A METHOD FOR PRODUCI NG STEM CELLS OR STEM CELL- LI KE
CELLS FROM MAMVALI AN EMBRYCS FI ELD [ 0001] The present

wo pwentdsoh rel ates to nmet hods and conposi ti onsPEDAUR(IW6/000562

production and derivation of pluripotent stemcells
fromenbryos or enbryo-derived cells and therapeutic

uses therefor. In partlcular the present invention

relgfes to a_nmethod for producing stemcells or stem

cel £-VMERHORFPR PBOQHC;N eSeEMy CRLLSnOBgSREM CELL-LIKE CELLS

BACKGROUND [ 0002] Thermon Suanzal 1os EMER e sal
apprgghation that stemcellTs have the potential to
re i oni se biology, nedical/veterinary treatnents
and ani mal husbandry. For exanpl e, nunerous di seases
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Inb@uﬁ@ﬁ@téﬁtSggeﬁehé§15hﬁkoﬁfEﬁbr%B@néEl@ﬂb?&boaerlved
coul?agrggée or contribute to new tissues
r

cofi§ by FEAPSERAF Y8BA EBPFefApt ahbsPastiigular, the
SupfeSehESSnVEﬁBﬂenre&eatégntbhanmétﬁdﬂtE@BabkMdu01ng stem
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like could all be treated using stemcells. [0003]
Homeretrot@pdat e the chal | enge has been - obtaini ng
sufficient stemcells to enable research to be
undertaken and t hereby provide commercially viable

pr poeoizT es. fhéf@niéyanpéymb§@t@ﬁiv@§é£§ 8YE5Pc85281 8/ that
rom fee sources 1

e CoT - rage  Ret RS BP-RoT Yot pF SHRLY hioBABF yBHPEOSY
Stmmd2@$l$V¢E§¥Imﬁt§)treéﬁmeﬁbﬁ &xXANPh Ema TheaBan8ty. For
Zd%%a tufﬁﬁg chno %%%é%4€?%§@u€%nqﬁ%4§éfﬁiEa?f cell
Ny S5 @7E; 672 9r | thpedestricsies, oproduciy ehbsyeni could
g&8dNtreated with cell therapy. Stem cells could be induced
to develop into specialised cells that after
transplantation could create or contribute to new tissues.
It is considered by many that such cell implants would
suffer less tissue rejection than traditionally grafted
tissues. Thus, human degenerative diseases such as
Alzheimer’s, Parkinson’s, diabetes and the like could all

be treated using stem cells.

[0003] However, to date the challenge has been

. Obtaining sufficient stem cells to enable research to be
undertaken and thereby provide commercially viable
procedures. Currently, pluripotent cells such as stem
cells have been obtained from three sources:

1). 1Inner cell mass cells of embryos, producing
embryonic stem cells (ES cells). See for example, Thomson
et al., 1998, Science, 282: pll45; Reubinoff et al., 2000,
Nature Biotechnology 18(4):399-404; US Pat. No. 6,875,607



cells (EGcells (see, for exanple, Shanblott et al.
1998, P .N.A .S . USA 95: pl3726-13731; Gearhart,

wa2®9/1168e¢3 ence, 282: pl O bl -1062; US Pat. No. PCT/AU2006/000562
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6, 090, 622); and 3 ) . Unbilical cord blood. See, for
exanpl e, Erices et al., 2000,_ British Journal of
Haemat ol ogy, 109 (1): 235-242; reschi et al. r

Haemat ol ogi c 10): 1099-1100) . [0004]

Unf or t unat el thEgEGEﬂIEB§FPF§'oPrPﬁécéﬁavémPF§§Bé§ germ

incpaﬁsi¢EGaCeémbrYSéeanﬁoEOekahplb$Slﬁamﬁlbetyet al., 1998,

£ Snoobikob | gyCOTE 0,99, 106 SOIELL ool 8. e,

acgﬁﬁabpéoﬁhelééﬁreﬁﬁ Eattuang6téeln6a9es hod
i sol ating St§ﬂ1cebh§li£8 S Heﬁlogaheéeghe@PFDH§Smgﬁe,

humen, are not’capab ucing conter &
vi &bt eegusht PLi es: OﬁgenBWﬁtﬁﬁéedpﬁéﬂéér@énﬁég@aéﬁ199§W1109

celflp:thab-copl dvbecserovered fromenshoeubtivpedgaoyse) .
bl f s less then 5% of the total cefl nunber
Nﬁ?ég ¥ Qp etters, 1978, Science, 202: 491-498). For

other speci es this nunber could vary. [0005]

Al I re rcher a ropo
P R S SR N O b e R R
i t thagupaeniprpposedul ant ehoneas phudi foeeal siemueelbsvery

CanlﬁﬁtQ&réMleYkél%hﬁor§9ﬁ99£a§81Pgrog RQMRELE Cﬁbk
nucl ei via nuclear ransfer to oocy es ? Munsi e et

20U OELRPE BY 0 SVED: 1 hoBR§Se Sighuan uppeohERclrapvadlable

themapeutr@ntl@@1ﬂ@r1M@thcﬁhi@Mé§Ofo?|ﬂébpgﬁfﬁ? SEE&M cells
ce d ed froma patient to be used in auto ous

tr%%%%lgé%g%%%fa Qﬂ?%e 1CR JFORRANPT IR, PhE DRpsCapable
5, @ﬂSpEﬂdUQnmg6@@@5¢9@D§11meeable ghaheithese Even in mice

te@@@dﬂéféeﬁfg ée&Pné@éﬁlgeifgs?ﬁé€ %5u£§sbgeﬁg Loundy £rom

t hat fferenti ated somati c cel ryos ¢ oned
f roRTR offdt Fere@ I nausy mh@$E@¢Y$tah%fb¢S§hnnena5% of the

highes1 | €yl snaisk ey batt 0p pE+ LNAs Mei diyb at 5eR5BaN 202
gafgieg9gpd ar|g£her species this number could vary.

[0005] Accordingly, a number of researchers have
proposed using other tissues to derive stem cells. For
example, it has been proposed that human pluripotent stem
cells can be derived via the reprogramming of somatic cell
nuclei via nuclear transfer to oocytes (Munsie et al,
2000, Curr Biol, 10: p989). Such an approach, called
therapeutic cloning, would allow for pluripotent stem
cells derived from a patient to be used in autologous
transplant therapy (see, for example, U.S. Pat. Nos.
5,945,577 and 6,235,970). However, while these techniques
are technically feasible it has been found that
differentiated somatic cells and embryos cloned from
somatic cells by nuclear transfer (NT) have higher levels
and perturbation of DNA methylation than gametes and early
embryos produced in vivo. These technical difficulties

have lead to the well documented problems of premature



enbryos produced in vivo. These technical difficulties
have |l ead to the well docunented probl ens of

w@e@aatasneagi ng and devel opnent of pat hol ogi caPCT/AU2006/000562
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conditions in SCNT clones (see, for exanple, Hill et
al ., 1999, Theriogenol ogy, 51 ($8)_:1451-1465) . [0006]
In an attenpt to overcone these problens researchers

L ' thylation.in_donor .cells |
ot oNT By SV EAPPG i WA hocHEH Al SoBtik Taet da scNT
DNAlaBeRy|(seeansbreeaempilehi Hifldr et5adza- 2'999,
deq&ggybggbggbgéﬁagq-qg%:14g9$€M%thto date there has

been no amatiC i nprovenent in c ing efficiency of
NT enbryos (see, for exanple, Jones et al., 2001,

Mol ecabar Rﬁ‘mﬁoéﬂCn%it@BmﬁﬁdthM%tEQEgEEt g%i@gét %%P%%f%‘e
S av n ; .

DL SONELeybESESSIOYO o 10t Deen cble s eravide
CuC@blSﬂbeferhnNﬁuby.tfhetEnQStHemeﬁdthocHEMEE@mﬁLBuch as

[ j _ f _produgi greater pynbers
or P S R e L G PP | b R

pr 89PENEY b dbNA’ nBtAyhadfbn Hodevhe, | thkedaBEUMVBBYe has been
[ 009 7d-Thet L BYeRp PESRaNE m%ﬁgggﬁ{;%%k%gggdo% NT

reliable and selective process he pro on o
st ERPELPF s (FPOm Wbl 8XeRptosTercanbEyalder 20RH, ciblgcular

[Oﬂﬁﬁigéucﬁidhn@h&,Déﬂe@qﬁﬁéﬁﬁ,a@@?CQOQhﬁlgf?SSMBre?ver,

ot e PuBE RS Ry T PRen b P L8 et g e Greater
st@ﬂﬁb%ﬁsc@ft®t¢m?cehlanthmlthmﬁbr&Oe?Bt%gﬁﬁggFgf?niques.
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cREWI T Y HEr 23y onwrberdrybdelivepotett scehhs that do not

Ut Ser afyorTet ke to Ke9Wn Mo £ Wﬁqz@%&ﬂl&@iéﬁ”ﬁ@ SHEN i ke

cells. Preferably, the culture nmediumis ES cell _
cul ture medium More preferably, the culture mediumis
saBMARY from t he group consisting of Synthetic

[0007] The inventors have now surprisingly found a
reliable and selective process for the production of stem
cells from whole embryos or embryo-derived cells.

[0008] Accordingly, in a first aspect the present
invention provides a method for producing functional stem
cells or stem cell-like cells comprising the steps of
culturing an embryo or embryo-derived cells in the

presence of a demethylation agent and isolating functional
pluripotent cells.

[0009] The step of culturing the embryo or embryo-
derived cells can utilise any method known in the art for
culturing such cells. Preferably, the culture medium is ES
cell culture medium. More preferably, the culture medium
is selected from the group consisting of Synthetic
Oviductal Fluid (SOF), Modified Eagle's Medium (MEM) ,



Oviductal Fluid (SOF), Mdified Eagle's Medium

(MEM, Dul becco's Modified Eagle's Medium (DVEM), RPM
wagee1idges 12, | MDM al pha- MEM and McCoy' s Medi BOT/ANDBG/000562

preferably, the culture nmediumis al pha-MEM [0010]

Wil e the denet hyl ati on agent_ can be any agent known

to demethylate DNA, it is preferably 5-azacytidine,

et h Most pref er abl
R R e LT P S R Wi (/S
skiLIZL edMDH, t héphat—MEMatanﬁhMcaﬁpu Bt MetiidaneMBykabireferably,
agent %?kuggpﬁeﬁ Hpont Qg ghg' ¢ agent used.

Prefer ryo or érived cells are
i ncubated in the presence of about 5mM 5-cyti di ne for

5 abood149 dayﬁhll@ tHQUG@mQEH??étQSHOHggagegEbhﬁatIg%nagent

These ce al so be trea eace

in ?BW’PoJF ‘flelﬁ%E]PWéF?oHNﬁr ofbt &F, pﬁ?éﬁ@aéﬂayy%a@ngynudme,

orStadhel'+dechosi8iinnd Bﬁre@HQQﬁlgé hayks, pk@ferably, 5-
pr QOmL tf&s one acetylation. These cells may al so be

treg? g “an anount of a pol ypepti de conprising a

nucl ear chaperone or other chromatin renodeling

f I nucl
O Y e Pl au ot (heth s, PP RS ot by Bho B ERPLESOE che
f roftt ¥ﬁﬁ ?O@@QTntnoén@©MchEh®bd®neagenstEnimeﬁépend
oru§é@ntm@|é é&fff@'£§e§feugé&eCtﬁfeﬁ@féHifdtHng%bﬁyo or

con t|o are_not optimal for maintaining s
r

cef e-?ﬂa‘(%% c&H VAT hel PeRRet et cEle spresence of
di ikﬁm’rerﬁul\atf‘e—c@nﬁi@é | §or sa,tecbut:um Ltﬁ@yéipn’gcbtilﬁ?@@c@aé’lobal

der IIs ain a h density
15 lQ%%é S, rﬁ€$§§$¥£§ﬁ?%%e %%r% g# d%?Yo%£g° be treated
ot b e ril %2 ap tank 4t ben dlrﬁkﬁnebaem:r att cncéiagl ot Son SpESmESer,
r & o YU 1 1) dl(mmj‘ I’eozgrﬂ%@ rb]{ AL Ol o 400131 ThF Seék%ﬁt 24
the cul ture ne un1na | ogenei ¢ Sérum

i%e %@%%lhﬁw%@c%ﬂlmomh@m colls may
analrmj Joe Al tOgDUS SeraN {noeht dF Qamﬁch@ypeptlde comprising

20 a nuclear chaperone or other chromatin remodeling enzyme,
preferably nucleoplasmin or tat-nucleoplasmin, to

facilitate the removal of transcription repressors from
the DNA

25 [0012] In another embodiment, stem cells or stem cell-
like cells are directly cultured under conditions that
are not optimal for maintaining stem cells, but rather
allow the remodelled cells to differentiate. Generally,
such culture conditions may lack serum, lack feeder cells,

30 contain a high density of cells, or contain one or more of
various morphogenic growth or differentiation factors,

such as retinoic acid or nerve growth factor.

[0013] The serum in the culture medium may be
35 allogeneic serum (i.e., from the same animal species, but
not the same animal), autologous serum (i.e., from the

same animal) or xenogeneic serum (i.e., from a different



same animal) or xenogeneic serum (i.e., froma
di fferentani mal species) . Preferably,

whembAldsaxrti vated serum appropriate for speciBGT/aUR106/000562
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be used (for exanple, human - autol ogous serum bovine
- all ogenic serum nouse - xenggenelc serum) . [0014]
Wiile the culture nediummay si'nply be a commercially

avai | abl e medium!i ke DVE lenmented with serum
ita?gmaEpFBSFa?é -thaefsth %YSugﬁﬁEnéﬁﬁgthﬁ§tB@ serum,

i neppdedrikoe ﬁ&ﬁnﬁbé01géow&mlfﬁétgégd Qggggék?ﬁﬁle, human -
d antibiotic ude n a
22%%§8§ng83§ts?ﬁe breggﬁ¥ |nv3ﬂg98ﬁano FEE@' a"ftBRod

f oxepegdneingsstem cells or stemcelllike cells

conprising: (i) culturing an enbryo or enbryo-derived
cells on a feeder |ayer of cells; (ii) introducing to
sal 8084 t ur eWhailpehie enétusaenagian BAYagémplyahd a

(ltbﬁméﬁ@i@llﬁgaﬁéﬂléBPéeﬁéd§§h|§1ké09ﬁﬁh Psaﬁsiéﬂéxted with
the enbryo is crushed ressed into feeder |ayer.

|nS%BH%'eh%oa?nim?geC%ﬁEe@eEQ@F eeher| ayerleBRPEPSB3Y be
CUihdl&dedUtEbﬁg@hSmpEélSgrb@@ﬂ7fatﬂoasthtbdfééﬂﬁﬁbf salts

th r vention provides.an isolated stemce
or§% e%§§£$f$€ g% o B%b%%?ﬁ%ﬁeay a met hod according
to the first or second aspects. [0018] The enbryo or

empiypsfleri ved gekls,gany %?e@ptﬁ réé?ﬂ{afxvéﬂt

i ncludji ng humans. Prefera IS a nanma
f roFPYheSdne Bethed ﬁ%ﬁn@;@@%Cbm@e$§emTﬁ@lhﬁnﬁﬁlsaﬁm cell-

or teks d:@pwd@orh{@ﬁpém@ata Met at heri a,
Di del phi nor phi Pau |tubercula , M crobiotheri

Dasyuronorph:ﬁ PeT aanet EXdr ph Fﬁ?o??c?%hﬁY%ﬁ?%rlved
EX@ﬁl&@d@mtaafeé@seclay@ragfN@elbspel|dea Scandenti a,

Der nopt er a, Iy op t art
Phol i dot a, ngbnnr% a, ?§%}@?r§§d%%g@e%uf FRi Yorhoast one
Tubul | deemekhyl T gpsedeetla; and

(iii) isolating pluripotent cells.

[0016] Preferably, the embryo is crushed and depressed
into feeder layer. 1In some embodiments, the feeder cell

layer comprises cultured autologous cells.

[0017] In a third aspect the present invention provides
an isolated stem cell or stem cell-like cell obtained by a

method according to the first or second aspects.

[0018] The embryo or embryo-derived cells can be
obtained from any animal, including humans. Preferably,
the animal is a mammal from the one of the mammalian
orders. The mammalian orders include Monotremata,
Metatheria, Didelphimorphia, Paucituberculata,
Microbiotheria, Dasyuromorphia, Peraamelemorphia,
Notoryctemorphia, Diprotodontia, Insectivora,
Macroscelidea, Scandentia, Dermoptera, Chiroptera,

Primates, Xenarthra, Pholidota, Lagomorpha, Rodentia,



Hyracoi dea, Sirenia, Perissodactyla and Arti odactyl a.
[0019] Preferably, the mammal is selected fromthe

w@emaplaensi sting of platypus, echidna, kangarBO[/AU2006/000562
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wal | aby, shrews, noles, hedgehogs, tree shrews,
el ephant shrews, bats, primtesg (including
chi npanzees, gorillas, orang utans, humans),

ed rnmpdil Lo eat ol i ns,
apBERLEs;, Eathioo gl MRaby L T Rea R ST B RboBE0RRs! Ses,
caﬁﬁ?@@@é@eaaaﬁévaﬁka, ePephaabdachyiaxeﬁd dugongsctyla.
manat ees, horses, rhinos, tapirs, antel ope, giraffe,
co¥\@ @é buI | s, b| son buffal 0, sheep bi g- horn sheep,
Q5] poni BEeLabaREY s, thel mammebr 15 esklechedbbuom the

QO@IOUNW¢@ﬁSb§fi@é0®fQ@ﬁ§%§pu£|a@@hl@ﬁgacﬁ n@égéoangallaby
ne enbodi nents, th !

n%l?yodserl Ve %elnli‘% W90l B e ??%‘Fﬁ’%m ‘Elh@lah‘%ﬁl”e shrews,

Zéfl’%‘@?eeopnmﬂrwe m@hmdﬁw%ﬁixgp@nﬁéeﬁp i:il?l%é Wo g -

0 Vi and ca

Egﬁpe%lsal ?qiil&nar??e)‘er réejdde%yn%%\ gssi%—’}e ’Bo%rlflaa‘éﬂrﬂ% Lo n\leaters,

i RARARLinhd BYeb b f amr:a:@,wsrcmtem,l SWhiDéﬁ,Z]dd)ITphlns,

ot &g 5 e ved cel I s
rﬂtedlcpsol at ed%ﬁorrl\%éflﬁsrmnm@eﬂuﬁct %@gf&% yrax
Og‘iga‘%%s't H@%%‘?ﬁ%ah%r%ﬁsrst@mrtcm ’Eiarmer%,elarsteﬁopél,e

prgescerﬂfe,n\cmts @ mayL s, qﬁleébri N ApEd RGNS, that 5 porn

e For. exa ey can be used in a
rre Eoe}t ;ﬂcrea i iy réleerr:}gq%?ﬁ)"f‘? e f SRl ;, kka caribou,

mEdRda fumteadi fferferitd atdange the Isteem, cellmadd, 488 and
celilddde cells ex vivo to obtain a cell, tissue or
organ, or a nethod of treating a disease; or a nethod
of cloning a non-human animal. O they can be

diffofoerognt i atIeﬂ JIMeO amRLiGRfal GRN e
e@%rr%osc{ Accor di ly, in a fourebrﬁoféﬁ)pec %Lbeﬁ}o
present 1%&@% fROMNGE s etrleds melected from
n@hmlgrm@ Immmlsamn@’alofc@mfe!sillﬁg drheistersafld, ovidg,

cervid, suid, equid and camelid.

[0021] Especially preferred ungulates are Bos taurus,
Bos indicus, and Bos buffalo cows or bulls.

[0022] In other embodiments, the embryos or embryo-
derived cells are isolated from a human subject.

[0023] Once isolated the stem cells or stem cell-like
cells of the present invention may be used in any
technique that uses stem cells. For example, they can be
used in a method of creating a normal non-human animal; or
a method for differentiating the stem cells or stem cell-
like cells ex vivo to obtain a cell, tissue or organ, or a
method of treating a disease; or a method of cloning a
non-human animal. Or they can be differentiated into
gametes that can be used to create embryos.



(a) culturing an enbryo or enbryo-derived cells in the
presence of a denethylation agent; (b) isolating

w@kwsitpsdent cells; (c) introducing said pl uripol/anto06/000562

10f

15

20

25

30

35

cells into a blastocyst; (d) inplanting the bl astocyst
of (c) into a surrogate m)ther,7 and (e) allow ng the
offsprlng to devel op and be born. [0025] Preferably,

is chimeric. [0026] In a fifth aspect, the
gg@ﬁﬁ?aneﬁFFBHdbPSQVdeenaacSﬁﬁé§htﬁéﬁeéewp¢h§|ﬁgeéent

popnhaﬁtoanoﬁrpbuaeeohembtﬁehlSfaeeeatﬁhbtarﬁo&ﬁQuUan human
el.0q t he Iurl gEt %glls hgve been obt ai ned by
%%urlngc NPERBF 8 FP8-Pirke cells in the
presence of éadenethyhathgnaagembryp0627kmbhya-sixtkhed cells
aspechnel DecBLASENL e VABLLOH, PLOYbACSBnEOROS! {1 On

conprising a popul ation rrafly purified
progeny of plb}lpeﬁ@hﬁteégIBlEEEEpdﬁng telikhe sixth

aSpeCt [0028t) Prefershli¥inthgapgo §H¥1€g¥§nkh8ells into a
c to be further differentia

p?ﬁf 5%F¥S f he progeny have the capacity to

termnal ly didferenplaheinybsheppehstabl¥t bhe (BjOgRAY a

osLe blast chondr ocyt e, adi pocyte,
'%? %?%Q © narr%m/s??g skel etal muscle, snpoth

nuscl e, card(@b n@étbe;ngctneamffepdbhbetbaﬁevelop and be
epbthel i al, hepatic, pancreatic, hematopoietic, glial,
neuronal or oligodendrocyte cell type.[0029] In a

sevent h aspect, the present invention provides a

mef oz f or i sekasiagl apdps OpRaRL i ngs PhHLkheet ent cells
conprising the steps of: (a) obtalnlng an enbryo or

enbryo-like cells froma nmanma
[0026] In a fifth aspect, the present invention

provides a composition comprising a population of
pluripotent cells and a culture medium, wherein the
pluripotent cells have been obtained by culturing an
embryo or embryo-like cells in the presence of a
demethylation agent.

[0027] In a sixth aspect, the present invention
provides a composition comprising a population of fully or
partially purified progeny of pluripotent cells according
to the sixth aspect.

[0028] Preferably, the progeny have the capacity to be
further differentiated. More preferably, the progeny have
the capacity to terminally differentiate. Most preferably,
the progeny are of the osteoblast, chondrocyte, adipocyte,
fibroblast, marrow stroma, skeletal muscle, smooth muscle,
cardiac muscle, occular, endothelial, epithelial, hepatic,
pancreatic, hematopoietic, glial, neuronal or

oligodendrocyte cell type.



(b) culturing said enbryo or embryo-like cells in the
presence of at |east one denethylation agent; (c)

w0 ewenedng sai d pluripotent cells; and (d) cuPCTADURZI®6/000562
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said pluripotent cells under expansion conditions to
produce an expanded cel |l popul gtion. [0030] In an
eighth aspect, the present invention provides an

I | at obt ai ned py the nethod of the
se en?ﬁ?agge% pop%@%?%gﬁnaépﬁthhtggpeg?sepﬁelﬁﬁé§éﬁpn

|nyenV&dESpaomeﬁhsdaquthedléeinglEﬁargmbp&@a@ﬂn

I e X ing,.the steps o
LA BT Ra SnCorbeys SPERbETaDI FRE SErPS Prom a

mamal ; (b) é@]tu@bhglsand enbembrgo enbeypbriybkéikel bells

i nf+be Bresense; of at least one demethyl ation agent;

(c) recovering sai d Elurlpotent cells; (d) culturing

sai d pluripotieht €elFerifderaédpansryf esnambrynslibe cells
prndutbeapr@s@ﬂ@éedfcgtll@@@gl@ﬁéoaem@ﬂgyigilngggghgg

[ I nce o
Gosi roq a1 165 on FARPER thgt or Lo PEeBbpoprat epably; and

the di fferentd)ati onltacingssaté sehecpeteht o8l Ng under

groveisiogn eloheee (gl osl pEpIotoas

di%%@%%@%h@m oxi de (DNBC» and i soproterenol; and,
fibroblast grow h factor4 (FGF4) and hepatocyte growth

003 Pr ef er abl the differentiated
#8%%falnéal[ ?iQWERIﬁﬁP%ﬁgas tPHePReNE sinvention
e@m@xms naasoaétqvm@éd %@Dﬂe@@ui\@tﬁor@r@éﬁéﬁ%& b¥ hene
di gggégnéfuéﬁkcéﬁée ghof thg;osteoblast chondr ocyt e,

adi pocyt e, MerT ow stroma, skel etal nuscl e,
snoot h nuscl e, cardlac nmuscl e,
[0031] In a ninth aspect, the present invention

provides a method for differentiating pluripotent cells ex
vivo comprising the steps of:

(a) obtaining an embryo or embryo-like cells
from a mammal;

(b) culturing said embryo or embryo-like cells
in the presence of at least one demethylation agent;

(c) recovering said pluripotent cells;

(d) culturing said pluripotent cells under
expansion conditions to produce an expanded cell
population; and

(e) culturing the expanded cell population in
the presence of desired differentiation factors.

[0032] Preferably, the differentiation factors are
selected from the group consisting of basic fibroblast
growth factor (bFGF); vascular endothelial growth factor
(VEGF) ; dimethylsulfoxide (DMSO) and isoproterenol; and,
fibroblast growth factor4 (FGF4) and hepatocyte growth
factor (HGF).



occul ar, endothelial, epithelial, hepatic, pancreatic,
hemat opoi etic, glial, neuronal or oligodendrocyte cel

w0 2we/114s@®D34] In a tenth aspect, the present |PUBEAUR®H000562
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provi des a nethod for differentiating pluripotent
cells in vivo conprising the stgeps of: (a) obtaining
an enbryo or enbryo-like cells froma mamal ; (b)

o 00 o e eFRRsE Cunct BEntl AP AET bhakGanE e cybtained by
retbaemengodaoﬂ poetpohéné tel estofdymeuntapdagmsaird
p'&ﬁ?B?é?ﬂt ﬁS%ES §8f§£885§fe@ﬂeeé?gﬁgﬁgnﬁﬁgkgd Sppl is of

popu 1 ONn e expan
pothapﬁbﬁobéaatnaﬁhﬁnﬁaﬂchbgt aghppeivhesafdbtebllast, marrow

poegkahaonskélsegnaﬁ&seléndsﬂbéEﬁrﬁagb§éedcaedya&0mhecle,
tissue speC|f|c cel | such that the function of a

cePFcB}aBrgﬁﬂdoﬁﬁ?%éﬁiveeH&Eh?%lFﬁyuP?PaEéﬁetPéncreatlcr

di seaseopacgui epdgli sBasAReQFohalr 6gesiegbaeatinedlyse £811l
au nented reconstituted or provided for the first

[0035] Preferably, the tissue specific cells are
of t he ost eobl ast, chondrocyte, adi pocyte, fibroblast,

"Hfbﬁﬁh?tro n §k€é§£ﬁ' F?é?ke tﬁ?”é%@ %Ckﬁveﬁﬁﬁghac

nmusc occul ar ot he hepati '
PaREPEREEE, ah@ﬁﬁh@ﬁof@ru@1féﬁrantlﬁbyn@naﬂu@npotent cells in

ol {ygodengnpeytengethet ¥pE s[9936] Preferably, the
di sease is SFIected fron1? oup consisting o

cancer, card %bas%ﬁF%?nﬂFgeﬁgeem Y%bBFl%mEFgéa%éke cells

| i #eomdaseasealdi abetes, hepatitis, henophili a,

degenerati ve t tic neurglo cal condi tions
aut oi mmune df@gaséefggne?gcs%eg & ogoﬁﬁégylv%lke cells
ti ssukhei poedense aﬁeataleaate@neodsmdtbgé591andagent,

transpl ant r?&?Ctkggovering said pluripotent cells;

(d) culturing said pluripotent cells to produce
an expanded cell population; and

(e) administering the expanded cell population
to a mammalian host, wherein said cell population is
engrafted and differentiated in vivo in tissue specific
cells, such that the function of a cell or organ,
defective due to injury, genetic disease, acquired disease
or latrogenic treatments, is augmented, reconstituted or

provided for the first time.

[0035] Preferably, the tissue specific cells are of the
osteoblast, chondrocyte, adipocyte, fibroblast, marrow
stroma, skeletal muscle, smooth muscle, cardiac muscle,
occular, endothelial, epithelial, hepatic, pancreatic,

hematopoietic, glial, neuronal or oligodendrocyte cell

type.

[0036] Preferably, the disease is selected from the
group consisting of cancer, cardiovascular disease,

metabolic disease, liver disease, diabetes, hepatitis,



[0037] In an el eventh aspect, the present invention
provi des a therapeutic conposition conprising

w@kwsitpsdent cells and a pharnmaceutical | y acceptEBU2006/000562
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carrier, wherein the pluripotent cells are present in
an anmount effective to produce @igsue sel ected from

t he group consisting of bone nﬁ row, bl ood, spleen,
liver, lung, intestinal tract, eye, brain, inmune
syBEBRPRDORE; CBRRBEFRGEVE! SEUBTAHIGENE, DREAPEOIBFEdd

vessetistipancr aasoingohealii BEAY¥EYSgEHELER dkirdRe¥ncy,
br east - ranma

bl skin, .epithelial appendages, ] r

o BaEor el r 18Rkt BB raREE e SBER T e o R RET daig L sease
orahdetsophapéaht vegenaloand anal and wherein said
pluripotent cells are produced by culturing an enbryo

or enbryo-derived cells in the presence of at | east
onéogéﬁzthylﬁﬂiéﬁ agerenthoassectn thewereshnaspeveption

thpr@ﬁ@&éﬁtaiﬂM@Béb@Htﬁﬁoﬁﬁﬂﬁésﬁtigﬁr@Qﬁ?%%%%ﬁgnﬁ?grgpotent

f tori organ, tissue_or cellular . .
S b And ol P il b ot kP ngSE sy cpberein
ofthéaplobipbhénF aslesbaye pfﬁﬁﬁhtYQn|hﬁgaﬁ@hFﬁkéfﬁabtive
: turing sai ryo, or _enbryo-|like, .

o TP P RoancD) LT LR98RL 8, EO8RY 0" GERaP Opapi Shing of
agepite Ha¥reecobéeddg smldep) utipetentusel | sntantifd) tract,

&l ' uLi nt s . '
oy ShER g, LRELRL L ROLEL PG orpinb O PRIPELAED,
r BESFEe, BRBB] RALPATr YRerths aspereErprevi dest sakenasdous

ofsﬁyﬁémarkiﬁﬁéﬁfebl@@ﬂ@fjSéﬁﬂnlh§pﬁﬁﬁ@lﬂél appendages,

transferring a pluri ten% cel | obtalnqg by cu?turlng

an %%%?ydn%ﬂm% r?%ggg?iv Aeettesher 1A JreceRge drrhpces

| ezt lwhiEnglened hyéatpbagegbnt vadgima hushei ahsodl ah@dwherein

t r j e [.0040 .

i rednrh Degeafe PUE1ERAEE SRS oY T bktr o o emrvo

genet SRRAT Yy~ @i fre@reell bs in arlsgeaniesende houframt least one
demethylation agent.

[0038] In a twelfth aspect, the present invention
provides a therapeutic method for restoring organ, tissue
or cellular function to a mammalian animal in need thereof
comprising the steps of:

(a) obtaining an embryo or embryo-like cells from
a mammal;

(b) culturing said embryo or embryo-like cells
in the presence of at least one demethylation agent;

(c) recovering said pluripotent cells; and

(d) administering the pluripotent cells to the
mammalian animal, wherein organ, tissue or cellular

function is restored.

[0039] A thirteenth aspect provides a method of nuclear
transfer comprising the step of transferring a pluripotent

cell obtained by culturing an embryo or embryo-derived



mammal conprising: (i) inserting, renoving or
nodi fying a desired gene into a pluripotent cel

W@bioaitnsd by cul turing an enbryo or enbryo- derP@EAU2006/000562
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cells in the presence of at |east one denethyl ation
agent or a nuclei isolated thefgefrom and (ii)
transferring the pluripotent cell or nuclei into an

en t y 1] /A fifteenth _aspect  provides
o e R Do e Bt bR Rk h SRl Eop PURAG o) 2gent
(i pri aseEElAg asplacegotbarefebh obtai nedebycdekted ngeyte.
an enbryo or enbryo-derived cells in the presence of

at | east one_denet hyl ati on agent or a nuclei isolated

t héPEfPdm i nPofaHrERGRFBabERCRENREPY AACE0RyELheAdEPT

copdbtitenagsHi yahkeital1yhenhohaBieaNo@f t@ansgenic non-human
reconstituted cell; (i1) activating the reconstituted

cel'F™ P81t 6PHPERSERBF yo: “ (i )culturing said enbryo
until greatefil hannshet2ngel ketdevéhgpoenhmabisydge; aaddsired

' err] ' I d : to.a_host .
(1 804" SHEL 5 B a0 LUt S0, ETRC KB B, cing o
[ oemRryoneyt esbrrg-Beriseflacedlsr dm ahy nomshomanof at least

nmesnel géMe kR EQtEBHcgggﬁﬁsorFQrnﬁé@gﬁl?so?gﬁéﬁeﬁhg§gfrom;
be |golated romeither oviducts and/or ovaries o .

| i ¥8%ani mal s by oviductal recovery procedures or .
transvagi nal (DbryteaheceveiygptheegunespwebhtkaeMd bR nuclei

th t _and descrjbed herein. Furthernore, oocytes can
beﬁ?gél%ﬁe%n??g%$%%§e3§83 Ghi mals. For exanpl e,

ovaries can be obtained fromabattoirs and the oocytes

asppbai gd ff&”%h§§§e8¥§r£§g?c5h§r89£a gsacﬁgtghaoggﬁ cloning
i solated fromthe ovaries of a Tecently sacrifice
anf P oRURAR N2 KB2 by aPYPRASiRGen frozen and/ or

thawed. Preferpbl ynséheingcyt gsudiSotent cell obtained by

culturing an embryo or embryo-derived cells in the
presence of at least one demethylation agent or a nuclei
isolated therefrom into an enucleated mammalian oocyte,
under conditions suitable for the formation of a
reconstituted cell;

(ii) activating the reconstituted cell to form
an émbryo;

(iii) culturing said embryo until greater than
the 2-cell developmental stage; and

(iv) transferring said cultured embryo to a host
mammal such that the embryo develops into a fetus.

[0042] Oocytes may be isolated from any non-human
mammal by known procedures. For example, oocytes can be
isolated from either oviducts and/or ovaries of live
animals by oviductal recovery procedures or transvaginal
oocyte recovery procedures well known in the art and
described herein. Furthermore, oocytes can be isolated
from deceased animals. For example, ovaries can be

obtained from abattoirs and the oocytes aspirated from



freshly isolated fromthe oviducts. [0043] Al so
provi ded by the present invention are nonhuman manmal s

W@bioaitnso accordi ng to the above net hods, and BET/apRGon/go0562
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of those mammal s. [0044] In a sixteenth aspect the
present invention provides the use of cells of the
present invention to deliver v% ci nes, RNA| vectors
tr enes, DNA vectors, ectopically to speci
& e[%ﬁs}eﬂse B¢ PREVEEF| 6apf athe Bpesgftated from the
|nueatnee bﬁrageeeethya§¥cﬂDﬂhb%@%b%?ﬁaarGrﬁhﬁén the ovary
en a R E | PT
Fl%%gegggshoﬁgzeﬁggggR gﬁﬁ@ﬁgd hataEp ¥Seggﬁn%80ytes are
f ebdeshluydsol @oadr bromnbhyootPdnetsA ) and test
enbryo, which will be subjected to 5-azacytidine
treatnent (Panel B), are quite simlar in appearance.
[ 009943 Fi gur@lso (prpeidad)bghbie poasedt duvgnowph are non-

(Qﬁﬁm@ﬁtﬁémﬁalg 8bﬂ@Y§eﬁna¥béfglﬁ§|E8r€h§095b§55m@£hods, and
sevgﬁ es_of cells: afrlpotent cells (PC) wth

8ﬁa}%8?%r?§ for bovine ES cells;
trophoblast cells; primtive endoderm cells. Panel B
Seaklil {Egel o6 Sebtye, dous) eps put grom (1 osted.
nn@p%%i@g? bh@r@@%e@fs@ebl$o@fbbhenpréﬁbnelisveﬁﬂmdﬁ]to
FI@&I?VérSGQ&él@éyrI@@Afn$88€$%§ o{rgﬁ%géﬁégss ﬁﬁrggééors,

of pl urj potenc ovi ne Cct4 ovi ne and OV|ne
EPPTPahbY %P)SPGQ}ﬁb? gbF¢8- of 0O do not express
these mar kers (Panel . Cells of any randomy

ST [ Banat b gt Xpr@ff%-l [Shr 5% RFGNELF naEvapePn for

Zlg@mwsthar@pwtappﬂi¢mtn@m$Imeataﬂ§&)em@tesge@ct4_.
[ 0050] Figure 5 shows just passaged TRO. [0051] Figure

6 shows passaged TRO after 2 days of
BRIEF DESCRIPTION OF THE FIGURES

[0046] Figure 1 shows embryo’s squashed and depressed
into feeder layer. Control embryo (Panel A) and test
embryo, which will be subjected to 5-azacytidine treatment

(Panel B), are quite similar in appearance.

[0047] Figure 2 (Panel A) shows control outgrowth (CO)
after 7 to 9 days in vitro culture consists of several
types of cells: pluripotent cells(PC) with morphology,
characteristic for bovine ES cells; trophoblast cells;
primitive endoderm cells. Panel B shows that treated
embryo develops outgrowth (treated outgrowth, TRO)
consisting only from cell with morphology characteristic
for bovine ES cells.

[0048] Figure 3 shows pluripotent cells of CO express
markers of pluripotency: bovine Oct4, bovine Rexl and
bovine SSEA-1 (Panel A). Other cells of CO do not express

these markers (Panel B). Cells of any randomly chosen



culture in presence of 5-azacytidine. [0052] Figure 7
shows passaged TRO after 7 days in culture in presence

wo@boobAaBaxyti di ne. [0053] Figure 8 (Panel A ) BCIDAE2006/000562
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dil ated epithelial gland (gl andul ar epithelium Iined

by a single |ayer of cuboidal {9 columar epithelium

the later has eosinophilic, pink, apical cytoplasm and

bagal e,}05at edyupl yoSized,oval nuclei, At the

uppe? ?#gﬁ? gorde%gg%g%hgéggbtﬁ? ?tﬁEFEe&scénand SSEA-1

er yPaR®EyPe-filled bl ood vessels. Panel B shows that

ectoderm derivatives are presented by small dark

ne&g&é?sti c_cells (neuronal_ differentiation) . Panel

C epi t hePYEF ¢ 3hevs cbhdtsefhgrotlcdbybdan celtsre the

W tdnesoenophROi exppe ok oytopl asm and uniformy sized

oval nuclei, containing anorphous eosinophilic

pr ot ei naceous secretion (endoderm) . Gand is

sul?®uhHed byigeose’ yspackeiuco! pageagédbres.

(mesoderm . [0054] Figure 9 Panels A to E show nouse

enpryos cul tured under various conditions. DETAI LED

P oN O PREFERFEDY ENBCE MENT STRO0S5 e Bef od@ys of

descripiagid herasasentof nvention i detail, it is to

be understood that this invention i1s not limted to

particularly exenplified cell culture techniques,

sle[rQﬂﬁZ]rredi &‘inumthéﬁi&vailq)i@é/agé& _ﬂqlurﬁté@rjé.%gﬁ;s EN

a i - tood that the term nol ogy use e€rein

is orlﬁ:t{glrg rpe(r)s:eenco Odé?cr%ﬁ% RS cul ar

enbodi nents of the invention only, and is not intended

todesdg mtiggwhl ¢h '%A be, |l i M nl Y. by th .

appended cl aEi;h?%s . [ 0056 e/i] I%)pu ‘%“gsgtqolghn%ﬁe%aﬁ%%}%e]a]r?dl

p d alepiancitisn erdithed harei i nashdvher suprle drayer of

| rfuten i carle terRliyunimGOrRAraad iy, nefer iy d heir

erétoisr.%h. wever, ubl i.cations nentioned herein are

cited Yor the ’plﬁﬂ%@e ¥ Fds S BIHG SFhd e Rasosind ageged

protidesind,y sized oval nuclei. At the upper right border of
the picture there is an erythrocyte filled blood vessels.
Panel B shows that ectoderm derivatives are presented by
small dark neuroblastic cells (neuronal differentiation).
Panel C shows epithelial gland, consisting of cuboidal
cells with esoinophilic, pink cytoplasm and uniformly
sized oval nuclei, containing amorphous eosinophilic
proteinaceous secretion (endoderm). Gland is surrounded by

loosely packed collagen fibres (mesoderm).

[0054] Figure 9 Panels A to E show mouse embryos

cultured under various conditions.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS

[0055] Before describing the present invention in
detail, it is to be understood that this invention is not
limited to particularly exemplified cell culture

techniques, serum, media or methods and may, of course,



reagents and vectors which are reported in the
publ i cati ons and which m ght be used in connection

wowdoh/11d8e3 | nventi on. Nothing herein is to be cPCFAD®AE000562
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as an admi ssion that the invention is not entitled to
ant edate such di sclosure by vitdue of prior invention.
[ 0057] The practice of the present invention wl|

cphey, 9Bl gasaoLhery se Ladkesteda EABYCOLLOBBLL; nology

es o culture, nole
bu@E@@yherﬁaﬂsgénﬁ@rbtbﬁogyrpﬁﬁer@Bu6ﬁégylbné@opﬁrﬁaﬁular

DNAmb8a g ARENGE O8N e WAL ERL BHR &hnylnahaelgkhbk 9htEhBed to
art. Such technjques are descri bed the literature.

Sele lE%%ﬁpW€lcﬂbWé%éI9? %?BhFﬁa QPEXbBVaFBPyaPPended
Maabalims2nd Ed., ed. by Sanbrook, Fritsch and Maniatis
(Col d Spring Fhrbor Laboratory Press: 1989); DNA
Coning, Volumes | and Il (D. N. dover ed. , 1985);

A igohatl eot Adé Sybihesiso(h) pPatetast ard. patedd);

Nbéé?glggtﬁbns %§tggaﬁﬁég@n,4 gégh%95 ﬁp98|8EC @%&9, are

I zatl on
198ayebYraﬁ§@rP9rﬁ5ﬁdAhM wﬁﬁﬁgﬁaﬁﬁohn(BheDr ephABEStE- S

ﬂowe%@99|ﬁﬁb@ﬂéati@ﬁé)meﬁ@ibﬂé& ﬁéré@h”ﬁkecﬁhkéd(gor the

. Freshne 5 Li s I nc 87)Eh InnDblllzed
CoPTEPRE BhrREC R PRiopradsd! Tehasing thpcPRaRocALS:
PraehgeatsGﬂndevéotbbbe@hhah ékenregotﬁ9841n thhe

N R e
Mgl envan‘dlm PNotitahgshedsin 188%o bel dOSpltlrngd as an

Fha@ﬁisgﬁsﬁr@hgﬁyiheN@ﬁbggél&ﬁEmgyﬁekogxt1VQéa t854ntedate
and 155 (Wi_et al._ eds I mmunochem cal Methods In

ceﬁvcﬁnalﬁﬁieéurﬁrbsl8%659@(%éy@Flaﬁdlv&ﬁﬁéﬂoneds
Academ ¢ Press, London, 1987); Handbook O

CXRBRL L 2 phETHASLEOt, YELUNES L LDy M ekt R0

Enbmngy(CnhﬁeSprbhgerhiberihdboaaedryc@neestiﬁnbd

SPELOON REOOT peNoc Yy p2880)y [ 00PBI chiclve! R8188LEM:

t hat as ereln an In ¥he
biology, transgenlc biology, microbiology, recombinant
DNA, and immunology, which are within the skill of the
art. Such techniques are described in the literature. See,
for example, Molecular Cloning A Laboratory Manual, 2nd
Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring
Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and
IT (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M.
J. Gait ed., 1984); Mullis et al. U.S. Pat. No. 4,683,195;
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins
eds. 1984); Transcription And Translation (B. D. Hames &
S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I.
Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cloning (1984); the treatise, Methods In
Enzymology (Academic Press, Inc., N.Y.); Gene Transfer
Vectors For Mammalian Cells (J. H. Miller and M. P. Calos
eds., 1987, Cold Spring Harbor Laboratory); Methods In



appended cl ai s, the singular fornms "a," "an," and
"the" include plural reference unless the context

w@bk@anlegozli ct at es ot herwi se. Thus, for exanpl ePCEHAU2006/000562

10

15

20

25

30

35

reference to a cell” includes a plurality of such
cells, and a reference to "an pgcyte" is a reference
to one or nnre oocytes, and so forth Unless defined

h | _and
it G NG SRR E IR LT i b
byl@méngﬁh@macﬁhrweékoﬁs In €hélaﬂhdtMoﬁhcuhathBiology
' n‘(’ﬁé]ﬁ/é@”aﬁ&'ﬁﬁgﬁer” éHQU?EABQM Hﬁéeﬁgééé ﬂgnH‘SRh"?gm

simlar or egw val ent to ose escr can
usBAnEBOPK aRt | E¥PBFITeREal hEMBRES LAY nVehunen, IthE (D. M.

preéerreddnat eci aksadkfle BT hods . ar§999w’dﬁ§ﬁﬁbgﬁgtlng the
[qg % Tg%?gresen% igvgntlon rel ates_to met hods of

produgf n Yeti ond BR 28| erBprrstehpEafpryj Reess, Cold
cebpsingofiarindactNeviby yp986pr enbryo-derived cells. A

S used herein, the term"enbryo" or "enbryonic" refers

to a developlng cell mass that has not inplanted into
a UPePPhe nehbrrawet ope anpeedr paht hast uséBnoereiheahdrim the

" eab R4 e@ScP§§ﬂshe{@énsiﬁggféfnfgrﬁ§ aQY”Stgﬁt”agﬁgr“the”

fert|£|zat|on E weeksS post conception
deVeFopde P bt 3 p%%?%ﬁe%@u%ﬁlbﬁ%ftlé@<F@n5<m§t| ateatbs

trmalcpwt@i astioey®isSt agenud Nerbt ast HeY s, ShagereBBLO to va
any, Pih Qf Iop| celi [ass stages that devel op
prior to imp rﬁeﬁl bR Uf FENR GRhbF andndfaareference

mat @r b myte'Eniﬂ' yosrafetdmcd bh‘_caScbm:ycst wbagedocytes, and
C r n d n er cell SS
(O%’Ii/pf(?ﬁtﬁ QW L s 4 rg%’f‘ﬁ?%pg (%%dﬁ%e??" i techn:a%:il/ and

The term™e rive i ncl udes
ce?@l%?tﬂgﬁ%ﬁsems CE7eSd heotin dep ¥ ophantine anéarings as

ﬁréwmmwh d@éréﬂbéﬂ”ﬁ&E%ﬂ%“%f“%%&&néﬂf é@{fi n the art to
q@g%¥o- erived cel|" includes agé_ nmber of

as £ Sni T S So RE T HRI Tudi ?W%%%%c@%ﬁémﬁierlals and
Cfeﬂlé‘rshocﬂ@Oﬁﬁﬂlm eﬂﬂ)re}/@m&epr’@@etfmwldéﬁéﬁlk%@%éreln

0

For exanp one cel | ,
can be rgferred ﬁo%ﬁ?%f%yd%tefsa |Qf§ﬁﬁﬂﬁl%ﬁﬁghﬁ&ﬁp' the

ofpxaffg¢rred materials and methods are now described.

[0059] The present invention relates to methods of
producing functional stem cells or stem cell-like cells
from intact embryo’s or embryo-derived cells. As used
herein, the term “embryo” or “embryonic” refers to a
developing cell mass that has not implanted into a uterine
membrane of a maternal host. Hence, the term “embryo” as
used herein is defined as any stage after fertilization up
to 8 weeks post conception. It develops from repeated
division of cells and includes the pre-blastocyst stage,
the blastocyst stage, and/or any other developing cell
mass stages that develop prior to implantation into a
uterine membrane of a maternal host. Embryos of the
“blastocyst stage” comprise an outer trophectoderm and an
inner cell mass (ICM). The term “embryo-derived cell”

includes any cell or groups of cells isolated from and/or



resulting froma cleaved enbryo can be referred to as
a norula, and an enbryo having a bl astocoel can be

WO edoentasadd t o as a bl astocyst. [0061] The enbr yPGI/AD2006/000562
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enbryo-derived cells may be taken fromany animal, for
which the study of stemcells pg stemcell-like cells
is required. Suitable manmalian ani mal s incl ude

e rinpt R I gonpr pha
o aEeSn ety CRE RS TR Eome OB Ao E RGP S2em
MenPEPEYerderéverdersl Petnesudast ghs anubart pédael yba

ar gspact hevhakkynpegheysed Pﬁ{é@u&%ngf tLB'E_héc%HEEﬁr cells.
bi ol ogy and economi c i nportance. [0062] For exanple,

Artiodactyl a conprise approximately 150 |iving species

di 5606bUt ed Ahrem@hy@i@&nfﬁﬁﬁkégéhtpmgﬁtiéwédgﬁiges of cell
e ' a i da I ppopot a es

(i o oeL e QYORSE! Ciitpte | BNRRP B8 T Sheveopan s

(T¥& @¥¥@@e§0,a§iaaZY@@tandaokabid(éihafitdaemassdeercells
(Ceeyidagly, rPOANINOTLa ¢ ARt LEOEAPT L GRe), . -8R0 CaLLLS. o5
sheep, goats and antel ope (Bovidae) . ny o ese

arfM et s ar @ dsal abrvedhavingl 8 hhavhetoas counbei esferred

Mite dsporbeastycystth respect to the present
I nvention, many 6¥ the econom cally inportant animals
such as goats, sheep, cattle and pigs have very

si 0&t] bi ol By amicr sharer m@ﬂsmgd@gdé@ﬁﬁvf)a geNDH fay be taken
h [ T r Perissodactyla conpris

hgggggqéh E%%ﬁﬁ%%%ﬁ§%#1@§?%§ét %t?F%@%n%ﬁi%%? ycej?fS or stem
i Rkt ahtkaneetl skt yweqlibred. Jubleshlle itamsalehh animals

knioven §datmdisses o idonkeysr 4 ”L‘%Pé@é? ; [Q&@é&tﬁ‘,
S enbodi nents, the enbryo or enbryoderived cell’s
\Jﬂg%?ﬂp

i et 375 Uit B eR iRl i SR etela arnd
b v toliso daovit ellss . ﬁ&[étthkﬁﬁrs Soif ?_@ne it &iSs aﬁ@rfﬁé@gﬁ?(ﬁ@yla and
! sent l.ves ar coO or ulls, .
o SOn BUT ', had - B¢ HoLh SHep T Ses por BetheLs
dorikelylss T i el ogleemd eldgnanard biompooaice wat er

[0062] For example, Artiodactyla comprise approximately
150 living species distributed through nine families: pigs
(Suidae), peccaries (Tayassuidae), hippopotamuses
(Hippopotamidae), camels (Camelidae), chevrotains
(Tragulidae), giraffes and okapi (Giraffidae), deer
(Cervidae), pronghorn (Antilocapridae), and cattle, sheep,
goats and antelope (Bovidae). Many of these animals are
used as feed animals in various countries. More
importantly, with respect to the present invention, many
of the economically important animals such as goats,
sheep, cattle and pigs have very similar biology and share
high degrees of genomic homology.

[0063] The Order Perissodactyla comprises horses and
donkeys, which are both economically important and closely

related. Indeed, it is well known that horses and donkeys
interbreed.



buffalo, canels, |lane, alpaca, and pigs. Especially
preferred bovine species are Bos taurus, Bos indicus,

wanweBosobuf f al oes cows or bulls. [0065] |n otPEr/AU2006/000562
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enbodi nents, the enbryo or enbryoderived cells will be
obtai ned from primates, especiahly humans . [0066]
Once the enbryo or enbryo-derived cells have been
obtai ned they are then cultured. The general purpose
of the culture is to "isolate,” "proliferate" or
"seébectvel yIexpand" ehindimenak, sthm erbkgoobrseabBryo-

ce§%££5§%csgh§spa§§fn¢ 'Qbﬁgfnrol ¥erapnsHE ygzderlyed,

"s@@éé@cvéay,e&@ﬁhds,agvy@ed ﬂ@r@ldSreSenQStoeqheds and

Cubéﬁélﬂgspr0E§§§p@¥s“@fCQuEHerébﬁgkEﬁ£5§19é335§g1cows or
cell-like cells are _increased in nunber relative

t heubt ferPLePls BFégékalﬁh?ﬁE'eﬁﬁgyhoéﬁ sheep, horses,

enbéybederdMﬁﬁeygl|ﬁulépoﬁéérTthkﬁrHhr@b@gﬁn%bﬁf water
sed _synon usly "stemcel |l

P HECPEP br CUBEHR, URTFTer BHPT A7 oa 68 PLiAr chipRecially

capa@feroédpboViherapeomeandrglBongtausestoBaBrEndlcus, and

PrROSNLLPEL965LSCORI DY LRe1all Ity To generate a

| arge nunber o er celTs that can in turn give
rise to dlfferentlated or dif ferentiable daughter

cefbse5]n pr@ﬁebfﬁgreaﬁggaﬂﬁ@ﬁﬁs,tbﬁetsﬁﬁk9509§néh8£yo—
or ,stem efers.to enbryoni¢c stemcells or stem

cefFLTTR %%i%'vﬁ L CBPISHTAIARE ERaPaRE EPpEEPcsepeERRlly

cehtsamse | oss of contact inhibition, anchorage

i ndependent growth, de novo expression of al kal i ne
hosghatase and activation of thegermline specific

Oct @0 pp bnot ePncActloe démigtye ¢heetlervoflantvédnagllashave

Usﬁgeﬂeéﬁ%glﬁgéef§e§oafgetgﬁﬁl&ﬁyt £eaheTﬁ%Z?é§§¥%%n§£rpose

t he present | nvention have een 1 SO
endf yoRRe t GUKRT i 15 aO | theelafr: of PReliberawshgor
act$ylédtesve B PELSSN FBEAnh ot SSEA 35+t SPEA A1 TRA 48R, cel1-
TT%&%QSéél é@géeg%kfﬁlteepgﬁgghgtgfeemé¥§é4derféed cells.
The terms “isolate,” “proliferate” or “selectively expand”
as used herein refers to the culturing process by which
the stem cells or stem cell-like cells are increased in
number relative to the other cells present in the embryo

or embryo-derived cells.

[0067] The term “progenitor cell” is used synonymously
with “stem cell”. Both terms refer to an undifferentiated
cell which is capable of proliferation and giving rise to
more progenitor cells having the ability to generate a
large number of mother cells that can in turn give rise to
differentiated or differentiable daughter cells. In
preferred embodiments, the term progenitor or stem cell
refers to embryonic stem cells or stem cell-like cells (ES
cells). The characteristics of ES cells are loss of
contact inhibition, anchorage independent growth, de novo

expression of alkaline phosphatase and activation of the



Nanong; grow as flat col onies, nonolayer colonies or
colonies, growng as clunps of cells with distinct

w@edob/1bspdlers; differentiate into derivati ves PET/AUR006/000562
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t hree enbryonic germlayers; and unresponsive to

Leukem a | nhibitory Factor (LIf).-(See, for exanple,

Pera et al., 1989, Differentiation 42 pI023|) . )

[O eyl " "culture turing

ar gggée%lbﬁer%%qélln (gr{):ﬁ gRERT Jcejfo refer Bg# th8%erm
proE@%@tb9n%hlC%Stﬁ%e@nhﬁ?@landéﬁerénb@ybhdeabwédty of the
cektsmar&1 05 0¥ £HeV éQen£09§ﬁénEb§ enpﬁXthﬁ¥vQSbeen

subj e ted. t h si ca [ or chem cal di ssoci a
nmeans %Eﬁ%bflé feralPJég%%Na@uﬁ@hel@wu@%rl@@s‘at ghpe of the

I\/Efdjlbl:iﬁwizog mﬁs~g§tﬁé$ ngeﬁlﬁféﬂéail?%tﬁ?éﬂ Ss%Ahan étﬁﬁA 4, TRA
n or exanpl e,
di ss%@i gf%}\é\?n%]ahs(?% ge %f]f‘—ﬁjsjrn% BRoSPRaFase a0ct-4, Rexl,

chiémierd; disewpt s ofl mearslohys) cabndl sgeci abl@m@@a@@

n18@ioﬁﬂ§é“ﬁ§$n Qégﬂgiﬁ%pgcéﬁpégﬂ %hﬁlg?tg%ot%%% 8e11

scal pel, m Si ca y Ccu
en]%?%e%‘bar@lffﬁr%@?i@*sﬁl nJgnWled@rrb‘ray’@l‘J\N hoénayheshree

Chetth £pdn T S§O&h af 4 PL- B ANSY rﬁthPésﬂ)MéW@ tdfeukemia

| di gestion Wth enzynes suc tr
dlx‘@gg ¥ t%‘%}?l%‘éi?%’ée, W)y'pshe%DTﬁPrtW%r‘%lﬂera et al.

prov@se, Dhgad veoni slasen, e astbe-2papai n and

pancreatin. Nonenzymatic solutions for the

di ssoci ation of the enbryo can al so be used. [0070]
ThEO @6 &koci dtheon-ofms h‘écwhtbmyea, '(:a‘mlb]stmérﬂ’evadd byculturing”

plaed ngsddey &y o; ik SV ZYAE Iso’écyt’&l'?g process
cqntai nj ng an anount o S|n suf | Cient t
d?%d@?%ﬁ%tfﬁ@ c%‘l‘kl’liﬂ%rafsci r%ﬁ mbwqmewq/ocells are grown

Pr&i evbbty, the enzynme solution used in the nethod is

cal ci um and magnesi um free. [0071] The anount of

trypsin that m ght be used in the nmethod is preferably
betGEEN abolthes eamigk i Ih it rk;&pséubjlﬁfte@lﬁbTQQMSJ.cal and/or

S%H&ﬁi%l %S_Lss';sro%%ﬂaec Jl;e r&é’%PsSICnapCaoor}LCeengf a&llsosnocolatlng
cellular stratum. Methods for dissociating cellular
layers within the embryo are well known in the field. For
example, the dissociating means may be either a physical
or a chemical disruption means. Physical dissociation
means might include, for example, scraping the embryo with
a scalpel, mincing the embryo, physically cutting the
embryo apart, or perfusing the embryo with enzymes.
Chemical dissociation means might include, for example,
digestion with enzymes such as trypsin, dispase,
collagenase, trypsin-EDTA, thermolysin, pronase,
hyaluronidase, elastase, papain and pancreatin. Non-
enzymatic solutions for the dissociation of the embryo can
also be used.

[0070] The dissociation of the embryo can be achieved
by placing the embryo in a pre-warmed enzyme solution

containing an amount of trypsin sufficient to dissociate



the solution is about 2 .5 to 0.25% wth about 0.5%
trypsin being nost preferred. [0072] The tine period

wW@®e/1v80xh t he enbryo i s subjected to the trypSI/AU2006/000562
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solution may vary depending on the size of the enbryo.
Preferably the enbryo is placeggin the presence of the
trypsin solution for sufficient tinme to weaken the

CO@ﬁé'Xglfﬁfgin%tPﬁ{Mﬁeﬁ? gﬁec &EE%Sf E?sfsyygyg ERL enzyme

ace
be$vé@h16nt@se@ nmnbbesmethO@one @ﬂb@@ﬁﬂeﬂﬂ@ m@ﬁ@eSlum free.
enbryo is imrersed in the trypsin solution for bet ween

10 and 30 minutes with 15 to 20 m nutes bejng opti mal
fofOfbst enbFyesamPen73pt HoeReil FhakoRkIpFePerregd in the

enbeths® Nt s, ptoee £ABI y ObéBwbeht absbhact and 0eLel yrypsin per
intr?duced into tissue_cultur

di u The terns .
TP TEME fHoaPalutior soBes bhrbLr ot fiedr b¥Pain- fPasgatration of
cuthersohedioniiargboecognbstd 0n2bke with andutebfebs
ge . any. S preparation used for the
cu???é%%%o%géﬁgl?@%ﬁgéggf?ggéqhere are a | arge nunber
of tissue culture nedia that exist for culturing

t'%@@@zfrOWW@Hé”@iﬁe éeﬂﬁoafo%QESﬁhﬁeﬁ Eﬁapéﬁmrysdls
|l es of nedia that woul d

sone are si
us%egyegﬁegng pF%%éﬁ%YPﬁ%%nF?%HtFﬂEIﬂﬂ@ KBHVf?%Bendlng on
Eaghe' §1b@dbﬂnthéE%&brﬁhlbEEGﬁeSah@ﬁlfhédeﬁhgye $s placed in

Me iuw1 DVE, R 1640, F-12 ha-

th%ﬁ' %%%10%2%?epFﬁ¥%?aBIsOigﬁm%cuk ar 8" ne lent tlme
aIphaw%@ken[Dﬂ66¢0hbmeverbondsoqebptgéenreue cells of the
- ¥9§nt§oFaQ£§ﬁﬁl§nb£MQS ﬂ£§y§qM??H@db@nglgggae§ﬁegryps1n

eeder er on the sSin I ne-tipped gl ass
m EPBPPPEYERS drte) 67 arinetasedie ?ﬁ@@l?%b§9ﬁmﬁ§ s, the

VVéﬁ@ﬂyom&§hiﬁﬁei@e@elﬁoﬂﬂg bfy@EYntBQQﬁylgﬁ for between 10

B D aetEet [ eETA LT Bt e for a9 panpeiBpy pueiRel for

|ﬂM0bVedmbhgonechan|cal i mmunosur gi cal or enzymatic
i sol ati on of | CM or ICM derivatives fromother cells

of
[0073] However, in some preferred embodiments, the

embryo is left intact and merely introduced into tissue
culture medium. The terms “culture media,” “tissue
culture media” or “tissue culture medium” are recognised
in the art, and refers generally to any substance or
preparation used for the cultivation of living cells.
There are a large number of tissue culture media that
exist for culturing tissue from animals. Some of these are
complex and some are simple. Examples of media that would
be useful in the present invention include Modified
Eagle's Medium (MEM), Dulbecco's Modified Eagle's Medium
(DMEM), RPMI 1640, F-12, IMDM, alpha-MEM and McCoy's
Medium. Most preferably, the culture medium is alpha-MEM.

[0066] However in some preferred embodiments, intact
embryos are squashed and depressed into feeder layer on

the dish using fine-tipped glass micropipettes or Ultra-



the enmbryo. In contrast, the nmethods of the present
invention allow the use of whol e enbryos, wherein al

w@eioba168b3 a pre-i npl antati on enbryo are converPEHAURI06/000562
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a pluripotent state. [007 4 ] In some enbodi nents, the
enbryo or enbryoderived cells gage_introduced into
al pha- MEM suppl enented wi th 2nmM gl ut amax, 1%

toet h
CBiFTEREhEL, FLR0:ArhP el FMLABLETHSENEOL be bouna
1 QBn@ﬁﬁ1tbﬁ9hEt@rlbVDOBheS$ﬁgthE brEEntong/ belhEEE, that all
£g§1§9599'QEed5ﬂQ£HBdQLBE Q@Eha&&ﬁ&‘h?vbgﬁgge@}om embryos

In order to encour age the stenicells or
ce%PVP%K%chthm?ShﬁpbPﬁ%eram@ungéwaﬁipgla@aeanﬁwmﬁhéc

ti sstatubhubEe MEMI@HWI@Medégivﬂthﬂebh§r6M|bﬂh@r”@@&9§1of
ani ma

Sp%%?e§%£5§?engbc?§g §3 aﬁ?ﬁa@?ggéﬁFonggﬁg QEFEﬁPt

(iieventlonwahéouahheausaabi whoXenegbngos, Seheprein all

(i lsf59n5a%9éi£ %fg tQ@%gﬁl $9§5e§}e convéoggd into a

|nents eat - rva ogous serum
us@Hur{BQVeBt]SV%éﬁ the enbryo or enbryo- derlved cells
are initially cultured the amount of serumused is
ypically about 20% The term "about" as used herein
P@@Zéilbe tRheSIHDURTPOR 1B bfy uERE PHPEKe edl eubeYOo-

nedénﬁve@dt@ﬁl§Sat§gintﬁo@@éé@|ﬂnﬁbr§MﬁﬁéaMEﬂSsﬁb§lemented
a f..Serumuse

(R PGl UIRSE Y hopefriteY) BBifo acids, 0.1
(ap©r©&ph©$bhynQD961@@@5mltpen1thblsnateddamﬁOmg/mFor

ex 190% at, a I
18%?Pé$%ﬁ§g§ﬂﬁ Pegﬁgéﬁﬂ%r ﬁo@@?ﬂciﬂ é §n%/é%/§Fé§

f[lbob?ﬁﬂ fThleXeIT%%%Obvté%ry%n@émlvléalsel psl from
|npﬁwﬂtﬁ@géﬁp stemcells or stemcell-like cells are
i ncubated in a hum dified 95% ai r/ 5% CO2 at nosphere.
The tenperature of incubation is in appropriate
cohd0ivbns fom drdéerentespecrese Hoe exanptell§odbr stem

nQH§fl§fgkgug@fl§epgeﬁf%iqf%fgte, serum is added to the
tissue culture medium. The serum in the culture medium may
be allogeneic serum (i.e., from the same animal species,
but not the same animal), autologous serum (i.e., from the
same animal) or xenogeneic serum (i.e., from a different
animal species). In some embodiments, heat-inactivated

autologous serum is used.

{0076] When the embryo or embryo-derived cells are
initially cultured the amount of serum used is typically
about 20%. The term “about” as used herein to describe
the amount of serum used in the culture medium indicates
that in certain circumstances the amount of serum used
will be slightly more (approximately 10% more) or slightly
less (approximately 10% less), than the stated amount. For
example, about 10% serum would mean that as little as 18%

serum might be used or up to a maximum of 22% serum.



i ncubation is 370C ; for bovine tenperature of

i ncubation is 390C . [0078] The nedia is also
wGeupphesented with at | east one denet hyl ati on BOEAU2006/000562

The term "denet hyl ati on agent” as used herein includes

i nhi bitors of DNA methyltransfograses or inhibitors of

histone deacetyl ase, or inhibitors of a repressor

?§%£O[OO¥§é 5%8?2 %¥ Q&Bferrggrggngthgg ttogncludlng

one O 5-azac
5 éha atemd@@kyéy@rdshem gedhi-hok4- ceéﬂhyarhummcubated in a

buhyhi§iacLd, oBL 052N @ r?&%ﬁ@f t £
decitab %ne, fazarab |ﬂe DH@C 0080 vaﬁ%ut d?pifagfre ©

t o1 BEUBRLAE" bYS ahy ?R@B@prb@tﬁyﬁeﬁﬂé§#§nﬁhéorndéﬁf@rgnt
5 bebpéﬂﬁeéhaFoihéx@ﬁ§5@DCEoﬁfmbﬁ§ed§ﬂﬁtHMhéh'QQmﬁQEQEure of

assi st n the J§FL stemcells or ste
ce%Pchﬁ%l%%lfg ?? :§€:%ﬂﬁﬁﬁ?cﬁe%ﬁﬁﬁ%&Fﬂ%rmbdfcubatlon is
ceBPY. I ndeed, in sone enbodinents, the stemcells

i sol ated by the nethods of the present invention

conprise nore than 90% of the cells present in

culPOr@] [00Bh$ mpdianbanaled depplémentednwagenatwiehst one

10 de@&ﬂ@tl@jﬂléhfoﬁwc?eﬁé aﬁﬁ@tté%dvdéﬁs*awhéﬂ@?oﬁf g@h%s’ as
dia and he nunber of enbr

RS el FaC Lehet neral P oroRRent DUk CrashEltranpgerases

aton tohtiehtsasi of Kistess dbapeB8PMMse, Nbreipheberablyor a
be%%gfg?gogl and ZOwM and nost preferably about 5nM .

n sdﬁ%n odi ments, the enbryo or

enbryoderived cells of the present invention are

15 cut@@w on @E@@&@ﬂ féfel-:-%( %&ﬁe%yi%@??ﬁ 5&%{@{5'

are wel known t son I nar
ar?om%ﬁﬁs%aﬁta}¢%%tf?%%w%fn@n%é@cbtl@lm¢erén@2@e2fs

t hadoay yeidiinks o Lfihd LD (SeByl€nfo) bEXGAPEALYid,
enbod?%Ent scri bed herquter an Strelcﬁenko 1996
15

Th%??%ﬁﬁﬁﬁm% § ABTOSRTR 4 1A BT Gur AR ERRINGY | TRZaBgpine,
ThedA®genol ogy 34: 879-901; Piedrahita et

20
[0080] Without wishing to be bound by any theory or
hypothesis the inventors believe that the presence of the
demethylation agent assists in the isolation of stem cells
or stem cell-like cells from the embryo or embryo-derived

25 cells. Indeed, in some embodiments, the stem cells
isolated by the methods of the present invention comprise
more than 90% of the cells present in culture.

[0081] The amount of demethylation agent will depend on
30 the type of agent used, the volume of cells, type of media
and/or the number of embryos. In some embodiments, the
demethylation agent is 5-azacytidine at a concentration of
less than 30uM, more preferably between 0.0l and 20uM and
most preferably about 5uM.
35
[0082] In some embodiments, the embryo or embryo-

derived cells of the present invention are cultured on a



al ., 1998, Biol. Reprod. 58: 1321-1329; and Shimet a
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including all figures, tables, and drawi ngs. [0083] As
the stemcells or stemcell-like cells proliferate
they, dependi ng upon species, generally produce

Cok@ &§§ Tﬁ ra ﬁ&é&%ﬁ@&doepES QPCEa§Q%QH§%F Fll known to

nono ayer c onles a pearance ovi ne
cof oRfEscRppEar BHERAY VipBkE) 1. l@hbéec@rbnlesdreaoharlse from

appr RxhpaEeby @1§§@léﬂtdbéﬂ?EeEhSBGXrgaEuPﬁureF in vitro.
mechani cally cut into several pieces and manua

|y
r epfat el Bnt SFFRRHAF RefBPOf YRRt | AesFEiReAelrtARAFER and
desetdythaéhks, agwf, Sﬂﬁér@égézl'zlal_@gyt L8t n@3o{ﬁ@@§4]bp@a§ahita
th mc apd/ or stemce ayve been
|S%Fa?gd’o?§§§bl? %Fé?%ﬁngkg%ycgﬁ tﬁ%g %thSBﬂedfﬁ?lta et
exahpl e199or El@éctRepandpla&taleh DB29p pnadinem et al.
di {567 enthal 206001 S b zlg]’ﬂté@sf okaLhaDEPLARLALEgn of
in nucl ear tra 1 ues € i hvent1on
actoF e PYTFL o ove BRLn bbrr%&%n@m@e Shehtsethbirahy imgluding

SeiVe ABgarSOUI €L fO8, BNy Qtheingsore differentiated
cell types. [0085] One enbodlnent pertains to the

progeny of the stemcells and/or stemcell-like cells
e. 008 hibse cks | shavhéicdm hawel been ﬁﬁéfnveélli¥l)ﬂkéh@|ells

[ i al [ Such pro can ingc e
%s%h%ﬁén%&een%é |o%eng (Xlrtl%n%l%%rlllgp% %/%’r %?%?ﬁfaffly
cebFoduge celdmias weth asflaneaged coppestadceelhsman),

g%ﬁ@l&%@YoéM@%éﬂ;ééﬁé&% 25 {h@f t@&ftsmmps

| s and/ or stem cel i ke ce ter the
.%%?%%Sf%?ﬁ%@%f%%seb Pnce n@%@@l% reach

VI dpprcﬁ;@ﬂﬁaﬁe]]y AR &er ﬂ@%lﬁ@tﬁ@r r‘@kﬁé‘& €Sah Ob@erhéé%ﬂilcally
OSltlonS enriched for st n1ce and/ o

O e RTT S b AR r FRTEOITeR P ERe 1Rt fresh
enﬁ&@d@enl@yezt hien ciete sh vmédlllhmé mmldiﬁdeHSyDatio@fa@ent such

Cﬁgé dﬁ{eeparatlon e.g., a sterile

conp05|t|o ree of the

[0084] Once the stem cells and/or stem cell-like cells
have been isolated or proliferated they can then be used,
for example, for direct transplantation or to produce
differentiated cells in vitro for transplantation or in
nuclear transfer techniques. The invention accordingly
provides, for example, stem cells that may serve as a

source for many other, more differentiated cell types.

[0085] One embodiment pertains to the progeny of the
stem cells and/or stem cell-like cells e.g. those cells
which have been derived from the cells of the initial
embryo. Such progeny can include subsequent generations of
stem cells and/or stem cell-like cells as well as lineage
committed cells generated by inducing differentiation of
the stem cells and/or stem cell-like cells after their

isolation from the embryos, e.g., induced in vitro.



presence of unwanted virus, bacteria and other
pat hogens, as well as pyrogen-free preparation. That
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stemcell-like cells should neet sterility,
pyrogenicity, general safety_ape purity standards as
required by FDA O fice of Biologies standards . [0087]
In certain enbodi nents, such cellular conpositions can
be used for transplantation into animals, preferably
mahPRfe] andieoeherpembpdénentbrelateaanto Thélsiam

cebbsp38gt obnst 8N £ehdg! Eke §€éhsc§§ﬂsb§naﬁ59lQEQHScell—like
al | oggnel C or. xenogeneic with res t he

tr@RSpF antht FoR HOSESY 0BBBYCYEt ARoEREFa4BpEEPOBINEAES, the
presehs whvenbé opreeneednsscehttl aF §0pROShELOASical

in ude as a cellu onponent, substantial Ly
\MLII'I'FB Q%r e%%%artl‘f onsJof thd %f%ﬁ?gg?ﬁﬂgoﬁﬁﬁ}ﬁ?’sgﬁﬁ? ot’the
cepredselkee cef | lsnwa)mtdadi]evprlmgenlyad:herieaf an@ebthéarpathogens,

005@%%110 &ej&lpfleg n}%r%@é@%&%ﬁ ?ggydf ”°£o°”' Yimal
subst ant i a at em ce
an@¢%&n%¥ﬁﬁ@ b@mﬁ|¢m% %%¢mscebh$ @@@/gxs@temc¢ﬂbb teké cells

CL&E@MEﬁC@@@@”@@éﬁllﬁtﬁ, p§H&§@ﬁfcﬂ@9'agéﬂ@f&ﬁ'@&fety and
am no, aci ds coenzyre factors, as wel

sn%lll?l%pﬁéd?ﬁi% : oal‘s noRdat BeA cRY | EDBrO5ELee c%fl Blr@k‘églcs
cedtanderds, some of which nay arise by subsequent
differentiation of isolated stemcells and/or stem
celllike cells of the invention. Furthernore, other
noh@3Tll ar Tonportents ¢medditeet hos eswhih chel babler t he

ceddii 1 conponesyt 1sditabh eféprtl.s %@Iénf@gf&l ll’éto animals,

articul ar. ci rcunst ances
Gt FRIGRIRLE ML S ws@]e%néwmrpmmlmhumans The

aCHTﬂeEm Sct@:rlg1gartcln/&nstﬂ@r@&‘sé§1aﬁﬂé@rc§1:§§n &2h lpd 1 ¥€co1logous,
eI of the Cﬁﬂesem i nvention to ani mal s

par .c%‘?%‘?ﬂ fans ISEHT th %t d%%%ﬁ"?‘b%dt? Rt ai
hermngpliarctaidieon fjextti on or i npl antation of the

[0088] Yet another aspect of the present invention
concerns cellular compositions, which include as a
cellular component, substantially pure preparations of the
stem cells and/or stem cell-like cells, or the progeny
thereof. Cellular compositions of the present invention
include not only substantially pure populations of the
stem cells and/or stem cell-like cells, but can also
include cell culture components, e.g., culture media
including amino acids, metals, coenzyme factors, as well
as small populations of non-stem cells or stem cell-like
cells, e.g., some of which may arise by subsequent
differentiation of isolated stem cells and/or stem cell-
like cells of the invention. Furthermore, other non-
cellular components include those which render the
cellular component suitable for support under particular
circumstances, e.g., implantation, e.g., continuous

culture.



stemcells and/or stemcell-like cells into target
sites in the animals, the cells of the invention can
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i ntroduction by, injection or inplantation, of the
cells into the animals. Such-de4ivery devices include
tubes, e.g., catheters, for injecting cells and fluids
into the body of a recipient animal. In a preferred
enbodi nent, the tubes additionally have a needl e,

e. §9088] syri AgecormPBUBAtMAfEhofhadrénisteringethe stem
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F I a end Iut|
R R T e T
a Hel thergnimaise. th@ G@éMShefethe iheenbion" sehubeonhserted

| ncheges éePD@éF§C§Q§iE§|%Hl@ECFQEﬁphﬁaEéériﬁErB&uctlon by,

dlluent i n whi t he cel i nventi on
vi apl ec ?ﬁ%rﬂﬁcé%?%%%???l%ﬁceﬁfth% @%ﬁi?e#@tgnﬁhe animals.

dlfwemtﬁelﬁg%ﬁﬁeﬁéﬁitég 1ﬁ@yﬁ@@5tbbé§?res@|?tt9ﬂ§eters, for
ents. and/or.dis on, e e use of _s
igrY?e?él%%dc%i}ﬁeﬁgg f%u%gfll?ﬁgmﬁ F PP e %Fta fpgipient
sokmthah. |SnpaepeeﬁbryedtembbelmadtfIUhd tabthea@dithbnally
t Nady £a5Yo Y81 00301 41 1 Vo XY 8L Sae Y EAELABhYun B8 che ce1ls of

solution is sta nder i ONS ARRAUT 4CT
andnet breget el priesler virt aediped tthcbh@a@mnmﬂln@t a

ac&é@ﬂr@cﬁ 10 E50059ANTBEBs S4E N-a81 Haghgyba apenfuOOi -1 ke
for exanpl e, , parabens,

thro e _use, of,
crﬁ%f%%d? note ﬁ%%%%?lo%s%%?b?% %%?%rt?%lh%F%s%PChaﬁd
tfﬂﬁll*@ryS@évﬂ¢®nSeO§ I he sywendd pnigadi bee péepar€tns. For

[ls d/
S asé)'gg%g:%ln diieragrl?nb? nggs%%é?%gjrenﬁf?ec%‘#‘fltlon or
ac@@m%@ﬁ@ Yara i swpperidihatentx angen asomegimeddin otheln a
| N edf Sﬂ% SaEPURT af £d, abovigs -4 0 | oved Pé%' ‘l‘%]&][!ﬁtdion”

sterlll i on. [ 0090] Support nEtrices in
stihsbies %”Rﬁ%ﬁmaceutlcally acceptable carrier or diluent

in which the cells of the invention remain viable.
Pharmaceutically acceptable carriers and diluents include
saline, aqueous buffer solutions, solvents and/or
dispersion media. The use of such carriers and diluents is
well known in the art. The solution is preferably sterile
and fluid to the extent that easy syringability exists.
Preferably, the solution is stable under the conditions of
manufacture and storage and preserved against the
contaminating action of microorganisms such as bacteria
and fungi through the use of, for example, parabens,
chlorobutanol, phenol, ascorbic acid, thimerosal, and the
like. Solutions of the invention can be prepared by
incorporating stem cells and/or stem cell-like cells as
described herein in a pharmaceutically acceptable carrier
or diluent and, as required, other ingredients enumerated
above, followed by filtered sterilisation.



stemcell-like cells can be incorporated or enbedded
i nclude matrices which are recipient-conpatible and
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the recipient. Natural and/or synthetic biodegradable

matrices are exanples of such pmtsices. Natural

bi odegr adabl e matrices include plasma clots, e.g.,

derived froma mammual, and col | agen lmagrl ces. ot

S | ¢ bi gdegradabl e matrices include synthetic

pgl?g&rgé suchUBECHbI YaRRyaPFdes, WperhoEbRossesr selamdand/or
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animal s. [0091 Tﬂg resent invention also provides
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Iiﬂ<er Lhik i.se,. such cell populations can be us to
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[0091] The present invention also provides
substantially pure stem cells and/or stem cell-like cells

which can be used therapeutically for treatment of various
disorders.

[0092] To illustrate, the stem cells and/or stem cell-
like cells of the invention can be used in the treatment
or prophylaxis of a variety of disorders. For instance,
the stem cells and/or stem cell-like cells can be used to
produce populations of differentiated cells for repair of
damaged tissue e.g. pancreatic tissue, cardiac tissue,
nerves and the like. Likewise, such cell populations can
be used to regenerate or replace pancreatic tissue,
cardiac tissue or nerves lost due to, pancreatolysis,
e.g., destruction of pancreatic tissue, such as

pancreatitis, heart disease or neuropathy.



screeni ng various conpounds for their ability to
nmodul ate growt h, proliferation or differentiation of
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illustrative enbodi nent, the subject stemcells and/or
stemcell-like cells, and theiz2sprogeny, can be used
to screen various conpounds or natural products. Such

expbgbss canybe gﬁbﬂﬁékn@ﬂbb&1ﬂbﬂ£”ﬁko@§hé§rﬁeﬁﬁgaé for
for extended periods of tine (eg 21 days or
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syﬁfﬁestsqfaﬂyCDfcmmp@hndagnbeneseﬂ aetbublanggrowthe
'nﬁ?@ii?@ratfoﬁnofngfﬁfg?gﬁt f+ibg bfvgﬂg QgemD@élls and/or

synt esl s been eterm ne usi n |l oacti v
|a%%?m(9¢#%h%h¥%uﬁ%}l%r P%E@?Fé@nn@@@e@ﬂ@@élﬁhﬁﬁéggésOf

(Bydblrchprodet ecsioni by bAMuNOFLUORLS5€068. oFNhese cells in
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characteristic of cell replication. There are numerous
methods in the art for measuring DNA synthesis, any of
which may be used according to the invention. In an
embodiment of the invention, DNA synthesis has been
determined using a radioactive label (’H-thymidine) or
labelled nucleotide analogues (B;dU) for detection by
immunofluorescence. The efficacy of the compound can be
assessed by generating dose response curves from data
obtained using various concentrations of the compound. A
control assay can also be performed to provide a baseline
for comparison. Identification of the progenitor cell
population(s) amplified in response to a given test agent
can be carried out according to such phenotyping as
described above.

[0094] In some embodiments, the stem cells and/or stem

cell-like cells are used for cloning mammals by nuclear



descri bed above. [0094] In sone enbodi nents, the stem
cells and/or stemcell-like cells are used for cloning
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In the subject application, the terns "nucl ear
transfer” .or "nuclear transplapnjati on" are used
i nt erchangeabl y; however, these terns as used herein

refeLsetoriplrodueing o Lyll complenent ol phcl e

fromone ce O an enucl ea S
steppth@hEO@reteereermEth@ueleﬁVOtveSthe”leblanuohear
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regard, the oocyte may be obtained from any ani nal
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| sebaplement oocytiescarepMel Fr&novhei Belhetardn Efficleated
exa # oocytes can be isolated fromeither oviducts
anﬁ?g ovaries of live animls by oviductal recovery
procedures or transvagi nal oocyte recovery procedures

?gggo§§?““ '@héhflé%E §@ elgo ? é&%%8£§gdeﬁe@£ods involves

iration bovi
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Theriggenol oQy+39s #83a782. tﬁ@r588?@@rﬁayOBSYBE§a9ﬁQd from
be isolated. fromovaries or ovid deceased

anfil an1pat %QﬁﬁﬁFean%v%FleeycéﬁaB% obt BrRegaE+ oy Methods
abﬁbf01561aﬂﬁoﬁhefoeoyyeesaeperaéem knownt hbesehe art. For
ovarlr%:sl Theooogétes can alsg g Iated L on1ghe uets
ovartes of a°Feécesht r{" ?I%% ﬁ%? %% Whén Yﬁ%
ovam@/hasobeene$roﬁehlaﬁdaoimahambﬂ oy D096t aBr retbyery

| rred r

npeaee@?eés 58 tfgpggag§§%%6g58?£g feéeeepgaéfo&eaures well

oocytes rom manma har vest e
asbmeﬁﬁub% thgrarhe IB@ce8sul Bé@t@¥5?e€ﬁnﬁéue31§§§h

as“gepeth€isngbhess e HYE|LAE &ﬁﬁﬂﬁ@efraﬁgvﬁbﬂﬂbmg
onchthese @0 tes, have_been harveste

e
gener &F FyUh %ﬁ?éﬂguﬂvaP?oOE%Fﬁ?E'tht£%¥%89?§°ﬁﬁgy 30:
be7bvsedoas rEecrphentore) | soéptenuckeabet ianksbeed from

ovaries or oviducts of deceased animals. For example,
ovaries can be obtained from abattoirs and the oocytes
aspirated from these ovaries. The oocytes can also be
isolated from the ovaries of a recently sacrificed animal

or when the ovary has been frozen and/or thawed.

[0096] Briefly, in one preferred embodiment, immature
(prophase I) oocytes from mammalian ovaries are harvested
by aspiration. For the successful use of techniques such
as genetic engineering, nuclear transfer and cloning, once
these oocytes have been harvested they must generally be
matured in vitro before these cells may be used as

recipient cells for nuclear transfer.

[0097] The stage of maturation of the oocyte at
enucleation and nuclear transfer has been reported to be
significant to the success of nuclear transfer methods.
(See e.g., Prather et al., 1991, Differentiation, 48, 1-



[0097] The stage of maturation of the oocyte at
enucl eation and nucl ear transfer has been reported to
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nmet hods. (See e.g., Prather et al. , 1991,
Differentiation, 48, 1-8). I|n general, successful
manmal i an enbryo cl oni ng practices use the netaphase

| lg 5t afle QOEYLE1 assﬁ88e5§fuf9' Iﬁz%mé’?fé(ﬁ eemfggsgléﬁings

this stage it is believed that the oocyte c e or
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ration of oo tes usual ly_takes place
mai% IF 227 50" Fre Un?FItE h%u%% h %‘RH\G%IE%th% treat
fitlse mtlawdtbw@,nmlelmiéstﬂe @@e:s/tae hestalieingdspden.
met aphase Il stage. In donestic animls, and
C|aIIy cattle, the oocyte maturati on period
&é@ affesin rohtapomtusasomont soopyedéerapiylly takes

a@lﬁce’-&tr‘ﬂ% hea $r 20 0o 0 &4 Pef &faPl ytﬁ@%%q?’@ 2has extruded
ost-aspjration. For purposes of the pfes
‘%%%tﬁo%s tﬁjsaﬁé??% of T timel } stfk%o%c.‘é%etfh%s attalned the
" med it s A O DBrsHQgg" [mgdoMﬁ/i@SaI@ﬂﬁ?ap@ n@f‘i&”@%é@lally
a s_and using a vari et a nown
toa/agtrﬂp]gér)s/o%@%fooc ft P8I trjfor?rf)% %rqen%ghé fpnges from
U. @Olﬁatjeﬁn52\ld1015r$)57pﬂészr£aly alstutal 28424 392 r Road smore

d
PP SRy P a0l AP na s e arige g <rE fnd

OrYHRIIRS Ad WD B 0THEE: Jé?ﬁqrt’qﬂé%ﬁ Urbics imetieed of time is

Quamdves as O opﬁaaﬁjrﬁeﬁrplﬁgﬁj.or Nucl ear Tr _ansf er,
" all hereby incorporated herein by reference in the

entirety, including all figures, tables, and draw ngs.
[ (IIUI}%9]O’1€ dfodhes smosin desmmdt uiest ai rusedrdorettNerays and

£ 55 S S P B Aot Y s o e et

eﬁmardfowl@elrlumn | e sy urﬁeoar, st.apr, SeriumPComyt a%o.

Céﬁn oy suacessfld Yedmadur engg’Q U s 9P 800 MBgiHmp ;s o1

|I1f§4 141 for bovine organisms and Wells et al., 1997,

Biol. Repr. 57: 385-393 for ovine organisms and
WO97/07668, entitled “Unactivated Oocytes as Cytoplast
Recipients for Nuclear Transfer,” all hereby incorporated
herein by reference in the entirety, including all

figures, tables, and drawings.

[0100] One of the most common media used for the
collection and maturation of oocytes is TCM-199, and 1 to
20% serum supplement including FCS, newborn serum, estrual
cow serum, lamb serum or steer serum. Oocytes can be
successfully matured in this type of medium within an

environment comprising 5% CO, at 39°C.

[0101] While it will be appreciated by those skilled in
the art that freshly isolated and matured oocytes are

preferred, it will also be appreciated that it is possible



envi ronment conprising 5% CO2 at 39C. [0101] Wiile it
w Il be appreciated by those skilled in the art that
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will also be appreciated that it is possibleto
cryopreserve the oocytes after29a¥vesting or after
mat uration. Accordingly, the term"cryopreserving" as

useg B@p@paegéﬁvéeﬁﬁé BQC§E§§Zh@9e§nh999¥E§&ng 68l Lrter
of ani nal of the_invention. The oocytés,
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utili ed fo artificiall i nsemi nate a femal e bovi ne
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P?%%eég§$%rg%érec$ Panst er o ﬁ%¥€ fﬁiOZ]E?F example,
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rraturatlon medi um aw n cryopreserve d
metetTat s SRt edatarheloate %%¥|Q%Y%P¥%$e¥ﬁ@t%ﬁ@mﬁﬁg well
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rﬂewedeMmdwmm

ar O urth
ure§1n% %ﬂ% s e” ?Wﬁtiﬁgytiéy BT ST YO b eRRO et tir Ear
[ nDMrevcot Brandbe v esf etnlangosr$ed i n t he nucl ear
transfer methods disclosed herein. Essentially, mature
nmet aphase 11 oocytes are collected surgically from
ei tHe2 honsuberexitrteseored upervives areel wolbised then these

hehdef HS5 A A1y thawed before placing the oocytes in
maturation medium. Methods of thawing cryopreserved
materials such that they are active after the thawing

process are well-known to those of ordinary skill in the

art.

[0103] In a further preferred embodiment, mature
(metaphase II) oocytes, which have been matured in vivo,
are harvested and used in the nuclear transfer methods
disclosed herein. Essentially, mature metaphase II
oocytes are collected surgically from either non-
superovulated or superovulated cows or heifers 35 to 48
hours past the onset of estrus or past the injection of

human chorionic gonadotropin (hCG) or similar hormone.

[0104] Where oocytes have been cultured in vitro
cumulus cells that may have accumulated may be removed to

provide oocytes that are at a more suitable stage of



hours past the onset of estrus or past the injection
of human chorionic gonadotropin (hCG or simlar
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vitro cunulus cells that may have accumnul ated may be
renmoved to provide oocytes thatpare at a nore suitable
stage of maturation for enucleation. Cunulus cells nmay

bemé@&PX@ﬁoﬁyf§£p§%%¢g {oﬂort@éﬁ@ﬂufogélféaﬁgbebe'Pemoved

the presence o uroni dase . After
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ped | sigi goa yYoReq&e80ved fromthe oocytes if desired.
The advantages of zona pellucida removal are described

i n PCT/ AU02/ 00491, which is incorporated inits
ent@I@By hereftebythefraencetidhepeeodabs ofletbeizodaabove
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Physi cal mani pul ation i nvol ve e use o
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engyehEcddi geshi ORe i Sobdsed. mdP106] chPro88 out by any method
ef erred. enbodi nent e zona | uci da

articularl r
Pty eh yEREs e Loar GesP T ERL T L e DPELaRE S of a
promeesanbcapr@p@sﬁngEV|ehém;caﬁtUreabmeytesraeazymatic

D\ AEE0SLILG, BaS| L oRoROE!L 2000 2 PEBLSRE: RAATBRFeion
r ange divolues theogsened preterabinebtesos-a2mggngsurgical

NSt L ef epabEYr a0Vt On B¥athe HE€i9Rcykeyksqt hen
allowed to i ncubate at between 300C to about 45C,

preferably about 39C for a period of 1 to 30 m nutes.
Prefeoably the @@@ypgﬁta@elgxppspﬁef@rtb@ enByaeméNt, the

5 h
FheShapPhRekTss DR ooV PUeR TRYe pE ARRELE PR Ln the
bypraddéncenodf a seronessehoaspFQsase . coBrseflyn mMakture

ﬁg&&Hﬁt@QVéPéa@fa&édzfﬁéor§”§¥fﬁt%€ﬁthﬁﬁP%éfn&SatB?Btease,
pronase or combination of each at a total concentration in
the range of 0.1% - 5%, more preferably 0.25% - 2% and
most preferably about 0.5%. The mature ococyte is then
allowed to incubate at between 30°C to about 45°C,
preferably about 39°C for a period of 1 to 30 minutes.
Preferably the oocytes are exposed to the enzyme for about
5 minutes. Although pronase may be harmful to the
membranes of oocytes, this effect may be minimised by
addition of serum such as FCS or cow serum. The unique
advantage of zona removal with pronase is that no
individual treatment is required, and the procedure can be
performed in quantities of 100’s of oocytes. Once the
zona pellucida has been removed the zona pellucida-free
mature oocyte are rinsed in 4ml HEPES buffered TCM-199
medium supplemented with 20% FCS and 10pg/ml cytochalasin

B and then enucleated.



i ndividual treatnent is required, and the procedure

can be perforned in quantities of 100" s of oocytes.
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pel l uci da-free mature oocyte are rinsed in 4nm HEPES

buffered TCM 199 nedi um suppleggnted w th 20% FCS and

| Org/ M cytochal asin B and t hen enucl eated.[0107] The
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physi cal |y, by actual renoval e nucl eus
prbfiered- or netaphase plate (depending on the oocyte)
5, or functionally, such as by the application of

| et radi ati on or her enucl eati .
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pat SREh BoN 3B (£eBbppaRe: sR8B7OR20, Shhq 027-1035)
VVftadtennal9ﬁéan&buucéud€20s63965DNhespenlflc fluorochromes

15 | ggégor@Bgdeg¥méggerEgﬁgodEOéQ9LlPrei?égblx- %Qﬁrod
te’is enuc neans of mahua { sect
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n%gg gﬁ t he ésectlon is carried out usi ng b

mi SOr gl cal EBPS 835§°He§€Y|Béaolhelﬁfé?ﬁgﬁﬁoﬁﬁlOt er

Pahethodppkhoahi on dhe MEB8/ 29632 wbicbxbfiple, U.S. Patent
20 ;Bﬁf?&?f?&?? Bysreperenceshgeei 0, oBrighl ¥, 1 QQGYLES b6,

Nature, 320:63-65, herein incorporated by reference.

[0109] Preferably, the oocyte is enucleated by means of
manual bisection. ©Oocyte bisection may be carried out by

25 any method known to those skilled in the art. In one
preferred embodiment, the bisection is carried out using a
microsurgical blade as described in International Patent
Application No. WO098/29532 which is incorporated by
reference herein. Briefly, oocytes are split

30 asymmetrically into fragments representing approximately
30% and 70% of the total ococyte volume using an ultra
sharp splitting blade (AB Technology, Pullman, WA, USA).
The oocytes may then be screened to identify those of
which have been successfully enucleated. This screening

35 may be effected by staining the oocytes with 1 microgram
per millilitre of the Hoechst fluorochrome 33342 dissolved
in TCM-199 media supplemented with 20% FCS, and then
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Pul | man, WA, USA) . The oocytes may then be screened
to identify those of which have2been successfully
enucl eated. This screening may be effected by staining

t hgi eRENE s bbc§t%0ﬁaaé§%@e£ambhékl &&eaagstt&‘%g with an
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present invention, the recipient oocytes wll
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hi gh accuracy. Consequently, for |arge-scale

application of cloning technology the present
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Briefly, cell cultures at different passages are gr
to
[0112] A single stem cell or stem cell-like cell of the

present invention of the same species as the enucleated
oocyte can then be transferred by fusion into the

enucleated oocyte thereby producing a reconstituted cell.

[0113] Analysis of cell cycle stage may be performed as
described in Kubota et al., PNAS 97: 990-995 (2000) .
Briefly, cell cultures at different passages are grown to
confluency. After trypsinisation, cells are washed with
TCM-199 plus 10% FCS and re-suspended to a concentration
of 5 x 10° cells/ml in 1ml PBS with glucose (6.1 mM) at
4°C. Cells are fixed overnight by adding 3ml of ice-cold
ethanol. For nuclear staining, cells are then pelleted,
washed with PBS and re-suspended in PBS containing 30pg/ml
propidium iodide and 0.3mg/ml RNase A. Cells are allowed
to incubate for 1lh at room temperature in the dark before



confluency. After trypsinisation, cells are washed
wth TCM 199 plus 10% FCS and re-suspended to a
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glucose (6.1 mV) at 4C. Cells are fixed overnight by
addi ng 3m of ice-cold ethanol33For nucl ear staining,
cells are then pelleted, washed with PBS and

S 3 el
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incubate for Ih at roomtenperature in the dark
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20@@amP%ES,K@59t@96t985), pP00Q5] Puakt ubéd sbenbeells
and/or stemcell-like cells may al so be genetically
altered by transgeni c nethods well-known to those of

or 8P hapry skiFrlinrredeshen. csbés aBe/exafpre, chbledikar cells
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Transgenb 7 Prepd mpEaNt abi 08 EIDT ¥@s¥+r2Rd ¥%§é/AK§H§§s
entitled "Transgeni_c Production of Antib %
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cePrenmyp bentzedof okmiatyes ngah eGP 2/l ¢808S, andtdtled
Ste@}gﬁégeﬁigePfg&uétignbgfU§$€1@3d£55 DHCMffE doQ?i'of

hese cedures may renove
th@hg@@eaﬁgyl%@Oﬁ@@@aggégbﬁsreference hereln 1n thelr

entirety including all figures, drawings and tables. Any
known method for inserting, deleting or modifying a
desired gene from a mammalian cell may be used for
altering the stem cells and/or stem cell-like cells to be
used as the nuclear donor. These procedures may remove all
or part of a gene and the gene may be heterologous.
Included is the technique of homologous recombination,
which allows the insertion, deletion or modification of a
gene or genes at a specific site or sites in the cell

genome.

[0116] Examples for modifying a target DNA genome by
deletion, insertion, and/or mutation are retroviral
insertion, artificial chromosome techniques, gene
insertion, random insertion with tissue specific

promoters, gene targeting, transposable elements and/or
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cell genonme . [0116] Exanples for nodifying a target
DNA genome by del etion, insertzpn, and/or nutation are
retroviral insertion, artificial chronosone
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DN@; ggg for exanple, may be altered by
rec ed nmut agenesis . [0117] The present

|nvent|on can thus be used to provide adult mammal s
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chi nmeri rnpre, d tissues

ChRRE obr LT T AR P BNt oQeREr S HE! b Dot L AnBgEn EUTax1y
an@$®fubh|nncludim@tusmssgeﬁhcberugeﬂetncEEly,ehg$ﬁdered

aﬂQaE&QfQ %ﬁ@sgﬂfﬁé§{éo$?1&%i§8 N?EQQQﬁ?Ugg F%ll and

gener at 1 ng ransgeni c ce I NC
stlepssegs (ﬂyomsébﬁbmmﬁlge@r stnmla@f@r D&met@ﬁst tuctuding

US@f&ﬁsé@ﬁlén§§&?bﬁ@c@1ﬁ@§£bff&egﬁ@b§GQH§HC§e'HEthBﬁ cell,
nuc| ear genome of stem cells and/or stem cell

ceb135U¢ 231¢ r heFRcEF RSP heP BRAL @Bnst r uct |nto the
sten1ce||s and/or stemcell-like cells; (3) allow ng

Egﬁf%#nsekg € @nd# honol o oug {econbinftion &o

G PPRRt Toh YERGFETHOCf TOMTAPS. br GEbes

na@ymecahbylnselud©nt@é stopstabl €1 DNdssemistingta(shitable

inﬁﬁAtggnééfggﬁ useful for inserting a specific DNA sequence
into the nuclear genome of stem cells and/or stem cell-
like cells; (2) transfecting the DNA construct into the
stem cells and/or stem cell-like cells; (3) allowing
random insertion and/or homologous recombination to occur.
The modification resulting from this process may be the
insertion of a suitable DNA construct(s) into the target
genome; deletion of DNA from the target genome; and/or
mutation of the target genome.

[0119] DNA constructs can comprise a gene of interest
as well as a variety of elements including regulatory
promoters, insulators, enhancers, and repressors as well
as elements for ribosomal binding to the RNA transcribed
from the DNA construct.

[0120] DNA constructs can also encode ribozymes and

anti-sense DNA and/or PNA, identified previously herein.



genone; deletion of DNA fromthe target genonme; and/or
mut ati on of the target genone. [0119] DNA constructs
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of elenments including regulatory pronoters,
i nsul ators, enhancers, and repggssors as well as
el ements for ribosonmal binding to the RNA transcri bed
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known to a person of ordinary skill in the art and are

no t to_be 0121] Due to,the effective
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t eePhrpldshire GWERNSKABWA €olhsperspa Bheomatasipls and

skhéthodst 8esatibaadharéeni al s and methods for
carrying out transfection of DNA constructs into cells

are commercially available. Materials typically used
to[®l%ﬁ$fectTrehbsemtihnEﬁ@chnhqneﬂcaSeawelnipﬁphhlts a

oyn of8?931ﬁ§F# QQifftiR(Eﬂl ngeg gnﬁaggr%%l?oand

Pa ficu Cc conmpounds can nd
| iposopes for ﬁ@nrmmgow abséesfeohion eAeDPMNAconstructs

CoﬂﬁﬁéU@éllgtQréh@oﬁﬁé£§1a19}2§$a1?£8§é SQQH§Q$§§sf59ﬂ1cally
the DNA construct can be inserted into specif

réﬁ?%%st%ftfﬁ%sﬁ%EFe%?lb%h%h%hb9N$afP%ﬁ5Fu8E§l@ﬁe $ipophilic

t h@o@w«m@@,st such . adheseo test g™ g@&n leﬁt@ﬁ@l@nd paetheds ar

melﬁ f own to a erson gf or na&y k%ll IEFthe £

PRl 5, CARBABPES TS, Ppat B C8ds33, HeF {igosomes for

Paﬁ@@laﬁlBQZtﬁ@ﬂSﬁﬂdtfﬁﬁ'@ﬁbtheaDanconstruct into the
cells.

[0123] Target sequences from the DNA construct can be
inserted into specific regions of the nuclear genome by
rational design of the DNA construct. These design
techniques and methods are well known to a person of
ordinary skill in the art. See, for example, U.S. Patent
5,633,067; U.S. Patent 5,612,205 and PCT publication
WO093/22432, all of which are incorporated by reference
herein in their entirety. Once the desired DNA sequence is
inserted into the nuclear genome, the location of the
insertion region as well as the frequency with which the
desired DNA sequence has inserted into the nuclear genome
can be identified by methods well known to those skilled
in the art.

[0124] Once the transgene is inserted into the nuclear

genome of the donor stem cells and/or stem cell-like



W03/ 22432, all of which are incorporated by reference
herein in their entirety. Once the desired DNA
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| ocation of the insertion region as well as the
frequency with which the desirggl DNA sequence has
inserted into the nucl ear genone can be identified by
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[0124] Once the transgene is inserted into the nucle
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andlof stemelll ke celLs Latos Lhe gnucl eated oocyte

preferably 1 nvolves ce asion
reconstituted cell. [0125] Fusion is typically induced
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uskd $LeakEi<el PR LRFEAETOFS dbRer CaREAFEAEPFEAR BeRng, but

E|@@ﬁiﬁi@ﬁaDnAQFQQﬁﬁéﬁtam@y|§@ efcel e6t 8k6ibY hbhagnhént of
sufficient .to cause eg%%$% EBOWH 0

MR et ER Tt SHAnhebdfes 2 ouise
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ormation t ayers Intermn
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th@éﬁ@ﬁS@@§1&rénﬁﬁ@@béﬁtﬂo0%r§§§@oﬁn5§ﬁ&|u B8NE8Yorhbhtion
enlarg S unti|. the twp cells become one. Reference is

malde® t o1 R) S P PLE YO RG. 1A G nBhe hySPR 4t hehagpehp will open
(|Mebw®@matb@ byoreéerenceue ntot shentheehydhesrio) for

o L ey fhreupsian, o JLE PESEERRy ARCLUSLYGEL wncit the
sukvosesl hanpe cone @@%buR@feam@cghospmade bngeSedPat No.

S04 U &P g § 02 6h Fti5é PN €M 8] SP; DECASEPIPLLSHEArUBLAOnce in

Seggglentirety herein) for a further discussion of this
process. A variety of electrofusion media can be used
including e.g., sucrose, mannitol, sorbitol and phosphate

buffered solution.

[0126] Fusion can also be accomplished using Sendai
virus as a fusogenic agent (Graham, 1969, Wister Inot.
Symp. Monogr., 9, 19). Fusion may also be induced by
exposure of the cells to fusion-promoting chemicals, such
as polyethylene glycol.

[0127] Preferably, the donor stem cells and/or stem
cell-like cells and enucleated ococyte are placed in a
500um fusion chamber and covered with 4ml of 26°C-27°C
fusion medium (0.3M mannitol, 0.1mM MgSO,, 0.05mM CaCl;).
The cells are then electrofused by application of a double
direct current (DC) electrical pulse of 70-100V for about



virus as a fusogenic agent (G aham 1969, Wster |not.
Synp. Monogr ., 9, 19) . Fusion may al so be i nduced
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chem cal s, such as polyethyl ene glycol. [0127]

Preferably, the donor sten1cglé§ and/or stemcell-like
cells and enucl eated oocyte arg’'placed in a 500nm

fusion chanber and covered with 4m of 26C-27C fusion
nedPUfy (BPBRPHARAFEOY, 16 aprantMyBOter dussem cibe Zpsultant

Theugell scabasthentebeetnokused byeapphibeati on af sditable
doubl.e dire tlcur DC) electr|calggglse of 70-100V
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t he resul tant fused reconstituted ceIIs are then
pl n a ita m acti iQn, .e.g.
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t ohemagl ut Preferably the conpound
gbgmie FBofeVnPEnge Pefefr E§oBNbBAI FEARHP iR ket Red

of Ceheehnohlishon, desﬁavbednanpvalahﬁo soppenBesedtin, lotus

fu r L Qn or the |on st onpLi s
dessr e B ivadohy Pens Ere BuRtp " PR3t | BrocarroLy the
st epmpehhd| ikePBBII or MCT and two or nore enucl eated
oocytes. The doubl e fusion nethod has the advant ageous

effect of increasing .
[0129] In one preferred embodiment, the method of

electrofusion described above also comprises a further
fusion step, or the fusion step comprises described above
comprises one donor progenitor cell, stem cell-like cell
or MCT and two or more enucleated oocytes. The double
fusion method has the advantageous effect of increasing

the cytoplasmic volume of the reconstituted cell.

[0130] A reconstituted cell is typically activated by
electrical and/or non-electrical means before, during,
and/or after fusion of the nuclear donor and recipient
oocyte (See, for example, Susko-Parrish et al., U.S. Pat.
No. 5,496,720). Activation methods include:

1). Electric pulses;

2). Chemically induced shock;

3). Penetration by sperm;

4). Increasing levels of divalent cations in

the oocyte by introducing divalent cations into the oocyte



the cytoplasm c volune of the reconstituted cell
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potassium simplex medium (“KSOM”).

[0132] The reconstituted cell may also be activated by
known methods. Such methods include, eg., culturing the

25 reconstituted cell at sub-physiological temperature, in
essence by applying a cold, or actually cool temperature
shock to the reconstituted cell. This may be most
conveniently done by culturing the reconstituted cell at
room temperature, which is cold relative to the

30 physiological temperature conditions to which embryos are
normally exposed. Suitable oocyte activation methods are
the subject of U.S. Pat. No. 5,496,720, to Susko-Parrish

et al., herein incorporated by reference in its entirety.

35 [0133] The activated reconstituted cells may then be
cultured in a suitable in vitro culture medium until the

generation of cells and cell colonies. Culture media
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be nost conveniently done by culturing the

reconstituted cell at roomtenggrature, which is cold

relative to the physiological tenperature conditions
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f B Hay A HER ] §o g OR RRaRPIEPLY| BPObRASL S
ansuepalbhel cahfluent feeder layer. Suitable feeder layers

include, by way of example, fibroblasts and epithelial
cells, e.g., fibroblasts and uterine epithelial cells
derived from ungulates, chicken fibroblasts, murine (e.qg.,
mouse or rat) fibroblasts, STO and SI-m220 feeder cell
lines, and BRL cells.

[0135] In some embodiments, the feeder cells comprise
mouse embryonic fibroblasts. Preparation of a suitable

fibroblast feeder layers are well known in the art.

[0136] The reconstituted cells are cultured on the
feeder layer until the reconstituted cells reach a size
suitable for transferring to a.recipient female, or for
obtaining cells which may be used to produce cells or cell
colonies. Preferably, these reconstituted cells will be
cultured until at least about 2 to 400 cells, more
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feeder cell lines, and BRL cells. [0135] In sone

enmbodi nents, the feeder cells nprise nouse enbryonic
fibrobl asts. Preparation of a Suitable fibrobl ast
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may be transf rred nonsurgi cal
yncorporateg by reference. y

[0138] Briefly, blastocysts may be transferred non-
surgically or surgically into the uterus of a synchronized
recipient. Other medium may also be employed using
techniques and media well-known to those of ordinary skill
in the art. In one procedure, cloned embryos are washed
three times with fresh KSOM and cultured in KSOM with 0.1%
BSA for 4 days and subsequently with 1% BSA for an
additional 3 days, under 5% CO,, 5% 0, and 90% N, at 39°C.
Embryo development is examined and graded by standard
procedures known in the art. Cleavage rates are recorded
on day 2 and cleaved embryos are cultured further for 7
days. On day seven, blastocyst development is recorded and
one or two embryos, pending availability of embryos and/or
animals, is transferred non-surgically into the uterus of
each synchronized foster mother.
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10 (nonthly) preferably is nmade throughout pregnancy to
eval uate enbryonic |oss at various stages of
ge§PatPbn. ARDeaboreedtititsdscehbul dcbévhbedeseednsiftuted

poéélblefefﬁé PN LXPhag ﬁ@o&@@éﬁrﬂhﬁhﬁgetﬁéaEHé 8Sof such
as routine f t hol ogj cal exam nati ons, 40] The
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ré%%E%??tu?%a e85 sy %%feda?%cghe?rta?éau%@r|components
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I Saparsicularly preferred that the term ani nal
produced be a viable aninmal . [0141] The present
i nvention can al so be used to produce enbryos, fetuses

Or[@iiﬁpringTM@iﬁhe§@wtbﬁnﬁéﬁﬂioﬁoéaﬁxﬁﬂﬁbebeiﬁsé&'£®

20 tlssuguggdegbgygsfrg éggtgﬁlggfs£¥ing which can be used,
for example, in cell, tissue and organ transplantation. By
taking a fetal or adult cell from an animal and using it
in the cloning procedure a variety of cells, tissues and
possibly organs can be obtained from cloned fetuses as

25 they develop through organogenesis. Cells, tissues, and
organs can be isoclated from cloned offspring as well. This
process can provide a source of “materials” for many
medical and veterinary therapies including cell and gene
therapy. If the cells are transferred back into the animal

30 in which the cells were derived, then immunological
rejection is averted. Also, because many cell types can be
isolated from these clones, other methodologies such as
hematopoietic chimerism can be used to avoid immunological
rejection among animals of the same species.

35
[0142] By “comprising” is meant including, but not

limited to, whatever follows the word comprising”. Thus,
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cl oned fetuses as they devel op through organogenesi s.
Cells, tissues, and organs cangbe_isol ated from cl oned
offspring as well. This process can provide a source
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Wh?@h@E]or Moke t heyert {S6twine Q6% MEt YuPEnaEt §88cPibed by
| enent s 0143] Theféerntlon w || now be

fUW?%e? dg§§$¥%%ﬁeb9n Y to the owing non-limiting

examples. It should be understood, however, that the
examples following are illustrative only, and should not
be taken in any way as a restriction on the generality of
the invention described above. In particular, while the
invention is described in detail in relation to the use of
bovine and murine embryos, it will be clearly understood
that the findings herein are not limited to these embryos,
but would be useful growing stem cells or stem cell-like

cells from embryos any animal including humans.

EXAMPLE 1 PRODUCTION OF BOVINE STEM CELLS FROM INTACT
EMBRYO
[0144] Bovine D7.5 embryos at the blastocyst stage were

crushed and depressed into mouse embryonic feeder (MEF)
layers, using fine-tipped glass micropipettes or Ultra-

fine needle insulin syringe, and cultured in alpha-MEM
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TRO) , consisting only of
20 aracteristic of bdvine ES-like cells ({Panel B). The size

of outgrowths reached 0.6-0.8cm in diameter.

[0147] As shown in Figure 3, only PC part of CO
outgrowths expressed markers of pluripotency such as Oct4,
25 Rexl and SSEA-1 (Panels A, B). In TRO outgrowths all the
cells expressed these markers (Panels C, D).
Over the next 9-12 days the TRO outgrowths reached about
2cm in diameter (filling the centre-well organ culture
dish, BD, Cat. No 353001) without any changes in
30  morphology. The outgrowths continued to express marker of
pluripotency Oct4 (Figure 4).

[0148] When PCs of CO outgrowths were mechanically

dissected, cut into several pileces, passaged on fresh
35 feeder layers and cultured in medium without 5’-

azacytidine, they behaved in the same manner as normal

primary cultures: they developed colonies, consisting of



characteristic of bovine ES-like cells (Panel B)
The size of outgrowths reached 0.6-0. 8cmin dianeter.
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out growm hs expressed markers of pluripotency such as
Oct 4, Rexl and SSEA-I (Panels A _B ) . In TRO
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[0151] These data suggest:

l). ESCs can be isolated from whole embryo explants. A
novel crushing technique results in greater efficiency in
isolating ES-like primary outgrowths from embryos in vitro
of primary blastocyst explants can increase the

pluripotent component of a bovine blastocyst.

2. 5’ —azacytidine treatment can induce more of the cells
to remain pluripotent and induce proliferation of these

cells as a uniform pluripotent population.

3. Continued culture of primary outgrowths in 5’-
azacytidine results in maintenance of the cells in a

pluripotent state.



2.5mM . [0151] These data suggest: 1) . ESCs can be
i sol ated from whol e enbryo explants. A novel crushing

w0 ewbniagoe results in greater efficiency in i SBCHADUZIHG6/000562

10

15

20

25

30

35

ES-1ike prinmary outgrowths fromenbryos in vitro of
primary bl astocyst explants capsincrease the

plurlpotent conponent of a bovine bl astocyst. 5
e S o ke G BBEE&EEAM OFBOVINE

these cell's as a Bhi $BERE pl8OLACEBNINpBEKAMALEOD. 3 .
Continued culture of primary outgrowths in 5'-

azacvytidine results in maintenance of the cells in a
pl LP#pdt ent 5P atBVEXAMPRES 210 NVYVYOIORYELORVENTALPotential

PCB'EﬁB’dnALn&E@WéNEs ESn GELL Sc k SLATEDL L N EXAVP ]ﬁo ency,
0%52 nve atei vi vo devel opnent al ™ pot e
POV %eE iif and ?Be%x%%inléa%ﬁ*éii%nﬁﬁu%ﬂp@f-@ﬁ@yce 5pM
bO@iﬂ@Z&ﬁ&tEﬁiBe,IB@f@t@@ta@ﬁ p@$§&@én3d1hnt@r$§§ﬂﬁe %eces
z wer e cut at pass into s
pr%/%:g% u% ﬁﬁé{é ?ié‘gs %l%ett?pe@?%p @gs%??eﬁl %%%%lSted of
cohaf 33 @eﬁlh%OaIB@)Otl@@éz swane theseimpeetédeinto testis’s

'r%EC$@$b|ﬁEébte%ﬁf@erSSO@eé%%[b felngééf{d§fm€eratomas

t- t1on, teratomas artl
'to %Jﬂls{gﬁfy | O SSENRE T e%esw%t@chweeaid@miai@m@

cdﬁswmmi@prmm@fc&eﬁﬁﬂéd VEiSe %r@éénéé‘f&@

ge&&lsl ers |n & |%ed teratog (see %ure 8 Panel

CE.&.ISIFR@\# I M@@IFJ@BF@(@ [BrS3] Ao BSEM@UB) ES cells

from mouse enbryos the techni ques devel oped for bovine
stemcells described in Exanple 1 was utilised. [0154]
Preildy th  (5- ERABICTHIQN ORMAWIRMRITES GE&TTeS FROM INTACT
super - ovul at ed usiMERy routine protocol (1 IU PMSG and

HCG -

[0153] To isolate ES cells from mouse embryos the
techniques developed for bovine stem cells described in
Example 1 was utilised.

[0154] Pre-pubertal (5-6 week old) 129sv females were
super-ovulated using a routine protocol (1 IU PMSG and HCG
injected i.p. 48h apart) before mating with 0G2 males. The
129sv strain was chosen as it has been proven in the
literature to facilitate isolation of ES cells. The 0G2
males, used as studs for mating, were C57/Bl6 strain and
transgenic for an Oct4-EGFP construct. All pluripotent
cells from these mice express GFP and this property was
exploited in this study with GFP being used as a
fluorescent marker to facilitate the identification of
ESCs once derived. Zygotes were collected from the
oviduct of humanely killed female mice. Cumulus cells were
removed from zygotes by treatment with Hyaluronidase
(300IU/ml) in KSOM medium (Chemicon). The zygotes were

carefully washed to remove hyaluronidase and transferred
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The O& nal es, used as studs for mating, were C57/B16
strain and transgenic for an_Ogt4-EG-P construct. Al
pluripotent cells fromthese mce express GFP and this

roper oi t in his study with CGEP bei

ps g ¥56Fﬁ g?gbcgﬁ P&%PrFodFSB | Lhafe3 Fﬁ% Incibator and
idehlDWedatDodemélﬁﬁcsoonhe neruvedbliygotestWerkage.
collected fromthe oviduct of humanely killed femal e

m ce. Curmulus cells were renoved from zygotes by
tr é8iaent w Theppmbnkonifddeeul3dBlakibrysh KSEM irpMi om 5-

(Cﬂgmégﬁldlnghe mge&s%m@g@oeggegume aﬁ%g ga in the

renove hyal uroni dase and transferredto a res

wi FROMuFEGEerar 858PFnsaPRYENEREABardFhahtMablra@edcysidine
degetopahe.the norul a/ bl ast ocyst stage. [0155]

Treat ment of Mrul a/ Bl astocyst with | mM of 5-

aza-cytidine . Mrul a/bl astocysts were cultured in the
KSCW@EGHtureFﬂrO@BAéOb@beMEEtedwmkéhubﬁNlas a feeder layer

5- f 0156 Al C57). MEF' s
vl TEL AL BB 0hent P LpbLybiT RS SPPAGHHERE
ofl%ﬂ%@?b@naﬂ@ds@bsﬁqabn@flEﬁCat|MEFaﬁdwsuppmnacbivated by

EsgﬁeaﬁﬁghtSwﬂ@ﬁemiﬁéﬁ%bY§t@dépﬁué/ﬁ?ag§g% @}%@ﬁbé?the 37°C

C
St o el iba' OF Sap cEmtel PE/ G BoreB Aialper Gom

[0155@ The zona pel l uci da was renoved from enbryos
following a brief exposure to a 0.1% Acid Tyrode
solution (pH2.8) and then washed 3 tinmes in the

cu @h$é]nediDh@(%@mm@pel£w©$@muea$lyemoheg fiece embryos

prﬁéﬁf&wﬁ‘i‘#oafﬁfg&fs Q@r@ 23 ;g @e?glzﬁ%%gf%gpgﬁécsolutlon

dium S rep ace

msblé?%%niﬁ ANPONVEMS LippF eaen? celme s hin Odox qubtiee medkum

NEH%SOMﬁI)@&%$@ 9@09@Ky§|@@Eciﬁfégﬁeacyﬂf81f@@&éfs using

L F’2é%]gr4e G%:Oag g{£ﬂ7 . The medium was replaced
with modified ESC medium i.e. DMEM supplemented with 1000X
2-B-ME, 100X NEAA, 100X Glutamax, 20% Hyclone serum,
10ng/ml mouse LIF, 10ng/ml bFGF and 10ng/ml hEGF, with
10ng/ml Activin A, 10ng/ml Nodal and 0.1uM 5-aza-cytidine
added freshly just prior to use. The dishes were then
returned to the 37°C incubator.

[0158] Media was replaced daily at 24hr intervals. Just
prior to changing media the cultures were observed and
photographed for recording morphology (brightfield/Phase
contrast) and GFP expression using an Olympus 1X71
Fluorescent microscope with the following: (1) Phase
contrast (2) U-MNUA-2 (UV excitation) --- 360-370
(excitation filters) 420-460 (emission filters), (3) U-
MIGA 2 (Green excitation)-540-550 (excitation filters)
575-625 (emission filters) and (4) photographic

attachments. The GFP expressing colonies were viewed under



10ng/ M Activin A, 10ng/m Nodal and O .| nM

5-aza-cytidine added freshly just prior to use. The
walt@hassokre then returned to the 37C i ncubat opCT/AD2B8P00562

Medi a was replaced daily at 24hr intervals. Just prior

to changi ng nedi a the cultures4 re observed and

phot ogr aphed for recording nnrphology (brightf

|eId/Phase contrast) and GFP expression usi ng

Hﬁﬁst?X?TtPFﬁépésHEﬁFhﬁFcFB@C&&@P%Ftﬁxﬁﬁélted auto-
fOELQbMBgceﬁ&b PBa&pléanthaite&a%erM&U$Ffzgua did not auto-
exclLtatlon Xcltation LlLter
(ot SBFBRCF: FrerD) OvpH) PorPaROs " (EPBan o B e positive.
excitation)-540-550 (ex0|tat|on fllters) 575- 625

5(eTbZ§g?” fl%&§ﬁ§g @”do ﬂ) ehgﬁggggeh%gegkgépggeggicribed in
he expressi ng col oni eS were

uveathgdgererri peseliEedeenchehosapirerbghi bndeg Brightfield,

auc@@lHﬁaesv@nc%1u§@@Bb@%cehahc%6e5%§§e@oGE8c@@@ dicdphology.
not _aut of | uoresce under UV2A were con B

poSFEi YeUCFBE56T.CR HareU§ed 2RI &b IS PERPSRIEE d@r lack

desaeirbed) |bfnauhedflwe&es@bﬁeévednandlghabgg&a@ﬁedt should
nder nd_UV2A fl uorescenc

u
10 BB BEERY FBoFelBra ndi BHBTORS  CrBaF: (o eobaREd Fadn anY
used tbedeeett stheolpseddnate (ot khoknthereof) of
aut o-fluorescence. In this regarded it should be noted
t hat _aut o- quorescence was not observed in any of the

t edP188hpl es (PaBLa 480 SROWBYLrYPE16BPripanaPoyR) apd
Enbweﬁo(:gf@tubalab@vgna&dmh@?t @@b§b Q@&@Wbbls@r%bt Wr€or to
S re obs \/ rhior rea Wit
15 G s N aEh. B pRaeEnaihn  pETE, SRt PAs4oPn CERebe
mhuheuammpadt1nDthbawandepcedpabnambkwlanahhepmedemlnantly

D1 A R 2t PR ey Eo bl 1eing T2 SuR Tt FBS BoRC P ORSOM
cul ture nmedium containing | MM 5-azacytidine (treated)

; @g@e@plor Yeahemovah ef.thepzasdoceydtPlraihBgi8g ¥eban

eeder a

20 treatme%t in KSOM culture medium, containing 1uM 5-aza-
cytidine (treated), and prior to removal of the zona and

plating on MEF feeder layer.

[0162] (Panel 9C) D2: A treated blastocyst 24h after
25 plating on a feeder layer in modified ESC medium.

[0163] (Panel 9D) D4: By D4 GFP expression was clearly

visible in the blastocyst explant.

30 [0le4] (Panel 9E) D9: By Day 9 the integrity of the
embryo structure had broken down and ESC colonies were
observed. Here one such colony expressing GFP is

presented.

35 [0165] Pre-treatment of mouse pre-implantation embryos
with a demethylation agent (5-aza-cytidine) for 24h
followed by removal of the zona pellucida and depressing



[0162] (Panel 9C) D2 : A treated bl astocyst 24h after
plating on a feeder layer in nodified ESC nedi um

wQ 0W63])680FPanel 9D) D4 : By D4 GFP expressi on WAGT/AU2006/000562

10

clearly visible in the blastocyst explant. [0164]

(Panel 9E) D9: By Day 9 the Lngggrity of the enbryo
structure had broken down and ESC colonies mere

obger ¥ad. ;Hene oDy cEXPLES

presentedl 165 ?ﬁ8§28 89% 4 Fgég o i £ reSUlted in
pr@xpﬁﬁﬁéﬁﬂapﬁoﬁm@ﬁﬁpyéé ﬂkphaatdenéﬁhytaalshoagepbrlod of

(5cazaueyt i gl—me) d59% 268159&59"‘@9 9¥lﬁ§”§¥§gﬁgﬁlhgeEt€Cs were

zong gella ga ag ressi ngof the Intact e

PREQEY *fayelta é¥8I 8Hsi AxBXpaASHon EFPeﬁﬁﬁyégahe that was
exphdat sthaf reguaasboyt cpati-ed of enétgnarﬁﬁo%@ngagé%e Oct4.
colonies of cells resenbling ESCs were observed

Put ati ve ESCs expressed a G-FP transgene that was under

t heOtegll at ofp somneoy wé bheeplastpobedt agreeechdthod to

[ 01681 ve. de a_n vel t hod
|solat%£§n§H22?g¥ hgﬁfnl%uﬁﬁﬁtgﬁg %u?%%ggﬁoﬂf %SES like
|i Relt2l 13 ’Flﬁetlﬁ@meu #ed JREU AD USRS mhs méehodt bodaofion of

acthenciémibel ehestgal sc Used &1L §}B§8if§csﬁgcbéifeve
we, belleve this invention, has application

vertEbr bt EeRhPRAI R3S | AP LHF AL Punsh. FHE CeRAF®Brate mammals,
DERL AL UING. THHER dWAENTI ON ARE AS FOLLOWS: 1 . A net hod
for producing functional stemcells or stemcell-like
cells conprising the steps of culturing an enbryo or
enbryo-derived cells in the presence of a
denet hyl ati on agent and isol ating functiona
pluripotent cells . 2 . A nmethod for producing stem
cells or stemcelllike cells conmprising: (i) culturing
an enbryo or enbryo-derived cells on a feeder |ayer of
cells; (ii) introducing to said culture at |east one
denet hyl ati on agent; and



(i) isolating pluripotent cells. 3 . A nethod
according to claiml or claim2 , wherein the step of

w@iobtdsny) t he enbryo or enmbryo-derived cel | s BPGEAU2006/000562
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cul ture nedium sel ected fromthe group consisting of
Synthetic Oviductal Fluid (SCFZ Nbdified Eagl e's
Medi um (MEM, Dul becco’ s Nbdlfl d Eagl e's Medi um
(DVEM , RPM 1640, F-1 pha- MEM and McCo
N@aﬁEnFL&IMSADﬁgﬁﬁaaGaaésrawﬁgNEéoslgﬁﬁlés Fopeaden
the culture nmediumis alpha MEM 5 . A nethod
according to_ an n in the

et byl ati oh BEeRPs; Sox niafeiapnsungtioaatsSron cells or
'-GEGmycyﬂﬂdﬂmkeoceéﬂhlcnmpelsﬁng Aheethegsaocordiltgring an
to n 5 h
e I e A e MO
acdémathglﬁ§laﬁyagﬁetoﬁndlasn@atlng 6uncmh@n@ﬂnpﬂMelpotent
enpLy@si.s obtained froma manmal selected fromthe
group consi sting of platypus, echidna,
kangar oo, wal | aby, shrews, noles, hedgehogs, tree

ShBems elephamétﬁbﬁeﬁSr pabgucphbnBtes CeNCkudirngtem cell-
l.as, orang-utans, humans) ,

anze
gFStggfiﬁlgPﬂgrlﬁFﬁﬁdlIlos ant eaters, pangolins,
rabblts pi cas) rodeﬁtsrlmbabesemdm&phbmsembmwpehsesved

carnivores aardvaggllglgghgn%gedg¥r?é&ogeg%ggggﬁﬁé

manat ees, horses, rhinos S gira
cows or bulléllblséﬁtr@dﬂﬁan@ teheepd bidtkgenaghdepst one

hor ses, poni es, doagggghymgkgondgggntel5ndcar|bou
goat , mater pi gs and

uf f a
hi ppos. E hbaoiéEbPalﬁ uFépaﬁ§ngn€eg#Sclalns 1

to 6 , mhereln the enbryo is obtalned froman ungulate

selected fr ou conS|st f.do stlc or
boéld OV|dQﬁL%$€?%& 8 ga%%ngF mmb’ wherein

neth@dSE@popﬁiﬂglturahauhha emhm§pepm embryo derlved cells
uses a culture medium selected from the group consisting
of Synthetic Oviductal Fluid (SOF), Modified Eagle's
Medium (MEM), Dulbecco's Modified Eagle's Medium (DMEM),
RPMI 1640, F-12, IMDM, alpha-MEM and McCoy's Medium.

4. A method according to claim 3, wherein the
culture medium is alpha-MEM.

5. A method according to any one of claims 1 to 4,
wherein the demethylation agent is 5-azacytidine, 5-aza-

2'-deoxycytidine or ethionine.

6. A method according to any one of claims 1 to 5,
wherein the embryo is crushed and depressed into feeder
layer.

7. A method according to any one of claims 1 to 6,
wherein the embryo is obtained from a mammal selected from

the group consisting of platypus, echidna, kangaroo,



ungul ate is either Bos taurus, Bos indicus, or Bos
buffalo cows or bulls. 10. A nethod according to any

wop®eniesed ains 1 to 6 , wherein the enbryo i s pOI/AUZ®E/000562
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froma human subject. 11. An isolated stemcell or
stemcell-like cell obtained_bgotbe nmet hod of clains 1
to 10. 12. A nethod of creating a normal non-hunman

ani onprising the_steps of: (a) culturi an
BRI 0367 - BRbES B aertiad LBFRgPRoPne 5PEs S 6 glephant
desiirbykat bansagertmatby K$Qbaﬁﬂmggrbhﬁmpaheﬁbscebb&illas,
(c)..Lntroduci ng, sai luri,potent cells.,into_a .

br a5e ey P HReay bR el | RBrHe b astoRy e oF REfLAPS:

a soresgare,npehgrliand fepbakkowphngasherofitspsi nghtdes,
devghBRiAnd pe-patno13. cArPhhod.acagLdvigy) 0 oGhahihes,

erein ani mal 1’'s chinmerié. A" coOmposrtion
coRpEPrEPAg dugepdFat MBR26FEPI URPBEEENt TRBANPS rak@PA LS,

cubhyegopedi uiraviier ecBwkherpbuliBOt AL oeel beiffaYe, sheep,
been o talnea by c (turlng an.enbryo or enbryo-1like

cePF9 PR*PhE ﬁ?éseﬁ8§sﬁﬁ'apagﬁﬁ?hypﬁpgﬁﬁsag@ﬁg?'1§?9A' elk,
couopasbbupngeanprivateg bupdplbat cancok, f Ullkyagr alpaca, pigs
parfial l Egrified progeny of pluripotent cells

accordlnép 0'claim114. 16. A conposition according to
claim 15, wherein the progeny have the capacity to be

fugther diffgrgotigtedocdfaind PBLARY BB&.EEOE%EEHQ 1 to 6,
and_propagating pluripotent cells conprising the Steﬁé

of YheZplBbtRPNFRETEA efbPYE2bReEnbEGH- PRkENEEILRS of BeRected
a fedmBthe group consisting of domestic or wild bovid, ovid,

cervid, suid, equid and camelid.

9. A method according to claim 8, wherein the
ungulate is either Bos taurus, Bos indicus, or Bos buffalo

cows or bulls.

10. A method according to any one of claims 1 to 6,

wherein the embryo is obtained from a human subject.

11. An isolated stem cell or stem cell-like cell
obtained by the method of claims 1 to 10.

12. A method of creating a normal non-human animal
comprising the steps of:

(a) culturing an embryo or embryo-derived cells
in the presence of a demethylation agent:

(b) isolating pluripotent cells;

(c) introducing said pluripotent cells into a
blastocyst;

(d) implanting the blastocyst of (c) into a
surrogate mother; and

(e) allowing the offspring to develop and be

born.



(b) culturing said enbryo or enbryo-like cells in the
presence of at |east one denethylation agent; (c)

w0 ewenedng sai d pluripotent cells; and (d) cuPCTADURZI®6/000562
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said pluripotent cells under expansion conditions to
produce an expanded cel |l populajion. 18. An expanded
cell popul ati on obtained by the nethod of claiml17.

19. A nethod for differentiating pluripotent cells ex
vivo conprising the steps of: (a) obtaining an enbryo
or 18nbr yo- Iikemeehbé dcooraingnval ¢clébh toltwhengisatHe

e”QB?BaQr ?ﬁykige cells in the presence of at

| east” one fon agent;(c) recovering said
pl uri pot ent ceIIs (d) culturing said pluripotent

cehks under gxe&ragbgftf@ﬁdeémﬂ@smgpaogagsléﬁlon of

expanded cel |l popul atign
exBaHgeROEBNRF Eﬁgéﬁaﬁpgna ﬁuﬂﬁérﬁr@§éﬁé@roWh§é§Pﬂe§he

di plerepbtahtonefiast BaSe BBenAoBehNAdqasGOEdiRUriAg an
claim 19, mhﬁwgln tEe dlff entla | on factors are
se?@g%ga PF o' PRE°GH OB 88 Fs%Png 6f PESSPECPi BfoBl ast
grdamhthgtabmoﬁbEﬁEmt vascul ar endot helial growth
factor (VEGF) ; dinethyl sul foxide (DVSO and

i soproterenol; and, fibroblast gromh factor4 (FGF4)
andhepat ocyR ecorpwe ht feict oPrp HE)Ng 2lpopubethod 66rfully or

d|§£§E§Q§l§tbﬁglPhH&'BQ&S@B C@klﬁlh91¥b¥8nﬁoggiiﬁ Egcordlng
t he st ( obtai ning” an enbryo or enbryo-

ceFPsC fgbﬁ1é4nannal (b) culturing said enbryo or
enbryo-like cells |n the presence of at |east one

defgthylathg agg sltlon according to claim 15, wherein the
progeny have the capacity to be further differentiated.

17. A method for isolating and propagating
pluripotent cells comprising the steps of:

(a) obtaining an embryo or embryo-like cells
from a mammal;

(b) culturing said embryo or embryo-like cells
in the presence of at least one demethylation agent;

(c) recovering said pluripotent cells; and

(d) culturing said pluripotent cells under
expansion conditions to produce an expanded cell

population.

18. An expanded cell population obtained by the
method of claim 17.

19. A method for differentiating pluripotent cells ex
vivo comprising the steps of:

(a) obtaining an embryo or embryo-like cells
from a mammal;

(b) culturing said embryo or embryo-like cells
in the presence of at least one demethylation agent;



(c) recovering said pluripotent cells; (d) culturing
said pluripotent cells to produce an expanded cel
w@opaliasddn; and (e) adm nistering the expanderCTalUR006/000562
popul ation to a manmal i an host, wherein said cel
popul ation is engrafted and differentiated in vivo in
tissue specific cells, such that the function of a
cell or organ, defective,due to injury, genetic
di sease, acqufted 8FSESEENEr SFAf B Eﬁ'@ogﬁﬁgtﬁ€ﬁ9§f is
augnent ed, reédpnstiltutedngrsptdavplledipotehheckinst under
ti ; od.accordin Q claim?21 rein.the
1 Epaféich PBRARE; PESCEE' BTot et Bhonipantied’ Sl
chpppvrbeyien;adhgocyte, fibroblast, marrow stromm
skel etal nus , . AUS , ' I - ;
> occul ar, endg%ﬁel?gF?%gf?ﬁe?#gl?ggégg??cggggn ng%ﬁg}on h
hebBeopbbreenee gfi aesikedr ehhfesenbipgbaandreEyrs- cel
type. 23. A nmethod according to claim 21, wherein the
di sease is selected fromthe group consisting of
cazger, car d VAR aP CTPELHEE, T et %bmiigdiggﬁg%%n the
| i deffdirsphsetidnabetesrshepat seilsctbamopbinl tRe group
de i ic_neuroglogical,conditio
0 AN, OF LR B B Pt 0L RR B heb e Rogem)
ti $8seudasorddpthedhehi arovife€acbas dVEEEse and

traﬁﬁgtﬁpisa@ksgiaen<Dﬁéo?féﬁgﬁgéeﬁgﬁggﬁgggggfggpfn

coppri sing pluripotent ce a y
ac££B¥%%%%SEa9F?%Fb fwreterf (hefpl urnpoherateeyfs arewth
presendri nH@n) anount effective to produce tissue

sel ected fromthe group consisting of bone narrow,

bl ood, spleen, liver, lung, intestinal tract, eye,

braln, inmune msyshedn fdond] f Conmectavend i sbuei potuset ecells in
heat : e eas, central nervous
syg%gﬁ1gt@§ﬁé§$ﬁglg%%egegéiiﬁf'epitheIiaI appendages,

br east - manmafd) gl @pERintay ansewervandrnegbsup-like cells
surfasres haehad; ng oral esophageal, vagi nal and ana

and wherein
20 (b) culturing said embryo or embryo-like cells

15

in the presence of at least one demethylation agent;
(c) recovering said pluripotent cells;
(d) culturing said pluripotent cells to produce
an expanded cell population; and
25 (e) administering the expanded cell population
to a mammalian host, wherein said cell population is
engrafted and differentiated in vivo in tissue specific
cells, such that the function of a cell or organ,
defective due to injury, genetic disease, acquired disease
30 or iatrogenic treatments, is augmented, reconstituted or
provided for the first time.

22. A method according to claim 21, wherein the
tissue specific cells are of the osteoblast, chondrocyte,
35 adipocyte, fibroblast, marrow stroma, skeletal muscle,

smooth muscle, cardiac muscle, occular, endothelial,



said pluripotent cells are produced by cul turing an
enbryo or enbryo-derived cells in the presence of at

wo e@stiiasne denet hyl ati on agent. 25. A ther apeuPCT/AU2006/000562
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met hod for restoring organ, tissue or cellular

function to a mammal i an ani nal §n need t her eof
conpr|5|ng the steps of: (a) o% ai ning an enbryo or

enbr ke.ce|ls froma mamal; (b culturln said_
enﬁPiB Sri8hbr 8PFFk€'CBPP§r?ﬁtﬁﬁe %F@ééﬁ@@lﬁ igy glial,
| eastironaldepebhybaticadragent; cét) tepevering said
pluripotent cells; and (d) adm nistering the

pluripotent cells to the mammal i an ani mal, wherein
organ, tissuk metkedll ataprfimgttoncisimediprede26inAthe

meyhed, of EECE@§Ec£Eén§ESﬁ €8 5.§h 9:.bAS18EER ng cancer,
PPoehPR sl

transferring a pluripotent ce y cuPtari
ancéﬁﬁ%98aéﬁuéﬁﬁrQésééﬁ?veﬂeEéPPéandﬁﬁéasﬁeséﬁ@éroﬂlsease,

atdhgﬁétegﬂGhQ§HE§BYEath@ﬁoﬁﬁﬁﬂ&aordég@H@Egtlbéobﬁt%gaumatlc
therefrﬂn1|nt nucl eat ed ooc 7. A nethod for

pr BAHEP agécagnS?P AFFGEngRHERIBYUBR fif-sREgeni genetic
node flchanogprmabnaenpt ivsi tQssik) di psetkirBy, anembHi Ng

or Lre e plur| tent cel
ob%g?%EEXEHQ di ?%?Fﬁ 93% g% HSEQ%ﬁteﬁ%Py gagrlved
cells in the presence of at |east one denethyl ation

agept or a C d
O Erot ke O ELE TSI £ MLy ghussootent

enﬁ%i%ﬁt%Hdo%c?h@rmégeuﬁéﬁé%%EdaFS?PEPBﬁ?nﬁaérlerr "wherein
nOﬂhéupBﬂrﬂpﬁﬁahtCQQDLBSEB@ péé%ehﬂsgﬁtaﬂgaaount effective

Crbr yBLAEr £ obt BaN P P RS hEY pf BBNEBCop CarD| abeBhana of

depehbdyhatiow, agénddpr splaes) eliver, lung, intestinal tract,
eye, brain, immune system, bone, connective tissue,
muscle, heart, blood vessels, pancreas, central nervous
system, kidney, bladder, skin, epithelial appendages,
breast-mammary glands, fat tissue, and mucosal surfaces
including oral esophageal, vaginal and anal and wherein
said pluripotent cells are produced by culturing an embryo
or embryo-derived cells in the presence of at least one

demethylation agent.

25. A therapeutic method for restoring organ, tissue
or cellular function to a mammalian animal in need thereof
comprising the steps of:

(a) obtaining an embryo or embryo-like cells from
a mammal; '

(b) culturing said embryo or embryo-like cells
in the presence of at least one demethylation agent;

(c) recovering said pluripotent cells; and

(d) administering the pluripotent cells to the
mammalian animal, wherein organ, tissue 5r cellular

function is restored.



i solated therefrominto an enucl eated manmmal i an

oocyte, under conditions suitable for the formation of
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reconstituted cell to forman enbryo; (iii) culturing

said embryo until greater thansghe 2-cell

devel opnent al st age; and (iv) transferring said

82%%?222 ?2? %g?ﬁshgsnug?ear t%gﬁgfggagokgglggggythe step
of transferrlng a pluripotent cell obtained by culturing
an embryo or embryo-derived cells in the presence of at
least one demethylation agent or a nuclei isolated

5 therefrom into an enucleated oocyte.

27. A method for producing a genetically engineered
or transgenic non-human mammal comprising:

(i) inserting, removing or modifying a desired

10 gene into a pluripotent cell obtained by culturing an

embryo or embryo-derived cells in the presence of at least
one demethylation agent or a nuclei isolated therefrom;
and

(ii) transferring the pluripotent cell or nuclei

15 into an enucleated oocyte.

28. A method for cloning a non-human mammal
comprising:
(i) inserting a pluripotent cell obtained by
20 culturing an embryo or embryo-derived cells in the
presence of at least one demethylation agent or a nuclei
isolated therefrom into an enucleated mammalian oocyte,
under conditions suitable for the formation of a
reconstituted cell;
25 (ii) activating the reconstituted cell to form
an embryo;
(iii)culturing said embryo until greater than
the 2-cell developmental stage; and
(iv) transferring said cultured embryo to a host
30 mammal such that the embryo develops into a fetus.



