYTER?g’eE?e P?F&‘iﬁ’sge“ﬁ'ﬁq{ﬁ cr&HHaW&rF&i@ Torfransplatation ppuse
differenti at 4 ] been re-programred to yield
enbryoni c stgecri% %@@éégeyﬁgﬁgﬁg%ﬁgh A |§§' to enucl eated oocytes (Canpbell et
at 1996; Wakayamm et al 1998), there are no. reports that_ pluri potem stem
cell's, résentdl SABCe ABFSForRtLy SRl EINTeSIAMRIRg, OSCeWsawillly fop Giamectfis ate
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cells, or eﬁ&dﬁéﬁ”’ﬂ&ﬁ&%&llﬁe%& cuil§ hedtaldderugse of 200k PSof WesBWime
descri be nmethods by whi.ch ES/EG cells can be used to re-program various

somati c, di fdipnendthated cells, or other enbryonic or ekxtra-enbryonic cell
types, to a state fromwhich they can then be induced to differentiate into
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re- "~ characteristically expressed by undifferentiated EC and ES cells (Brehm et al.,
1998). Therefore, to test the ability of human EC cell cytoplasm to reprogram
somatic cells, isolated mouse thymocytes were fused with human EC cells,
(2102Ep, clone 4D3 (Andrews ef al, 1982) or TERAI (Fogh and Trempe,
1975; Andfews et al, 1980)), to produce heterokaryons which were tested
after 2 days for activation of Oct4 expression from the thymocyte genome.
Evidence for such activation would indicate, not only that human EC cells are
capable of re-programming a somatic cell nuclcus' to an ES/EC cell like state,
but also that the regulatory factors involved are capable of working between
different mammalian species. Thus if human EC cells can reprogram a mouse
somatic cell, we would anticipate not- only that they would be able to
reprogram a human somatic cell, but also that mouse EC cells would be able
to reprogram human somatic cells as well. Similarly, given the resemblance

of EC and ES cells, it would be expected that ES cells could reprogram

somatic cells in the same way as EC cells.

In Experiment 1, as anticipated, an amplified band (573 bp), corresponding to
human Oct4 expression was detected similarly in RNA preparations from the
2102Ep x thymocyte fusion in the presence of PEG, and in the mock fusion in

the absence of PEG, consistent with its expression by 2102Ep human EC cells.



programed cells produced by this technique, called " Re-programed

Embryonic Stem Cells' (RPES cells), resenble enbryonic StQ”QCAUG MVed
directlyﬂf‘{gﬁ) early enbryos, and can be induced to differéntiate into a

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

' These RPES cells are diploid with a noggral karyotype, and isogenic with
the differentiated parental cells fromwhich they are derived. They may be
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and tissue replacenent therapies. I n sone case y par ranm ng
occurs w t the ROFA gxapmiationt frem- tha A 1i02&ED 0 thygho SRY¥ Eidbn IANE gr c8df not
active in the parental differentiated nuclear donor cell. Such cells are
al so of usBE(h whearheserpkeryansewercsexpectad ta basrasaes. The oxmepbedial such a

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

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

wor ki ng between different manmmal i an species. Thus if human EC cells can
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fused with mouse thymocytes in the presence of PEG, mouse Octd was only '
~ detected in the 2102Ep fusion, again confirming the ability of 2102Ep cells to
reprogram mouse thymocytes with activation of Oct4 expression, but
suggesting in this experiment that TERA1 cytoplasm did not achieve
reprogramming. In both cases, human Oct4 was detected as expected,

consistent with its expression by 2102Ep or TERA.1 human EC cells.

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

expected.

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

cell; in some methods the ES/EG cell nucleus is removed prior to



reprograma human somatic cell, but also that nmouse EC cells woul d be able
to reprogram human somatic cells as well- Sinilarly, giverd thAlJG20@8nce
of EC and ES cells, it would be expected that ES cells could reprogram :
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an anplified band (573 bp), corresponding to human Cct4 expressi on was
detected simlarly in RNA preparations fromthe 2102Ep x thynocyte fusion
in the presence of PEG and in the nock fusion in the absence of PEG
consistent with its expression by 2102Ep human EC cells. 20AUG003 10/ 49137
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2102Ep fusion, agai‘n confirmng-t ability o p ce rogram
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this experinment that TERA 1 cytoplasm did not achieve reprogramming. In

bot h cases, Hspasiallpdon theproductioned! dumaupBRAES cells andi tteen differentiated
expression by 2102Ep.or TERAI humgn EC cells. In further controls, no nouse
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thymocytes Nob1eH? aexgd Sﬁaﬁ%%o%ﬁasm%%%%he GoulhBe! aaéisﬁhgteaddvantagc.
The method that we describe incorporates the techniques for maintaining and
propagating the RPES cells produced, and the techniques for inducing them to

differentiate into a range of differentiated, functional cell types.
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state. 3. A cell according to daim2 characterised in that said cell has
the capacity to proliferate in continuous culture in an ung pfﬁg@gzmad
state for at least six nmonths and ideally 12 nonths. 4. A Cell g
to any of Cains 1-3 characterised in that said pluripotenti al
characteristic includes the expressionjof at |east one selected marker of
pluripotential cells. 5. A cell according to Gaim4 characterised in that
said selected nmarker is expression of Dct4. 6. A cell according to Claimi4
characterised in that said selected marker is a cell surface marker. 7. A
cell according to Claim6 characteri sed®iMFhat said cell surface narker
is selected fromthe group i ncludi ng /SSE$-1 (-); an;:l/or (?/SEA-':I),'R,(AJF)l;Sl
and/ or SSEA-4 Oy 20 4 +). 0 ; and/ or -
(+); and/or ?kal %l hggfd été%el &) E%‘gqu EBE%?EI?% Ao lepafms 1-7
characterised PR tl?ﬂa{rlp@§ﬁdtp¢ljrqf;mtae:lhlaraistnham&bﬁrtls?ricﬂelﬂbgd@z thFI
@)_'[’{fc{ i t ia ce
presence of tej &S%hécébilifﬁﬁz 8 Gk de Pl .'I.a. % H%E aSituPPBot ent i al

according to an ai.ms 1-8 characterise at i
char act egl stic® %W%?Fﬁ‘ée bikesensd which mlénﬂsmmisetetarwllabson pattern

characteri sti cpaft mﬂJlthQOb?mpl%lsncalekﬁveclofroﬁa Qeinémﬁ‘&fﬂ 'e%r&ré?né‘fy of

-said pluripotential characteristic
FL?:Hhésgtﬁgarggterliﬁdorl$£$43 ian emb Yonaﬂ)germ cell combined w1th a

nucleus of a mammalian somatic cell.

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

state.

3. A cell according to Claim 2 characterised in that
said cell has the capacity to proliferate in continuous
culture in an undifferentiated state for-at least six
months and ideally 12 months.

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

pluripotential cells.

5. A cell according to Claim 4 characterised in that

said selected marker is expression of Oct4.

6. A cell according to Claim 4 characterised in that

said selected marker is a cell surface marker.

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

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



ability to induce tumours when introduced into an animal. 11. A cell-Iline

conprising cells according to any of Cdains 1-10. 12. A cehl
according to Claim1ll characterised in that said cell-Iline&i Qmm

origin. 13. A nethod for preparing a cell according to any of Caims 1-10
or a cell-line according to Clains 1142r 12 conprising: (i) conbining at
| east one enbryonal stenfenbryonal germcell with at | east one sonmatic
cell; (ii} renoving fromsaid conbined cell, the enbryonal stenienbryonal

erm cel | nucl i) I uring.sad under__condi ti ons conducti ve
tgo proliferati gn%nﬁ&xpa%%o %4 (g@ai gne 2?1: TRd,~83ptt bhaatd/og v) storing
said cell cultatkalinderhsaphatdse tor age' condi ti ons. 2 0 AU G 2003 43 14.
A method for preparing a cell according to any of Cains 1-10 or a
cell-line according to Claim 11 or 12 conprising; (i) providing at |east
one enbryonal 8t M EHr peRAFIRT hccElpingi ) sEpdeatichgrated dasthpart of the
cytopl asm fr onsd e plueh gyedf i S1aIHhaAREYPNM i ¢ inciudes the presence

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

characteristic of pluripotential cells.

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

ability to induce tumours when introduced into an animal.

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

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

that said cell-line is of human origin.

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

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

comprising:

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

{(ii) removing from said combined cell, the

embryonal stem/embryonal germ cell nucleus;
(1ii) culturing said cell under conditions
conductive to proliferation and expansion of
said cell; and, optionally
{iv) storing said cell culture under suitable

storage conditions.




iii)sten enbryonal germcell; isolating said cytoplasmc part
gi v)z:onbi ni ng g_ai d cytoplasnic part with at |east one somati (UEIAUG 2[]0§
(v)grow ng said conbined cell in culture; and optionally (vi)Storing sal
combi ned cell under suitable storage conditions. 15. A nethod according to
Claim 14 characterised in that said cytoplasmc part is provided as a
cytoplast. 16. A nethod according to &Bai m 15 characterised in fthf'it sai d
cytoplast is combined with said somatic cell via cytoplast/sonatic cell
fusion. 17. A maLhadneacel dldpbGRalsm Lai16aharagterised i) that said
enbryonal stem enbryonal germcell and somatic ~Cel 3[ o) n origin.
18. A cell cul fufé™gohphd $Fng &ellddste sreording doc6idimngll taxr any of O ai ns

1-10. 19. A nethaegrieing,nducing differentiation of at least one cell
according to any of Cainms 1-10-conprising; (i) providing a cell.according
to any of Cainms 1-10; 2 0 AUG 2003 44 (ii) culturing said cell under
conditions corductive to theptbfierentitaticant odnsaihryeah) into at |east

one tissue; and optional I5¥em/embryonal germ cell;

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

(iii) isolating said cytoplasmic part

(iv) combining said cytoplasmic part with at least

| one somatic cell;

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

(vi) storing said combined cell under suitable

storage conditions.

15. A method according to Claim 14 characterised in that

said cytoplasmic part is provided as a cytoplast.

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

cytoplast/somatic cell fusion.

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

cell are of human origin.

18. A cell culture comprising at least one cell according

to any of Claims 1-10.

19. A method for inducing differentiation of at least one

cell according to any of Claims 1-10 comprising;

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




(iii) storing of said differentiated tissue prior to use under suitable

storage conditions. 20. A nethod of Caim 19 characterised jnat l
nmet hod provides a tissue type selected fromat |east one 02 thﬁBmM;

neural, snooth nuscle, striated nuscle, cardiac nuscle, bone, cartil age,
liver, kidney, respiratory epithelumhaematopopietic cells, spleen, skin,
stomach, intestine. 21. At |least one tissue type or organ conprising at

| east one cell according to ang/_ of Cainms 1-10. 22. A therapeutic

conposi ti on conpri si {fgl)at FEASYL bHe SH& Peht cwidimgorditignof O aims 1- 10
including a suitable excipbeatctiiid uURNther aCeFdricdlia30on A4 hehapeutic
conposition according to Clcgﬁn ZZEO cahta‘r%act erised . in that said therapeutic

i1 SSueSErandp drtstPoer e prtierably at

conposition provided for use”in _
| east one cell accordiidg teteminofof Gaddnsidfchritiatbe rdyifeaptupe of a

medi cament for the treatnmegt,of A/,0 royp.consisti.ng danaged
coronary artery, diseased cor%nary art %P%?&d%nnségaagﬁa‘fo dlg:a‘toé‘?y, _di seased
maj or artery, damaged organs, diseased organs, kidney disease, cirrhosis,

di abetes, aut dbnmunesgharazeci MRS s danRged. PR ONES LAl Zhej pers  di sease,
Par ki nsons di Sease, 4S inal, infury and cancer. 25. A kit conprising at |east
one cel | accordrng ‘fio[g)‘%%v)}dfso AUS 03 YRS 8fletteghdromiat Jewsttr goki ons with

respect to nai pfehamciliofisgi dneetdl,i Bmebthuieic1)dst OPLE QN hs1ef act or's
required cardiac muscle, bone, cartilage, liver, kidney,
respiratory epithelum haematopopietic cells, spleen, skin,

stomach, intestine.

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

one cell according to any of Claims 1-10.

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

excipient, diluant or carrier.

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

provided for use in tissue transplantation.

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

disease, Parkinsons disease, spinal injury and cancer.

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




to induce differentiation of said cell to at | east one -desi rfd tissue type
or organ. , AUG 2|||i3

45

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

desired tissue type or organ.






