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The invention relates to isolated pluripotential cells comprising at least part of the cytoplasm from a teratocarcinoma cell and a nuclens
of a somatic cell. The invention also refates to methods to prepare such cells, .




Ani mal embryoni c devel opnent is a highly regul ated devel opnent Z?b?aﬁéoauga

that conbines cell proliferation and cell/tissue differentiati
an intact Y4§&%i sm The co-ordination of cell proliferati daT/aBo000552
differentiation is, and has been, the subject of intense research and the
information derived from this has contributed to our understandi ng of cel
function and di sease. For exanple and not by way of limtation, regulation
of gene expression, cell differentiation, oncology, teratology. Manmalian
enbryoni c devel opnent is remarkably conserved during the early stages.
Post fertilisation the early eRitiyRIPOMDPERIEAT CCELI@4mds of cl eavage to
forma norula of 16 cells. These cells conplete several nore rounds of
di vi si on and devel ope into a blastocyst in which the cells can be divided
into two distinct. regions; the inneheafkh mass, which will form.the

i |

enbryo, and t HE® PTG olFEm  ddsch HSr We%??iéteénﬂ]yﬁﬁﬁ)té“‘tiﬁils§GH,53_ (eg
pl acenta). Th@§ﬁl§ﬁ%lﬁ{€ at & tflp%ﬁnbf)%é cgf:g)tpgzgs?n HHLY 2 t&%té’c@%{%il{lo%lggce{llﬁér% i on

of the blastocyst are sal o be toti (e’g. each

devel opment al nupleuenbf ah t@mhos Medl:conpthelie Tbsgarnd h! cthe ]
required to support the growth and devel oprent” of sai éll em%ryd) %ﬁé&%
2003 00/ 49138cPOPLSHBS®f3aEB&: I Byurndgsththeterfimat i on of the bl astocyst. the
cells that conprise the inner cell nass (IC,',A) are said to be
pluripotential (ie each cell has the devel opnental potential to forma

[ f tigsk : ONi .| b incipal ly derived f
vo enbryoni o 500! cBERRE HEARARIEEF it & FRAGIERUAE fBivelonseninrapcessi
mass are t er s SRISNENCENSH BN AFSERlSe AALLERIALS Surce ol

pluripotential cells is rom pri nor gérmce _

t he mesent er i msadrorgemistral ThEidﬁbg@ﬁiﬁticﬁﬂMEc&-l@réﬁfe’iaﬂ@&%n&%ffb‘ﬁ%ﬁﬁf‘%ﬂ?ss .
which woul d ultjmately differentiate into gene cells. These pluripotential
cel I's are ref@id e berraghe subjegionf intepmemesedrch apBGhe éhfosinatiBacleriotd tese
types of plurjpotential .cell, has the sim) ar devel opnental potential with
rggpect tg diwseﬁjéﬁtcio&friﬂb%eijntpoour un erstanc{mg of cell ﬁnctlon ang 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).



alternate cell types. It is inmportant to note that an intact Ego y m
be produced froma single pluripotential cell (eg either an éﬂﬁﬁ
cell). Therd@fdPe3a pluripotential cell has an increased coomcBnemssE 0
termnal differentiation when conpared to a totipotent cell. Until very

recently in vitro culture of human ES cells was not possible. The first
i ndication that conditions may be determyed which could allow the

est abl i shne cel ' €,1,.S segribed in 96/ 22362. The
appl i cati onr%gggrgpgg?%élgﬁf'Sﬁidr{i[g%;br%%ﬂéé}%\%\}t Wec%eggi ‘%‘FE&S‘%FS%%PPB% ‘f‘fﬁé
continuous pnaés (€AY i 08 safd R begdleriFRetehl Ge WAES e XY sOiHE Je%@%rﬂfd]
characteristics or markers which are associated with stem cell's "having

?l uri pot ent pHemtadtteriiosniaceariady ofxiasgpdse, and not by way of linmitation, 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;

And et : nson et 2 AUG 2003 00/ 49138,.3 PCT/ G T300/ 00582 al
1005 "and aryapryifte, JUBE i el HngRRly) Qe TVAL BorL oM os TPt &

cel |11 nes sBurelsosrbhiciap ¢AZ 3881y g:th ke dkRE VahY REs-and %‘%ﬁ}%ﬁ'fﬁa to

proliferate in an undifferentiated state 1 n continu

ES cell |iresorgbair setacelld (RS ablib). thn alibimaugboute UTir fORKHMUOUS s
culture, to form tissues derived fromall three enbryonic germlayers
(endoder m E5¥&6r fipmaptimerd ol @eny. caVisr isotatekfitdry thboneenteiesabr gSgitance
282: 1145-1144 19?8%1 hav§ plgzb%i shed conditions in_which human ES cells
can be est abld&hedT| HAI§-8r & TReSTalBYW™ EARIyes erihieh cwoskbvidtimateyi nat e
ES cells arg; : b e | lines. .in addition the human
cell lines ?h%%vl%ﬁlhé ﬁ@fe_}égﬁ%f C{lgpg?rheeggs%&?g’gﬁwwﬁdfﬁ &Warr%\%fré’ai & % of
cell's whi cheafteyoiiveza tdllsy EG &H1N). dchUT thBONBEY of pluripotential cell has

the similar 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 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



in culture. An alternative source of pluripotential enbryoni ceft[E @/ﬁ ma
are those derived fromprinordial enbryonal germcells (EGc ;K

are | ocat ed?¥¥tthhe nesenteries or genital ridges of enbrydSI/CBO/YBIU3679
describes the isolation of EG cells fromthe gonadal or genital ridges of
human enbryos. EG cells described in WO 98/43679 exhibit features in
common with primate and human ES cells, (eg expression of cell surface
mar kers; continuous -proliferation in culture in an undifferentiated state,
normal karyotype and the ability to differentiated into selected tissues

under defined gordishi@dsikalide pisosprhEent+1 hat addifioHIBe @Etabnsh/éd gﬁnﬁ% Eifp es
of pluripotenti al stemcells, especially human cells, has inportant

ram fications lires Bochossdsic Wes &dr2d3 6e gavasstableletydipsess andytagirgeneo
expression and/or. tissue differentiation) and in transplantati on and/or
repl acement t HEPHFTEE Fofn tNgErgniipre Aidva i CHBERUCHRMGEE. el bhorimaie difgh
injury or di sea e The est cul tures of human ES and

EGcells is a% ?158 g gﬂ&'tﬁe gggit}/s{ 'ng%'é&t;rﬁ)}ﬂr FPADESYS £ OB HolpaEprm
ik s e OO D e

pl uripotent n S may be capabl e ‘i'atmng uhder
control | ed cora(ﬂdtdc@@weﬂmto a variety of cell types and/or tissues and
organs that could have a wide variety of applications. For exanple, and
not by way of limtation, replacenent of danaged and/or di seased cor onary
and/ or maj or ter| es; | acenent of damaged and/ or di seased organs ( e

as a result of RTedWé?nHY oy @l (SFiensh iz ) 1 4ar Hidet d§98) havopublished

i sease, par kCoiane b SEAER R S Sy b EdRddh euﬁfu’?'af ey e

rom from ti senaeeqas B b Egrihil B e 528 §aBn, K e FRRiCER

t hrough vi ruscelidimasd beladditemt thei Buthbe oedl Hnes ehbwi higholewels of telomerase
activity, a characteristic of cells which show the ability to divide c'ontinuously

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



factor to the i mmuno-conprom sed state of AIDS suffers. However
practical and ethical difficulties associated with the use off MDS 2@39
derived fromypuman enbryos. Mrever, such all ogenei c materpet/cahdmoss:
transpl anted into another human, may illicit a severe immune reaction in
the host and be thus destroyed. It has been known for many years that
anphi bi an somatic cell nuclei retain their _ability to give rise to entire
or gani snms when the%{ are transplanted into ‘bg% cell s which have had their
nucl eus renoveRPteRUZINAL thivaeeenqlegy:desravey Af thernhplirpetestt matanc B ofd ERe

| uri potent of | t . trolled by th yt qpl whi ch.
has able to i reGhr B PEp gD e diF AT EC REr SHOEPLEb PROGIGES 0 &
toti potent st af e bIR] kAR SsGEL ke Rls BVELL 39, DESRBNANR: Of

retain this placic e reprogranme ransterre

enucl eat ed oocyspeatibhanpbeldxantille,abnd Waktaanwagt ol imdafof\Ue 2390/ 49! 38

PCT/ ( a00/ 00582 5 WMbreover nucleated nouse ES cells have been shown to be
able to reprotpmages sodari diseaddd womdnsiry and/boughjdrnarténiss; ceepéacement of
het er okar yon \é?s pr odUS/ed g,ont ai ning the cytoplasm and_nuclei from both
types of cel | stamagad pad/ogi fiSFasst Orgindet dighithe? t 178 1H ol didnrsc Kasvrsm G1

matertal proddiagrPesEemebriss 1 firentto Bumehf B ShRat ReBiny Cldiipnsed”
these somatic f@lbSesVer & r@ﬁﬁf&gﬁ&g‘@ge@é, &lrk HsBhs (ﬁ'tsﬁl(g,ntsgiﬁrl €n b gégyie%al

fromeither ooctyes or ES'ce and agai n, 1 n human oses

and et hi cal canaeendt willtalyobalappareni noromecsiilied derhy etk fhiao diseasadt Aidhsasar €
al so able to reprogramme somatic cell nuclei in order to produce cells

with pluroptenhidd mepabersfir from deom Tassaes ndasiveadudoum sES hart BEsdriedlsn Thewi de

range of nore por |ess ani sed tissues. . . .
g d%pletlon of THENs tﬁroug‘h Wirss induced cell death is the major contributory

factor to the immuno-compromised state of AIDS suffers.

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)



have been known in humans for many hundreds of years. They typ cal,l r
as gonadal tunours of both nmen and wonen, but they al so occurah Aﬂﬁe?ﬁﬁa
sites. The Y&fbkdal forms of these tumours are general |y bebCensdoibms:
originate fromgermcells, and the extra-gonadal forms, which typically
have the sane range of histology, are widely thought to arise from
"ms--placed” germcells that have migrated incorrectly during

enbr yogenesi s; r n-ger. | 1. origin fram persisting emryonic
stemcells naydlg@&?gﬁs?%é?aet @ Fﬁ)%ssgqrre%%céjs?@g, %ggﬁeé}%%’l S%“CP\?SP fr i g%a to
occurring in témropesnber SomBec vl enlieil RAHBUSKUIPIHIOR 0L é‘rﬁ%f‘emﬁgbh \?@:%1_' n
in nost cases, teratomas are generally classed as germ'cell tunodrs ),
whi ch al so mapfddsedeonsigmgothe atbpnshi atbhogiet &orh Yoes typRdUdiBGo it is
sem noma (oftﬁ# call ed dysgerm noma in females), enbryonal carcinoma (EC),
yol k sac car cPHEfE!ERddS0TANG Beoa-tot1 asshenpar bERQDD0SS thebreprogramming
chori ocarci nogr[?te GCT may contain any conbi nation of these tissue types,
with or witholUt @l enents of teratoma. Conbinations of teratoma and EC are
frequently described as teratocarcinoma. Conmonly, human GCT are divided
into pure sem nomas, in whi.ch none of the other histological types occur,
and non- sem hoathttioese &EMEINSATMoughbhited niRYris ' LIRL 14@R:

hi stol ogi cal types, with olg W t houtg\mel enent s o?ﬁﬁﬁrﬁfg%.ﬁ&gﬁ‘wﬁ%ﬁ??ﬁ
NSGCT nay al sl& @§rficansiierelindoner, chesesimatia.celsawe@nrepidgrahfnd® bt @INTRN! Y
beni gn and contain only well differentiated somatic tissues that may

i ncl ude bone,eqﬁﬁlgase?}re_rﬂﬁrwgd %Mthﬁélqoﬁh\ff‘@a‘hﬁ ESccellsi arsliagainy i huoman this
i ncl udi ng teﬁéﬁﬂ??ﬁaﬁ?&a[ an@%?ﬁagt&‘g‘ﬁérgph”mn testicular GCT are always

mal i gnant cortai ning any co t “the tunour tissue types discussed
above. Any teratoma el enents present may be |l ess well organised than in
beni gn human ovarian teratomas, but somatic cell types such as nerve,

nuscl e, bone Embryomat i cagénamy bellguiietyédc et StdatomIeshicCUiay SFL e
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



rare but have a peak incidence after puberty, being the nost f -
cancer in young nen between the ages of 20 - 35. Early hi stopﬁmgw -
studi es of hysyrry CCT |l ed to the proposal that EC cells rege hﬁ),&}gély
enbryonic cells and are the stemcells that give rise to al the ot her

cell types in GCT, with the exception of semnoma. (In the currently
prevailing view, sem noma nore closely resenbles the prinordial germcells
from which these tunours arise, and so may represent an earlier stage in
tunour devel opHERIOCARINPIgr 6651 Gy, CORIEH] 1BY (ORPEPRR©Al theseutssust tyeeT,
becane possible.wth the discovery.that male | aboratory. mce of the strain
196 Gevel op. SHEnEAGHS EEFREE bf PRl beaprBitiRsS o iaiewe gt Eeswen ce

arose from p ey EHb8 IR R aRihaRa, GRS 1 e R

m grated into igkepu@esiniiabnidsdGewdicH hend ey elcophBghRINbY R at tyiﬂss-océ&,@ﬂms of
gestation in the 00/49138 2 0 AUG 2003 PCT/ G (300/00582 7 Iaboratory
nouse. Evi dencenveesnmlosmionts &GEJNSPpPaAnL wigch meayhyppunhesny donstiinafieh ol | s
are pluripotent sfem cells that, are ap)Je to generate the whol e range - of

di fferenti at e®ERIAZECH o GRES iVitler F o¥dReYt SheRents Bk defadampy iGonfusingly,
found. that shmd toc L .NoMas n . rnas could be derived from
enbryos that Iﬁwgad\%grbégﬁaﬁlfoaﬁérg%ﬂ gg‘&%% %c%eg%ﬁél%gl tes. For reasons that
remai n uncl ear, sem noma has not been observed in |aboratory mce, and so
no ani mal nodel of this tunour exists. Spermatocytic sem noma do occur in
dogs but, although these also occur in old nen, they appear to be a quite
di fferent tumbhwartappeGil ate whiokf eyrentonde benigngndt corttiia BT .wdCdifédrentidteés

that can be maintained in vitro have been derived fromseveral nouse
t er at ocar ci noARRaUSIHHSUSS thaidsay mrclede Ibanenay!saies @craunPiian wellaingaaised

oLy potent PUEGLYAE (0 Cou dibe L ICHER ko ) LUSEEIals, Late,e, Fange of
case a 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 ages 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



terat ocarci noma woul d be fornmed, or by various manipul ations jn wvitpo ﬁgrre
EC cell lines differentiated spontaneously when allowed to ng)\h MB 20
confluence. "Heéfs required a feeder |ayer of irradiated oPCT/GBI0/00582
mtonmycin-treated cells if they were to retain an EC phenotype, and they
differentiated spontaneously if removed fromthe feeder cells. In a nunber
of cases, it was found that maintaining EC;cells in suspension culture for

several days fqf 1 o] | oat. i l1s.,t hat ca
soueral days ! ShEeslont BRSO AN 0al ih BbUTS Sloselie A bEERRy
as enbryoi d bogCessarvideripsenggenf cais {irk apl hiAead egltatd m%ho!e%hgglo@g
nerve and nmuscle, would grow out fromthese if they were subsequentfy

al l oned to attdidferemtiaied icsHuéound trurceatosardimmaas.| Subssjuahd o if sundodhbthaa

nunber of chem,cal] agents, nost strikingly retinoic acid, also induced the
di fferentiati oHYBRI FRFAFOFAIFINgENaSCERG 1§81 REY cquld hagisripedclpm eppams tHae
precise cell t formed in.r onse. to any of these treatnents depended
upon t he parti%%FC:?"‘GE&T%’@P?&“F?{@’P“gc’ﬁl%ﬂ)@sz003 1 00149138 PCT/ G BOO/ 00582
8 Access to ECcell lines allowed detail ed characterisation of their
properties and pattern of marker expression. Several surface antigens, .
notably the "F9 antigen' and Stage Specific Enbryonic Antigen-1 (SSEA- 1)
were identifi dtbrasecasoingr dedterdrahinC alrcye@ X Pic@sipethadhab0Hse thenCebk&vedt ipvas
further noted that these cells did not express class | nmjor

hi st oconpat i bilpbenigryHgiceannd gems animad model aftbisnuuser ekints eSpeatatoegic as

wel | as norphol o and.their capaci to, differentiate suggested that
muri ne EC cel FSTREQBANIGFOEW ik Bgsg pitirgte Blase algpsgceir ir Pl miene they

ect oderm of t g Thi e nee s _..confirned t he
findi ng t hat g@ﬁggg@ﬁ%g?@ﬁ%?ﬁ%% .1H@?éﬁ{)j@f‘gﬁﬁéﬁaﬁ‘gg\ﬁfﬁﬁ%g@%toHﬁ:qgﬁm
enbryoni ¢ devel opnent, when transferred to a bl astocyst of an early nouse
enbryo, which was then re-inplanted in a pseudo-pregnant nother and

allowed to develop to term In sonme cases the chineras devel opi ng from such
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.



the EC cell conponent; in sonme cases the chineras subsequentl

teratocarcimorgss indicating that the tunmour phenotype of phecEs e | s had

not been fully suppressed. Only in a very small nunber of cases was germ

cell chinmerismreported. EC cells have been shown to have many of the

features which characterise ES and/or EG %el |s. EC cells are relatively
el

bli,sh i - |, surface markers associated with
S and/ o EG cBRFEs K E e uinge dlfeted Eertaeslatinjwﬁ?@fggf%m sroperic
i ff i at ed: : i _ nto
ol et od 11 seube! BARKET BT MUR oAt ERTON L s it By evnlieshs. RRel 0 o

is that EC cel érﬁi%@ma@d@t_ﬁg@g @EiEQrEmQLg/omtt ﬁhitiggt%-’l @tﬂﬁg@—r]ﬁ?eréﬁﬁés%ﬂg?eﬁe@
e

which result int addi ti onal undesirable feature that t C retdin

the potential tlericensticatbuespredsedtgsmbesnE&nmii. flowas @uRh&! nyeakSatithale
sel ected chem cal] treatnments of cells_ in culture can result in cells
ext rudi ng nucl €lls igureti Gipress aless ¥ srajen hisipcommtibilayEMHC) ROELEBOHNSS2

I i t d | asts and )
cytoplasts. rasPRERUrry TRREERER Herd e%sﬂfnpﬁé?é%é’?@ﬁttueﬁec@@}gameg
parts of the cglferdf@yate Qéa&@s‘%w?r{a&%@feeﬁtﬁc&% (chsfe}h%'lé’d“ﬁ@%ﬁggﬁé‘%ﬁ{cgﬂg

not by way of limtation P¥ 1s possi to produce a ¢

cel I and fuse mhss eypaplias ettodérm setiRcdel ©lke ERABHRAS. MTRIsCHLARLBSFL Gras.
hybrid, or as is commonly known, a cybrid. |In addition it is also possible

to fuse the karopémeshby heafindihg thasgovel ECtoolls eouldadiffenenséne ahy paitbipdise

nucl ei fuse af.ter nucl ear nenbrane breakdown durjing_ mtosis and
reconstitute a{fltné’im@gf3 YieRit developBiea. Vi ardraceé to amlessoaist of auehbys.

i i dwll not be detail ed
extonsively artippesempEyd IR b dndsl e BhRiaRE i nafiouuieten oy eed
celI's and fusediowhal eydoRlGpictetn, ThQbMeORES i MikleraChard65ing §dth sGich

cells. The aimof this approach is to re-
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

EC cell enbryo conbi nations were normal with extensive contri uﬂhmczg@n .-



programme the differentiated somatic cell nucleus, through co ta (Wt
factors Ioc%/%id’in the EC cytoplasm so that, the cybrid dq-q{zmm 2003
and so takes on the characteristic features of a pluripot8RTICAWREEE- This
then provides the basis for the establishnment of pluripotential cell lines
whi ch, upon exposure to various differentiation factors, can lead to the
production of selected differentiated ti ssue for use in, anongst ot her
things, transpicpataeimiclearhandpytoplduaint ggaoushyethkary opfasto angqeytbenRn, to

use harvested enbr jc cells to derive the cytoplasts. Therefore any
et hi cal i ssuesreﬁP"t‘ﬁgﬂ{é’spﬁéQ weld knoevidethgrart g e senasatedi partsayf the cell may

i d. L bl i f,EC | 1S i ure is
el atively amdtaiste pALR b IEhBRL GPE CnBP I B S sestabIiGHPRgT
human stem celik (dbiold €8 prdYde Eﬁry;dilslﬁlﬁl ¥t BRe F@MOYRE 10l ?}lpee cxg)ﬁlzgs?ltlo a

nucl eus fromthe donating EC cel ults 1n no transter of ge

material carr ysetgtabtahtd frmoacogehemit bybhid, oy by isde@tdon$e khenmed cvBRd.
AUG003 00/ 49138 PCT/C BOO' 00582 10 It is therefore an object of the
i nvention to pRAFdHEOmItHs alsopmseibts ki fuselthe tdamyorilest toct selected edllfto form a

enbryoni c tissue, fraoma. prjnar oyrce. It is a further object of the
i nvention to ﬂ”(?lﬁaaglyrpé{q?o@%e @%C@b%F%iaﬁ@r dicleatsmempyege direaldovwy idipsings m

of 20 FC cel| ihtl sOmLLGE LS o/ chay b, kLISt oRhest S e

invention to provide a pluripo

di fferential e niublcds s efifab ebolidigecne UPAN KAYROSH el &t IRBIORT hal Be defilef S
According to a first aspect of 'the invention there 1s pravided a ce

conprising agxtepabtelparthinftaghe cytopl asm derived from at | 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,

ol ur i pot ent | a e RArSBBARAE Pl ShlR s el R C R DS d0d fssd s ppieRego
pl uri potenti akoreh @yBEESR i 58ebRdAButiticB8ld 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.



of the re-programm ng of said somatic nucleus. It will be apparent to those .
skilled in the art that the cell of the invention may be der2v?dAU@sZ[][]3
preferably,ﬂysnﬁpe creation of a cybrid; but an alternative ©0Option

i nvol ves the tUSion of a somatic cell with an EC cell. O eB¥T/¢BRMI08E at t er
option is not preferred because of the potentially oncogenic genone (gene)
of the donating EC cell. Preferably the further step of renoving the EC
nucl eus is described hereinafter. Ideallyi8aid pluripotential

characteri sti cltiintherdése zheotaditldftthe tiovetitfdretcepidatie a ﬂlnhgoéhzihﬁé’af A %

sel ected tissue type. preferably upon exposure to at l|'east one
differentiati dwtf%av(ﬁﬁi.frm/emmgnmlt@ue G a2008aBCIHEBEY 00582
Alternatively, or additionally, said pluripotential characteristic includes
the - ability of sai-d cell to proliferate in culture in an undifferentiated
state. In yet a;f - .er iment of  the inyention said cell has
t he capacityI?g’%?%ﬁ?%gﬁgggﬁﬁﬁﬁg6ﬁg$ggﬂg%éﬂpyﬂ#br?ﬂhaﬁs8 aPmPEYRG AL Kesl
state for at gagesfthe oPRsPIRSm ¥TAni KERkli%vil? aNBRINT nfiL&y Natively or
additionally said pluripotential characteristic |nc?uées-the expressi on of
at | east one selected marker of pluripotential cells. It is well known in
the art that Sluripotgptial cells express a nunber of genes not typically
expressed by di PP Snfuriee @biest pt thernesatian éo yapvials| aepluoiposertrial celbhating

whet her the EG cyiopl.asm re-programed a .somatic cell nucleus. One
such exanpl e &t .'tyltr‘?cg?%%g’é?? Hﬁ°§ﬁfﬁﬁcﬁgﬁue§fuﬁ%3¥WBfﬂ icoppsapdate
sel ect ed mar kef.iths expression of the Cct4 gene. In yet still a further
preferred enbodi nent of the invention said selected narker is a cell
surface marker. Preferably said cell surface marker is selected fromthe
group including SSEA-1 (-t);'SSEA-S (+); SSEA-4 (+); TRA-1-60

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 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.



(+); TRA-1-81 (+); alkaline phosphatase (+). Alternatively, o gé&ﬁ%ﬂ@
;

addi tional | 560/45?@3 d pluripotential characteristic includes the

tel omerase activity in said pluripotential cell. Ideally s&Fd/CHRIPHEher ase
activity is correlated with extension of teloneres. For the sake of
clarity, tel onmerase enzynes add, de novo, repetitive DNA sequences to the
ends of chronosones. These ends are referredi to as 2 0 AU G 2003 100/ 49138
PCT/ GBOO' 00582 12 telonmeres. For exanple the tel omeres of human
chronosones contain the sequence "5 TTAGSG 3' repeated approximately 1000
tines at theirAdngwmtiviely, youddjtiatialiydisagl qéltipotehtial ehamereeistiarigcheatihvel y
long. In aging, .or non- dividing cells, the tel oneres becone shortened and
there is a st rfthBty egﬁb?lélcé'ﬂlitSrPFBBf@Ké@ﬁ“tCélllblﬁélﬂéa@ nodiféerenigatatdtatapacity to
proliferate. Methods to increase the length of teloneres to increase
proliferative capacity are known in the art and are described in
W9513383. Al tjgr Y Lyi [ ug | .ent j_a
characteristi CI%i ?1%% Sdggﬁ?%]gbr%?gggn%)@gé Mgelz(ﬁrpgn@lgo%favfggﬁgéghsf Clatclel)lnhﬁs’atﬂf‘eer n
charact eri sti caphcipy uoipotiéfutealn coglinsus titine Wehh u%ﬂﬁ‘t\ﬂeﬁﬂi‘at%ﬁ"%tﬁétf £ hat

t he genone of eukaryotic organisns is variably nethylated throug tﬁe

addi ti on of nEe#s}I6 MOCHS)anyt islgpBy dftrmohidd. to cytosine residues in DNA to
form5' nmethylcytosine ( 5 -nC). Methylation is correlated wth the control
of gene expression. Typically genes that are hyponethylated tend to be

hi ghly express h 1on,is correlated wth reduced gene
expression. | tﬁf\?\?mlﬁ%ge%a%ta%qéﬁ{m? l-vor‘?él IHIPTIBBF‘?“H%@ H&AAteTi gt 1nclgdes the

pl uri pot enti alexpflskin Wétlleﬁﬁ\b%e%e}éﬂ?écpﬁllar ﬂIﬁPiPBQPBQf E%@n: Thi's pattern
may be anal ysed at a genomc level or at e l'evel "of "a specific gene.

Met hods to anal yse the extent of nethylation are well known in the art and

i ncl ude, by exanple _and not b V\B.i/l of limtation, restriction enzynme
di gestion of BN& WellHneswmyin ske art theephiridorentialstalls ctdposss enmiombet ofigerses

fol | owed by S?llcj){ %ﬂaﬁ&oééﬁrggseang3f p&i?f%'renrﬁiated 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



W th suitable gene probes (Urezawa et al 1997). Alternatively or

addi tional | y sai d pluripotential characteristic includes the i
i nduce tum) en introduced into an aninmal, ideally a rodgnﬂjA""ayzg93

experinenta More ideal Iy still said animal is i muhoSa5¥%es¥. 2 o
AU G 2003 WO 00/49138 PCT/ GBOOf 00582 13 According to a second aspect of
the invention there is provided a cell-line conprising cells according to
the invention. ldeally, said cell-line are i@ human origin. According to a

third aspect otelbherénveRbi erampRr gic ©ldpaes dyédhamﬁﬁtdmamfo%memc%ﬁ@ﬁﬁ ke @
cytoplast, or part thereof, for use in the production of the cell or cell
line of invent seqLansepTd ETA@GG)f& mep%tdﬂ _Agpuximetsy 1006 tE&sceﬂﬂhr:lrl endsi Jn
separating at |east part _ of t asmfromthe ucl eus_ of said EC

celI; iii) |sovawgrgdé‘él| Hlé’c;??@blta% AR af%rraiaﬂas Y o1 I aging, sttoRPRy

i d | at ed t f thod of the
Chvent ton- sar d e S R ehikles o pHRTag, hofie Pl fid Sheib il oh ofdne
skilled in thec@xﬁ-Elartf%%tb@t@de@n%’f‘oﬂ-@ré‘%ﬁoﬁ@%n?%nﬁr E’hg‘? to rah&rratésweghogrom

aliquot isolated fromat |east one EC cel eg a 1 quot extract

an intact EC cd incvmamameﬁﬁ@nloﬁkaamem todntehpuns)ifantiod t@%ﬁi@ﬁ\*%@lkﬁowd
preferably, said cytoplasmc part nma rovi ded as an isol atéd cytopl ast.
In a preferred1ﬂr’r‘fe'?tﬁ‘I”i@'élamEi arméescnl\bemmﬁ‘ﬁo Fiﬁgéyt opl ast part is separated
from said nucleus by exposure to a pharnacol ogi caIIy effective anmount of
at | east one cyt ochal asin. ldeally cytochal asin B. is well known in the

t that t i £
Separ ari ng t ho heary ffBgad@gﬁi%%ﬁkfnsﬁﬁeﬁ‘%@{b%ﬂi%%ctf%?% S iRlpdes ihg
and cytopl ast peseOess b?@Icﬁmrﬁa/ﬁkﬁﬂdrﬁeéhmﬁmme@myhéé@bteréﬁc ofpluripotential

cells.

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.



P221-237 1987). 2 0 AUG 2003 WO 00/ 49138 PCT/ GBOO 00582 14 200m?@a
fourth a @g#l £91f the invention there is provided a nethod fo r
f2%fne in accordance with the invention conpr PSTHg30000582

a-cell or
conmbining at | east one EC cell with at |east one somatic cell; ii)
renoving from said conbined cell, the EC cell nucleus; iii) culturing said

cell under conditions conducive to proliferation and expansion of said

cell; and, Apdranad by a Ydcordosd ife GBI - [:$uj table .
conditions. It will *be aggltajréeé tg% %go{ﬁquurft@d%%@tlggﬂ%rvf&flﬂnéltqurgpﬂ‘ads of
ni cr omani pebatpesing esdlit atb@tifgacsd | dheaineehtionr eampl, ofidneal ginef 1,@Myr

sel ected CS| ls. It will be apparent that this nmethod of the invention
advant ageot¥MApeBgides that ; i) the factors produced by the EC cell are
continually produced thereby nmaintaining a steady-state |evel of factors
necessary to reprogramme the somatic cell nucleus; and ii) '"the EC cell

nucl eus i s Ar2epyied e j cel L prior to mtasi ensuring
oncogeni ¢ genes ]are[fo[lggh%r?aaﬁ@géeﬁ??g@% frﬁjevrhuﬁp @8"%&8%‘%@65& fidRed ERW |l ed
in the artpidpairiche cyesplag of phRehSAMRL i &R 4 eﬂ; hSRk Gii bical to
the operation of th_el?i nP:/Jenti Ol’}lj al t hough t he cglﬁh-% Ig)gh%@mobloﬁg’escglue%& ed so
as to optie¢lséinerofmaxemicecsmereiss;i n terns of prodcution of a cell or
cell-line of the invention. According to a fifth aspect of the invention
there is provided a nethod of conbining at |east part of the cytoplasm of
an EC cellswth_a sqmatic cell nmpyising; i) providing at |east part of
the cyt oplgsm opr%vﬂggkg ?:@F?S,t qnie)ﬁ GFr‘[;i ning said cytoplasmic part with at

| east one pnmat | ol R Y O\ ' ombi ned, cel| .in cuylture; and,
opt T onal 1y 50 1 VP ERars A% kst sREOHE R BBl AN e usied & svidgic
condi tions. cell; |

iti)  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).



WD 00/49138 15 2 0 AUG 2003 PCT/ G B00/ 00582 In a preferred nethod of the

i nvention said cytoplasmc pan is provided as a cytoplast. RnUyAIU@ 2[]0
further pogfgded method of the invention said cytoplast is _conbined wth
said somatic cell via cytoplast/somatic cell fusion. In thddbeVaReecribed -
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 |east one cell accorbing to the invention. According
to a seventh aspemtrdiof tohe fountenspeen of hiee énventipnotiestets growddpd éhod for
inducing differentiation of at |east one cell of the invention conprising:
i) providing ameparingceeeldiongeli-dineha acaomianreivith ihe igwention ogmeekidecel |
under conditions condugi.ve to.the di renti.ation of said cell into at

| east one ti ssdi; aﬁ&?@’d?ﬁ”&ﬁéll?%ﬁt PP#@E@?&@ lcastiomedomaticetlliat ed ti ssue

prior to use quer Sf%@@f%@?@%?gwﬁﬁ@;%mQﬁf“- queg@lul%?slgl d culture

conditions are Sel ecte I'ssue ‘exanpl e and not
by way of |im tg)iorulthflaf da%d QPURRNARE .coMMBEh® CBRASITVOMY préiifetAidtdand
cardiac), bone, cartilage, liver, kidney, respiratory epit hglrl um

haemat opoi eti ¢ cel | sxpaplieeo] sakics]l; shdrmtipnailyt esti ne. According to a

ei ghth aspect of the invention there is provided at | east one tissue type
or organ conpr ¥} ng Skringessd celhsulgere unges spdablg cosditinasi nvent i on.  20AUG2003
WO 00/ 49138 PCT/ C B0OO/0058? 16 It w.ll be apparent to one skilled in the
art that differentiated tissue according

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 ;

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.



to the invention may have extensive application with respect to
transplantation therapy. For exanple, and not by way of |i%if)aAU®.2003
repl acenBf? 00601 8anaged and/ or di seased coronary and/ or mepEFCRGEGIsEES;
repl acenent of damaged and/or diseased organs ( eg as a result of kidney
di sease, (cg cirrohosis), diabetes, various autoi mmune di seases);

repl acenent of damaged neurones ( eg Al zhi eners di sease, Parkinsons

di sease, spinal injuries) or cancer. It will also be apparent to one
skilled in the art that diseases such as AIDS may benefit fromfrom

ti der | | " the. | tion. The depletion qf T-cell
L ough vi r UL Cmanaed He i sR Rl i o el Enler Peruptinys Pracist ¢ he

i mruno- conpepishiRd state of AIDS suffers. The provision of a

non- exhaustive supply of T-cells derived froma non-infected somatic cel
fromthe patient has obvious benefits. Mreover, tissue rejection due to
host cell jnmune responses are likely to be negligible since the somatic
nucl eus * usBdY$ina fHehes prafamadunethpdeed the ipeeuBon settl tytopldshés patnbémid
requiring th% r%flacenent ti.ssue ?rbprgan, According to an nineth aspect
of the inveltTRGAIE FURENT seld vy Friom astisAmeas <l [sifonposi ti on conpri si ng at
| east one cell of the invention including a suitable excipient, diluant or
carrier. In a preferred enbodi nent of the invention said therapeutic

conposi ti onini the v destritRd Mefidd fheSsUecdil ang LOM-arfCEREAL NG tO a
tenth aspect of the invention there s pr o(\:/elg deﬁ ggo?r]e%ta%g&tloarér@%?%n&
condi ti ons yman sEigses requiring transplantation of tissue conprising; i)
providing at | east one tissue type or organ according to"the invention;
surgically introducing said tissue type or organ to a patient to be
treated; and >0/49]13% 2.0,AUG Z00 CTI GBOOY 00582 17 iii) treating said
pati ent und‘g(gcogg% Eq BrX{nArCL O ther‘d‘ErilW thcrenis rrovidndaasellosulanr d

transpl ant @A SSHE aPleasPbik PAL hEMrding 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) culturing 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.



According to a eleventh aspect of the invention there is provided a kit
conprising: at |least one cell according to the invention; impt LA G)
respect to t@e i ntenance of said cell in culture; and.. g?i nally,
factors T8JUMHEY to induce differentiation of said cell tk Té?“‘?"é’ﬁ%%‘ one
desired tissue type or organ. An enbodi ment of the invention will now be
descri bed by exanple only and wth reference to the follow ng tables and
figures wherein; Table 1 represents a sunmajgy of the human EC cell |ines

O SO O L PGSR Lo PO HER, Bl B! WA SERLE 188 ding

Tabl e 2 represents e nmurine l'i'nes "use

shows various RwminkehAbAGAEEhRUTBzERiLY 8dp Gl ord Wi SespHRe jbptic
enbryonal carci nomam( EC) rmrp)ﬁol ogy of 1s-engr)aI houman EE:Sp ce}ol &%&?Srﬁzésﬁt éér?ved

from testicul athdrape)Fanekarplcagodadalby(wag)f Itrmitatiagaepiaoemnest of ddmad&d QE,
(b) TERA-1, (c) SuSa, (d) 833KE, (e)  1777NRpnet, (f) 1618K, (g) NCC T. Bar
= 50pm Fi gur eapd/@Kodiscaser] eRranprpf ader meajer carégrigsy seplasemeny fofcdamagddyen

expression by the human EC cell line 2102Ep; Figure 3.shows ) .
i fforenti ati oAIGOT SRR PEdan (02 ) 7 FrHbOICRINTEN Hyeessy (s ATRwsiS),

growt h condi ti S%Etéa%aggﬂg%@]{cﬁ%ﬁ nd h?s%%&g?,t rgﬁ?&eﬂ%ﬁf 03 a%@age]é llﬂ%%?rée L W

density); (b) spontaheous differentiatio ew cell's 1

1156QE; (c) a ég'AI@hﬁ:n@érS%%ﬁﬁ??h&iﬂﬁﬁﬁ%@&s@sﬁiﬁlﬁpﬁ{jﬁiéﬂtér‘)&méﬁ)lt%vill
cul ture of 00/491 38 PCZPBAO 9922003 18 1777NRp differentiated cells
derived from 1ZZ@NRpappare6t cel b Blyilled pipathedart phas dgeasds $ualy gerIDSY may
(Bronson et al_ 1983a), Bar =50pm and Figure 4 shows differentiation o
TERA- 2 deri vedb$iffnimom cbpms: tissugs darimed- frogt the egllsani becuvestionb)The

e fai R BB 55 P o DO S
D1 cell's fol |l opicig doNHECIhBRmM ddInpromised state of AIDS suffers. The provision of a
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

th



retinoic acid (Andrews 1984); (d) non-neural differentiated i\lﬁgm imgl
cells i nduc%gw@é exposure to hexanet hyl ene bi sacet am de_( Bau 8 ure

5 shows het erokaryons obtai ned by fusion of 2102Ep cl 4D3 HulteREE3 el I's
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 cytoplasts derived from NTERA-2 cl;-pl human EC cells follow ng
enucl eation wth ¢ hal asin R i ni_ng:.nucl eated cel | 0 right)
has been i nc}N?J1ti ed ?f}néglt%ﬁg’ ?ﬁﬁgl B&I%rﬁ\ éggn%]a;}ioggﬁgbnéngﬁﬁ T ?Oé‘il%ﬁ?ée F“@Rg’e
anplification of CelkdepVe bf Qi1 &aRsBREGiNKue 39 BEd Fagsl! (thynmocyte)
het erokaryon. Material's and Met hodsbigrﬁepar ati 8n90r£? I\/gfa}‘s%ghThyrmcyt es The

t hynocytes were obtained by mncing a thynus renoved froma 4-6 week old
mal e nouse (Sw ss,ﬁjs_trai n) and suspending the released cells in 10 m

medi um ( DVEM) AREOHIIEAG Geelaveatl rspentuaf (theShvenioer thetaridi povided 2- Rit
mnutes to allow l.a sett|e, the supernatant was

rge fragnents of th to é )
renmoved and c%%?f@ﬂ%edatafe%i%ﬁﬁer% ﬁngggﬁfFﬁ dCt GCpEvetophangnggiwndevtith
00/ 49138 2 0 AWG.Z003 (RCT. cyhes.. The thynocytes were
r esuspended ianresh mdlﬁgﬁ%%aﬁggg%%d &ga]%ggp‘élﬁ%?’t gagaﬁgﬁﬁnﬁ%” Factors
centrif ugati orguirdsoiBsuscRgaretiaihesradd tkBo ak t&f: leCileq H0G,CRLLS
wer e resuspendgd in fresh serumfree nmedi um andocountség?%glﬁ%dnhg%ec@hes
wer e obt ai nedoryrginypsi ni sati on of confluent cultures as previously
described (Andrews et al., 1980; 1982). After washing two tines in serum
free DMEM and counting, the human EC cells were m xed wi,th the npuse

thynmocytes in,a ratig of | cell to 10 thynpcytes. The m xed cells were
pel l etted by %%r?f’ﬁa‘?‘??ofayﬁt b I%g? ISEGoRpYAl GP“BHB%dﬁ&rlbcd by example only and

with reference to the following tables and figures wherein;

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



Het er okaryon Fusi on of Human EC cells and Mouse Thynocytes & Extraction

of -~
RNA The cells were fused using pol yethyl ene gl ycol (PEQ (K@M&%}?ﬂ@e
SN

The pellet 0?’?%3%xperi ment 1, 2 x 106 EC cells and 2 x 1077

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

incubated at 37 Cfor 1.5 mn. Serumfree Igedium pre- warned to 37 C, was
h

then added graqdaaNRp eNRFcliditdcellN8es0bd Fronen a7y RS mdfe%gectgp@%éﬁ%&e%eg

centrifugation at 1500 rpmfor 5 mn. and resuspendéd In

20% f oet al calphssmgewhloWhleasitc @tonsenet theéddd)aBed=b0Lm; and25 flask and
placed in a humdified incubator (10% CO. 2 in air) at 37C for 2 days.
After 2 days, the non-attached cells were aspirated. The remaining attached

| h t by t j.ni sation, hed t ti i
DEPC.troat ed THERC1 5 rORTCORRBCRBHIAT Ofnd LB oL eUe! (henes detspalidc®)i nt o
Tr | t (LTERMS 059! ' ' i,cgl Co. .
described i n S on AR RFHFRE PG P 0B A BT 2 oitiden Vigwrine

quantifi ed byngpéd patches @RSE MnABASIEETR Ofi fferent
contam nati ng DNA v%gsc _get erm ngd 00/ 4913gH%0%%8?%%%?%@%1@5%&“{%% by

PCR usi ng P- actlisnaisithgHRRTulprrksresfSNITIE oA prcatIe] ssiip| fofl oMk Siretceén abith
1998). If free of DNA  the RNA was then used for RT.PCR analysis of Cct4
expr essi on. PERORHHRFIK @ardrevs dff 8dat 4d)f nomnpured i ferontintads B THERABL vl D1

Het er okaryon | n, ane experiment (2102Ep with thynocytes), .a control was

pr epar ed, co?Fglss‘PﬁHﬁﬁC@?y TEPErE P%%@W%@Yre@ﬁ%%ﬁe I8z ddpar THH MY he

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
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



fromthynocytes alone and also froma nouse EC |ine (PCCA aza Aﬂrfﬁaﬂ
to provide WJE%Z negative and positive controls for nouse tul 3
expressi on. was then produced fromthe sanpl es usi ngPféidiIeaoss?
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 Ebnditions described in Wakeman
et al. (1998) thyrhbcytan afhaekaj/mngytteeeaéws@e@ﬁecﬁﬂrﬁfreiﬂﬂ%&%%O\QHBB& mege
then subjected to electrophoresis and separated DNA fragments detected by
et hi di um br onieé pedletiediaggin by qrangrifiigating] ethis avassiepeawti 4 Becambtiifd efler.

fragnents was determnm ne usi ng step | adder. PCR Prinmers for
e and. oy L e g Calth ST e BAPERARG Ab CESH é‘?fugbé@eeé’& fRpand counted.

SequenceBpNo. I ) | Huyngn 1-3X52437,

For war d5' - cgaccat ¢ g%:(ggg tgggg b?%f}cgggy E&&YPeS igation. of . coptluentc culyresas

5' 534- 515 MoupeSokd) &dcritndd AQiwasds 7 94 986C so@Ha O
Rever se3d' aggggcc%lg%cttarcaca -3'r93;-9f8'T2gge pri n%*??\?g%%‘qoéé‘?gﬁﬁ 8 ng
the Primer Sel gerummiicel BMEM, hmdLesertgar ehs Givngaro EC peNgracre BNASKath fhac.
USA). The nouse prinmers would not be e%ct ed to anplify human Cct4. Z 0O
AUG 2003 00149888¢ ﬁmmozs@@ mmrzmofEh Gaﬂl’tOrﬂOthymd)ct)aes o Thieahiked cells

“cytoplasts' and asts' mni-cells' . One of the techniques that
i s enpl oyed i WEHUP® rﬁé{q‘# Qﬂmﬁ‘#%{?@i ‘ﬁngIQ _rpm for 5 min.

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



Programed Enbryonic Stem Cells (RPES cells) is the use of cytochalasin B

to generate enucleated EC cells (EC cytoplasts) as the cytcg)l[]agqu&)ﬂﬂﬂa and -

“karyopl ast $9/401@kso called 'mni-cells') fromthe differentCateoes:
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 enucleation,of a wi de range of cells of a,

Prescott et - AIPY1RE: Ss Popeh G10 B SOPRIG I AHA PR ORAESFS, citfe and
Ri tz 1974a; ' [ ' : S | I '
cel P 1 acki ng 4 2oReroaee o Bt ROTA U e MR FR A SRR TR SR s

days (CGol dman &hrédsionl973); these enucl eated cells have been called |

anucl eate cells” (Posté 1972) or cytoplasts (Veonett et al 1974). The

nucl eus that is extruded fromthe cell retains a thin rimof cytoplasm and
i S surrounded AR & AbRB cmioed D & Eirom tHe@s 8n $IC & QI ok RSTHay e vRed Bre M alr@6h
“karyopl asts' (Veonett et at 1974) or mni- cells' (Ege and R ngertz
1975). Enucleation of cells to yield both cytoplasts and karyopl asts may

be achi eved by, "8ht - eiaabhianes §SEN LT RN el ILAM A Bt AChed

to a plastic disc are-lnver OVEer+ a sol 1 on asin

centrifuge tubgngiatng ftdellkUssled tab &fof ¥haBh aSdcsptl #MRItRe 3hiAENSH With IIIEQ}
pl astic disc, while The karyoplasts are pelleted at the bottom of the

centrifuge tuws (dPnigiedott tles alt @E2)antidipeerdathavehy, 202K X ntisus@snsi on
may be centrifuged through a density gradient, typically_conposed of
Ficol |, cont &eHrakaregns otenidshe fgmed.gl lar angibenekperiment RS )was) isotdted

, I d k I d and . b d f
1 Torent  paltih GEVHRET N ARG Aer 6B MItabAG oRe g Bt
d ibed b I = Al I i :
Dl asti o di st vePe iy SR npdfve ME O AR oo S mbuss OB S068 o

00/ 49138 PCT/ cD308/ Wb BRncyicdabed dedm tBe shmpirosfihatievaut firnsstifadd (1eT)
containing 10% fetal bovine
(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 . 5 33| x52437

Forward ; ,—cgacca C gcc:gc:tttgr:xg-5 , 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,



serum in a 50 m centrifuge tube, and centrifuged for 30

rpmand 37C '/ 18 J2 Bectman Centrifuge using a JA20 rotor. (§

wi thout nucl@i’ 'Temain attached to the disc. Cccasional cel TSU/ERAYO0RS e
escaped enucleation also remain, please see Figure 6. After recovery by

i ncubation overnight in nediumw thout cytochal asin, the discs were fixed
in methanol and stained with haemat oxyli®land cosin (Bar - 50pnm). Methods
for conbining (fusing) the cytoplasm of one cell with the nucl eus of
another. The pethods for creating hybrid cells b fu3| ng two or nore cells
of different Eauclgation afiselisto wield \outgplasts’ and: ‘haryepladtsion ‘widélcgllknown.
For a review of the commonly used nethods based upon Sendai virus induced
cell fusion, One cflthe ftashmiguendhem ed hylphgzle;iehahwhenﬁetgbylcfﬂr £ 1REGEings B
Kennet t (1979 Bri ef S that it is desired to fuse are

I m xtures of cell
i ncubat ed wi-t %ram%ggmwgg@rﬁtmsﬁéﬂs a&P&Eneelis)vs th@sumoﬁ:moc}mlwnm th
The. cel | Crenpbanaeraf Giideftet B BERSBPS caobBln & 3R6 1Sl doror, and
trat d f h
| compenty all onanhiiseosats AIRR! BeRERD B oncRASrOBtu Lo, LanusRel

presented in ddliguasete nﬁ‘@llehs fdeaben OvaschLavin iB26s Orell-kisd W B %M@éé%éﬂ’{‘%o
G ycol 1000, as described by Kennett 1979. Follow ng fusion, the ce

were seeded |a‘ntmde| tleeie mudl¢iuf@amers NEX7) aant] Haschirat ethployéd dsh nuestrom
over ni ght . aé%@ov\ere then fixed with nethanol and stained with
haemat oxyl i n 18d¢i mduge vapgleatior of Gk idrorasgedHt ¢allsi ofga ¥arignuof spedikei

E’%[I]'/ E;gog/e 885%@ ) 5r§gr ];Péggd‘?’é’ E%r@@ego%ecélsg&ﬁ &?ﬁ?@%gﬁ%g&g?@tow fl§dlon of

Oyl ast s, ORBEAL o Y ACCURlAY B RCTo TSR PR D WP

(Poste and Re®yged AhdlWeik8Rin 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
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



and Ringertz 1975; Ege et a] 1973, 1974; Veonett et al 1974; Wight and
Hayflick 1975; Shay 1977)). Another technique that is now I g hed
and wi dely %ed for inducing cell fusion, "electrofusion rpnmsﬂﬂs
passi ng sho V& &t ric pul ses through m xtures of cells (NSTGaid0582

Zi mrer mann 1993). 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 j f..E I t S nor) ,, na h usi on
0f Cthe’ i1 or o alisan i intohoa, LuerC RGP S g 0% e e hiTE o
the EC cel | nugkeus, irehttem! keh@ifegOrtusd,tald teasidoged s m%%9$ésoﬂ[ 12,000
techni que nmay, in sone cases, be optim sed by pre-%reat ment of the

di fferenti at ed rpel ard 337Cciornt é2pdecimaauSeniriagearsinpfa IAR0 dofdrer o sibed
cell/ EC cell fua_fed pro%gcts,, w th VCfrig‘;JﬁS] agents such as, but not limted
to, inhibitor $BOUHRECKETHTsIRELGRNET P Hiihdiste Qeasieprl sells At have escaped

differentiated : u be re- progr ) ter the production of
the RPES cells eﬁggh?t%%%gsl% %g{aﬁ%dglesfeegéee%gwﬁ”rgggt o‘éhﬂ)ﬁ%‘?j)e‘(te@' el IGRbEEON ¢
characterise tQek#mishl; i ! £ h : { I i;ate Lt
requi red somatic ce }IR l'?‘ Eﬁggiu%“gﬂ%ﬁtég g%%ﬁg%/@m%%&g%dwéﬁf%?gnl i%eg%n%él | s
to be used as bhdbraicdbenhhaeRExGREANASREZ Baar B mhinge of somatic cells
derived fromany tissue or organ of an adult rmammal or human, or from
enbryos or foetuses. or fromextra-enbryonic tissues such as the
trophobl ast or yol k sac may be used as a source of nuclei for

reprogramm ng. Particular somatic cell types include but rare not limted to
t hynocyt es, peripheral blood |ynphocytes, epidermal cells such as fromthe

bucal cavity, ML&? f(?x%(lrﬁbin%rlg?I’uhs%g)slth%r%w(f:t%lp assnil %?lo%te%gallfx{fﬁm t?lieozPuscilggs OT _

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. 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).



various tissues, such as the bone marrow, the nervous syst a gzﬂgg
The techni @kj%vgay al so be applied to various established ZD AcUﬁ uch
as those PV from various tumours including, for exanBTEGBERE0Bbt
limted to |ynphoblastoid 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 tine before firther manipulation. In sone

i nstances 3UCThe§@f@:‘l’1h€q&‘§|Ha$efﬂ’§b @&ncgmmﬂalﬂmlmﬂbu ol Jﬁ%tggkﬂeﬁ
descri bed below, or nuclei or -karyoplasts may first be i'sol at el

them for exabpletoshalgsindgendiscesiuetucdsatoont, ovitahdsile cBlls as }ohrgrcpllaS@gaEsbove
or by other nethods. For exanple, nuclei may al so_be isolated using

est abl i shed nd%rﬁts%rhypwt@@h@ﬁsmplad@éuet?cis@nu@)lﬁatmrhéPO%t@tam Refed l&éﬂlt Ege
fractionation edur es rent al ed a ors
A | arge nurrbe?“%fcjf ipeete) | 9’)3561 ﬁh\?gcfl?ggn Ilgg%’l y‘)ﬂ“é’ﬁqeftr SHaﬁJ%tﬁ right and
teratocarcin oggzgr m nantly, but not exclusively, as

testicul ar gce)jrjifa ﬂlefll{wigﬂsrfour %ﬁﬂpl es of avail able human. EC cell lines are

shown in Table I. Simlarly, EC cell lines derived fromteratocarci nonas of
the | aboratory nouse have al so been derived and are readily avail able.
Exanpl es of avail abl e nouse EC cell lines are shown in Table 2. To date EC

cel | |ines hafeoHuy telmiquedhati serdw veaH asfpblithedr abediely, udsdt farfindbapgwer e
derived in the ure we vvould .anticipate that they shoul d behave in a
manner  si ni | &7 &IH CTOMRIOR U ORS RATE B Ogepf%tr\}%lﬁﬂs‘?se@%g@

or,:~ anot her ot her species, or from
human or nouse %%F%ﬂf%wﬁlA%gg%ﬁ%ﬁl&émOssz 25 sources, should
al so be able to reprogramdifferentiated cells to RPES cells as described
inits proposal for human and nouse EC cells. Human EC cells can be readily

recogni sed by a conbination of features that include their norphol ogy (see
Figure 1), tHhRrodestioreof RItESLellhie cel | surface

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.



antigens SSEA3 (Shevinsky et a] 1982, Andrews et al 1982,

SSEA4 (Kannagi et al 1983, Andrews et al 1984b, 1996), andﬁ%&Ué}ﬁ@ba
TRA-1-81 (ARHUE et al 1984a, 1984b, 1996), and typi callwaGleosw
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 T T a). Human EC cells
i ke mouse Ec%f 28818t ed B o Wﬁ@%c%r%oﬂ@%phosphat Ase (ALP)

B t t al 1973, B t t h f

et ALP act i4ilegEs Sngeeit grba ol i e RVERRReng ﬁ%’%‘ﬁeﬁ% bl
whi ch I

TRA 256 and T o ?MPE&E ffe%?“ﬁrﬁ&‘éé’?lc 85, RS R Aok

prinordial  gelsgneehhch aFGecebpisobidss riyk cat Iagikpnesd dshe shur@e ot mivetdion
factor Cct3/4 (Rosfjord and Rizzino 1994; Brehmet al 1998). Fusion of

parent al diff doendiragedinomg. sPHndulpaﬁ@lﬁﬁm CEL typed @ctuﬁiqbtetlﬂe DRPE@I'f@éItDs
Several nethods nmay be used to cl%pn‘gl ne t he

ouloas of - dhymeLute: Heghael lopg Hmacy SRﬁE@ 40 e 15 55 Re e s

genone of the.differenti ce u Ber P

fused by use (ﬁug &Y Y © ﬁ@gms Céslzgéhéras 66|§}§ fg%eléo éd %I%H%We?%f
viruses such a3 9804Rkne &t asdthe BbnRRSSIAE, ﬁfwéresﬁg tergUHdemE ohibr gugh a
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to fuse: 1, a differentiated cell with an _EC cgll or 2. a karyoplast from
a different i atdstived| from vArigns ROmEars nghndme, afqgi $xaPals i Bitte8OC AMMSH A one

or more cyt opI ast %obfasg celf Ines. The selected somatic cells used for the re-
programming procedure may be used directly 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 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



EC cells, or 4. a karyoplast froma differentiated cell w t%’lﬁnms zﬁgﬂ
cytopl asts brﬁﬁll ted fromEC cells. P In cases (1) and (2), I Ml |
initially be a heterokaryon containing two nuclei, one fr8aT&&8H0058% ent al

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 2dethod of produci ng RPES cells,

t he EC nucl eusourtss, saonhMedspbe @bld © w@eepogdindi differerafatédge iy iy ROESEleh s S50
that the derivative _dividing cell population retains only the genone of
the parental described éndis reposeéifor humag asdsn¢®e Bdells) the EC nucleus is
renmoved fromthe EC cell before fusion, for exanple by enucleation with

cytochal asi n BuagndE€csskeshn bbovaiilisedobatseing, ﬁ%ﬁbim@ﬂoﬁr&dﬁéﬁfurﬁ)m&‘i ns
only the differentiated cell nucleus and cytoplasmfromthe EC ce

parent. |n arpclidetthedenonsedogy t(hee FemuktlnghRPESpeassicn bhalte celbtsupfaeet 0

el 11 ahi ch {6 THASSHABILE ool s AndiEw DAt BbriAsar 1960 Bedowi ty.
1 one of  sevin btk NEebh SOl4e L IGHR A TRMET DBT A TRAG fhEpRd "
o Gescr | bod above Mot raaral o8 B R T TAR 1998 e Bt GO

PCT/ C B0O/ 00%82reé3giongenabatricegof SSHA hgAadters feusil opsg, mddre mwrasenbogpse
in which enucleation _is carried out after fusion, sone heterokaryons |ose

both nucl ei (S§enFIRRIre B)c &0 conggstamanse Hir oells sypicelly sopeess 83 Ak {Bytins
lose and Knowles, 1978) but not SSEA3 (Shevinsky et al 1982), SSEA4 (Kannagi

et al 1983) or TRA-1-60 or 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



the differentiated cell nucleus, in which case they retain the parental EC
nucl eus and continue proliferating, sonme heterokaryons Ioseégem!g@m :
nucl eus, in MG case they continue proliferating as RPES RB6/0 sonme ..
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 EC,gcell P genone or to elimnate
any cells retaining a somatic nucleus that has failed to undergo
re-programing. In Qfﬁewﬁ%%&fn £RE BibI5c IEA ﬁ?f r‘f@’pﬁég-l ?Ehféﬁén%uh@gédn@y be
establ i shed techni qg%g tS? %: by picking single cells wth a mcropipette -
see Andrews et al 1 , 5 4b), and individual clones are screened using

genetic markers for those that.retain an EC me, The latter cells are
di scarded, whereas thoset ﬁéﬁhp@ngiappdom%wgh ag’fﬁ(f(}éregn?ﬁ ated cell genome but
not an EC cell derived genone, and express an RPES phenotype, are

retai ned. Standard DNA genetspyomastifeernni djlfesenisitetycalbivithesita®ldetined DNA
fingerprinting technology (Jeffreys et al 1985, 1988; Yan et at 1996) may

be used to identify whetheiffsentiupidas) GRA RfmaekyRiRhid QR EDGSHE! | S
is derived from either the EC cell or differentiated.Cell parent, or both.

I n anot her nethod, before b§ecells, ar fusi.on partner, the EC cell parent is
genetically marked by insertion of a gene that will allow sel ection

agai nst any cel | carrying 4halrygsRe: fidh £xafeldiiatdie ¢ ¢8h! b
stably transfected wth a vect%rﬁencodi ng the Herlges gi rrp‘l ei;( ?ﬁ%&g-%mﬁ'k

gene (HSVI-Tk), such that eytppiastsisolasad fromgEChatlsgene can be killed by
culture in the presence of a nunmber of drugs including acyclovir (9-

b ar abi nof ur anoayl )5 Shouraci 1) (CBor el T ot o 108N Phaty TeBiolanpn o
2003 00/ 49J38 PCT/ cBOGAMIOE&R02Biclei, 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
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1991), or gancyclovir (Rubinstein et al 1993; MCarrick andgz\rmrﬁmmy
In this net 13 ol lowi ng partial enucleation, the remainin t ns
are cultured iI'n"medi um containing this drug, and only tho8eTtiRdf/0H8%e | 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 renpved by cloning the surviving cells, or by
sel ecting RPES cel Icsgﬁl@yatm%t@%ﬂfaggsh%lr ﬁ_@ﬁﬁ{_e_S?th{heOfanSS SEA%SE%%%

antigen narkers that include,’ but are not linited to,

TRA-1- 60 or TRA-1- &uchkstidhsisusaeidd abovfeasusitmr aghehesdrokaryahkabse 8htHEC
cells. These sane markers have been shown to be expressed by ES cells
derived directly friWlHumaNhiehsasoSTRoMOGPretifesttel suse Isnenbanyons dosal
1998) For the latt . roach,. fluorescence ,activated cell sorting (FACS),
2 witely used et N8 TOReBRRR A T at BFD cifa ey e Hseroial BC
Andrews et al 1982, TondASR ey - I'ﬂ{gﬁ, I 88). .}
anot her net hod, theugcﬂ&%eﬁrﬁ par@%%rghltér’%ﬂég’?%y é;;\%l%t(%}r o (?I{ijssll%(s)%,ﬁ%wéphcelg

drug that irreversindtleusnactihioh @asé tiseydbhEnise PRSIIRFRNRNES RIFER cells, and
replication, for exanple, topoisonerase inhibitors such as etoposide

(Downes et al 1991somg Kictenodators I863) . bOHe nedel timy evetteslbkacyminue
naturally elimnates this.treated nucleus prior to. cell division, so that
the resul ting divi 8FNCERIMNE 3o dbaLg 6%”%nl§‘~“’@§@it@ieﬁ§dﬁh¥€ wssdoivesalesti thed

W ih the preced ng'URar el BibapearpitErh Bl dRE G rore R aBakk £oll
o produce a het er Brarmerct e BeEary BB raRing® sBfui"hseus B ad®! oF
Usi on. the. nuc eus of the a1 er Bnttat e ol |1 o oaearned i { ereie CP)
parent by nicro- n&#liarcaciosad bynestablishest leshniquae (macheysckingtsiegle cells
differentiated DO/ 6\/?&1338 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
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inserted through the cell nenbrane. It is then injected eitrzm H&wm
i nocul ated BE4¥8fI, or into an intact EC. In the |ater caserthgfGscel
nucl eus is then renoved by.a simlar technique, or by one of the

techni ques described above, before nuclear fusion and cell division
occurs. Growh and selection of RPES cellsgFollow ng fusion to conbine a

diff tiated cell ‘an_EC cells,, Wi.th prior subsequent renoval of
the BC cel | nuct eud 15 oediy BBy g}J‘LEdeSBFg’}/Ttd@ 1%{%?@6&???{ eshindrons for
the re- i hey diff; ha R : r iy
sUbsequent prol i feratron 5 heh ool i Herna i SRIANG, e KiRsining, o
used to enhance theem‘rbkmem)ﬁr@ﬁurx@x&ﬁ%rﬁ!&ﬂ!tﬂﬁicol}taiﬂ%ﬂg)’ihiE %Lg,%%ggﬁhfi on

ra

differentiated cell and EC cell are synchronised with Tespect™to p
in the cell cycle, tseud@l diaveelpst shoibC dellhnbiteas ssurbive. adast stheted |

cycle at specific stages (e.g. nocodazole), qr by the use of conditions
sﬁch as |0\5)V ser um E5°ts eé'@teg@elcl@ iaE?OG%_,e élrm'_g?rl‘léelé%Nf‘éAi-i ;)ﬁ’_eb‘ﬂSttI@dIIﬁramtal
specific stages of I Si.ng.vita st ai,ns an
mpcr of luorinetry ?Lf?%gﬁﬁééggnC%éggﬁ%f%%#ea&(gga é@;gf?@mf’ﬂsq{iﬁﬁ?vfa\c’% .
Baserga 1979;  Anderin@ihedurdi98is cHsl 55pRR : Reff i :
di ffe?enti ated cell or the iurrmadiga%esf u_s?gneprogﬁct % ?:u% ?ﬁr Ie%'?l_ﬁ tt{e}lﬁa
presence of drugs eimesiiohidfispedifitisytfate entigen piakeisethat BB hat 'aPé‘P&te- g.
5-azacytidine) (e.g. .Taylor and Jones 1979; Jones 1985; Keshet et a
1986), or alter themdtedutd,upeESS, chYlofht i'li]R-A-l‘-ﬁﬁ .eRaEBHel,fﬁd}; yzrsgiﬁescussaed
spermne, trichostatin A ar trapoxin i C | hhi pit _deacetylation an
pPorm_t e acetyl ati o’ Of Hi &%%??SI%W eri)pgﬁﬁge Dl éﬁ!‘leﬁﬁ SATB A NBATS §Enkave
inactivation, geneyddyPEidii i b@@(p%esgc&lﬂ? P8O 15 derived directly from human
embryos (Thomson et al 1998; Shamblott et al 1998) 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 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
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1975; McKni gfdo;9f a] 1980; Stein et al 1997; Hu et al 199%@@%@3%
Pruss 1996;). 3. the period of tine between production of & 3 0Py‘Ons and
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 revergbly inhibit progress through
the cell cycle (e.gelltsyntitidrewbl asing: aStreicmopipetit ink8&6Y, tlaoubl et &¥eiing
growt h conditions, such as serum starvatjaon or, | owered tenperature, that
retard cell divisi W%@ﬂﬁeiHSﬁheF aPIeEHdaHA TGNt AR irr@eeedEC as)l, opintal |
conbi nations of th t-hads, Ll these periinents .the cells e
cultured in standarglg?%tgﬁ] ﬁguﬁpﬁiﬁ‘glaﬁ%ﬁ?%see[ﬁﬁﬁicﬁglrw&geuﬁd? tg?%r%‘?v‘%’bya
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formul ation) -or Hargrflgpalgitgmgaﬁp%le%ngﬁt% (Igg ?fnmg?eng@lgggﬁe%&%% %%ck%, %gg(%/riﬂne
serum or with ot henuddai fusicesar(deced] dsdédoAndeamws et al 1980, 1982, 1984,
1994). Subsequent to fusion and re-programm ng, the growh of the
resulting cells may be optim sed culture on feeder |ayers of cells that

i nclude, but are not restricted to, irradiated or mtonycin C treated STO
cells, or enpr oq'c fibrobl asts_ of various species, including humans (see
Robert son 19¢FHWIHARESLECAONQ H9g®) Ce¥%e cells may be cultured in the
presence of various growth factors or other tissue culture additives, that
i ncl ude but arelewing f%ésftﬂr icceembing 2 differaHategiOre!l Bud fagr BGY calls, onittobrivhe

RPES cells In the best cases, .th cel]s acquire pluripotent properties
that closely Of 84Rseapent; Frgeevals Ogﬁgg yEE?ﬁ%i%eILt ) |1k IS ieoeRsary t 1o PRPEG:

| bl Yo IN| | at dtg initiate dif tiati th
Chat rosul ¢ T REFs EEHARRAE Br oG aBObrihig on gt otatPR FhL
adul t, enbryqudlelsTand ot eS¢l pfolfdbiior @9 ehe 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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mar kers tha de the cell surface antigens SSEA3, SSEAT/CBRAOSE- 60.
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
cel | phenotype when cul tured on appropri at®) feeder cells. However, they

can initiate differentdgldtiih ohgéde @mészghy(:@fdar&wewmbaﬁc E){_UT Set al
renmoval from feeder cells, or cUlture in suspension, replaci ng

in the absence of feed80; G%Ibirseiladl136ﬁrHprﬂtaiﬂé9985§\L{éffemhﬁlHr&ssfE%k)s
results in differentiation of stemcells into a variety of cell types that

include neurons, BusHeep&iod i PMS BOFdsen ?deﬁ%ﬁﬁﬁ%’fpgieﬁc?l% Of&l g 5%4 gﬁg

descriptions in Robertson 1987a). Differentiation of

cells (e.g. see Fi guresn®al afdha EChayll aluskeuses imads @t tghys wdskidied ithout
conditions affecting cell densit an .aggregation (e.g. seeding at | ow
cel | densities or tryPREPHILEH By eaér eSipbsur Bhisoperiad i eus bryedergatthtby

| ude b d t d h
hexanet hyl ene. bi sacet SMGEE Gt ﬁ?ﬁr@iebf%&{s&mcﬁeﬁoc@@ﬁ&q%ta%{)feéf%?ét'»ﬂ?@gam
Robertson 1987a; Andr regg&ﬂmuéﬂ %V\@e ?tcﬁt a&Qé%ha,ﬁﬁgIQ] Q‘l%glé gmnEE ﬁlre of

Thonmson et al 1998). type o epen upon t

t he induci ng agent, am%t)h@r bjdbttelﬂi@g %@@ﬁtﬂ temditions| sudhng stAgn Efa%ﬁ%frﬁ
absence of specific growh factors or other nol ecul es. Di scussion %oug

pluri potent stem cel |lowerask Iemwperbarn, dératy edtardonsedlar Hivigiohr yas permit
(Robertson, 1987b; Thonson et .al 1995, 1998), prinordial germcells (Matsui
et al 1992; Shamnbl ot treB%Ogé?m'i‘%%fO BFRFeeAom germcell tumours (reviewed,

Andr ews, 1998) of var| ous species, including the | aboratory nouse, r hesus
monkeys and hunmans4. aamng, puell ebmbimatictisfdfeheset iathedssomat i ¢ adul t cel I's have
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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
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cells by trg@@q%@nt ation to enucl eated oocytes (Canpbell n?y@IAﬂﬁ)gﬂua
Wakayana et 98), there are no reports that pluripoteRETEBIMEEL | s,
resenbling enbryonic stemcells with the capacity to differentiate into a
variety of functional somatic cell types, can be produced by the
re-progranm ng of differentiated or commtgéd enbryonic or adult somatic

cell's, or extrasePiyosl &pieblisic YridiQks.t The WsAin@na80CYf 88 EQV€eINOe can
descri be nmet hods by whi ch enbryonal carcinoma (EC) cells; derived from

t er at ocar ci normsmooaorddeussdy tod vaeiops ogarkets that imlisdes ekl icsurface antigens
differentiated cells, or other enbryonic or_extra-enbryonic cell types, to

a state fromHidh thisAtanl Rieh-tfe [Rdirdedl t ®Yditheer Brrpstieni of dllkdliner
nore functional differentjated cell type hat ;.are distinct.fr e

par ental cel | ShopRiapfaiik ol EheionfOFEA iR wBhGirt SV aThe BRRLSelis,e

r e- pr ogr anmed I i k " Re-n|

Embryoni o S eny G rEERRHEE s LM PhEAGIR: When EBILRE o EpREBRnE TEer
directly fromeefs!y Hewawes,thandcednilidaid)dichaekitatibnf figident hakgricfit @
broad range of functional, differentiated cell types that include, but are
not limted te@jircopustantss. nuscle (including skeletal and cardi ac nuscl e)
and haemat opoietic cells. These RPES cells are diploid with a normnal

karyotype, and isogenic with the differentiated parental cells from which
they are derived. They may be used to generate differentiated cells for

Lranspl ant at | o @KL H3G B! koAl dARSUS. 1RRLAC SR Bhenc 0P Py da” p30Te

cases, only p reprograming ocCurs Wt or - exal ¢ ctivation
of several gepgsiaiiR@tinaihe MMendEldfVecdlr (cREs Al §dbridle! i8R L RlRflasks
nucl ear donor cell. Such cells are also of use in a variety of these sane
ci r cunst ances restiitsexadififeecmfatencdf stegenelld mtQet fari@yt of dvdistypree thatuiskindeeen
reported to be characteristically expressed by undifferentiated EC and ES
cel I's (Brehm aguzis, muscle 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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of human EC cell cytoplasmto reprogram .., somatic cells,gi ﬁEMSe
t hynocyt es W/Qsﬁ used with human EC cells, (2102Ep. clone %@ﬁ t
at., 1982) or 1 (Fogh and Trenpe, 1975; Andrews et als /G @é’@?g)z to
produce heterokaryons which were tested after 2 days for activation of
Cct 4 expression fromthe thynocyte genone. Evidence for such activation
woul d indicate, not only that human EC cellls are capable of re-programmi ng

a somatic cel |hdack@psodranane ESh EGekelemtry kgicssaing, celliuby alragspldrastidheo
regul atory factors involved are capable of working between different
mammal i an specmesledfhiisotfteh(Ganpid! eetl E9%unVeakpyaye steh ! Bl ¢heromae no
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an anplified band (573 bp), corresponding to human Cct4 expression was

det ect ed si mi |aulitysdmatRNAel [, ep axted-embsydmomellhewitRaOEp uxe phipooggs.e f usi on
in the presence of PEG and in the nock fusion in the absence of PEG
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the best cases, but not necessarily in all cases, the re-programmed célls
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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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 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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derived from et t eratocarci nona ce I he Téra- ferentiation
in vivo and i8xpé(:itéd.0- Lab. Invest. 50: 147-162.

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 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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conprises either (i) at least part of the cytoplasm derlved zma
enbryonal tegpa,ocarcinoma cell, or (ii) a cytoplast from ‘ﬁﬁ?
teratocarci nona cell, and whi ch cell its nucl eus obta E’&BP Ui
differentiated somatl c cell.” 2. Acell according to Claim1l characterised
in that said pluripotential characteristic includes the ability of said
cell to proliferate in culture in an undifferentiated state.- 3. A cell
according to Claim2 characterised in that said cell has the capacity to
proliferateiée continuous culture in an undifferentiated state for at

| east si x mantm Ol | OpRplakmdie Duohs dhisA GSY | isaGRagethide t GufNyoOf
Clains 1-3 ised in that said pluripotential characteristic

i ncl udes thg expression of at |east one selected nmarker 5. A cell
accordi ng t hfnr|c ad—in—that S-at-d |||r|nntnn1’|al

o-Clal-m-4-charas
characteri st kings exﬁ\“@%@l%"ﬁ‘@ dct4. 6. A cel | RefEsicg ng to Caim4
characterised in that Expagsgiaiel eqted narker is a cell surface marker|. 7_ A
cel |l according to |C ai BSEAchAr actierised in that said cell surface rarker
is selected™Tromifhe group including; SSEA-1 (-); and/or SSEA-3 (F);

and/ or SSEA=#——(= ) A/ or —TRA 17 ' é,eryp?c Sb{{éwlr

DLV

al kal i ne phgsphatgse—{+—20A0206 e €GOt 1-7
characteri S&d in tliht _said pluri ;%@rﬁtagd Z (}}ﬁf qu %iﬁ&s I$dF‘Q he
presence oB &Bflbner ase actj yity/ Jakob eraf 1973, Solter and Knowies 1578

15 + Solter and Knowles 1978
5 + Solter and Koowtes 1978 r
iter and Knowles 1978
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9. Acell according to any of Clains 1-8 characterised in that said
pluripotential characteristic includes the presence of a cl’ﬂmm
met hyl ation pattern characteristic of pluripotential cells. _ _
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 of4gells according to any of O ains
1-10 12- A cell-line according to Caim1ll characterised in that said
cell-line is of human origin. 13. A nethod for the preparation of a
cytoplasmic part for .use in the produekd®# of a cell according to any of
Clains 1-10 or a cell-line according to Clains 11 olrI 12(co;rpr|3| ngt (i) t
rovi di ng at ast one_enbryonal  teratocarcinoma ce ii) separating a
Ioeast pa?t of t'he C\‘]‘?gjpl}éf’svﬂ'n“gf RoffAHke MyCLens. ofhiah edél posgadsies msol ating

sai d cytopl asmileapar dne gridiripepehonsl Ic;ha(rh\t}_c(ejﬁimldw whadkd | 50![ ﬁt Sd rdi ng
topl asm c ar . wtabl tor e itions met hod acco
o o c a(&:l?(céj%%les 4 lflﬁaltl 581.:?1 é’gi‘gﬂf%s‘?ﬁ glﬁiﬁfe?%lad:ecWGBl ast. 2

to daimil3 chara
0 AUG 2003 51 Phe Afnst H@dtstotww@qja&rqtrmgl dicehd tagesrdiwhgci acany of C ains

1-10 or a cel | cbhpp; &L Ui1dhRY (9 @B 100 1% FRMRLESI Ny
derived from a embryonal teratocarcinoma ceil, or (ii} a
cytoplast from a embryonal 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 (+).



(i) conbining at |east one enbryonal teratocarcinoma cell W|th at | east

one differentiated somatic cell; (ii) renoving the enbryon AUG%
teratocarci noma nucleus fromsaid conmbined cell; (iii) culturing s el |
under conditions conducive to proliferation and expansion of said cell; )
and, optionally (iv) storing said cell culture under suitabl e condi tions.
16. A nmethod for combining at |east pard0of the cytoplasm of "an enbryonal
teratocarcinoma cell with a somatic cell conprising; (i) providi ng at
|l east part of the cytoplasm of an embryonal teratocarcinoma cell; (iii)
conbining said cytoplasmc part with Ftt I ealst one differ e[\lt Ioﬁ;F? s?irrsgl C
i ro. iyd e LN C ure
g?l)lrl né sal) dgco?rmblmﬁlec(%qéeﬁﬁegpaer stgjl {caéws tsjt%rcgﬁgasgﬁﬂﬁ‘?%ﬁ? I‘H’ A met hod
according to O3fif féuéﬁa?"é%fﬂ*é‘rﬁls@@alrﬁctwaxstlsaudcd:ydm)ltaﬁarnp@epaﬁ&e| S

17
rovided as a apllaskradd. adkinBiRod according to daiml6 or _
(F:)har acterised ﬁ]’ﬁ that said cytopl ggt is conbined with said somatic cell

i i i ding to dains 16-18
via cytoplast/somatic cell fusion. 19. A nmethod accor
char ac%/erl sed i A ballsacchmeilgyapabngas€idlaiRscels and. sepptiggcell are

of human ori gi;n, that said pluripotential characteristic includes the
) presence of a chromosomal methylatlon 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.



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

to any of dains 1-10. 21. A nethod for inducing differentjkati f B
| east one <cell according to any of Clains 1-10 conpri si ng?aﬁlmﬁ)m ng a

cell according to any of Cdains 1-10; (ii) culturing said cell under
conditions conducive to the differentiation of said cell into at |east
one tissue;, and optionally (iii) storigg 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 tie fol'FbPhgEomesrapringrotdsliuseterdisty itat edy nuscl e,

cardi ac nuscl eciaane, 1680 tdd ageelllVehe dddREYng {@Qﬁiari%o;% Spijthel um
haemat opopi etic _cells, spleen, skin, stonmach, intestine. . At""1 east one

tissue type or OFGaR e¥hprising at |east one cell according to any of
Clains 1-10. -24. A tiher apeubicimpryiodiebs0Nos®rgubirybAgl at | east one cell
according to any of Cainmg l;d0 ingludi ngef{lsu.i g]abl e. excipient, diluent or

1nomna

carrier. 25. A therapeutic conposition accor dIMd 66 X M2 characteri sed
in that said therapeutic ebfpoedntiigedssopaioid dedlfor use in tissue

transplantation. 26.jise elnédidLasle @Hﬁrf&ﬂéﬁi%%%gEgégghfﬂ%m%nXugIeuéj al ms
t he ,

1-10 in the manufacture of a nedi canent for.
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.



treatment of any of the group consisting damaged coronary artery, diseased

coronary artery, damaged 2 0 AUG 2003 53 mmjor artery, dis )
artery, damaged organs, diseased organs, kidney disease, Saﬁ?ﬂ%gﬁignoa

di abetes, autoi nmune di sease, AIDS, damaged neurones, Al zheiners disease,
Par ki nsons di sease, spinal injury and g?ncer. 27. A kit conprising at |east
one cell according to any of Cainms 1710; instructions with respect to

mai nt enance of said cell in culture; and, optionally, factors required to
i nduce differentiation of said cell to at |east one desired tissue type or

organ. 20. A cell culture comprising at least one cell according

to any of Claims 1-10.

21. A method for inducing differentiation of at least one

cell according to any of Claims 1-10 comprising;

(i) providing a cell according 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



2 0 AUG 2003

53

major artery, diseased major artery, damaged organs,
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.




