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mal

.relates to the r eprogr cells and animal cell ' nuclei by
-nucl ear XYPYV47868 The mventas\@a aI so relates to the gener RGToAUK00488 rmal
cells, cell Tines) tissues, organs, enpryos and non- human ani mal s by

met hods 5 i'nvol ving nucl ear addition. Nuclear addition is the addition of

“the nucleus of _one cell to S l%rg ers from
nucl ear trandffECCFH QF@[‘LQE%@%QME' %@géﬂp a n(g'nﬁgc %é‘gl‘?fé whi ch
may then | ose or be subjected to a subsequent removal . . (enucl eation) of
the recipient or host cell's nucleus or nuclear DNA. Nuclear 10 addition

has certain Tinsinvegtien gelates)te thenreprograsimingnél ahinaircelishamtanini@l cell

, efficienc nuclear reprogranmmi ng .and deve etence for the
gener a1 NGSeLPy fcigar edifin L8R Invahia: iy sElalds T2 Mon senseiian ot sairal

ani mel Sediy, QI Iifdd,! tidstles, BrgaRS! embRIGY hAd nord ns.
Nucl ear transferﬁ%s been'usgg t'o geﬁ}erate c onggn{ﬁ?ﬁ'ﬁﬁgw rbégjtrﬁfs erring
i 5 abddnvolving huclear additian. oocyte from which the maternal chronpsones have
first been renopved or enucleated. The ability to produce cloned offspring,
for exanple by nucl ear transfer, enables the production of large numbers of

i dentical of Nupleianqdditivn: lbetheradniniamoftlheﬂucleus okbreicellqo thateofdatdthed
ces 20 be sel ect ed
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nucl earefficieney eof mméaeeramgramhmb | ahds develpmidntal édn afe%sd%re%érsed
are often |neff|qc‘;|e nt..tt is an object of the present rnventron

over cord@nesation of animal cells; gelk ""Sﬁet'ss”%W'@Sﬁmme@rﬂmﬂezius or
nor e of, f d wth the prior art. In
a fi rstadgggletgté'o?‘suwea' g&éﬁ%ﬁld{@eﬁ&?gn t@ﬁ@apgﬁ%row ded a net hod of
preparing a reprogranmed diploid cell mhrch met hod |ncludes providing 5 a

donor cel | Nudleakansfet AHS bedhusad  iBhbd oY 1Y ﬂg.a%w'@“or

cell or donor nucleus into the recipie t ca to pro cel |;
mail® aandoron nuclaus intpani oosyle framawhichtthel reatemal ohromoscimes haverfistl 10

suffic nucl eus to be reprogranmed; and generating a
repr og@%&%ﬁ%&é'ﬂ%’?ﬁpﬁbm sai d reprogramed aneupl oi d cell "by renoval)
destruction or |loss of the recipient cell nucleus or nuclear DNA from said
reprogranne has found that nucl r addition is
potenti al | y ggmbpgc?ﬁﬂj@%e %E%cﬁgﬂ%%"%a{p Fgxamnple by I'H-' | Bapstddi ti on,
_t he doanablasctheLm'odacMrace(hrgetrmmlﬁarlsrﬁfaeéntfoﬂl bf@bﬁnlg%ﬂﬂﬁﬁ@ﬁp

' prog[an’m ngffacto s, These Fegrogramﬂ ng factors nmay be. assocl at ea(vuth
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addi t i basial wfonatremesmrfw onutonen maiching akmasmdhtsmwdrmpatuﬁr t §6fod) érh
to cell .functi Nucl ear, addj tion invol ves t he

ddi t | bask
subseqBR GRAAST, cises resitance. AERANCCeMauEvI ialsr o fer ara iqhernt
cel I’ Sréﬁbﬁpmﬁamh%e%rﬁr%ellyﬁﬁé}ﬂ?é 'sﬁlecg% onopgﬁégﬁ%éb{%ﬁgé Wi ng or

si mul taneously wth the introduction ngt h of
t| me t blemaghiiied cells forsthexpraduetion ofeansgenio celisyi embiyos and norkhoman
%%ueﬂsgﬁ_g%%y the process of enucleation. An aneuploid cell is produced
'or nucleus is introduced to the recipient cell. An aneuploid
cell for the purposes of this docunent i ncI udes poI ypoid cells. The cell
remai ns an e%ﬁﬁ @d cell if the. cell! afo O&qlate, , nucl eus,
chromatin, € ﬁ%%rogFarQU"Hgé’l'aea\‘c'm pastgshasdagen deperibad iy sermet r oyed

foll 0V\£rﬂﬁ1d?é{°rh@§5roéé@|&rbb%e@farbrkﬁten inefficient.

It is an object of the present invention to overcome, or at least alleviate, one
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donor cell's nucleus. A reconstituted diploid cell is a cell V\/nﬁ{lg -~
subsequent to or 0 5 OEC 2003 WO 001 67568 PCT/ AUOO/ 00408 3 si \tDiE‘pE y
W th nuclear addition, the recipient cell's netaphase plat S .
~pronucl eY¥O 0¥ht56¥at i n, chronpsones or nuclear DNA is | ost FFS&%h@H@QI |,
renoved fromthe cell or destroyed. The nethods of the present invention
may be used. to generate cells which ' are reprogrammed) for exanple at

“least partially. repr . i § Qf 3 | ternate
somt | ¢ eemere oL 158 GRS RES: 4BnlpndeF s5bRiid Witkthe dhicj e
de-differentiated) to an enbryonic cell fate. For exanple, a gene or genes
associated wth the.reprogr d state. j.vat ,%&4 e.pr
genes expressHy § 'sttf%&lﬁ?g(?? P@%"?Bg@%gﬁ’eﬁégg ?}nsﬁe reg (ﬁ?‘gﬁgegplo
cell. T rbBRarRRedibidid selwWhich ARthéE inchedes o reprogram cel |'s
whi ch hgérgr%g@%g%t pcal 'y engi neered. Nucl ear donor cells may be sel ected
from genet i captovidingi neered or nodified . cells for the production of
genetically engineergd. stemcells | Iines and stemcell-derived
cel I sBor cell Ti ne§,deqf'6’|r°§§°.r 89858@%%%} gﬂjpot ent ‘enbryoni ¢ stem (ES)
cells or ES-deriveg rgé]gfgﬂt@eugl I's which may be isolated, purified or
propagated by the nmethod known as - stemcell selection., Accordi ngl , In a
second aspect intfodubingthesdonoriaelicaridanerinucieus inte the recipient ekl I Qﬁ/uce
preparing a _reprogramred genetically nodified diploid cell, said """ ~ 20
met hod i Pﬂﬁf‘ﬁ[ﬁ”(gf:%mi- ng a donor cell or donor -nucleus which donor cell

or nucl eus hagmahfaihing thei anbuploidddll @ a osuitabie nenvironmentddier aarperiod
undesirable activity or to provide for or increase_.a d&si rable activity,

ang P8 sufticiept tnallewthe dop FBHE‘@PE(}‘_’PHJ@WP%P#E%‘? nucl eus into the
retl plent ool YehdalhG W dbradratfifiR dbkid ol frof siditeprograrithetnaneigion cel |

in a suitableenviro r-a peri sufficient to allTow the donor -

nucl eus dell by reavaljr destauttioanor Bssgefthearacigient celh mugleuset nyelaar RNA v
nodi fied diplqQid-cell fromsaid.re LS ranmed aneupl oid cell by renoval.
dest r uct TR *‘cﬂ-’dlfﬁg@%ﬁ‘"'!'r@ ?@%VEJPEﬁ?egeH 0 5 D EC 2003 PCT/ AUDO/ 00408
WO 00/ 67568 4 nucl eus or nucl-ear DNA from sai d reprogrammed aneuploid cell.

In a third aspect of .the, pr nt i nventiopn. Fe JS.: i ded. of .
preparing a r Bp@afamfi@ﬁz&\ai&Wl}%tﬁﬁ@f%céﬁei‘“gﬂ%ﬁ%e{jﬁwrﬁ i ng
provigli nsudledr faRsTer.ORl Audéardaddition headonorriutheuisgslaced intorarinthetuseli s
derived froma genetically abnorml_ cell )EEUCh as a cell

o

f - i nal
per son vand isiexpesed to deptogsamming factors, Lhese £aprogsamm Pﬂ[fg%gi'ﬁg\l'ﬁe o
Hon _ ( o | . o d
onor ce #to%fantlﬂﬁ;\lvmﬁhb ThBtdrhfassChiabd, 881l ibleuso cRFGAEAR, EArdHio &

cell; mal e ‘aneuplol in a sultabl'e environment for a
peri od. DN, fociwith the eytoplasntic components ef stheo regipiespresjr avhiel; wauld

Gonet o Wl Bp eniayach or LeRefntrohg® Fidlr fnsral e dims, Nae,
repragr mﬂ?:ﬁf‘awﬂﬁb eBhbr MU ¥sbe 8Rpbdsat td ARess thords afith Mainimal

rng prent ce nucl eus or nuclear DNA from said reprogranmed aneupliod
- cél | . Trdisruptiongionetidunedon.s nay be used in basic and applied research,
cel | based gne.and drug screening) diagnostics, and/or cell=based gene and

tissue therapies. , NMore particularly, reprogranmed abnornmal cells may be
used in cel | Nuclearpadditiopeiwolves thesubseasgnhdossr destsuetion: Rrergmanal or

devel t of t ' [t ' :
har act denustpatiBy hE R el eafc e Aade (SIBH, THileRaus? | chromatin, 1\ o
donor NnusHrBHfogBRed roDNAN Yoltawihgbbe simpitareslisly wittatlie sintrodattios pefcthes .

The donor nucl eus may be contained in a karyoplast or, cell. The donor 25
nucl 2bis dm;omucieus;rféwlﬁngéh of simethe danpheplhis xpased to tbP 2RIPDr AN .

Donor nucl gi be p ' t a ety il he
cyt opl a?cﬁpgﬁ{ﬁ%sﬁ% 'hﬁ'ﬁ%ﬁ%%e%u{rh%ggﬁdl n§' Pﬁgﬁgglr(\%lrﬁaﬂhc e%g @? P}c%aa‘:éslfujs{ abl e
donor  cedloduebdartisPtife dehoonutieus ds irdroducedcol theaetipiertoeil. An &nbuplbidast s,
cumul us cell's, |ynphocytes and neural ,'c?lé t ges maé/ Pe sed. Ina,
pr ef er r ezelifardbe pumposasef this document includes 3 lypoid cells. The cell remains an
aneuploid cell if the cell's metaphase plate, nucleus, chromatin, chromosomes or
30 nuclear DNA is not lost, removed or destroyed following nuclear addition of the

donor cell's nucleus. A reconstituted diploid cell is a cell where subsequent to or



30 donor nucleus may be froma somatic cell, nore preferably anrﬁagub’rE
somatic cell, or a somatic stemcell. Cell tines may be used. C 2003
. ‘particularly preferred 0 5 D EC 2003 WD 00/67568 PCT/ AUOO/ 00408 5
~enbodi mremo engnsggoni ¢ cel | s such as enbryoni c stem cel | s orpot/AB00/00408 .
pluripotent stemcell lines, enbryonic germcells or prinordial germcells
may be used. It is particularly preferred that the donor ceIIs be at a
"particular stage in the cell cycle, for exanple or phase.

Appl i cargimdtaneeusly withypuciear adgkv@g» Mherecipignt @@H em;etgbbaaseplacmsnuﬁleuer l's

whi ch ar nr ed t rii g t he
cells o [oﬁérc i%‘ %gﬁ-ﬁi? r%bo:s)?)g'nn%$e&8§uggie aItERégj.:'&‘IJﬁl g&'sgvﬁpﬁg tﬁ% e of
st ai ns) r\dﬂh&ibdmdnhﬁetwﬂld?destlﬂyedcd | s. Staining can be used on a sarrpl e
of each size-sorted population to identify what stage in the cell cycle

that population is at. 10 The donor nucleus may be froma normal) abnormal

or from genetTﬁéHMhﬁaéloff itigs! pp&dant ﬁ@é‘rﬁfomm‘a'y%e B¥d 16 Jereratecshidi wmeh' y

froman animal cell, froman animal cell cultfure or from an established

cell §irmse Aenmgramn@d.r fon eMamplec &t {eagtt pariadin r@prom(mmed et ide-

rear r anditeRtAiad]o BT FaeMall) SRR O Rlel S suistallal Sy ce

may be Qégﬁﬂgfaﬁ#hé@t(bg derdiffershtiated) ®1EnSembARirfic vefiClats. FEFF'%xéﬁﬁilé" snt
cell may be an in vivo or in vitro produced oocyte. Oocytes nmay be,

exanpl e 9eher oF genes,assegiatedwith meg@rsgrammﬁgte maybe ar:trvmtpdramhhrcqt es)

o0yt oL PN YN eigtebalia RERR ot Y 1Ra o refifelad W feflodtimicg

roycylt()sspeﬂ 20 enbryonic bl astoneres (e.g. 2-cell bI ast oneres) - and .cel |

‘| ¥nes produced from gonads, germcell tunours or any other cell type
suitable for allow ng the successful addition of a nucleus. In addition,
the reci pi entTheetrietiag obtheapresent jrozentioncrely beunsedito raprogtan @eils whistn ( ES)
cell) epbryoni c-germce rimordial rmcell whlchlncludes elts -
col ht chavbohesn fenataly diabterd Nitiedt Beds,calsomaye e seibeiodt am he

i nner  cgbhetiagly (é@mee.@arorafomnedmac cBlB) forc tHEY b UK e tieally,
prlm)rdlal germ cel , a cell derived froma tunor In (?

enbr yonengmmsed mgmme I8s etem ogll lin@sranshsten a:eﬂrdmvad(@gs ar celblines; eror t unor

ay 150 EEEG DI BbotenE ShibriGhiz Y E) Pl B e BLgiEIPalgls el SR e
the secmay m iissdlatelda spuriffedmer opriopagated diyi dine (idbtharh kriowd) o et eééll T ed.
0 5 CEC 2003 WO 001 67568 PCT/ AUO0O/ 00408 6 The donor nucl eus (or nuclei) or

cells) ﬁﬁ?c BNt ransferred to the reci pient cell by any suitable nethod.
Such nethods include, but are not limted to) mcrosurgical injection, and

[l f f | | | ectr of
Cheri cal - 1 cahRPEIRINNINA SEEIL aRpbetREReuRseaf MvRGteR dhere s Aravided ot e
’V' rus Sighéd SE'Btapadhgls. rdﬁ’rgéﬁrﬁweﬂ ﬁeﬂ@élg[ er'Gih@Hsd orH”Eﬁ r#gﬁd for

‘ rrBI e under the zona pellucida) by m Crosurg ticu

‘p;)i?- r re@thotd intluding t he donor nucl eus or cell rray be transferred to the
reci pi ent ceb \Héfl BI ezo-assisted mcromani pulation. 10 In a preferred form
of these aspé&c RSP the inventi on, the recipient cell .may be subject to a

pre-treatnent st ep)dehdrneaiobr dohor ﬁuelbusarvmahldm@lrcemﬁrenmérﬁé ﬁﬁbfﬁde\‘r t he
nmet aphase plate, nucleus, chromatin) pronuclsus chronbsones or nuclear DNA

of the reci pgen@tveaém W'%t%mﬂﬂtﬁj of gfeglugeean rmwmbl%tagtjwty or to

Pr et reat nent r dfﬁf i ncubation of the cell/s
inal5 m ch |\’I'(?aér1r€°nrt&qh#e§g% @#léar%lg%g%%é cytochal asin B that rel axes

t he28yt oskel et on améciplentloeliat es t he renoval of a porti on of nenbrane

encl osed cytopl asm coptainin reci |ent cell's pronuc|ei, netaphase

pl ate, nucl e\ﬁ‘g dZ'ﬁ FfB@ogPeFJl% 'é%r'ﬁtpa WOEFHEB'r cell de praduce anter a
period g4 g[ahééﬂ | om ng the ~) introduction of the donor nucleus. Chem cal
treat rrents such as, but not limted to, 20 one or a conbination of taxol,

et oposi de demaimtainimg thed anguploid:xgetl de avsuitzblesenvitonment Jér iah peied
di sabl e t, or e;{&gl Sj ogﬁof t he reci E’ ient cell's netaphase plate) nucl eus,

pronucl cieph o Atlew the RPBRBYEIRES 18 bepiaRrPgrEMMAE; @88d| concomitant with or
rably a egi f t r i he_.donor
nuctue, A capfeEfnBrs! RhvBbrchiiod Henlbafl, riaBl” GRAGH. 89 Jrabofal™2s
t he di srapmgmmmed anauplsidoceloby rémavel.i gestniction|dr' Issswifahbaeeipitrtcail
nucl eus, chromatin) chronosones or DNA fromthe cell which includes) but
are not limted to, inactivation) disablenent, danage or destruction of the
nmet aphase pl ate, pronuci eus, nucleus, chromatin, chronosones and/or DNA by
ultraviolet light (UY)) laser or other forns of irradiation. 0 5 DEC 2003
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7 Pre-treatnment may al so include activation. Activation occurs durin
fertilisation when the penetrating spermtriggers the resunpti onl D%C 2003
frei osis. Activation is characterised by calciumoscillation, release of
-cortical woaowrsss) extrusion of the second pol ar body, prorREI/AH0/W408
formation and ultimately cl eavage. The rgci pient or aneuploid cell nmay be
treated with) but not linmted to, for exanple, ethanol, calciumionophore
“or electrical stinmulation to induce activation. Activ tiﬂn may be perfornmed
prior to,nualeysernystearNA figm s Fenfﬂsratm'&ﬁafaélﬂﬂdma donor nucleus. A
prelimnary activation step may be undertaken prior to transfer of the 10
donor nucleus and nay affect the reprogranm ng factors associate ho} he

> d wt
reci pi ent cel | Irs anthildeaspegh of the qresentsinyantion: there: is Providesid metWod

h . y - ' | |
Gostr uct | APBNG R eReBArDEd GeEdly Bbbfmhatielt Sald ethad ciiiey [T )

chromatin, chr fgwgm?s or 15 DNA which may reduce or elimnate co-mngling
| 1

of the recipient ce s -nucl eus, pronucl eus, . ta'ghase plate, chropmatin
chronoSomes or DNA @aidanarnsell of doher ausiews ¢eaoreelf o Mugleus isApnvad

cl ones, and i 0 5 & cl9BBRIGH | NY
a reprogram"rggwaﬁnpgcéeg{égEFW;an'%@g?gegoséiﬂp%%ggmrgﬁﬁgj%ﬁoiﬂ %eFI, may be
per f or ned by a\nuhfab?éwéti&di&eab@mnd:or exanpl e) the aneuploid cell may be :
mai ntai ned in a suitabl e envi hpnrrent for a period sufficient for the

aneupl oid cell to gefefiRi@NtL£el; pl oid cell through |oss of the recipient
cell's netaphase pl .%n%rqmemhwg{é FociiBhPESI R BFodlicePNA
fromthe aneupl oid ‘Z‘E’F’F,“Bmﬁ‘t@ﬁ"emﬁ? sproportionate distr i'gut I on g?pt he ,
ageupl®@i d . 25 canlaheupleicipbliise pl ate, nucl eus, chromatin, chronpsomes or DNA

Ty be gener at ed bymaiaInS v BBuBleld BElLin pciBbIF phifontil 14 8 b

~nucl eus, pr Ontabfﬁﬁént fOaNGR the doRdF AUBIRAERS be'rephdyrarmed@ndineupl oi d cel |
or a daughter cell of -the aneuploid cell, or destructi-on of the recipient
cel I ' s met aphagenesating, a repregrammed grnetically abnernahgell with an enlyy

DNA in the a %F3403h§%%ﬁ541 SQ%thé’a | briotmal Cdondie ce|P‘or§uﬁ&e§S 2663 Vehaid

00/ 67568 riAl ooaos In one form e aspects of
t he pre:sesprograemhedransuploidecdibbiy rampvah destructior or doss of tee gecipient cell

substantially renpvin bstantially destrqying t.he nycleus, pronucleus, -
5 net aphM'éP%PéP%'ﬁng)éﬂlizforﬁﬁPm ranype eg'Ph?ﬁgeﬂECi.pi ent cell,

" preferably prior to division of the aneuploid cell. Renoval or destruction
of the nucl eus ronucl eus t aphase pl ace, . chr amat | chronosones qr, DNA
of the recipi e‘ﬁhgéepwommfé%g;%eﬁgdr‘ﬁ%&% YRd 'negﬂﬂﬁlaé‘,dqﬁBBF%‘if?r%?%rF » ol

20) more Haﬂoegghbyarﬂiﬂahﬁ isErdelitig 3diagndeticsTefid/dOcoll-bhsed Yaner BRUCHSTRS el ¥
fi to 8 hours ter conpletion of the nuclear addition procedure, and prior
to first thetapiescMase paticulagy: reprogrammed,abmapnatselisemaynbe wusediin el ng

chem cal or |aser or other Latlonr- 0 ' | fH4e he
Tike. 2kefiiome SEngcand, HEla, FESERIE Tol BRE RidhobRP BhdrElpb B BRIGHCS ow
‘15" et aphRefapdutics andhpropiylagticc ieatmentse forochdiéterispdoandr unglatarterined y

t hrough a devel opnental self-cgrrecti-on mechani sns) which would restore

pl oi dy t Singleegene apd mylligepic/diseases. 5ss or renoval of the recipient cell's

net aphase pl ate) nucl eus, chronmatin, chronosones or DNA may be assessed by
t he use DNA chel ati ng agent such, gs 20 but no Iim'tedc{/?, Hoechst,S%rMZ
and UV i || uni nkhe gionas, nuelgus smays bepf. apy sulitable, itype @nd, from, any. suifable

i pi ent_cell’ t - i t
Chr omeorrecias; THE QNG fudleds Map bl ciiftafied in M kafeplast drtBM Thebbionor
may 28! usiclétis rhay teeof shetpryonic, Z6etal,onewli bugn ajuvenite ngiri adlt origin.tDenornd
i bitor for ﬁﬁepe“ 0

subj ecting the aneuploid cel]l to a co-pingling in d
suffi ci erfiuclel Mayes REPPaTEcPY FPmOYING ey MHEIEUS EndHR RoStiendf 1he COPPIBRR and

I nt roduc%%sma membrane surrounding the donor nucleus from a suitable donor cell
for exémple using microsurgery. Adult cells such as fibroblésts, cumulus cells,
lymphocytes and neural cell types may be used. In a preferred embodiment, the

30 donor nucleus may be from a somatic cell, more preferably an adult somatic cell,
or a somatic stem cell. Cell lines may be used. In a particularly preferred



The co-m ngling inhibitor my be a cytoskeletal (cytokinesis) or
karyokinesis ~0 5 DEC 2003 WD 00/ 67568 PCT/ AU0O/ 00408 i nhi bi t of 3 D&EC 2003
_exanple) but not linmted to, those selected fromthe .group consisting of
-one or mweowé7s6yt ochal asin B, Col cem d, Taxol or Nocodazoper/alidsogdegup! oi d
cell may be exposed to the co-mingling inhibitor for a period, up to
pronucl ear formation of for exanple app50xi mately 1 to 6 hours after

"nucl ear addition and 5 preferably prior to enbryo cleavage. In another form
of t heseemhnstimendfembeyonic, ealls skch tase embuyenie ritemecellsray dtber @ludpetentd

subst ant | al oAl t : 1.t h hptr ti.on of the donor cell, or
nﬂcl eus. g%f'éfy“gﬁg'giﬁﬁ‘ ?ﬁ‘l}%%lg%gﬁe:ﬂ gri%ngQ{I{ifa&ggggd:eﬁﬁ{%ayf h@ L{ﬁﬂﬂzl eat ed
cell substantially imediately before enucleation. Mre preferably the
donor nucl eus, 10 is.introduced into, the enucl eated cell via an. incision
Site and the MSRTSHIRY YEREendhAL e iR i at e narieilatistpamin Yiae
| nci si oncél bgeleTh6r GRAMPRSGYS G Io? SpRASE! Agprieant IR4s fdthd }H}:&' it PE&bI
further step of subjecting. the recipient cell, the aneuplol (J.ceP or ethe
" di pl 0bd igeisplate populationsaef eallsswhiph arg enrithed ferctgliseatt eacimstageoindther cell

di pl oid gel t it . |im,ted to,,for, -et hanol ,
ol cr um S5t SV oRfd 1€ cBfs drf the Pabisst siver o RBiote, Ssiris FALRS) Fhis "
Act i vat i #ybids W uge clesthirisTwhidH iy BOtoxi@ RS thiE dalldt SthihiNg €4n ¥d Bked 4
transfer of the donor nucleus. As discussed earlier) a prelimnary

act i vat i dFaryRie o egeh sizr-podad populatiop ty igentily what stags isrthefcalheyale toat
nucl eus | posed donor and recipient cells may be subjected to a
cel | fué?%ﬁ%%ﬁ?éggéﬁon step. For exanple, where electrical pulses are
ﬂﬂ?l ised for cell fusion, the voltage nmay be sel ected to sinultaneously .

tftigte acti [ The i d r recipient cells may be al so
subj 18 ed to .g'?,és"far?r‘u "t Q‘ﬁ%%ﬁgs(t"@ﬁ%f L'gﬁ;%/ %@%agﬁhﬁ"ﬁ?f gr ﬁf%PeQEX%‘fcad@ |
fusi on frobdifieddcelhtRondynacei malyi e isoliedadiesttly frsncat lanirhalmBemt fbREdni N @
sui t abl e ‘envj rognelgﬁﬁf@or E?ti nme suffisﬂqe'nt “) al |l ow t he donor nucl eus or
cel | toagimal sell Gulluracer fipey ap sstgolished cel line.cAbRommabeeliRdnRIude sEdls
PCT/ AUO Qi o PGV ik i "W'?ﬂ' . ' I ' nt
for a pﬂlﬁggﬁg‘?’ﬁ%prom rrvg?gleegiié m)tﬁ%ga?ﬁ;m; Pgngragﬂe{r’a Ir% hggﬁirdégﬂﬁtel y
1 to 8 Iutations, daletionsursasangesiantsesubistitutionstamidierdduplicationst abl e cul ture
mediumin vitro, or transferred to a surrogate ani mal and maintained in

vivo. 5 The donor nucleus and recipient cell which are used in the nethod
of t¥e presenthe necipienincethymay ke afngny suitable type gind dramnany suitabde from

th [ . i ' t o4 ti lied
 nel udeBedae: The RRAARACcoLEY 'ah I N BF I vk gl PRbue” Gitnes
pri mat emay Begfer example, geminalsvesicle ¢GV)stage o) rﬁ@mbhﬁbeqv(ifm?,infrﬁﬂ%i’é)
avi an, fls)I;t, reptile, murine or human 10 origin. In a . preferred

enbodi mEREYTESnOTRAYRE apestatkin,ihesrronchatdrhasenel meirtia aaturationutiher
SLEPS 0booyBEPY tick GoiteBe o rEdiEAt [ IMafucdYRbREY ERlsec®doytes

iy roduci ng said renoved donor nucleus 1nto a se recrpren
‘(en26 eemidyonicnblastomeresitieq) 2-celbrijastomaresk pndgeaiintings sproaiuteee fom a

genetic dified reprogramed second cell or a genetically abnornal
repr ogrgébr%‘ag’g&%ﬁb el ?‘.’m H™S, i 3%r?tg'8r e?ﬁ!L&Y‘?ﬁsrﬁL%éBFq Her n@i/%ﬂg the t he
pr esent sucoessfubrdditen 'efMavAdciBas0r InUGHEREN MNe RIS 2BICHYY bd hat s
itself the gr oduct of 20 nuclear addition or nuclear transfer. The forner

i s knowplugpotent gell suaheas apambeyenicsstam| (ER)cealhrembrianiorgarm acell or

conbi nag ] e Lk s 7 f ma rove the
copaci cenBBrtm) BeRneadn Reflen iTuAEE cOC|SORo N ol ATRY  BIATY Sliifes
appREcaott isttetednoelisvrem the imeraslirmase dIGM), LB BiscAERD é?HBQ%ic
addition and/or transfer is postulated to inprove the devel opnent al

capaci t §cteAerMaaE primardial ggencsells (PGl aselpriarivedciroml 2 dumar inolmingent s

capac EE . e hat e il
nucl ear 3 expBnidhdlsitir By bE MR fed. “BR ol SatdRbmine RGL ok sA5! ear
addi t i durmeonells)] SBamaticarsiil retipients Such estridurh sk Raeriatvidti e BEROmdAHt may

be initiated on nore 30 than one occasion to sequenti al Ity | prove
condi t i R YSPEras AR Af resteigst peth Pocytes Sonexampie arrested in the second

30 metaphase of meiotic maturation (MIl oocytes) are preferred.
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PCT/ AUOO/ 00408 The donor nucl eus nmay be genetically nodified bygpgd@%ggmg%
deleting or ' adding one or nore genes. The genes) to be nodified; ,
-or addedwmmmgehsssof any suitable type. 5 The process of nodGT/AHG/0WA8i ng or
del eting a gene may involve random or Bgrgeted integration of a transgene.
Transgenes nmay be fully functional gen or expression constructs conprised
“of heterol ogous gene sequences in?L dig@ugaenhance ress

promoters, axbhe danerraeleus, ICIRIH G ¢! dﬂéﬁtp@s{rgﬁﬂéﬁégn@eﬁ'\rﬁs\ﬁc@enbr 3
non- COdIngeq't ,rb g'??\gtsls@ig%@s&gﬂ?&gﬁ%ﬁcﬁ?&h%s Singilile> Biit hfe ChfMithited to,

i ncl udi op signals, itnternal ribosyme entry

sites (|iicresurdichl injettiawicayd zell fosiongfuxl examplér medipted by elwetrioal pulses

non-functional conponents of a gene or heterolo s _compopent s, of di fferent

genes wHielseteafusiaBheateRCal pERdaRie il dis POLYRIBNPOPIVEhPE NS HER Phe

host gen h,: €8 o h s ene traps ronoter traps, enhancer
52 IREGrRpa s HEAT et diiviE. B ot 0

trap constructs harbouring point nutations or otherw se
capabl e of nodifying expression of an endogenous gene. The process of

nodi fyi-ng a LY O t LN T j f ik i
bot h copi es g?%ﬁ%ﬂ%ﬁﬁ%t&‘g‘g%. gh?%é%ﬁgﬁégﬁ%&n%djn%ﬁpﬁhﬁ ﬁg}lmféatl ons)
and therbémcm(bytmm@gmgar}e a reprogranmmed cell, cell line) enbryo .~ 20
or non-human animal. One copy of the gene may be disrupted in the cell and
the resul tant heterozygous non-human aninmals ~ bred with each other until
an ani mal Wity Aosdiie@argspreferrée emipedimenmithe donebhatiead. or\celtrmayibel y,
both copies of the gene imay be nodified in vitro. To target an endogenous
ne r attransferred to the merigient 99\'1E’Ué}'@%o'?ﬁﬁﬁt%"?‘éfﬁmﬂ'ﬂ’@égﬁ‘ons inthe
‘g€nonme a DNA construct- (transgene) including a nucleic acid sequence which
is.in part substanti al i sogenic to, at I? st, one or m)reeé:%rtion? of the

I
targ gene niva peefarred fommcolithegeEspecingl inveRfien.stheregipiaaheall Mavni ch
he desi ) 3 ontt ol I
| sogen (4 WP 15 " Rikis R0 yBPE AKBUERET 1, 51y /B SPggal ! More
cor r espqaHicganyy thet metapisasee plate huclguspckraratin, pramticleds chiremosomes
bstantially i [ i f bl v at t _about 97-98% -
dont | A" DHEtRaF BVA ot Rkl st 5e Bttt {8 Bia tedtharf stoh 1 e
sequence nodifications), nore preferably at |east about 99.0-99.5%
i denti cal , t f b bout, 99. 6% 5 t0.99. 9%.i dent,i cal ... Th .get i
DA and e tBejtaatmant gf s FepipnL nalls Toay JSCHES RFITaURPS! hercelGila 7
bas & paihigréfildmetit SnRBItbE ]!')é)d'aﬁ%'l_bicfyi!b@hdlﬂéiﬁ Brberélakds e éygaékelé&wt

150 base pairs that are perf ect identical, even nore preferably at |east
about 5GNhFesilitates sthesemaval pef ra RoRiondoht membrane. Angiesad, \cyteplasm

f . i i | Liss s, |
Pes: bt COANING fref RgABREEoRE Broftcikt inoldpRass pidtch hublélis chrbfdtoffes™s |
is deri Vc?dmff,moo?bbmtitaht t\i;zim smnprojgmﬂgypgftas af hpeerioel :of ﬂim?ntgp}]ltmmiggt thib

- St rerera , rgetin S eriLve romec S e.S

M P irodustmphihe desor Hleds Ghemical eBimenta sucihg: Brtbet Iviag to

t 1 1 . o of 1 f
Lab 8, he b e EGHIBRAROANTRBAEE Btdioside dRhecoldid.ind fbicRBiTag ay s ©
base paiuseddfo asbist imthaldisablemgmbiar expuisioneef ther eeqipient calllsymetaphass
1000- 150Q0, b i f substantially i i . in,

Lot 1 octittes ahieRl, rbhupiehs, Wrbflath, ' BRRRMSoEE' of AP Jlty B edllS e
that is dofRomitat with br Preferablyyaftateatpetiod of timeafollohinice tive inductivreste. -

I ndi cation that two sequences are isogenic is that they will 20 hybridise
wi t h eadhedlanar nucleus.tAlternatively ronghemiedlARRICagheS MY i useshto assist f or

exa e,._refenen i n i b S i .
ChoyEa (10 fie; SEGErY, & Gxtlison 8 i Recibient ERHSABIABHART pRAL *Rlieteut
endonuclasatatin, ERforhBsomesLUISDNAL frem the celbahich' inchidess bub aPblndtHintiteds at
| east about 97-99%identical with the reference DNA sequence, and

pr ef er alipy inaclivation, «disablepwens, samage i deskuction gl the Heelaphase, platena

sequence_and jn certain c 0%l i i ef.er . :
sequencé?ror'H&ﬂeé'ﬁt i'U‘i?zé‘fsf‘iaﬁr?\?%é@'éq% l%grgééogﬁ%s \é%'ltl)@? gmél f’g ?@o%gléﬁlé@ hpls.'t t hat
they wi |yt idderdridthel faemeidifirradiationt her under the nost stringent
conditions ‘{25) and that they will only rarely exhibit restriction fragnent

| engt h pol ynor phi sm (RFLP) or sequence pol ynorphism (relative to the nunber
that 30 would be statistically expected for sequences of their particul ar

| engt h which share at | east about 97-98% sequence identity). In general, a
targeti ng DNA sequence



and a host cell sequence are conpared over a wi ndow of at |east about 75
0 5 D EC 2003 WD 00l 67568 PCT/ AUO0/ 00408 13 consecutive nucl ed i5dBEC Z8§H
~ Sequences conpared between individuals of a highly inbred strain are -
-general | weoneiseer ed to be substantially isogenic even if pefaivostosbiNA
sequence information is not available) if the sequence do not exhibit
sequence pol ynor phi sms by RFLP anal ysi s/ 5 Thus) the donor nucl eus nay be
~genetically nodified by nodifying an endogenous -gene in the donor nucl eus.
The endogenouPredreatmant nayralso inckdde activatiasduci ng i nto sai d donor nucl eus
a DNA construct including a nucleic acid sequence which is substantially
i sogenic to at |east one or nore portions of the endogenous gene and

i ncl udes one pctivation wetets dodngrfertiisation ewbesn ithe cpanetratingl Spemu Hriggets

th honol mbi nat bet struct and t
 endogendhé gesampiRR PhTeaREY lﬁﬁ&pveﬁoﬁ&%”gbaa&?ﬁaﬁébu el aselation,
SunSeauTHlioddd Y kRical drhliBs] WRRIIA b e ARRONRC pbibi 96baH BRORMISE! O
reqU|res panS|on an ona ect1on of eac oun nic ce
“limtat i formiationErid/ ultignatblysclpavage sThen reﬁpmm loz @meuploid p:leﬂrrhayu:mtrpamgt ams
th b f di wh fected cell t ynd
S o proi. bk idt BitSHce (PR enS R, athafal SHIGHTL Shentars. AF raiedtBgel o
col ony ag}ﬁnﬁﬂélﬁaﬁqqsnﬁnd‘awlavct%tnaucl elAcmétuéﬁ apsdyer eTberfshﬁaH fﬁﬂdﬁrtéy of

cells sulta or invitro genetic nodification and subsequent ‘nucl ear

t r ansf ercarmomitantiwith] drrafier the transfargf the dopepadicteps. 1t is therefore
desirable to utilise ~~ 20 transfection and sel ection systens which
generate and/or identify correctly targeted clones at high efficiency ‘and,
vmg h linited Aepuaiiminanyt activation stepr gy bpayadedaken piar to ciansfiey affthieci ent

a r ch,to selecting for _corte ted clo isto usée
't rap ardRNQrn puGleus HFny 'Hgycﬁefi%c& %‘éd Qfgﬁmpﬂﬁ‘ggﬁcﬁi iliserdsa Qd%%ﬁ‘f t he
‘entire despliemueali'LhudBis prohucibue] Rustapeass platbcmomiating chRsAosdmMes!drES
gene trdsNt argeting vector nmay be selected fromIlRES-neo, | RES-lacz) (TAA3)
| RES- | adNACTAA3) I RES-1acZ | ox neo-tk | ox, (TAGS) | RES-IacZ/ ntlneo) SA .
| acZ- 1 RES neo, SA (TAA3) | RES-nuclear ‘lacZ, SA (TAA3) | RES-nuclear lacZ | ox

Gort lox, | RES— B- geo; (TAA3) | RES-B-geo) SA | RES-B- qeo SA Optim sed
| RES- B30 geo, Prexireatiuente mays ajer incinderthe disablemantep destiuctianzpf the

1 S nusugioR it oo o A TIPS i ooy oo

| RES%.'nprDNA) whitESrrizyd redireel eEsliminatel &x-mipgling ofRES awipient eell's anupleus)g

‘vectors row e a_si ficant, en ance ene tar i.ng.effici by
ol 1 nadTAGUGeRS; GPtHPRRRE HIER, GIOaALENENIArRgraIneS P A Wi thakeT JBke
trap tardlfﬂdrnQEmi'ﬁ §orf6hﬁedﬁﬁﬂy not e clbAbs] Bh@Thay) mntumtﬁolaﬂe?élb%\t@ y
transcri bed gene 5 (such' as the target geneS for expression . '
sel ect aful-toRker. Random integrations into non-transcribed regions of the
genore are not selected. In a preferred enbodinent, it nay be desirable to
Q Jove the sel ectable marker cassette fromthe targeted |ocus to elimnate
e preSS| on of Thee step ht igenerating o3 skepregramamed CdiplaighpicelicHfrorm tsaid| ank

th it

uht A9 rpPEAdEieS. dfeUibiolont Imdy (S pRfldel B ity kbl Horhpd, P oS

Slh t eI spema;mpier m?])rdmamd ﬁéﬂernfayatnqmmagtalaeduntawwabmcemtnrmens i‘c:reai S
the lox sife .C speciTiC e e reco n oteln

exanpl e Reriod %V\‘,EH'FQH iorr‘BECﬁﬂﬂ‘#ﬁ’!ga *i'%t?@rﬁfﬁ%? 'Qﬁsﬁﬁ!ﬁ? P;sﬁé?(‘)h

15 Hi gh t

o Thar "ECPiGieRs Mbriasathie bl fréficels g@a?hze“{d&@%%@%%ﬁ?i‘aﬁge
t ar get i MNAdcomrthe areupididniellaios, theedispreapdrtionateodistribiutioh Qirlhémwptdid

| 1] | t t d d | | ei |

Chordl . ells metirtaga plet. ki Sromelingeh @‘@?ﬁfﬁ%ﬁ?ﬁﬂ%m ?ﬁguaaerr ed

phenot y%llét fahbairdu H'déﬂ' eﬁ'ﬁerhﬁ iV, ffd ag:ﬁ@av% %_ 'fﬁ‘é' on
er e nI yolim ted

of cl onal ectlon be part|cu arly use nvitro
pr opag atremowa«t ofidbe rmblpmerurcqjﬁs meataphases plates muclm.taarprenmcleuﬂdebrommm
culture of enbryonic i fgr nuclear, ad |t|o or, nu ransfe

Ermbr yon CDrorpoRaes ar RA fom e BBuRls 26l dafiner csli the Efe blaig
gener at icgg, 'drVd*eéwdﬁoﬁféfsmé f&.&énweh'same&éﬁhﬁeeb datébnﬁalsns pRIARMURNL I al
embryoni c cell's can not be cultured for extended periods for any other
spe@es chlmmnammcehmmOpumeatcbraDM iy theneeeupiaid eéilingr audaughter cell of ¢dbgcl i ng
t hrough serial nuclear addition of enbryonic nuclei provides an opportunity
to mai ntain, expand and genetically mani pulate nultipotential cells from
animals in vitro The DNA constructs nay be engineered in bacteria and then
introduced 30 into the cells. The transgenes may be |ntroduced |nto the

-~ .
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PCT/ AU0O0/ 00408 Whi | st applicant does not wish to be restricted QK tﬂggrm%
it is thought that regions of substantially isogenic DNA either ﬁd f e
‘nmutation _preferentially align the transgene with the targe e |t
reconbi n ettt r oduces the 5 nutation. It is further thgﬁﬁt WWS
mai n contributing factor for increasinggthe efficiency of int rodum ng a
"specific nmutation in a given gene is the degree of simlarity between the
" target %?%%ﬂgotga introduced DNA. Thus) it is preferred that the DNA is
i.sogeni c ! a"l y identical) not allogenic (genetically dissimlar) at
the genetic locus that is to be targeted 10 As used in this specification

the term"traps i S l; t1Ral

cells contai nﬁ@ﬁgr@'ﬁ‘r Qﬁ#‘%’%?ﬁ@s rom anh éeé‘r?"t s'%‘;eac'?teﬁsﬁ tﬁﬁtﬁ%ﬁ’gﬁdsn&né

t r ansgeniglueR the firther etdp 6f N such a gene or genes or fragrrents t her eof .

Rat her, the termrefers nore, broadl %R{v) cel | has be t he
wistagtight

subj ect of t eguipstastialiyremexing ens ?r%%FRy' won GUBor

exanple) 1 cel an GNE
rmdlnp"lf-‘eof"quR h@%’o@%ﬁ'&'t g&ggggﬂgrgg’éuct g?ﬁg%féﬁg eﬂ?%@ﬂjﬂrgﬁsrglbgn) IS
" a transgsibraotdivisidroof thecameuptoigecellof this invention, as much as a cell to

~whose an exogenous nucl eic acid sequence has been added. Repr ogr ammed
cells according to the present invention nmay be used to 20 generate cells,
cell- lines, Repfd\Re oprmn‘iwtlon'i aﬁlthenbmgleas,apcbmieﬂmrrmetamm Ppladbese

products nmay be derived fromre raf d_enbr P cel I (V\/n re ér&r
reci pi erghre@atin, schiempsafpes @r rob n&\e?of%ﬂpﬁ &8 Imeach e Renpm )f/?)rnl c

m cel [i I a
ToL i ertplE. | ARl 20, Ay R e e
25 cthl )pmfmlrauw atpprmamtelg 6ets»t srbomranaﬂeroqomlatiosws ot theanuglear addition

' danaged ury | Seas 1 & erk a dto
o popuiarbeedltiyind sier 6.t ShHo ARARE HMIBIN STheSOR Hay' B
transpl aemraé\véw hﬁhéiﬁ‘é' &ﬁénﬂﬁledrhers%pyor Gether ratifativn-baséd e mickosuvgidal r om
reprogranmed cells or enbryos may al so 30 be used in cell-based gene and

drug scrtechnigyesmer thedidffesti ¢ assays to assess 0 5 pEC 2003 WD 00/ 67568
PCT/ AUO0/ 00408 . , 16 for the presence or absence) function, efficacy,
toxicity or any other biological property of a gene %&r‘\; product'f‘ér ot her
bi ol ogi cal | y Bamm@lcoﬁpdeﬁ uction | ef the jrecipiant  cell'ss OHer i ved

fro ep d r al
app! 18 PRHPHERE ofi, SHiBhaBA, HhFEmRbmER bl BNA el bBGI spadfariecusy

r epr ogr ahresgte al developmientah self-carrection methamismy(skwhichvwould reistgredplbidym

r epr ogr ammed en}orgog ﬁ&gy al so be used to treat patients wth diseased or
def ect | V@ SAmedt netAkeplls. o o1 gans. Cells, cell Iines) enbryo-derived cell
lines) tissues and organs nay be established using a patientis own cells as

ag)df’SSJ g 10° Cosh op femoial of he Bopidh et RSB lIaR: ulcBR! FhRipatin,
vent i QthrBRoddifibs' 8¢ mm nﬁav bEeéss‘ébgéd <bfy ta6 ueeINATHRAirG ageh! sldH)eR)

ti ssues; organs, aninmal enbryos or non-hunman ani mals fromsaid reprogramTed

cel 120 orbujtr not briited toeﬂﬂwmhmageru\m ilyrotnatign, Qddh?lléﬁ? af Felicage: hout

nucl ear .transf 15 The S ude

t he furtH@gggiﬁ X'Isuag%erté? '%g%@# %‘ Q{\&%ﬁoés# Or geﬁr@?@alﬁ éIg@%ormal
cell's, csHrbmdtites? dhremidedmed. gans, ani rral errbryos or non- human ani nal s
fromsaid genetically nodified or abnormal reprogrammed cells or from.
genetically nodified or abnormal cells reprogramred by serial nuclear

addi tion wit hlrpénmﬁehquﬁn H14h6Ss abpedtsiofithe vention| the methddd imeasinchides ues
and organs produced fromthe reprogrammed cells by any suitable
techm qllhefﬂe%lefstens of lines, tissues and organs may al so be generated from

nb that h d d | Cel |
ceI |<¥i nes;a t‘r:’ O‘ﬂ@'é'% %F‘Siﬂggyﬁﬁmﬁ"‘%@ﬁyi? Orrgglrf)glrarrg\: dgel de fromssuch
an enbryo myggp; e%hﬁﬁ the dﬁ!@ﬂﬁffﬂ@ edllfts Qr%d‘-ﬁ'hﬂ\ghnfgﬂﬁhmww peHod esuiffidient

nucl ear addition wth or w thout nuclear tran In a particularly

pr ef er r do reducei oneliminate he-mingting ©of the tanipient ¢rik RHNA ang ﬂﬁfQﬁilcedcphléas ed or
genetically nodified cells nay be reprogrammed and cells cell I|ines,

ti ssues, organs, enbryos, non-human foetuses or aninmals established .. 0
5 DEC zoo3 V\Ura@/mﬁﬁﬁgm@mmthrmay)beacytoskeletal (cytokinesis) or karyokinesis



17 fromthese reprogrammed cells. In addition cells, cell lines) tissues
and organs may be generated from an ani mal enbryo) nan-human fo ﬁ lgé

ani mal that has devel oped froma reprogranmed cel|l. These cells" dD |ZUU3
< lines maxggfo )é?ﬁ%ﬁ for cell based gene and tissue therapies, cell based gene
and drug & 5 di agnostics, basic and applied r eseaPEFAULNA0408e
producti on of non- hurran ani mal s. Reproggam"red cells or cells derived from
“reprogrammed cells may be transferred to an animal to restore function to)

I f Rj
O DO, 1HFEKAAE ol AU 2B sl T A Gl RS e
genetic dt oeaxr.mbre of mymchalasmlB', (bmleémrd é‘(txehbnﬂoﬁbdaioleeﬂ'ﬁe aheQFldld
tines msnégﬁe establ i shed from a &W G;t s own cells. Cells or cell lines

_may al so a3y ke expesed tonthenc @ inhibitery tofi & pesiod, dgnte proauchear
Lo, B, 19 1of Bl J?ﬁ“y‘"‘%%a'i'? 1018 Fegh, ahef Miitat alclfigiiand ' ©

condi 6i opeeferablygriog}o eoibryotcléavageed t o, spinal cord injury) diabetes and
“Al zheinmer's disease. Cells or cell .lines established by therapeutic
cl oning woul d be genetically identlcal to the patient and woul d pose little

or no risk of In anotierfepmadfi thasécdsbemsrtﬁ thedndshtion, ahé eécipidi cefianby 5
' or conpl et el y 28 di fferen¥| at ed

di scovered that ncubat i-n arti
donor cePnUgipa sé‘b?ﬁ'ﬁ'a{"}{eg'@?w&"&%g Bh introguction of the daenar celll ot he

dodi 1 1 or hagiBls? | FrENSTabiy e dofih MU iSRRG, o, Flckted e,

enbr yoni substantiaily iinmﬂdlatelyabeﬁowIeaublpatldqnleompréiembW thoodoned nuefdud t 1S
/p?s l e _t.0 gner Ei I%ﬁ cel | ai | ear addi tion-nediated reprogranmm ng of
T 10, Jnnifrdaes o e dnucleatiy i i e Haibion e A the jeaiplent duialaus
reprogramfbﬁﬂ:veaffr&hrfhbt&uqmdnqr(ﬁssca&émdns%n GRbai n the capacity to
differentiate into nultiple cell types both in vitro and in vivo (see
Figures 1, 2) and 3). Wilst Applicant does not wish to be-restricted by -
theory, it i STHOShetsds! of hab bRisehe Ghviritigh, Gfiby iRBIIR! i Farhaf 'St 9l ch

cause the donor cell to be 30 reprogranmed, for” exanple to at

par ti al ISHbjRcting ther eaqipient cell, ther ﬁnwnlelidpmlbm the dipdoid el 08B awdivation7568
PCTI AU0Q488408 cel | lines. 18 Accordingly, in a further aspect of the
present 1 nvention, there is provided a nethod of restoring or inproving
function of a tissue or organ sald met hod i ncluding 5 prOV|d|ng an ani mal ,

32?| vatel \?res sa &gbr eprogr lzgﬁtﬁ(?cgpgﬂgfl g’PrFﬁ@%’ﬁ‘i I nve 'm ed’

deri vat rta,eﬁoro’example epm-ag-fcn,nealonahl isnbphdree opréleédtrical éﬁnmafcﬁf Q@l Mdﬁbeor
fissue., or o and allowing the transferred cells

near th\%gf' te Offiatl d an;

or deri FgHVall Gtiyation,may; bepe ed E@fr%cﬁﬂncanataﬁmtm ek aitesrther gan.
Ther e | $rapisfeér dfths idbifbryiRlidls.a reprogranmed cel |l according to the present
invention or derivative thereof for preparation of a nedicanent for

't ?storlng or 15 inproving function of a tissue or organ by cell based -
t-

erapi es. Thas disblissed e(‘aﬂiér lal' Iﬂﬁﬁmﬂ'ﬂ '&cﬂ%r@?@% Hn‘ége f}ﬁéﬁai@ﬁ] fq‘?d ey |

be transferred to an ani nmal del i ver” gene the era
enai®® to &ranster oftheidenas ayclﬁwml’ameuuxtaposedldnno&obndn réhlplbhe ceﬂ‘s |ma¥;
er

I I di Al d ot
i oct | BoLEA8Y 1%, cB Bl ulait 8Bbr ey il Wipis slestrioal pulSes
reconst araititiiisedfort belsusion; 1t ogs ity be'ceidied tgaéiﬁﬁﬁﬁneB%l afiERe ¢ bY
di sease, éury or aging. In a still further aspect of t resx

|nvent|6ﬁ'V ke i s provided a method of gene therapy, said nethod
|nclud|ng provi di ng-

The juxtaposed donor and recipient cells may be also subjected to
25 simultaneous cell fusion/activation or a process of cell fusion followed later by
activation.

The aneuploid cell is maintained in a suitable environment for a time
sufficient to allow the donor nucleus or cell to be reprogrammed. Preferably, the



25 an animal, and one or nore genetically nodified, reprogramed cells
according to the present invention or derivatives of said cells;
transferring the cells or derivatives of the reprogramed cells toﬂtﬁuﬂEC 2003
-animal ; and 30 allowing said cells or derivatives of the reprogramed cells
to repopWao®61368 n WO 00/ 67568 19 said aninmal to provi deP§ERd00/98408py. O
5 D EC 2003 PCT/ AU0O0O/ 00408 There is alsg provi ded use of a genetically

“nmodi fied or abnornal reprogramed cell Qcording to the present invention

derivati th f tl f di t f th .. 5
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or unchar rised ‘mul tigenic diseases. In this case) the cells or cell
| i nes ar camsugileichicell thayi bedmaintainad iisna suitablecaulturepsiedium Hasvidro, Tore

cells or cell lines may be established foll.ow,ng teprogrammng of a cell
from an éﬁﬁ?fregﬁoz? %‘él"l’galte 3&'}?‘?[,?885?3'5‘&'83‘? i”zé”vé’st abl i shed from an

ani mal suffering a genetic. disease. Abnormal cells include cells with
known or unknown gene or chronosonal , nutatio del eti ons), rearrangenents

and/ or® dupl i cal h@Pnor icledis: 3R SRGPIPTE S 'swﬁﬁb 181 299 in g Sethrd & hgns
der ved 1gr8Buh{ veRRbAThayBa’of h BuitEBle pﬁgmssﬂdtﬁbdgmsﬁbgg@ﬁo@eggémse

process, '‘asSess erapeutic val ue acy or 15 toxi

parti-cul mpetiesy, Spsuieoto which thatpresgntinveationsmaydp applied ipeludei birds,
correctiqn,or. dification, .tqg.deliver ge and tissue therapies.

Accor di ndieh TeRitEs; ad Rasriate dinccit RISk nd PHRIRH). TreIgbly. the
provi ded ciER4rB08k Pbrcinty, Bovirtt dvifle d st alRANFiBH S FERLIlE! AABAAE SordMdiman
4§aent|al_p[ exi sting therapies by establishing cel | ~based screeni ng assays
t & i dht iomigiknd eval uate 20 candidate drug targets and therapeutic genes
~and to identify and evaluate drugs and drug candi dates) said nethod

i ncluding providing one or nore reprogramed cells according to the present
i nvention or -der avprsfewsed ssmbadiment, |the netheds tafr theg presantnipventionvinay or

ot herwi se_inyesti ' r di fying cellular processes including but not
limted ﬂ%c'uéﬁiﬁﬁﬁ'ﬁ'i%éﬂsgﬂd gene products expressed in the cells for the
| nvest i"gat i*on; reprivling trsldomer, nucleuy from the ahdgploidseeli; aneist | gat i g t he

bi ol ogi cal effect of chenjcals ana potential drugs on cellujar: E{rﬁgcesses of
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provi ded - d cell according to the present 5 invention or
derivati \5&'@93%@2?é$§§8%$€§§rat lon cells, cell lines or their derivatives
for medical and/or basic research. .
In a preferred embodiment of the methods of the present invention, the

)) removed donor nucleus may be from an embryo. that is itself the product of

20 nuclear addition or nuclear transfer. The former is known as serial nuclear

- addition.

. Serial nuclear addition or a combination of nuclear addition and nuclear
transfer may improve the capacity of differentiated nuclei to direct normal
development. Whilst applicant does not wish to be reétricted by theory, serial

25 nuclear addition and/or transfer is postulated to improve the developmental
'capacity of transplanted nuclei by allowing specific molecular components in the
oocyte to assist in chromatin remodelling that is beneficial for nuclear
reprogramming. Serial nuclear addition or a combination of nuclear addition and
nuclear transfer is not restricted to a singular event but may be initiated on more

30 than one occasion to sequentially improve conditions for chromatin remodelling,



Accordingly) in a further aspect of the present invention, there is
provi ded a nethod of establishing cells or cell lines for nedical r
. basic research, said nmethod including 10 providing one or nore re%%wnm
~cells ac i o the present invention or derivatives of ' ;
nmoni t ori ﬁg?g%{ Péng, removi ng or otherw se investigating orpén'g)élg,f)@/ﬁ 4§5§
‘cel-lul ar processes including but not littited to gene expression and gene
“products 15 expressed by the cells or derivatives thereof for the
i nvest i gpucRAr %epIaRREMATIAG ddSeMBAonitedevabprgmtpot enti al  therapeutic
targets or agents. There I's also provided use of a reprogramred cell _
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t he repr8 Pa}‘rﬁgﬁﬂ% Yge'by any suitable nethod. Enbryonic devel opnent may be
“initially in vitro and subsequently in a surrogate. Thus, the aneuploid
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or cell line. Preferably the cell or cell T'ine is a porcine, nurine,

ovi nt9, aanstiets charbonengr painMutations: arelatheiwise Eapableesofofmodifyingand
cell i r@ﬁ: Lch t he nmethods of 15 the present invention
i nclude p %gﬁgﬁxcﬁﬁ%@%@%%ﬁenbr yoni ¢ and somatic stemcells and
precursor cells or their derivatives including any end stage
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mur i ne.. it bath GH6%of B p¥fa dhulblf BOEREinGi  RemAlNGl < oot BoBBRIar e ¢ ner
aspect @fenelffapbesnbtifiedviankiren there is provided a non hunan ani mal or

transgeni ¢ non- human ani mal produced or inproved by the nmethods of the
present invention. Preferably the non-human ani mal or non WO 00/ 67568 22
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portions of the target gene may be used.

The targeting DNA may comprise a sequence in which the desired
sequence modifications are flanked by DNA substantially isogenic with a



5 product from a non-human ani mal or a non-human transgeni c ani mal produced
by the nethods of the present invention. The ani mal product may mesanﬁe%ﬁ‘?
or other aninmal protein or gene product) or a mxture of human arnd ,

"non-hurrar\ﬁﬁ%%apr oducts. In a .further aspect of the pr es&qtmﬁ&xﬁ?r@[ (r)\?)d

there is a nethod of 10 generating an aninmal enbryo whic
includes providing a donor nucleus, and12 recipient cell; introducing the
“donor nucleus into the recipient cell to produce an aneuploid i 5 cell;

optional |y o‘?fdlr?%g%ﬂdé? seQBERLEIiA th6! deriomanodss invedified. Thepsutgstantialy ng
a reprogranmmed di plidTell fromsaid aneupl oid cell bé removal , |
dest r uct iisogemicl sequence his mprefarably alelqastuabeus P-98ue| idanticala withhntheai d

oot bor arGAESROANG g SeanebPe BReS BRng R foMens Ritdiications)y o,
i nvol ves rﬂfifé s@@ﬁt{& it Ysstigdout [99. 0908 %ddemlicdl Mozt prefesatsly abouit ©9.6%! 0

anot her ce Apfl i cant does not wish to be restricted by theory, it
i s podi ultat 88.9%aideatical. ople ttargeting BNA and tthen target HaNAc prefeeahly cshares

h I I 2 ' . i
he daagtietclues of HNA! feleast BBRLY TeCHArs Pai bt Are SHAEy EBRGH e "
cel |i's nyrapfiaby B fiabt dbsut 80 baserpaifstitat aver porectly idanticalsevers noreDNA
fromthe anuepl 6id cell or one or nore of the aneuploid cell]s dau&h‘ter

cel I's, rqweferablyratiinast abawl 500 base pairsihat aresperartiidaniicab mecordipght it or

ﬁasi Blr gﬁ%@%%‘?{?gg %%o@g&‘ﬁ@‘r %ﬁﬁ@%@@ @9"9%3%@05%3%8% %9%%;@%6 nta

PCT/ AgOO M6 Tell ibing targeted; mére pesfergblly the hargetingD Niddisderivedt fromegelise

p d i whi ch in t i “enb i abi Lity..
T at iof o sarme dianalve 8 Diccalls, bAnararestEl. Rig ffstarfl 38 talhtinge
cel | and Q@At isCUON S ron Wellb &t the shme in@ﬁﬂ&légp(%?'ﬁni@fal)t k€ tRetuelR. bBinghe

process the present invention may include the further step of generat Ing
a non- hutargeted.mPrefarably, htheatargatingnBNA . sequencs: icompriseshat - leasécabeit ¢ he

B el ert07800 Baserketfo b SRR oSty RO, RERERRCPEIE ot GSERARG,

been 1genaDocpOOY baeei gaifslof sulsstantiaiy isogenicalNAe evenundes prefetablyatileasty or
to provide for, or increase, a,desifrable acti isl"i'% and a recipient cell;
addi ng tHQOQO'HWOQ\Béﬁ%l@"ﬁ&f-lsh'?sF%!agYéﬁ’ﬂg% -, produce a genetically i

5 rrpd_i fied aneuploid cell; optionally subjecti ng t he aneuploid cell to an
Tl oy anay ki Bdcharn gne P RO o BhBhah HoskrTbATA feffE 8 ©'
nucl ear BWAM%&% SeqtishdY Mt iﬁ%bhticﬁ?‘@vith' or nearly identical with a reference
DNA sequence. Indication that two sequences are isoge_nic is that they will
20 hybridise with each other under the moét stringent hybridisation conditions (see,
) for example, reference 25) and will not exhibit sequence polymorphism (i.e. they
will not have different sites for cleavage by restriction endonucleases). The term
"substantially isogenic* refers to DNA that is at least about 97-99% identical with
thé reference DNA sequence, and preferably at least about 99.5-99.9% identical
25 with the reference DNA sequence and in certain cases 100% identical with the
reference DNA sequence. Indications that two sequences are substantially
isogenic is that they will still hybridise with each other under the most stringent
conditions (25) and that they will only rarely exhibit restriction fragment length
polymorphism (RFLP) or sequence polymorphism (relative to the number that
30 would be statistically expected for sequences of their particular length which share
at least about 97-98% sequence identity). In general, a targeting DNA sequence

and a host cell sequence are compared over a window of at least about 75



20 generating a transgenic animal enbryo fromthe said reprogramred diploid
cell. In a preferred aspect of the present invention) the net ho x‘p 2003
.include subjecting the net aphase plate, nucleus, pronucleus, chro ﬁﬁ

- chr onosoRes ofk7seNA of the recipient cell to a pre-treatnen
her ei nbefore 25 described. In one formof this aspect of tﬁgﬁaﬁgg/gﬁﬁs

|nvent|on) the method may include the fl@rther step of substantially
“renoving or substantially destroying the nucl eus, pronucleus, netaphase

pl ate, cd:mmwmve nicieotideseONA sdquences heompaiad etweeh | individuzis a6 )é 30
prior to I si.on of the aneu Io d cell, as. hereinbefore described. 5

DEC 2003h Yothosed Strai-pre sopsidpredhio Bersubetaatially, ispgenis Q\éﬁmdd
| ncl udesqdfafiod wmn%qabgea .ﬁ{oma%ﬂ% AbfEvaiiabfls, 1 @%&Q@é@r%hg@;@@%

_subj ecting the aneuplo to a co-m ng I'ng

"suffici esaquencequblymonphisitisiby RFé.Peanalysig) i ng of the recipient cell DNA and
I ntroduced DNA, .5 as hereinbefore described. Loss or renoval of the
“recipient cell's netaphase plate, nucleus, chromatin, chronpsones or DNA

may b assessTious,atheedomonbehicleas dnayrbéwle;fbnehaaw rﬁbambaab? ﬁw@ﬂﬁynﬁp bhi s

aspect of the invention the recipient ce be "enucl eated sinul taneously
with i ntQ'TSiRﬂﬂ"PHﬁ gAna inethi, BBROE BuFieys. The endd gensusgans: alaybbe snedified
describ t G t e urth
St op of B, RRUER RIE i dbndtiRxits BURR oAl inGUHE’ R RIS ATE! ; an

act i vat isequshee whish hsrwbdbwf\unlw segemlctteoht lea's’honermquo@e pottidrs iof the
pr ef er abl Pé[ mai nt ai n n.a suitable environnent, for a 15 tinme sufficient to

aI | ow t I QRBPUﬁL&q%g"grmﬁ'&'ﬂPst%‘%ef MAse SPYISHARE Or-ReW ganensequsnces,
gefcnro betich that therelis mmcﬂagoagtﬁeécﬁﬁbahﬁaﬁ b@abéem’fﬁ fmm Pcongﬁgét afld hé

hod of the present invention may be of any suitable origi
herelnbéﬂépgeﬂég%gﬁbéd In preferred enbodi nents) the met hods of the
present invention nmay 20 include producing reprogramed second cells, and
use of serial nuclear addition or a conbination-of nucl-ear addition and
nucl ear trandther mt@ﬂmﬁeuﬁb@WrgeM@cmaMI and thepsubsequant esetectioreof , t he

t hod | the furth t f. 25
i nt o Sl TRBURET Hhe dbeitd HhollEa, iileisitn AEGHirke: Sersiet 0l gwa ci ent
to al | ogeldetion &fl edch fmmderrtrangg&lﬂé aelli Allinvitation'® agbgm@ trnél;%cé
actiyation 2003 WO 001 67568 25 PCT/ AUQO/ 004 pl i cant

di sd ePHBbFﬁaYa'?ﬂgE aptation, rEporams) & the,Mumbes edueell M&S'QR:-B éV'Qththﬂint ly
| ncr easfenBlackdd BbA st driUbraBsrRlerdiricibft MatAINoP MGdclidr gﬂ%ﬁ e for

a period sufficient to allow'the cell to recover .a su stan
e. g.. genbearh jransgenicaeolopyans subsequent supwywwdmyobeansmer Thbtgteaﬂ a

MANNer maiby' &' cdif SdibIE 98F i Vit §8A&td modification and subsequent nuclear

transfer have limited in vitro propagation capacity. It is therefore desirable to utilise

)) 20 transfection and selection systems which generate and/or identify correctly
targeted clones at high efficiency and with limited requirement for in vitro
propagation.

A particularly efficient approach to selecting for correctly targeted clones is

to use IRES gene trap targeting vectors, as described in Australian Patent

25 678234, the entire disclosure of which is incorporated herein by reference. The
IRES gene trap targeting vector may be selected from IRES-neo, IRES-lacz,
(TAA3) IRES-lacZ, (TAAz) IRES-lacZ lox neo-tk lox, (TAG3) IRES-lacZ/mcineo, SA
lacZ-IRES neo, SA (TAA;) IRES-nuclear lacZ, SA (TAAj) IRES-nuclear lacZ lox
Gprt lox, IRES-B-geo, (TAA3) IRES-B-geo, SA IRES-B-geo SA Optimised IRES-B-

30 geo, IRES-nuclear B-geo, SA IRES-nuclear B-geo, SA (TAA;) IRES-nuclear B-
geo, SA Optimised IRES-nuclear B-geo, IRES-zeo, SA IRES-zeo, IRES-hph, SA



VWhi | st applicant does not wish to be restricted by theory) it is postul ated
that the culture period permts the aneuploid cell to return tanSquﬁqe 3
hormal or stable state. The aneuploid cell may be maintained. in a ' zZQQe
“medi um prgfe for a 10 period of approximately 3 to 8 haurs, nore '
pr ef er abl oa(%gs%%?i mately 4.5 to 6 hours. It is _ desirabl e,PCITG%éQP@”)"’St hat
the ~ culture period end before any, origny substantive division, ensues.
“In a still further aspect of the present invention there is provided a

net hod . ) ang . e L rqQpe L $ | | d I L.C
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an aneupleliminating a Jargs, frepotion. PhaRdom [nigamifionqevants. p\HES gene trapm
said ane hi )/ lg hPRio i : e Il
il cus. CeTIRFR RN IBUA funclieel HRsGRtoRini 8 det b iSerbetbhefi.
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i ncl udes.215 pr.ovi di ?ag a ?onor .Eu I-eush ag e'xo%'enous nucl ei &c@d d nol ecul e,
and a r e#MEBEHONSINIA NORTEENFEE ﬂé"?{ﬂg 38k e aenoemeare et seleciedgenous
nucleic acid nolecule 30 into the recipient cell to produce an anuepl oid
cell; and 0,5 DEC 2003 WD 00/ 67S68 PCT/ AU0O0100408 26 optionally .
‘generating a RF Blﬁéﬁ'ﬁgde'apﬂ Enente & T“"#Vré?n irablentq, rerpove dbe| sélpctableval |

dest ruct iy f c'é}ﬁ' g@,ﬁ C snand:
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recipient cell. 2) ~ conbini ng t he exogenous nucleic acid nolecule wth
t he donofecommbingse silg is thelox siiawhich is srecifigienthe Gir resambinasesproteinc| eus

into the et SBEmMEIB! &f TACH T L 09 {q_ema | C. acl.d and
t he donoﬁhﬁﬁ{c eus s@%aéfa? gf‘iﬁ?"ﬁt %tctb ﬂ{ewﬁéa%?bslt{ahget ng I #%%%hﬁesﬁoggét%mﬂ eic
acid nol @8)) e may be introduced into the donor nucleus or recipient cell by

any suitable neans. For exanple, direct injection, 15 el ectroporation or
si mpl e bathing of the nucleus or -cell in a solution of the exogenous

nucl #¢ aci d rbgh bﬁiqi%my g%me pangleting |aand selgctﬁdne hasd signifitane I&H?ahhige-in
exogeno ucl.e | | rect LN ected I nt t onor . nucl eus rror to
nuclgear L&g'&gisﬁ"@h,fy gﬁ‘"ﬁ‘iﬁﬁ!ﬁﬁ\?& %ys[t Sy SHEh %8%3@ 8%%0‘@%0‘6&&“\9 eic
aci d ar eve6id, eaf elinsinatcthe ﬁ%ﬁfﬂib&%&nb‘&ﬁaﬁ&y&%ﬁf@éﬁ%l ¢elline rTgf. this |,

exogenous nucleic .acid nol ecul e. of any’suitable type. er abl

it Qs a inalangepipdivisiuat puelei fiom @i poel qfsqmamdseﬁmnmm_cewshgsldof i
rost 1 o e clepthd T g ot Bhonclibo 38, £ B, ERialtido . Shigche” ©°

; |j} r&@iuqeabli nTheosliminiationugf Elpnahselkdotion mayg | e phrticutag esefil wiee BARUT by

random integratign or by honol ogous reconbi nati o
: llml?gé n v ro_propggar}lon is 3e§LlrabIe or posé}bfe. rbne such instance includes

the culture of embryonic nuclei for nuclear addition or nuclear transfer. Embryonic

-

nuclei are more efficient than latter stage somatic cells for generating live bom
offspring by nuclear transfer. However, totipotential embryonic cells can not be

25 . cultured for extended periods for any other species than mice and potentially
primates including man. Nuclear recycling through serial nuclear addition of
embryonic nuclei provides an opportunity to maintain, expand and genetically
manipulate multipotential cells from animals in vitro.

The DNA constructs may be engineered in bacteria and then introduced
30 into the cells. The transgenes may be introduced into the celis by any suitable

method. Preferred methods include direct injection, electroporation, liposomes or
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i'ncludes 5' and/or 3' ends which direct the nucleic acid nolecule to

“speci fi c wotoeg)sesi t hi n the donor nucl eus genone. The net hogcefaudeodtisesent

I nvention may include the further step of 5 generating a non-human
fransgenic animal fromthe transgenic atfi mal enbryo. The donor nucl eus may
"be of any suitable type and from any suitable speci es, as hereinbefore
descri bedalctm. phasphptepredipitatiomay be of any suitable type and from any

sui tabl e speci es, as hereinbefore described. 10 The donor nucl eus may be
transferred to the recipient cell by any suitable nethod, as herei nbefore
descri bed. RedWhilstrapplieaht dobsrrmtmr;htle bmwsmm.ﬁed bwttfamy nig is ug@mgtarthat zona

pel I uci da free r.eci |ent el vmth Qr oth cyt opl ast
‘before, FB9iERS R 8y satBB %ny &% oist?\?o taﬂ%’(‘,l '190 iallh. 15
An ani ma FE&H\

sui t abl ehlngﬂﬁ[%qr as gneg'?eiﬂﬁﬂqp lpaql%éetrsg:@l B\h‘%fé?ﬁ !5|HF§dar£&’ llﬁ)tra(;érfu%t Uiman
“ani meb nmutationmf Itasnyuntly@rethomghlhéhai thee fmaie cdatnbuhhgdactﬂrefodmleasing the and
od .of the 20 I nventi on may

|| d
LeCr o ﬁ%fﬁch{bpt‘:@m%ﬁjgs A spacile panehot i@ e se%essfer@@mpgmet q

present &ifniRi %t\ﬂ@é‘n hRe lté@bttDN&eﬂﬁﬂ héE |ﬁt?@dWDNK‘ 0'I"ht'i@I Nkffs. ﬁi?
her ei nbef ore descri bed. In further aspect of the present 'i nve |ont ere

i s provithal the rm%nstsogens?(meﬂﬁallw islantigal) aot aﬂioggnr:c Iﬁgemelldaﬂ]gs:hsﬁllmllm)h

' : - . P
Feconst | e EBaTHlIPEgs fittie EBadfrdeted ™0 5 oEC 2005 Wo 00/ 67568 26
@)l ne, 19Vit Rg bovi ne, caprine or human cell. ’ EGT/ QUtOO/ 02408I In (;]Ii f ulrt her
crbr B producel FREhhRARSIRASPIRE BintiiedeRie Haid Wi BedabRy o e, be

human orliried 't meferriRgetoecellyl ¥ontamning aieoen hforé'"gréﬁﬂs fIBAT ¥hotiferdspedi@sCi Ne)
murine, oviné, bovine, caprine or human enbryo n a still further -aspect

of the Rithaugh mﬂrWntraewqmerC@llﬁswwrmntawswmam&mrtgmemfnagmam |
pr oduceqhaveafhﬁaﬁ?ém?étéﬁn 18 fr@ oéa]g?&ahg%au %ﬁs%' ﬁwpyh%.g%ﬁgnﬁxﬁggem c
ne

aninmal is a porC|ne5 muril ne, ovi anl nma
pr esent subject:éfdachmical mtawentummby réod:mjmnam; BNA)tabhndldfgy Sa;rfonexamplé,he

e TR cl i 1, W83 3 ROCPRSHOUE Hiana has Hasn ASiRed iArsmpdioed dethar by i
any way radifyihgsthei géne %@dlzlfdtf‘m' patemabi bXpl%EsibhE ig @vwhsgéhné%%lr fd?etﬁe

above: In the ﬁ’gures ure 1: Parental | s displ ayed

char act #UrRPses phthis inventien §sé'6¥'@h‘1?srﬁ)¢?]htﬂ Wa9sq QNA gsmoge@»qusem!en (b)
and al kz#dlg%zgng&@wasgmeﬁqd y (c). Distinctive X-gal stained nuclei (d)

and fem aryotype confirmed contribution of the transgenic
donor cell nucl eus. Absence of Y chrornosomespecific PCR product (I ower

o300 11, P s Sahs PR Booked N PhEPETY R e,
cel 120 argdanmaial\l,@emaatcmﬂ) lin€s,altissbes, of@éms,manimal embryos and non-human
*animals. These products may be derived from reprogrammed embryonic cells
(where the recipient cell is an oocyte or other 'embfyonic cell such as an
embryonic stem cell or primordial germ cell) or reprogrammed somatic cells
(where a recipient cell is specific somatic cell type such as a liver or neufal stem
25 cell) and may be used to restore function to tissue that has been damaged by
injury, disease or aging. Transferred cells may also be used to re-populate a
depleted tissue or be genetically altered prior to transplantation to deliver gene

therapy.

Cells and cell lines derived from reprogrammed cells or embryos may also
30 be used in cell-based gene and drug screening and diagnostic assays to assess



Figure 2: Neural (a-d) and nyogenic (e-f) cells derived by in
vitro-differentiation of clonally derived CCES cells. Mrphol ofys P&f 2003
confirmed by indirect inmmunofluorescence to neurone-specific proteins:
“neurofi | 0 and 68 kDa 25 (b and c) and MAP-2 (d))

muscl e-sg’gaélﬂél%“%r,otei ns: actin (e) and desmn (f). Scale 6’%??"%"6’6’,“?38
Figure 3: CC-ES cell differentiation inl&ivo. H stol ogical exam nation
"(H&E) of 0 5 D EC 2003 WD 001 67568 PCT/ AUO0O/ 00408 29 parental CC ES

teratocagg eSERY Ioreativeiie) danetiors céffidacyy toxisityabr eyt btherubiojegicaind
stratified squanous epithelium (;z mesoder m , muscl e and bone égﬂ and

endoden propémtyoéa gane, gen opgethardiolegicalivactive qampeipd. Gals, sellos

tal .CC-ES cells i ' ' | | o Hddieaat ¢ b
Do) Bieex DS 2 FBATE Yo Font VBblogiBRnned as ey e s i1, 22
(f)) heambedigal, Ardemiary( fﬁgfrkamﬁra: capplications rer/or Semic researchONssuesGKVPLE
1 Conpari son of sequence of enucleation and_direction injection Ib'l%tm)use

nucl edr organs eerived dmmdepregramraed cells £a( flom animals, Pr GRRRrySs &aveon

In five regpljcat ' o ' ' ey atel tion
(841 133) BGplePRCtOHE fAAriRfinimed SmBRSy thil B BEYise R e BRI WAR,

cel | nucldpedstell grdefabtive celts) ltissngs ion oogans. Telisyesli fines; echbrya-detived|celled
into culture ( 16/138), Reversed order: lnjection then en fl eation ln five

r epl i cat inesptissursasd ogRNSaRIAY Pa esiabIRARA. USG: 9 Ratenifs. shn, ells Asya

direct iny i Lt O“ﬁ#{wl - DS bl AdSue ThiddiBRe tSHEwWinK4ed
enucl eat %ﬁgt 8%%%) I&nraesu [ nﬁ‘?’%@%% malr?i E’SF%‘?& oocyt es] pl aced 1| nt'o“:j
cul t yge (anspRMtatidn. experinents were performed with oocytes and cunul us
‘chls from standard F1 (C57BU6xCBA) ni ce. WO 00/ 675G 30 EXAMPLE 2 0 5 D

" 2003 PCT/ AU00100408 I sol ation of pluripotent enmbryonic stemcells from
reprogramed bdotdinglyathe methiods afl the: present inventiotamaydnclugestine further

t herapeutjc c)Joning Pluripotent. hurman stemcells i rk
enbr yos. Flap 6t aRneratiaa sty bal ings Fieuas: Bloedis. Rokg| Slvkityds B nERdmen,
types fopnfRals E@ﬁ?%ﬂ&%p?&@lamrﬁéaecéusewmm cbii$)reprisgranahpdt by serial
significant problem of donor-recipient tissue nmatching wll need to be

addr esseduclear laddition withoswitheut pucteen dansfasy yo- derived cell lines is to be
real i sed. One approach which avoids issues of transplant rejection would be

to establish stemcell lines fromthe patient's own cells through 10
t her d4Beut i c clThe methad 2f thedgpresent inventieniaay alse pcludearthp furthesstep wfe to

unt or 11 PRUAIERIE oBhARAA. Abdect BF Ushoutely behoRRal Salf. ol thes, febibe!

devel opmerjard, reviinall embriybe drrrorshemaadamnina!e fron Ssaid .geBieticalty m adified loxt ed

from such a cl oped enbryo ul d. be genetically.dentjcal to the patieqt and
pose no APERMBA irﬂﬂ{ﬂgéa%é‘j‘%gtq%'ﬁ. O 4rqip, geqgati gomodlﬁ%digropbppgﬁaf)fceﬂs |
_ pluri pot F‘é(}ﬁc[o rhﬂf‘eribg%ﬁﬁi hifclbaCaUdifen WitheoMRihaghlclearBhnsfere! | nucl ei ..
Nucl ear addi 1 on enbryos were generated by direct injection of mechanically
i9plated cunulus cell nuclei into mature oocytes. Enbryonic stem (ES) cells
| sol giped fro | egbn afldbd, q&shbeswsa@aﬁssnhaye%cwo%%eal SrdrR the
mor phol ogy and nal ker expression and . underwent extensive 20
di f f er enteprogrammechcells by Bny suableytenhnigyer m | ayers (endodern) mesoderm
-and ectoderm in tunmours and in chinaeric foetuses and pups. Nucl ear
.addition ES cells also readily differentiated i nto neurones and nuscle in
cul ture. Thi s Galisggel linas, tissatespand organsnmaytalgo dxe generated érome @nvanimalom

t inal Ly diff i at ed adul ti | | | ej idh, Of I
system f BIEIR. Tacbes gaevappey o eal reptodtgfube Pl GBlis., 2ellchies
devel oprggsyl, GidhALOARAIal SMBRLLbH CER @Bt dsivisl fisht sLBRrDeAsbryBapEyt S
and di scussi on Bllastocysts were generat edeb% substituting cunul us cell

nucl 65 f alsot be genetsted rfsorar cells teprogrammash by serialsnuglear rastdition awithoerof

t he -net ho revi ousl
wi h%u? nucféar¥ransfer.

in a particularly preferred embodiment of the present invention normal,
abnormal, diseased or genetically modified cells may be reprogrammed and cells
cell lines, tissues, organs, embryos, non-human foetuses or animais established



0 5 DEC 2Q03 WD 001 67568 PCT/ AUO0O/ 00408 ' 31 described (6). The cunul us
cells were collected fromtransgenic mce (ZI N4O) that ubi qui touglymn‘zms
., a nuclear localised |lacZ reporter gene and denonstrate distinctiVe
st ai ni ngWhys76¢8at ed with X-gal substrate (7). As recipi RET/4UB00488' were
collected froma non-transgenic strainyeB6D2F1 )) the presence of the |acl
5 transgeni c marker was used to denonstrate nuclear contribution of the

cpml U= Sk upbds larb 8RN B celSL BN ReBe pREIES o SRR
exper i N"eRag- bd-geheritad fidrh it AHimacémbaid, Tdn-HianX6ehib3) afimahthat has
reconstructed oocytes cleaved to the two-cell stac?e after 24 hours cul ture.

Ten (3%dexslpped digm a reprogammiedcesil Theserellsiand celf lines imayi bel usedgrst s

formed after 96 hour Lture a p it lture.for ES cell
“isolati o(fﬁ" EPB%P agﬂét%@?/s#%s a%ﬁ%ﬁe}ndéﬁg‘ﬁ%ééaogeﬁgu@wn 3 ,SFI’Q%WQWBSS
out grewdiagmbsitics3 Basie! adneppliéd!t reseaksh,cahd Y 1Probastion Nof Mon-Aliman
passags. One cell line was established (parental -derived ES cell line)
" and contaniméds.t o di splay characteristic nmouse ES cell norphol ogy when grown
in the 15 presence or absence of a fibroblast feeder layer in | eukem a '
inhibitory factor (LIF) supplenented nedi a ;Fi gure 1 a). Four sub-lines

wer e est abl i SReprogrammasxd joelisver ¢ells derrivednirer Ireprogsanmer wsillssnrayobet he

par ent al e iy ( CCs J . - lines.exan ned

Chovod dFANSIETRY Y& Bnahi e fellafiEnelish To Pt immrhie e Birction Eimsiee

char act egrgahs tharhave beehcdamagedetar éxarhplei by diicags, injmﬁagiﬁgt iof are

enbryonic antigen-1 (SSEA-1 ) (Figure 1 b) and al kal'i ne phosphatase

Qt.i t @ysfunstional dee to genatic#§eanss hi ghly expressed in undifferentiated
cells and down regulated in differentiated ES cell cultures (not shown).

NT-ES cells were dermpnstrated to have been 'derived froma reprogramred
somatic nucl d0s @ pasficuladly; peetefeed, embedipants eglise Prns@lleilingsi guay bed)

o0 P o eTEBIsh B4 e U LURE GO Golf s mid) A g SR fchl
sub- f i néromvare egitoyn arcembeyonic telihgeneratarthby peprdgrammmingna patieRtisrosnct

Fi 1.f). .No ot her f I | | oY I | gbor at :
Ther =t 65U Thie Baptodin, i JKTavE o8 BRrae i enbocet flfers the prppainky 16"
Prel¥5Yi hevaY sewide rarigs of Wiedisabcitdifiehs indliifigBUENEE lilﬁﬁbﬂstb?gpfﬁél@o? i n
vivo derived bl astocysts AS. 5 days post cojtum (dpc)e . Pluripotency of the
par ent afnjury, Ediabstes fand Alzheimeryrdisease| Gelis| or eall Jivgs established 2bg3 WO

Vivo. _atoiaetiie g o, 54 HardtEan MerkieP R viF peliebf At b8yl Bose
neur onefittianor he sisk o immunecrejection followingitransplantatibnequency to contro I ES

cells. Mrphol ogi cal observations were confirmed by indirect
i mruno-fluorescence in differentiated CCES cell cultures using neuronal 5

'ﬁd nuscl e- s qpplicant dvas istoverédi that ebp) incilibating zao ppartially tor ompletely
o

i ctimnon i i ff tiati ith all CC-.ES cell Jnject] it 12112
A st PalReL AR e 6o or Balés i the SDAERMGY o sLbBblCISHIRSt GPEn
ext ensi wip Hdridt' @il oRthuleus Rayt|Be rBpRRYrANRISN F6r Qﬁémglé%eh%rx He Wel ng
neural epitheliumand stratified squanous epithelium (ectoderm); nuscl

carti | agéferaatiaiedetq peediins, fpr examplel iaaplvipetent callesuely aspan hembayonic

ot eus S poff: B0t R REA ABDI G £ae EoVeRRT bt T 8 o SRR Mer i o
f oet usegenschtpURS . cdlieuby puiclealr addition-tessialdi RProgRANRIng 8ebdaRsSseAAl@i ned
X-gal positive cells. e foetus, appeared to _be conposed solely of NI-ES

ce 251666l nuiclaianch at R ee darivest by fA-mediateslisprogamming,of cumwlas
col 1 coSBITIGEPER SIS 8yt e G4BaGHRY RbireraMe ) muMio ‘ool sWRES Bel =

m cr oscpvitrocanad s vivo(seFigurestiai2)amdf3)ozen sections of all organs

anal ysed i ncluding cerebellum heart and gut (Figure 3f-h). This report
describes the first isolation of pluripotent stemcells fromadult 20
somatic cel | WHAdteApplittnt des hbk Wisithd Dehrstridte8 by Bdayed ik ? i ye
nucl ear transfer _e_n%'r:yos derived fromfoetal fi brotx ast&zhcl'éiﬂ%% @Yétcge
mouse sthait the decipienti eelt nEy qupvidee $actorsh wiich idaviee the tdoinor ragibto g f er s

a e accessible d diversifli model system for in vitro and i.n vivo
" B0 | GRRTPBTAerh Pt keimeR I, RE IRRh pstly ik Bienthtd to B dlurBetento,
exanple, ES cell lines may 25 be established fromdifferent donor cel

- types and eval uated for possible restrictions in pluripotency using
established in vitro and in vivo ES cell differentiation reginmes. Such
anal yses may help explain the limted devel opnent of nuclear transfer




reporter genes to nonitor reprogrammng at the nol ecular |evel or visualise
cellular contribution in chimaeric enbryos (8). Similarly, nutanf 5PERe 2003
tines with 0 5 DEC 2003 WO 00/ 67568 PCT/ AU00O/ 00408 33 specific gene ,
-del eti onaworeogesset i ¢ nodi fi cations coul d be used as a nucl 8aT/AliaHP4080ur ce
to investigate the role of specific genﬁ i n nucl ear reprogranm ng or
pluripotent stemcell differentiation ssibly the greatest potential for
“conbi ni ng nucl ear reprogramm ng with 5 ES cell derivation ties in the

devel opmmtll lesaut ol ogous human pluripotent stemcells for cell based gene
and tissue therapies. ES cell derived somatic cell transpl antation could

restore function to di seased or damaged tissues or eneti cal | At red
prior to trandicandiaglyoin adudber aspegkakttnerieapit '"Y‘P@Hgbl thareuts BPt‘/PV a&ﬁﬁes

th h I I
10 pr ocureered ot esteil, b dsreve 1oddiohlBF o BiShe BB, 1) ndiRplT

cells (1§cludip@n survive and function in recipient animals. Research

descri be |n this report provides proof of principal for human therapeutic
cloni®g in a mproddingyst em Suppl ementary material and nmethods Generation of
bl ast ocysts by diregt, SH'%' %n nj ection 15 OCocytes and cunulus cells were
collected from supéern e dult . C6D2F1 (C57BUfiJ x DBAI2) and

ZI NAO/ 129Sv f enal e gFiecér nigtepeprogrammetnctlisi abcatdingtolthe presénnimveationer e
mechani cal ly isolated and injected into |nt ﬁCt nmet aphase |l oocytes (13 to

15 h after hurﬁéﬁ’eéNQF'YQﬁle:sﬁ'gerBB?Q'@mﬂ‘ﬁ C&t%i ni stration) using

pi ezo- assi ste | ty tem
b 15070 - pr ST Ihg Leils B dpiatives SPRE) cpfografiecBERS K} Me anirhut
_I?}aunas proferalsly @t oemeiar ithe sde@dlsautysswe/\alsorgmnanérmved in the presence of
c

a4z s g Apwribghe Jena8isd et anafhies o g, FimsahRg, HROICT, |

t he oocy?. SpAfePsRAURES oifdr@an3 10 4 h reconstructed 25 oocytes wvere
chemi cal 'ﬁbactl vated 1n 10 ‘mM strontiumchloride (Si-gma) in the presence of

cytochalasin B for 5 h, then cultured in Gl/& nedium (14) at 37C and 5%
C02 for 4 daysynhurs s Slwsd@vﬁﬂ@bwmatregwaﬁﬁﬂe&ébﬂ nccordm@f 1He pfsbent
Derivation of ES cel ~~C 2003 AUQOD/ 00408 ES cells were

i sol at edirseantioni ar idgrivativie daevass Jor mpmatﬁnt akadnedisamant; iext restoringyiory os

(Fab 480 HBERinG sRBlo g s bF offar By BI basbd TR L 0 IBLED, o o

5 sone bl astocysts Were slit with a fine glass pipette to assist in

modi {1 60 Eag) 16 SelfLff (B0 K88, WAICKOHESE, bied Sohdlclfiy ol IRy e

cont ai ni nanéf&fréd)eb aén mimak te cdelivet @gine WErapyr n@Genduberapy ajoudd cerintie 3

aust ral | Hpament of Bieesses sleh o hilBot IAEA to SediEioRl phps i haBmophite,
{pem ci | hpétab %ano Hﬁiafﬂbl% (iveF Bisb@RNAIDY &8hd o@i’érﬁhﬁdﬂbﬁg didddsednds well as

21er capt oet gma) at standard concentrations (16). Once established;
ES cenl saselsungulnt m@crepiatrhontrep@aahtuh@el Pt tisRueR G4t Pfgad,‘l@aﬂw bavecbeen ES

wer e ost dHrTadheh CBTRARRE B B SA, iR alor T oVl Gl el s rom

passage 6) feeder-free, parental 15 CC-ES ceII cultures into separate

gel ati n-coat ed_wel L r f. C
Akal e phostha SCBhe? s that vk Rifeer i ARLaREE: hdbii8 ppyjabd £ Frasfiae
(17). ~) of Eﬁel pg?yegmmem@d fiefledihgd by SSEA-1 specific nonocl onal
anti body 2 Devel opnental Studi es Hybridoma Bank, lowa City, A
and vi sual i se@r@ydﬂgjorescel n i sot hi ocyanate conjugated goat anti-nouse

gl obul in (Daka ria) CA). Cct4 RT-PCR was perfornmed as
pr EVESUS| y descri b ?%d?’ug&(gg modi fied priners:
5' - GTTCTCTTTGGAAAGGHgT dEniore( fionatcally modifdd, ToprdGrananidCeens GeEarding 3o
(reverse) where the anticipated Oct4 RT/PCR product size was 311 bp. As a
control for mpmnttlwml%@é%mweﬁmﬁ%% S:pts using the same RT-PCR

and ' - TorTordaatierdit s’ S} HEfRee S TSR ANRE AR Tan shithef,

0 5 DEC gag3

30 allowing said cells or derivatives of the reprogramed cells to repopulate in



WO 00/ 67568 Was 361 bp. 35 PCT/ AUOO/ 00408 Standard G bandi ng techni ques

were used for karyotyping (50 netaphase spreads counted). The Iﬂig-]k Ef:n?‘m
chroposone was further confirmed by the absence of Snty (19) as ep d'

“by genonigak ing priners: 5 5 -TGAAGCTTTGGCTTTGAG 3' ( d
5' -CCGCTM#%TTTGG 3" (reverse) under the follow ng co%g?mﬂ)gpﬁga
tycles of 95C for 30 seconds, 58C for 309seconds, 72C for 30 seconds (Dr
"David Threadgill) Departnent of Cell Biology, Vanderbilt University,
Nashvi | | gaid Bhink@rtepiravidecsensiherappns) . PCR products were generated from
Sncy (approximately 290bp) and its ~) 10 chronosonmal honol ogue Sntx
(approxi mately 330bp). Teratocarci noma formati on Teratocarci nomas were

est abl i shed byrHdibe6d | Si ida8€l oS HIPRN i aﬁejq“ i reént cﬁﬂgﬂ

clonal) cell syrandggrq%hg@?esq?lgg'aggpsdgfeelbgf %4fgétﬁgng§" ek-6§lﬁ se@gr%nco |'ned

" i mmunodefrepiogramass Delinaceordings te dhecpresesininventios oo dedvatival dherentt for

surgery an%ﬁ%@.tio s either s -frozaﬂ for X-gal staining or fixed in

Boui ni s PreRRie 85‘ %@&H&?WW%F&PPP &¥Yexani ned hi st ol ogically after

“haemat oxylin and. eosin staining. Generation of chimaeric foetuses and pups

Chi mraer as wer enerat ed by norul a.aggregation (20) or blastogcyst 20,

i 608 on (21T BRlS P theETBSRE IMEHIBR Me ASO RSos8d: Tar_ fvEstigating

ei ght -ce | N i fore
biselass ¥88s ¥nd M gﬁ;s%wh&:@é%%bs&gw éﬁ,c%ecﬁ%g@ id dgg) _

transfer to pseudopregnant re Ient B6 1 (G578l /6IXCBA)
I n vitroudcharacterisest imultiganicctiseases s i imithisncas®, Bbec ekllis aargcel) dines aes e

o1 | owed PECteTARIY'seiveE R 3 PeilShiiel HisdHeH $PGhng Badle, s BuliSigy bar ffds

%%_r act epait be gstablishisd FolloWihg aeprodrantaingSofca!dell fecafcamifiiatdoPy cell

i*frdi rect | mmunof | uorescence using the specific nonoc|onal primary nouse

ant i B8di eyltureq or eelk linec estakiishedofropy s animah siiffesingo@ @eneticcdissmsegat ed
6

o . bl i = g ;
manu act ApooFEE R lclbe SIS with Yibwnt ot NI dédel i BRG] °

(1: 30; Miudationzkdeletions| -rvaRrangements 1ad/oARiLplicatiomsar Thes repioigramfiéd/ .

CA d i - fil, t t ei 68k d,160kDa t:, Al h 5

Phar f nacPaILRB0 Sels: U aRd SrRans goAyeR D LTS RERRGLARIISC Al ay be

| ndi anapoéé@,toliﬁbeét@afwfa dis¥lash. procass, aéstiss ihe/ thardpdiftic Galbby SHicd lar ozen

tissue sections were fixed and stai ned with 5- br ono-'4chl or o- 3-i ndo
[ 3- D1§al texiciyyof-a partinuladgig, genecertjaatment regimeand subsequentstolgenatic

et ng treom BT pribctcabion. WEaBIS iR B N IRRRAE 1 O ) o) Tana

5' - TAGCGCCTGATGITGAACTG 3" (reverse) under the follow ng conditions: 30

cyeles of SSCakaea U SIEZiegdh of s BEAIAL i S b Reg ™

t r ansf er mathbdh o ireastigeting idisease pieghafisbis; protssaestaey petdntizt dr(istirmpy ed
99 Bl astpcyst.s (%9 NT9744(45. 4 . . .

(9. 75 o(BeraRiRa i SRablicning, celbases sorasning sty IRridsRivand pwaiiete of o
¥ 2 : : . Ci . " o NI

L ara or o pp ALY e olshatid (RIaHEUTE QentSr s o BTS00 S RE AR
PCT/ Auocad dogg candigiates; said matbedincludiopti on in Pigs and effect of
Activation, Fusion nng st Treatnent thereon ' The nucl ear addition of
Exanpl e 3 was repeafoé’ ' cept that a series of 5 nodifications were

i ntroduced to gaugené limotaTPasrogrimpidd 6bRNaYcordIRER fHee priiamt UhidrtRimg
intact M oocytes in place of M| oocytes, varying the order and
arrangenment ofr @erivatives\afisaihcallgl f usi on steps, utilising chem cal

I nhiggtors to pr g‘r’r;r‘@;fngggng‘h B8Lin0 ke MBUing P Yind vt iﬂSéétfdﬁan%ﬂﬁ{B%ﬁwgDNA'
cellular processes including but not limited to gene expression and gene
products expressed in the cells for the investigation; and/or

adding, removing or otherwise investigating the biological effect of
chemicals and potential drugs on cellular processes of the reprogrammed

30 cell or derivatives thereof.
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There is also provided use of a reprogrammed cell according to the present

invention or derivative thereof for evaluating the usefulness of a medicament to

~ treat multigenic diseases.

There is also provided use of a reprogrammed cell according to the present
5 mventuon or derivative thereof for preparation cells, cell lines or their derivatives for

medlcal and/or basic research

Accordingly, in a further aspect of the present invention, there is provided a
method of establishing cells or cell lines for medical and/or basic research, said

method including

wy

10 prowdlng .
one or more reprogrammed cells accordlng to the present mventlon

or denvatrves of said cells;
monitoring, adding, removing or otherwise investigating or modifying cellular
processes including but not limited to gene expression and gene products
15 expressed by the cells or derivatives thereof for the investigation of gene broducts
and chemicals as potential therapeutic targéts or agents.

~ There Is also provided use of a reprogrammed cell according to the present
invention or derivative thereof for medical and/or basic research.

>N

20 generating non-human animals from said reprogrammed animal cells or embryos

The methods of the present invention may include the still further step of

or non-human transgenic animals from said transgenic animal cells or embryos.

Animal embryos may be generated from the reprogrammed cells by any
suitable method. - Embryonic development may be initially in vitro and
subsequently in a surrogate. Thus, the aneuploid cell may be initially cultured in

25 vitro to produce an embryo consisting of a diploid cell or a mixture of diploid and
aneuploid cells as and then the embryo may be transferred to a surrogate for
subsequent development into a non-human animal. In vitro culture of the cells

may be in any suitable medium.
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The animal embryo may be of any type, and includes bird, fish, reptile and
mammalian (including ungulate and primate), for example murine, bovine, ovine or
porcine embryos. The non-human animal may élso be of any type, and includes
bird, fish, reptile and mammalian (including ungulate and primate), for example

5 murine, deiné, ovine or porcine animals. Preferabiy; the animal embryb or animal
is a porcine embryo or animal, bovine embryo or animal, a ovine embryo or animal

or a murine embryo or animal.

In a further aspect of the present invention there is provided a

reprogrammed cell or cell line, genetically modified reprdgrammed cell or cell line,

)) 10 or genetically abnormal reprogrammed cell or cell line produced by the methods of
the present invention. The cell or cell line may be a human or non-human cell or

-~ cell line. Preferably the cell or cell line is a porcine, murine, ovine, bovine, caprine

or human cell or cell line.

Examples of cells and cell lines which may be produced by the méthods_of
15 the present invention include pluripotent cells such as embryonic and somatic
stem cells and precursor cells or their derivatives including any end stage

_ '-.diﬁerentia'\ted cell.

, in a further aspect of the présent invention there is provided an isolated
)) tissue or organ prod'uced or improved by the methods of the present invention.

20 The tissue or organ may be of any animal species. Preferably the tissue or.organ
is a porcine, murine, ovine, bovine, caprine, primate or human tissue or organ.

in a further aspect of the present invention there is provided an animal

embryo or transgenic animal embryo produced or improved by the methods of the

present invention. The animal embryo or transgenic animal embryo may be

25 human or non-human. Preferably the animal embryo or transgenic animal embryo
is a porcine, murine, ovine, bovine, caprine, primate or human embryo.

In a still further aspect of the present invention there is provided a non-
human animal or transgenic non-human animal produced or improved by the
methods of the present invention. Preferably the non-human animal or non-
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human transgenic animal is a porcine, murine, ovine, bovine or caprine animal.
These non-human animals may provide organs for transplantation into humans or

other forms of xenotransplantation.

In a still further aspect of the present invention there is provided an animal
product from a non-human animal or a non-human transgenic animal produced by
the methods of the present invention. The animal product may be a human or
other animal -protein or gene product, or a mixture of human and non-human

animal products.

In a further aspect of the present invention there is provided a method of
generating an animal embryo which method includes
- providing
a donor nucleus, and
a recipient cell;
intrbducing the donor nucleus into the recipient cell to produce an aneuploid
cell; | _ .
optionally subjecting the aneuploid cell to an activation step;
generating a reprogrammed diploid cell from said aneuploid cell by
removal, destruction or loss of the recipient cell nucleus or nuclear DNA from said

" aneuploid cell; and

generating an animal embryo from the said reprogrammed diploid cell.

Accordingly, the method of the present invention involves nuclear addition,

ie. the addition of the nucleus of one cell to another cell.

Whilst Applicant does not wish to be restricted by theory, it is postulated |

that disproportionate distribution of the recipient cell's metaphase plate, nucleus,
pronucleus, chromatin, chromosomes or DNA in the daughter cells of the
aneuploid cell, or expulsion of the recipient cellis metaphase plate, nucleus,
pronucleus, chromatin, chromosomes or DNA from the aneuploid cell or one or
more of the aneuploid cell's daughter cells, results in the formation of a diploid
animal embryo and placenta or a diploid animal embryo and an aneuploid
placenta. An aneuploid placenta may provide advantages over normal diploid
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placentas. For example, the aneuploid placenta may be bigger and more
vigorous, which may in tumn improve embryo viability. Alternatively the nucleus of
the recipient cell may be expelled from the cell and participate no further in the

development of the embryo.

‘The process of the present invention may include the further step of
generating a non-human animal from the animal embryo.

In a still further aspect of the present invention there is provided a method . .
- of generating a transgenic animal embryo said method including

providing .
a donor nucleus which has been genetlcally modified to eliminate or

reduce an undessrable actnvuty or to provnde for or |ncrease a desurable
actlwty, and

a recipient cell;
adding the donor nucleus to the recipient cell to produce a genetlcally

modlfled aneuploid cell;

optionally subjecting the aneuploid cell to an activation step;.

generating a reprogrammed diploid cell from said aneuploid cell by
remoVaI, descruction or loss of the recipient cell nucleus or nuclear DNA from said

aneuploid cell; and
generating a transgenic animal embryo from the said reprogrammed diploid

cell.

In a preferred aspect of the present invention, the method may include
subjecting the metaphase plate, " nucleus, pronucleus, chromatin,
chromosomes or DNA of the recipient cell to a pre-treatment step, as hereinbefore

described.

in one form of this aspect of the present invention, the method may include
the further step of

substantially removing or substantially destroying the nucleus, pronucleus,
metaphase plate, chromatin, chromosomes or DNA of the recipient cell, preferably

prior to division of the aneuploid cell, as hereinbefore described.
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In an alternate form, the method includes the further steps of

providing a co-mingling ihhibitor, and

subjecting the aneuploid cell to a co-mingling inhibitor for a period sufficient
to reduce or eliminate co-mingling of the recipient cell DNA and introduced DNA,

5 as hereinbefore described.

Loss or removal of the recipient cell's metaphase plate, nucleus, chromatin,
chromosomes or DNA may be assessed, as hereinbefore described.

in an alternate form of this aspect of the invention the recipient cell may be
) enucleated simultaneously with introduction of the donor cell or nucleus, as

10 hereinbefore described.'

The methods of the present invention may include the further step of
subjecting the recipient cell, aneuploid cell or diploid cell to an activation step, as
hereinbefore described.

The aneuploid cell is preferably maintained in a suitable environment for a
15 time sufficient to allow the donor nucleus or cell to be reprogrammed, as

hereinbefore described.

) The donor nucleus and recipient cell which are used in the method of the
present invention may be of any suitable origin, as hereinbefore described.

In preferred embodiments, the methods of the present invention may
20 include producing reprogrammed second cells, and use of serial nuclear addition
or a combination of nuclear addition and nuclear transfer, as hereinbefore

described.

In a preferred embodiment, the methods of the present invention may

include the further step of
25 maintaining the aneuploid cell in a suitable medium for a period sufficient to

allow the cell to recover a substantially normal shape, prior to activation.
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culture for a period sufficient to allow the cell to recover a substantially normal,
e.g. generally circular, shape. This culture step may be undertaken in a manner

5 similar to that described herein.

Whilst applicant does not wish to be restricted by 'theory, it is postulated
that the culture period permits the aneuploid cell to retum to a more normal or

stable state.

! )) - The aneuplo'id cell may be maintained in a suitable medium preferably for a |
10 period of approximately 3 to 8 hours, more preferably approximately 4.5 to 6
hours. ltis deswable “however, that the- culture period end before any, or any

substantlve division, ensues.

In a still further aspect of the present invention there is provided a method
~ of preparing an aneuploid or reprogrammed diploid cell which rriethod iﬁcludes
15 providing | | |
a donor nucleus;
an exogenous nucleic acid molecule, and
‘a recipient cell; |
: )) | _ introducing the donor nucleus and the exogenous nucleic acid molecule _
20 into the recipient cell to produce an aneuploid; and _
-'optionally generating a reprogrammed dipliod cell from said aneuploid cell
by removal, descruction or loss of the récipient cell nucleus or nuclear DNA.

In a further aspect of the present invention there is provided a method of
generating a transgenic animal embryo which method includes
25 providing
a donor nucleus,
an exogénous nucleic acid molecule, and

a recipient cell;
introducing the donor nucleus and the exogenous nucleic acid molecule

30 into the recipient cell to produce an anueploid cell; and
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optionally generating a reprogrammed diploid cell from said aneuploid cell
by removal, destruction or loss of the recipient cell nucleus or nuclear DNA; and;
generating a transgenic animal embryo from the diploid cell.

The step of introducing the donor nucleus and the exogenous nucleic acid
5 molecule into the enucleated or non-enucleated recipient cell is preferably

performed by either:

1) introducing the exogenous nucleic acid molecule into the donor nucleus
and then introducing the donor nucleus into the recipient cell;

)

2) . combining the exogenous nucleic acid molecule with the donor nucleus and
10 ~introducing the combined nucleic acid and nucleus into the recipient csll; or

3) introducing the exogenous nucleic acid and the donor nucleus separately

into the recipient cell.

The exogenous nucleic acid molecule may be introduced into the donor
nucleus or recipient cell by any suitable means. For example, direct injection,
15 electroporation or simple bathing of the nucleus or cell in a solution of the

exogenous nucleic acid may be used.

) : | In particularly preferred embodiments the exogenous nucleic acid is directly
injected into the donor nucleus prior to nuclear addition; or altématively the donor
nucleus and exogenous nucleic acid are combined and then |n]ected into the

20 recnplent cell.

The exogenous nucleic acid molecule may be of any suitable type.
Preferably it is a naked DNA molecule. Additionally exogenous RNA, mRNA,
hybrids of DNA and RNA and ribozymes maybe used. Whilst applicant does not
wish to be restricted by theory, it is thought that when such molecules are

25 introduced into or taken up by the donor nucleus, transgenesis may occur by
random integration or by homologous recombination.
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10 The donor nucleus may be transferred to the recipient cell by any suitable
method, as hereinbefore described.

Recipient cell volume may be increased by fusing together a zona peliucida
free recipient cell with an enuecleated oocyte or other cytoplast before, after or at
approximately the same time as donor nucleus fusion.

15 - An animal embryo may be generated from the reconstituted cell by any

)) suitable method, as hereinbefore described.
The animal embryo or non-human animal may be of any type, as

hereinbefore described.

The donor nucleus and recipient cell which are used in the method of ihe
20 present invention may be of any suitable origin, as hereinbefore described.

The method of the present invention may be used to generate transgenic
non-human animals, as hereinbefore described.

In a further aspect of the present invention there is provided a reconstituted
animal cell produced by the methods of the present invention. The cell may be
25 | human or non-human. Preferably the reconstituted animal cell is a porcine,
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Scale bar, 50um.

Figure 3: CC-ES cell differentiation in vivo. Histological examination (H&E) of
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fromsaid 15 reprogramed aneuplgid cell. . 2, A nethod according to Caim1l)
wher ei n Pmer@i:p e endaderm: o illg tepltrﬁjwer@- &Extngive c somaticoreele. 3.
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“carcinoma cell or other pluripotent stemcell. 5 A nethod according to
d ai m 1, brgineifbihearh(o) ut{f} (RAS caunderstainedh Sealeibat 1@9um.or nucl eus
derived therefrom 25 6. A nethod according to Caim5, wherein the donor
nucl eus or cell is a cunulus cell or nucleus derived therefrom 7. A nethod
according to Claim1, wherein theEXAMPLEHeus or cell is ~ S DEC 2003

49 an enbryonic cell or nucleus derived therefrom 8. A nethod according
to daim1l, wherein the donor nucleus or cell is a germcell or nucleus
deri ved tkDifrﬁT.;ﬁﬂEbn%féb hesloreRaEkatibr andl diréetion THjRESbA ifh%di%or .

fnycl eus or cell is an enbryonic stemcell, enbryonic germcell, prinordial

Qrm or a somatic stemcell or nhuclear wansfexd t herefrom 10. A nethod
according to Claim1l, wherein the donor 'nucleus or cell is transferred to
the recipient cell by piezo-assisted mcromani pulation. 11. A net hod
accoli Kepnverdionah ardexh nucieationdolowedhbylinjectiom of . the recipient cell
is substantially renoved or destroyed prior to division of the aneuploid
cell. 12. A nethod according to Caim1l wherein the donor cell is
r epr ogr amred In fivarepligate @xpericents: 13. A net hod according to Claim 12

wherein th 1l Qs bl e, of for i -h i mal

erbryo cont arn ng IRUELR obfdes SARves Brucalion te8uBR 4 "accor di ng to

d ai m 13, whereinot thessi unvivet pioeoraeidtied sdirstt'injeRtoh With télﬁ'nﬂlr# 8t ent
ryonic

enbryo cells. ' 15. A nethod according to Cai-m 14, wherein an e
stemcell line isnWeI{t&d8) 16. A nethod of preparing a reprogranmred

gengii cal Iy godifi gal el | {2945 3h&hi ] i oyl,di

di pl oi d donor cel Irgg?ﬂhﬁpﬁo%éﬁ‘go{n%{ %%P@E%%l %ﬁahg%oﬁ%ggpl Yri)tg %&tﬁﬁjs has
been genetically bB#IB8Bed to elim nate or reduce an undesirable activity or
to provide for or increase a desirable activity, and a_reci pi ent cell; "0

9 DEC 2003 WO 001 67568
) Reversed order: Injection then enucleation

In five replicate experiments:

. of manipulated oocytes survived piezo-assisted direcf injection with
20 cumulus cell nuclei (129/236)

. of these survived enucleation (86/118)

. resulting in 36% manipulated oocytes placed into culture (86/236)

All experiments were performed with oocytes and cumulus cells from
standard F1 (C57BL/6xCBA) mice.
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met hod Emhdyenin stem (ES) cells isolated from nuclear additlon blastocysts displayed
characteristic morphology and marker expression and  underwent extensive
)) 20 differentiation into all three embryonic germ layers (endoderm, mesoderm and
‘ectoderm) in tumours and in chimaeric foetuses and pups. Nuclear addition ES
cells also readily differentiated into neurones and muscle in culture. This study
shows that pluripotent stem cells can be derived from terminally differentiated
adult somatic cell nuclei and offers a model system for the investigation of nuclear
.25 donor potential in the development of autologous, human_ pluripotent stem cell

therapies.
Results and discussion

Blastocysts were generated by substituting cumulus cell nuclei for the
genetic material of mature oocytes using a modification of the method previously
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passages. One cell line was established (parental CC-derived ES cell line) and
continued to display characteristic mouse ES cell morphology when grown in the
15 presence or absence of a fibroblast feeder layer in leukemia inhibitory factor (LIF)
supplemented ‘media (Figure 1a). Four sub-lines were established from 48
individual, mechanically isolated cells from the parental CC-derived ES (CC-ES)

cell line.

¢ | All CC-ES cell lines examined showed characteristic ES cell mormphology

20 (Figure 1a) and expressed chéracteristic mouse ES cell markers including stage-

)) specific embryonic antigen-1 (SSEA-1) (Figure 1b) and alkaline phosphatase

activity (Figure 1c). Oct4 mRNA was highly expressed in undifferentiated ES cells

and down regulated in differentiated ES cell cultures (not shown). NT-ES cells

were demonstrated to have been derived from a reprogrammed somatic nucleus

25 by distinctive blue X-gal stained nuclei (Figure 1d) and a normal female (40,XX)

karyotype (Figure 1e). In addition to the cytological examination, the parental CC-

ES cells and clonally derived sub-iines were shown to lack a Y chromosome-

specific genomic PCR product (Figure 1f). No other female ES cells have been

grown in our laboratory. The rate of ES cell derivation from CC blastocysts was

30 similar to preliminary experiments where 5 ES cell lines were established from 55
in vivo derived blastocysts (3.5 days post coitum (dpc)).

Pluripotency of the parental CC-ES cell line and two of the clonally derived
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This report describes the first isolation of pluripotent stem cells from adult

j\) 20 somatic cell nuclei. While ES-like cells have been isolated from bovnne nuclear
transfer embryos derived from foetal fibroblast nuclei (9), the mouse somatic cell-
derived ES cell research descnbed in this report offers a more accessible and
diversified model system for in vitro and in vivo investigation of nuclear
reprogramming and developmental competence. For example, ES cell lines may

25 be established from different donor cell types and evaluated for poSsibIe
restrictions in pluripotency using established in vitro and in vivo ES cell
differentiation regimes. Such analyses may help explain the limited development

of nuclear transfer blastocysts derived from neuronal and Sertoli cell nuclei (6).
These studies could also be enhanced through the use of established transgenic

30 mouse lines which harbour developmentally regulated or ubiquitously expressed
reporter genes to monitor reprogramming at the molecular level or visualise

cellular contribution in chimaeric embryos (8). Similarly, mutant mouse lines with
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Alkaline phosphatase activity was demonstrated as previously described
(17).

9)

P

SSEA-1 expressidn was detected by SSEA-1 specific monoclonal antibody
20 (MC-480; Developmental Studies Hybridoma Bank, lowa City, IA) and visualised
by fluorescein iS_othiocyanate conjugated goat anti-mouse immunoglobulin (Dako,

‘Carpinteria, CA).

Oct4 RT-PCR was performed as previously described (18) using modified

primers: 5-GTTCTCTTTGGAAAGGTGTTC-3' - (forward) and

25 5-ACTCGAACCACATCCTTCTC-3' (reverse) where the anticipated Oct4 RT/PCR
product size was 311bp. As a control for mRNA quality we assayed polyA
transcripts using the same RT-PCR conditions and the following primers:
5-GTTGCAGGGTAACCGATGAA-3' (forward) and

5. TGTTGTGGGTATGCTGGTGT-3' (reverse) and the anticipated product size
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Teratocarcmomas were established by injection single cell suspension of.
CC-ES (parental and clonal) cells under the testis capsule of 4- to 6-week-old
. severe combined immunodeficient (SCID) mice. Testes were removed 18 to 20
15 days after surgery and portions either snap-frozen for X-gal staining or fixed in
Bouinis fixative, embedded in paraffin and examined histologically after

~ haematoxylin and eosin staining.

Q) Generation of chimaeric foetuses and pups

Chimaeras were generated by morula aggregation (20) or blastocyst
20 injection (21). Parental CC-ES cells were either aggregated with eight-cell CD1
embryos or injected into C57BL/6J blastocysts (3.5dpc) before transfer to
pseudopregnant recipient BECBF1 (C57BI/6JxCBA) mice (2.5dpc).

In vitro differentiation and characterisation

CC-ES cell aggregates were either treated with retinoic acid for neuronal

25 differentiation (22) or allowed to spontaneously differentiate into beating muscle
(23). Characteristic antigens in differentiated ES cells were detected by indirect
immunofluorescence using the specific monoclonal primary mouse antibodies and
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X-gal staining/ lacZ PCR

Embryos and frozen tissue sections were fixed and stained with 5-bromo-4-
O) chioro-3-indolyl B-D-galactopyranoside (Xégal; Promega, M.adison. WI) substrate
10 as previously described (24). The presence of /lacZ was detected by genomic PCR
~ using the following prlmers 5'-ACTATCCCGACCGCCTI‘ACT-3' (forward) and
5. TAGCGGCTGATGTTGAACTG-3' (réverse) under the following conditions: 30 -
cycles of 95°C for 30 seconds, 52°C for 30 seconds, 72°C for 2 minutes. The
anticipated product size was 172bp.

15 EXAMPLE 3

Efficiency of nuclear transfer and nuclear addition in pigs

Grdup Oocytes Fused (%) | Cleaved (%) Blastocysts (%)
NT 97 44(45.4) 21(47.7) 6(13.6)
NA 112 54(48.2) 44(81.5) 17(31.5)

Following NT and NA a period of 6 hours was _allowed prior to undertaking
Activation/Fusion.

NT: Nuclear transfer
NA: Nuclear addition.
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The nuclear addition of Example 3 was repeated except that a series of

5 modifications were introduced to gauge their impact on efficiency. These incldded
utilising intact Ml oocytes in place of MIl oocytes, varying the order and
arrangement of the activation and fusion steps, utilising chemical inhibitors to

prevent co-mingling, and removing or destroying genomic DNA. The results are

( )) provided in Table 2. |
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Removal is preferable before the first cleavage op

»)

Activation is preferred uéing described chemical (Ethanol, Strontium Calcium lonophore etc) or elec
Cell injection/Insertion is insertion of new DNA (without fusion) using microflhjection methods (pie

Post treatment usually occurs after activation, preferable for 1 hour (or to 12 hours) but would
Removal or destruction of the metaphase DNA is preferred using enucleation (micromanipulatio

cleavage and is provided to prevent intermingling of genomic and introducec{ DNA

Fusion is preferred using described Electrical, Viral or PEG methods

chemical or laser microsurgery methods.
metaphase DNA to inserted/fused karyoplast DNA.

destruction of the Ml or Mil plates

Note:
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20. A method according to Claim 1, further including the step of generating
a cell line, tissue, organ or non-human animal embryo from said reprogrammed cell.
21. A method according to. Claim 20, further including the step. of -
generating a non-human animal from said animal embryo.
22.. A method according to Claim 16, including the further step of
generating a genetically modified cell, cell line, tissue or organ or a transgenic -
: /) animal embryo from said reprogrammed cell.
23. A method according to Claim 22, further including the step of
generating a non-human transgenic animal from said animal embryo.
24. A cell produced by the method of Claim 1.
25. A genetically modified cell produced by the method of Claim 16.
26. A cell, cell line, tissue, organ or non-human animal embryo produced

by the method of Claim 20.
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() 31. A method of generating a non-human transgenic animal embryo said method
including
providing

a diploid donor nucleus which has been genetically modified to eliminate or
reduce an undesirable activity or to provide for, or increase, a desirable activity, and
a recipient cell;
adding the donor nucleus to the recipient cell to produce a genetically modified
aneuploid cell;

optionally subjecting the aneuploid cell to an activation step;
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a diploid donor nucleus,
an exogenous nucleic acid molecule, and
a recipient cell;
introducing the donor nucleus and the oxogenous nucleic acid molecule into the
recipient cell to produce an aneuploid cell;
optionally generating a reprogrammed diploid cell from said aneuploid cell by
substantial removal or substantial destruction of the recipient cell nucleus, pronucleus,

metalphase plate, chromatin, chromosomes or nuclear DNA; and
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which method includes
providing
a diploid donor cell or diploid donor cell nucleus, and
a recipient oocyte or embryonic cell;
introducing the donor cell or donor cell nucleus into the recipient oocyte or
‘/) embryonic cell to produce an aneuploid cell;
maintaining the aneuploid cell in a suitable environment for a period sufficient to
allow the donor cell nucleus to be reprogrammed,;
optionally subjecting the aneuploid cell to an activation step; and
generating a reprogrammed diploid embryonic cell or non-human embryo from said
reprogrammed aneuploid cell by substantial removal or substantial destruction of the
recipient cell nucleus, pronucleus, metaphase plate, chromatin, chromosomes or nuclear

DNA from said reprogrammed aneuploid cell or one or more of its daughter cells.
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