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¢ THROUGH PRODUCTI ON OF A HETEROKARYON Thi s invention rel ates

reprogr@moﬂgs&f animal cells and aninmal cell nuclei by | ear addition.
The invention also relates to the generation of animal ¢ &f’é}"‘%‘?‘ﬂ"ﬁ i nes,
< tissues, organs, enbryos and non-human ani mals by nethods involving ‘
nucl ear addition. Nuclear addition is the addition of the nucleus of one

cel | to tha} ppbcaRYEl L rePlOGR BRI ROUOA PROBUENeN bF amBrEdi@&yon ansfer in
that a nucleus is added to a non- enucleated cell which may then | ose or be
subjected to a subsequent removal (enucleation) of the recipient or host
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cells, ceI I nes, tissues, organs, enbryos and ani nd agri c ural,
medi caellsy gellr ines, \lissh@s: @sganshembpyasc and oren-hNmare animatsn biyemetiasddeen

us@ t; Y&gﬁ%@‘aﬁgtgaﬁﬁgﬂffsprl ng by transferring 15 a donor nucleus into

an oocyte hat er nal chronosones have first been renoved or
enucl eated. The ability to produce cloned offspring, for exanple by nuclear

transfer, nabl pr uct n of e nunb rs of .identical offspring
and the opdSPERAT AgbitEs 308 Gt o RIS ﬁme"g}eaﬁewteanmer
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enbryos, cultured cells or cultured cell lines on the basis of patient

speci enclaated rs whickhmay B’ﬁﬂrbasérohbetmqiadltbl aisubsgenest ezmoual nal

. ender I t ) i traits or. any ot her
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enbry n 25 aninmals. Wi |st cell tprogran’m ng via nucl ear
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di i agniewlayrabmedicat veterinary ansoresanrsth applicatibasprior art. In a first
aspect of the present invention there is provided a method of preparing a
reprogramed di ploid cell which nethod includes providing 5 a donor cell

or donor nbisiciaar transfer has been used to generate cloned offspring by transferring
15 a donor nucleus into an oocyte from which the matemal chromosomes have first
been removed or enucleated.

The ability to produce cloned offspring, for example .by nuclear transfer,
enables the production of large numbers of identical offspring and the opportunity
to select for the desired animal genotype. For example, nuclear donor cell sources

20 may be selected from animals, embryos, cultured cells or cultured cell lines on the
basis of patient specific or donor matching of major histocompatibility genes, or
animal gender, _disease resistance, enhanced productivity traits or for any other
reason. Simila_rly, nuclear donor cells may be selected from genetically engineered
or modified cells for the production of transgenic cells, embryos and non-human

25 animals.

Whilst cell reprogramming via nuclear transfer has been described in some

animals, the procedures used are often inefficient.

It is an object of the present invention to overcome, or at least alleviate, one



a recipient cell; introducing the donor cell or donor nucleus i[pt:joBFbe%Pm

~recipient cell to produce an aneuploid cell; maintaining the aneu

cell i nwpgetsisapl € environnent for a period 10 sufficientpci9aBbdigatod he
donor nucleus to be reprogramred; and generating a reprogramred diploid

<cell fromsaid reprogrammed aneupl oid 2cell by renoval, destruction or |oss

of the recipient cell nucleus or nuclear DNA from said reprogramed
aneup! obdmees lof tHpditficaltiés baseficiendicshassaviated avitrathd piiemaits potential |y

| ess disruptive than 15 nuclear transfer. In nuclear addition, the donor
nucl eus is placed into an intact cell and is exposed to reprogranmm ng
factors. Thege o fifstogepavl ¢fotieapresentninyehtion dhenziisipedvidedha tinethned aphase
plate, cell nucleus, chromatin, chronpsones or Q{‘I)IA or with the.

cyt opl ayeparingrbagEamacdpieidicsll which aetheiieeludes d  nominal Iy be
renoved or d@ﬁé"?‘iiﬁg t hrough nucl ear transfer procedures. Nuclear 20
addition all donor nucl eus to be exposed to these factors with

m nigral  di srupti arionerceltloridomorinmcieus,y@ndar addi ti on invol ves the
subsequent | oss, destruction or renoval (enucleation) of the recipient
cel I's metaphase preeiBiemiGeleus, chromatin, chromosomes or DNA fol | owi ng
or similt a”%@ﬂ%ht’.cm&tt?.et&ﬁadr%éup%t@émrhmeﬁé]ﬁua%@%abiém@eﬁqé-przaﬁcé engt h
of tinme the donor ¢ IS exposed to the reprogranm ng factors may be

i nf | uerarednbéyplofteceli;ocess of enucl eation. An aneuploid cell is produced

when the donor . nucl is | d 0 the recipiel L], | oi d
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I enpd NS AMicieANRIRIGH thé Bbhol hukkeisaslde reprByrphmed; Bhat e, nucl eus, ‘

- chromatin, chronmosomes or 30 nuclear DNA'is not |ost, removed or destroyed
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met aphagsin Haid feprogeamised apeoploid eell, chromatin, chronosones or nucl ear
DNA is lost fromthe cell, renoved fromthe cell or destroyed. The nethods
of the present invention nay be used to generate cells which 5 are

reprogr am%p{)ﬁam*ﬁ@h@m@ttHa@aﬁhlmrddcﬁiidw is’ ppterdiafiyniest disrgptive than

differentiated) to an al terg?ég_,so tic cell state, or aubstanti al I\é fully
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r epr es sgdotiateéthevitrephegnetapidise plate, cell nucleus, chromatin, chromosomes or
DNA, or with the cytoplasmic components of the recipient cell which would
normally be removed or depleted through nuciear transfer procedures. Nuclear

20 addition allows the donor nucleus to be exposed to these factors with minimal

disruption to celi function.

Nuclear addition involves the subsequent loss, destruction or removal
(enucleation) of the recipient cell's metaphase plaie, nucleus, chromatin,
chromosomes or DNA following or simultaneously with the introduction of the

25 donor nucleus. The length of time the donor cell is exposed to the reprogramming
factors may be influenced by the process of enucleation. An aneuploid cell is
produced when the donor nucleus is introduced to the recipient cell. An aneuploid
cell for the purposes of this document includes polypoid cells. The cell remains an
aneubloid cell if the cell's metaphase plate, nucieus, 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



10 cell. The nethod of the present invention may be used to repﬂggQEEn mhl S
. which have been genetically engi neered. Nuclear donor cells may b

selfected f genetically engineered or nodified cells for the production
ey ges ;

of geneti engi neered stemcells, stemcell |ines anBCEpiigpoo4dos -

+ cell-derived cells or cell lines, for 45 exanple, pluripotent enbryonic
stem (ES) cells or ES-derived somatic cells which may be isol ated,
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donor &8MOVved frem)ag %C%é:’g'ﬁyﬁgnet ically nodified to elininate or reduce

an undesirable activity or to provide for or increase a desirable

activity, and a recipient cell; introducing the donor cell or nucleus into
the recipi eﬁfh%mqﬁh?@s Of thr presant RN maydpe usaditatgansrate eells whishpl oi d
cel ki ' Rl grTp i fTalg L0 fi.gl | pw._t donor
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provi dgage ®ryganessaxpressenin hendonones ywie epreissad inciblel reprograciragd i s
‘,‘_Seﬁévege froma genetically abnormal cell, such as a cell froman. animal or
erson

; ith a genetic disease, and a recipient cell; introducing the donor
cell or nucleus into the recipient cell to produce 10 an aneuploid cell;

sut 11 of ent “25eareBie Rt AGsenh InBaliopsRRy Beslved P Faoran o B which
have been genetically engineered. Nuclear donor cells may be selected from
genetically engineered or modified cells for the production of genetically
engineered stem cells, stem cell lines and stem cell-derived celis or cell lines, for

15 example, pluripdtent embryonic stem (ES) cells or ES-derived somatic cells which
may be isolated, purified or propagated by the method known as stem cell

selection.

Accordingly, in a second aspect of the present invention there is.provided a
method of preparing a reprogrammed genetically modified diploid cell, said
20 method including
providing
a donor cell or donor nucleus which donor cell or nucleus has been
genetically modified to eliminate or reduce an undesirable activity or to
provide for or increase a desirable activity, and
25 a recipient cell;
introducing the donor cell or nucieus into the recipient cell to produce an
aneuploid cell;
maintaining the aneuploid cell in a suitable environment for a period
sufficient to allow the donor nucleus to be reprogrammed; and
30 generating a reprogrammed genetically modified diploid cell from said

reprogrammed aneuploid cell by removal, destruction or loss of the recipient cell



generating a reprogramred genetically abnormal cell with an equn]v%m 2003
genetic conposition to the said abnormal donor cell nucleus fro | 15

reprogramed aneuploid cell by renoval, destruction or |o
reci pi eNYOO¥PT38 nucl eus or nucl ear DNA from said reprogr a?ﬁﬁ:mlg ‘ééndg‘ﬁ’ﬁ?‘? od
-cell. The reprogrammed cells may be usefl in basic and applied research,
cel |l - based gene and drug screening, diagnostics, and/or cell-based gene
and “S%%ne@ﬁfﬁ@agér DA eropdshict b dammen=eiupisig¢etibnor mal cel |'s may
be used 1n Cce 20 based gene and drug screening for the discovery and/or
devel opnent of new therapeutic and prophylactic treatnents for
char act er | seqandntig heBad! of {1 ProsifiandeMRie IR0 Bibdaged @ dhetbodest The
donor nucl eus nmay be of any suitable type and from any suitable species.
The dongkeparthg aseprograenmedigenalitally abneangigsiiasaidomethed includngonor 25
nucl eus may be of  enbryonic, foetal, new born, juvenile or adult origin.
Donor nucl eiP"R¥\M™EE prepared by renoving the nucl eus and a portion of the
cytog! asm and pl a:f%n@?%l%%ﬂ%&hé‘ﬂfhﬁdﬁﬁdd@@péembﬁhﬁuﬁsdsri@miaived
sui t abl e donor cel for exanple using mcrosurgery. Adult cells such as
fi brobl asts, fromma geneticakly abh?h’ﬁﬁbé?ﬁe@-‘@nﬂs ,aegelh%flro@yqn apisaal eRpPerused.
In a preferred enbodi rrené. %ge ddonor nucl eus may be from a somatic cell,
nor e preferatW’y‘ 8, gengHc ISR i A L el |, or a somatic stemcell. Cell |ines
may be used. In ada,:—gdi,j,i@m aelly preferred 0 5 DEC 2003 W 00/ 67568
}' CT/ AUCQO' 00408 enbodi ment enbryonic cells such as enbryonic ﬁ emcells or
other pluripotent inkedusipg|the danes cell asnusiaus igla theeaqiient calf IABIRRYES ger m
.cell,s my be us - articularly preferred that the donor cells be at
- a pa@ticul ar aé‘[%'geeuéléqéeele cell cycle, for exanple Go, G or S-phase.
Appl i cant has f ounflainkainirig thesapesploid eelir a suitabie enpispoineni dosadferid | s
which are enriched for cells gt each stage.in the cell _%r(\:le'by sorting
THi
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cycl e t gahetipopohpdsition stat thel0sdife apasnahudorers eally meclewsnfemopaid |
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del etions, rearrangenments, substitutions and/or duplications. 15 The
reci pi ent Cel‘ﬁh@%rbgr.—mgneéa/cé%tméy betyserl imnbadic emdapphad réksarchspelt es.
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~ therapies. More particularly, reprogrammed abnormal cells may be used in cell-
20 based gene and drug screening for the discovery and/or development of new
therapeutic and prophylactic treatments for characterised and uncharacterised

single gene and multigenic diseases.

The donor nucleus may be of any suitable type and from any suitable

species. Thé donor nucleus may be contained in a karyoplast or cell. The donor

25 nucleus may be of embryonic, foetal, new bom, juveni'l‘e or adult origin. Donor
nuclei may be prepared by removing the nucleus and a portion of the cytoplasm

and plasma membrane surrounding the donor nucleus from a suitable donor cell

for exémple using microsurgery. Adult cells such as fibroblasts, cumulus cells,
lymphocytes and neural celf types may be used. In a preferred embodiment, the

30 donor nucleus may be from a somatic cell, more preferably an adult somatic cel,

or a somatic stem cell. Cell lines may be used. In a particularly preferred



may be, for exanple, germnal vesicle (GY) stage or netaphase | (B/IHQE 003
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mat-.uration (M| oocytes). Other sources of recipient cells include
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oocytes, or oocytes arrested in the second metaphase of meiotic maturation (Ml
oocytes). Other sources of recipient cells include zygotes, fertilised oocytes,
20 embryonic b!astomeres (e.g. 2-cell blastomeres) and cell lines produced from
gonads, gemm cell tumours or any other cell type suitable for allowing the
successful addition of a nucleus. In addition, the recipient cell may be a
pluripotent cell such as an embryonic stem (ES) cell, embryonic germ cell or
primordial germ cell [which includes cells isolated from cell lines, primary cultures
25 or isolated cells from the inner cell mass (ICM), embryonic disc (ED), embryonic
ectoderm or primordial germ cells (PGCs)], a cell derived from a tumor including
an embryonal tumor may be used (eg. embryonal carcinoma (EC) or yolk sac
tumnor celis). Somatic cell recipients such as neural or haematoietic stem cells may
be used as a source of recipient cell. Oocytes, for example arrested in the second

30 metaphase of meiotic maturation (Mll cocytes) are preferred.



pl ate, nucl eus, pronucleus, chromatin, chronosones or DNA fromthe cell

. conconitant with or preferably after a period of tine follow nglth@EC 2003
i ntroduction of the donor nucleus. Alternatively, non-chenj oaches

may be WO67HB8assi st 25 in the disabl ement or expul sion g&f’ﬁ%’“&@ﬁspi ent

. cell's netaphase plate, nucleus, chrogatin, chronosones or DNA fromthe

cell which includes, but are not limted to, inactivation, disablenent,
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cortic granu extrusion of the second polar body, pronuclear
f or nt i inactvated MinussuehyasBendapérusihe reci pi ent or aneuploid cell may be
treated with, but not limted to, for exanple, ethanol, cal ciumionophore
or electrical stinulation to induce activation. Activation may be
performed prpPpfetably thendumort auciewst is, intlodutedy fohexampie fundest thehgodanor
nucl eus. A prelimpary activation step nay be undertaken prior to transfer
of the Pelyciigh By ’H!ﬁ!?%‘t'fge%d may affect the reprogranmng factors
associated with the recipient cell's nucleus, pronucleus, netaphase plate,
chromatin, chronosgnes or 3 Pre-treat&e t nmpy al so, include.the

nthe. depo

di sabl enent '&adé%'?i%@('b’pw grred empedime 5 W@‘ﬁj?r aallomay Bgs,
et apr‘%f@s%ﬁ'éﬁ’tofiﬁé PEBbieht c%hrbg!méﬂﬂfa%s%e&%i%ﬁ\ﬁibﬁﬂmm reduce or

él i mnate co-mngling o e reCipient cell's nucleus, pronucleus,
nmet aphase plate, chromatin, chronosones or DNA with that of the donor.
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t hr oughyl Ra&Ical DN of ties 'ré&i%t eell lrhﬂ BB tsupferted pb at pre-nuginest steponucl eus,

chromatin, chronosones or fromthe aneuploid cell, or, the
di sproportionate distribution.of the aneuploid 25 cell's metaphase pl ate,

nucl eus, chrpratddimerit 0P 1RS PoBIpiet daWs maytiReludrUBUBAtion &f ithe Wellld i a
aneuploid cell. Alternatively, the diploid cell may be generated kgi/gjt he

r erfidy almisfofilamant dnhibitar, ios|dxample: eytrabalaginBethaiyelaxes, the sWirakelgion
chr orraténrb facilitates the removal of a portion of membrane enclosed cytoplasm
containing the recipient cell's pronublei, metaphase plate, nucleus, chromosomes
or DNA, concomitant with or preferably after a period of time following the
introduction of the donor nucieus. Chemical treatments such as, but not limited to,
20 one or a combination of taxol, etoposide demecolcine and cycloheximide may be
used to assist in the disablement or expulsion of the recipient cell's metaphase
plate, nucleus, pronucleus, chromatin, chromosomes or DNA from the cell
concomitant with or preferably after a period of time following the introduction of
the donor nucleus. Alternatively, non-chemical approaches may be used to assist
25 in the disablement or expulsion of the recipient cell's metaphase plate, nucleus,
chromatin, chromosomes or DNA from the cell which includes, but are not limited
to, inactivation, disablement, damage or destruction of the metaphase plate,
pronucleus, nucleus, chromatin, chromosomes and/or DNA by ultraviolet light

(UV), laser or other forms of irradiation.



chronosones or DNA from the aneuploid cell or a daughter cell gi t he
aneuploid cell, or destruction of the recipient cell's net apﬂ GDErﬂ aﬂﬂﬁ,
nucl eus, pronucl eus, 30 chromatin, chronpbsomes or DNA in the aneuploid cell
or a datfh®®e756%|| of the 05 DEC 2003 WD 00167568 PCT/ AUOSLCHOMER08408upl oi d
~cell. I'n one formof these aspects of $he present invention, the nethods
may include the further step of substantially renoving or substantially

destroying the n I o l. se plate, chromatin,
chr ormgomgs El’e'ﬁ%%@%ﬁ{ H%yr%g‘lgbr?aeﬁ?eggﬁpgﬁ%?ef ePabI y prior to division of

t he aneupl oid cell. Renoval or destruction of the nucleus, pronucleus,

net aphase pl acg, ,.chromati .chr of the recipient,cell may
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conpl etion of the nuclear addition procedure, and prior to first enbryo
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t hrough a devel opnental self-correction nechani sn(s) which would restore
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nmet aphase I k0, [olaiols DNA may be assessed by
t he usgc%ﬁﬁ%lr@hag]ta ﬂﬁﬁé@gﬁ?ﬁéﬁgﬁ%@a}sméggbut ng{mfelt%r'ted t o, Hoechst 33342
and W illum nation, or the use of Pol-Scope imging to visualise the
recipient cejl’ s h t - I C i

. c}nr onnsorres.Al%‘%gﬁﬁ@%&rg @Ira?r'llogf% e@% )};?%egh éeggy%#?lﬁjﬁvtgnpég%t‘ﬂemr?et_hods
mayl 0 nelorde nihidlews udnd anay taffect othe2 fegrogvaminiigg afactorsi agdddiatedniwithi try , and
subj ecting.the aneuploid cell to a co-nmngli I nhi bitor for a period
suffic reRipient el Sucoys. @inf?gﬁe “&‘Fﬁl%ﬂg? PlieofhiarRalin, GhFPEIASOMAS oHNA
and i ntggguced DNA. The co-nmingling inhibitor my be a cytoskel etal
(cytokinesis) or karyokinesis 5 DEC 2003 WD 00/ 67568 PCT/ AUOCO' 00408
inhibitor, for exanple, but not limted to, those selected fromthe group

consi sti ng lﬂie-f?@&m?éntfffﬁd&‘y AiséVihekiR 3é NdiBableth&HMof dd@iRticH of the

Nocodazol e. The aneupl o .
recipient cell's nucleus, pronucleus, metaphase plate, chromatin, chromosomes or

15 DNA which may reduce or eliminate co-mingling of the recipient cell's nucleus,
pronucleus, metaphase plate, chromatin, chromosomes or DNA with that of the
donor. Embryos so formed may not be ciones, and may, in tum, not develop to
full-term. |

The step of generating a reprogrammed diploid cell from said

20 reprogrammed aneuploid cell may be performed by any suitabie method. For
example, the aneuploid cell may be maintained in a suitable environment for a
period sufficient for the aneupioid cell to generate a diploid cell through loss of the
recipient cell's metaphase plate, nucleus, pronucleus, chromatin, chromosomes or
DNA from the aneuploid cell, or, the disproportionate distribution of the aneuploid
25 cell's metaphase plate, nucleus, chromatin, chromosomes or DNA in the daughter
cells of the aneuploid cell. Altemnatively, the diploid cell may be generated by the
removal of the recipient cell's metaphase plate, nucleus, pronucleus, chromatin,
chromosomes or DNA from the aneuploid cell or a daughter cell of the aneuploid
cell, or destruction of the recipient cell's metaphase plate, nucleus, pronucleus,

30 chromatin, chromosomes or DNA in the aneuploid cell or a daughter celi of the



cell may be exposed to the co-mingling inhibitor for a period, up to
.pronucl ear formation, of for exanple approxinmately 1 to 6 hour § ?f[}%:r 2003
nucl ear addition and 5 preferably prior to enbryo cl eavage. |n another

f orm of widwaes@gspects of the invention, the recipient cellpcrayudo®odsos

~enucl eated substantially sinultaneously with introduction of the donor cell
or nucleus. Preferably the donor nucl®us is introduced into the enucl eated
cell substantially imrediately before enucl eation. Mre preferably the
donor rarEupicidid€ell.s i ntroduced into the enucleated cell via an incision
'site and the recipient nucleus is renoved fromthe cell through the sane
incision site. The nethods of the present invention, may include the
further stepirsuhiefonnngf these asppitnof the Ipresand iaventivri thec giethods trhay
diploid cell to an activatjon steéep. 15 The recipient, aneuploid or diploid
cel | mdpciyeertheduBRenSigP Obut not linited to, for exanple, ethanol,

cal ci um i onog ' ' ' i i roPlicleus,
Activation n%gngéelgftérﬁnggh ri B?h?%@hgém%gﬁﬁ?%sﬂﬁggmﬁtghr,l&g%u%?% er the

t r arssf anetdphdse platerchrooiatios chremdssmes sedNArdfitee recipjendicefli peafgrably
activation step m undertaken prior 20 to transfer of the donor

nucl euPTf V‘FB&%@E‘?&PW%"% reci pient cells may be subjected to a

cell fusion/activation step. For exanple, where electrical pulses are
tilised f Il fusiop, . th I b | ect.ed t i_mul t I

'ni tiate  adRpmAvEbP ARULERPHRBL 306 (BNEP SN B Pa Ben nSaPas R o852 1 <o

sub eth?\g?ﬁ\%tinzsﬁrﬁ’bmaéo%‘@é“b? ONA quﬁiemﬁécﬁsfbhvi?&(ﬁﬂgﬁlcéei{ b2 pefeansdofforel |

_fusion l'owed Tater by activation. The aneup ( is mintained in a
” sli t ablexaempler @pproxiniatelya 1t tan20, snpfe Preferably appreximalehiéntr Ticmest or

cell to be reprogramed, Prefer el . -

3 ¢f A@@%ﬁﬁﬁ gd Br%@%?!giﬁ t?eﬁ%%{%rsn%ﬁ%fg?ﬁ@g&f%lgystﬁ% gg‘%lgggg&\%{dr'%%nnent
for a ppeéeduld, armpprioxitodiret enibiyo déavays.s Desngtiphedfetiab DNAppapxharat el y
1 to 8 hours. ‘i’he_ ~aneupl oid cell may be nmmintained in a suitable cul Eure
medi umachieMad outiliging t cherealr o8 1ases olr PHght EadiatioriPagrd micrRsUrdEd! i n

Vi vo. ?a&hﬂ gggqﬁtﬂg%kgus and recipient cell which are used in the nethod
of the ~present 1T nventron may be of any suitable origin and need not be

fromthe sanme species. Species to which the present invention nmay be

applied incl Lfd j Lepri | : (1 LN es and

ori et es) Fﬁg&éjs)gb §r g%%t?@ctl&? bt e BEipfET el | Mrdivgs, Q)rBHEHlleﬂlE,
15 metaphase plate, chromatin, chromosomes or DNA may occur spontaneously
through a developmental self-correction mechanism(s) which would restore ploidy

to some if not all cells.

Loss or removal of the recipient cell's metaphase plate, nucleus, chromatin,
chromosomes or DNA may be assessed by the use DNA chelating agent such, as

20 but not limited to, Hoechst 33342 and UV illumination, or the use of Pol-Scope
imaging io visualise the recipient cell's metaphase plate, pro-nucleus, nucleus,

chromatin or chromosomes.

In another form of these aspects of the invention, the methods may include
the further steps of
25 providing a co-mingling inhibitor, 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.

The co-mingling inhibitor may be a cytoskeletal (cytokinesis) or karyokinesis



cells are of porcine, bovine, ovine, rodent, avian, fish, reptile, nurine
.or human 10 origin. In a preferred enbodi nent, the met hods of | FjePg[:emgt
invention may include the further steps of renoving the donor nucleus from

t he anewpdowerseel | ; and introducing said renoved donor nuel-gus;doiiofos.

.second recipient cell 15 (enucleated or non-enucl eated) to produce a
reprogramred second cell, a genetical Py nodified reprogramed second cel
or a genetically abnor rmal reprogramed second cell. In a preferred

enmbodi niakibitar, ﬂWeemnlm shuifnathigmifacetoe Aibosen selectarh fronhthe geomy edndmnmg

ldi £ 1 off B AR anaof Py RIS Goffrmic oneh Sh AT 9aEpIen) Thig anepTon
addi ti ogell Fesy Me BHEbSEE tadfiet cOMIAGIIRY FHIBItGR O ;sgndwq}gﬁgb r@g’?'l

nucl ear transfer nmay inprove the capacity of differentiate
di rect feomadion, @é\f@l’(ﬁ?@éﬁlﬂle approgimaiply 1 dant hdees after miciear addmomeahdl cted

by theo 1 ion and/or transfer is postulated to

i npr e‘glﬁﬁ%'%g)é‘(/g gﬁ%ﬁﬁﬁﬁg@?@%ﬁ% of transplanted nuclei by allow ng
speci fic nol ecul ar conponents in the oocyte to assist in chronatin
renmodel | i ng {hat enef i for cl, Ser i nucl ear
addi tion or éBQmeﬁQPFBrP eﬁﬁcﬂsggpé Qfgtﬁﬁ 'Bﬁe'gtfﬂfg tﬁﬁcf?@' Feqtrc%ﬁ{g\‘"@ry b8 not
restri cdrastiéted SUBStHATAlGVSIRAUlNeolBY Rethi Mthochﬁ@!nOBf THE eddRof Qféﬂ %'Pe

occasi on to sequent i aIIy I nprove conditions for chromatin renodell1ng,
DEC 2008!clgys.00Psfesablipheadonos onsdeus] is umr@@mcecbpmgmnan@lemedenbn yonl c

devel ORUYFRY ety i.fied nodi f i ng,
_deleting otrtantﬂtﬁl '%ﬂgﬁleaﬂ % %&%Hg@aﬂﬁﬂ I\d§ ggfe{aﬂnl%éh F et 'é‘f’ et ed
L or toidés inteydinred mﬂoahg efuicledtbd cdeyinda ah :frd:ienoﬁra@aﬁd Phe rm@tpféﬂtrrmc@ééﬂ ng

or deleti r%p az NSZ' vol ve random or  targeted integration of

t r ansgdhH EEMEVEH IR rﬁ?@tb@qgh ihe same Ingisian s§enes or  expressi on
constructs conprised of heterol ogous gene sequences including enhancers,

repressors, pronoters exons i ntrons, cDNAs, coding sequences, antisense
RNA, 5' or 3N&dpe Snﬁ’ I’tBSI BFaseak dnvantian, RRAY pinshisiss they forthasl stepr ofL0

el ementpbididin d:hags%d.&a At B0 aBb@ibicPedh BF B HiMBR Sen 14, fggt Vg sy e

entry SI I RES po ya eny on signhals ransgene
non- f ustap. onal conponents of a gene or heterol ogous conponents of
di fferent genes which are

15 The recipient, aneuploid or diploid cell may be treated with, but lnot limited
1o, for example, ethanol, calcium ionophore or electrical stimulation to induce
activation. Activation may be performed prior to, concomitant with, or after the
transfer of the donor nucleus.

As discussed earlier, a preliminary activation step may be undertaken prior

20 to transfer of the donor nucleus or the juxtaposed donor and recipient cells may

be subjected to a cell fusion/activation step. For example, where electrical pulses

are utilised for cell fusion, the vqltage may be selected to simultaneously initiate
activation.

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



dependent upon integration (randomor targeted) into the host genone. Such

.transgenes include gene traps, pronoter traps, enhancer traps angngt
15 constructs harbouring point nutations or otherw se capabl e of ey

expr essi 0@&.75%1 endogenous gene. The process of nodifyi NG A 060 o0
.involve the rntroduction of one or nore nutations in both copres of the

target gene. Suitable cells may take udCthe nutation(s) and then be used
to generate a reprogramred cell, cell line, enbryo 20 or non-hunman ani nal .
One copyarifugibiel gssie igayndiatainsd up ed isuitabée cehliremtenheforr esupeadd of
het er ozygous non- human animals bred with each other until an _animal _wth
bot h cofRRo¥IMatRly delte SRS MRrepreferlly aprreximatehelyto SohRUEspTe of
the ge ; difi.ed.i L Ta ta n e .at h
than sy oBR ek CBe; Mhathidied IR 57sHREbRY SERERDARRLIRE Vi "B s

const r ugtar(sfeaadde redurrogdte dinimabandahaintaineddn sguence which is in part
substantially isogenic to at | east one or nore portions of the target gene
may be used. The targeting DNA nay conprise a sequence in which the desired

sequence nodiThe donehhualetist nd tecipiant N whiett ard Uséd\in ith@gaBitbd\bf hét 0 S
DEC 2003 WO 00/ 67568 PCT/ AUOO/ 00408 12 correspondi ng target sequence in
the genfreserny ibwertien rMmay betpleanysititalle grigih apg pot bgyrpe the same

pref era I : 9%~ 98%0 j € i.t.h e p i . ar get
sequencgb%g%%épﬁ?g#éa%)ﬁdejh e(gr? ?@%/ %’%%gé{n@er?o Ihfl C tP%%‘{I%ﬁnﬁ&gjdgé}?@ ably
at | easfishpesiptils . dhd Mmardoriale finchading nrsgulatest endiprimatesiit Pef6Pally] thed9. 9%
identical, The targeting DNA-and the target. DNA preferably share _stretches
_of DNa gells 480 pIGING Payine, PAPEsRIRNL gvidnpdishe fepiile; (@WTINEaPr hpgian
_@ref-lgr aBl’ipirﬁt | east about 150 base pairs that are perfectly identical, even
nore preferably at |east about 500 base pairs that are perfectly
identical. Accordingly, it is preferable to use targeting DNA derived from

cells as cloggly pekated @ﬁDng\a?@é ,e\héogié%hw@ c?fe#l'le %gi;&&mt VSRR, e

preferably, the targeting erived fromcells t he sane genotype
as the melude b hgtherrsdepedf Most preferably,. the targeting DNA is derived

fromeells of the.sa i, ndi.vi.dyal (or_ani mal s,the ce]ls being targeted.
Pr et er abl y, _(REVITGER deanoudEis i ik ARrtrBl 6o 8L, *about © 100 300
base pairs ofnifothsdiagt @il Yereo8andenbNwmudiBuS el 81 3bkondt rdcisieht akgrt 15
300-1000 base pairs of substantially isogenic DNA, even nore preferably at

poet: (eneslaaiedo asanemeaueleatedl (os papdues 13 TepsegiammenAsesendseellher ei n,
the tergah SO mBhinsUPEARigratniedSQ8E0hE B bFT & $ehltically abnormal

reprogrammed second cell.

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 developmenial
capacity of transplanted nuclei by allowing specific molecular components in the
oocyte to assist in chromatin remodeliing that is beneficial for nuciear
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,



DNA having a sequence that is identical with or nearly identical with a

- reference DNA sequence. Indication that two sequences are isogelﬂis D?Ctjﬂﬂé
they will 20 hybridise with each other under the npst stringent

hybri di &0 owerseondi tions (see, for exanple, reference 25pcanguobodolognot

- exhibit sequence polynorphism(i.e. they wll not have different sites for

cl eavage by restriction endonucl eases)". The term "substantially isogenic"

refers to DNA that is at |east about 97-99%identical with the reference

DNA seqDualear repi@gpramingangd embranie denslepmuants- 99. 9% i dentical 25 with

the reference DNA sequence and in certain cases 100% identical with the

ref erence DNA sequence. |ndications that two sequences are substantially

i sogeni ¢ is iThat dem@ynuglenssmay| bagenetically madifieddly owadifying;déeletihg arost

stringepnt, ,.condi ] a t il anl r.ely exhibit

restr ?Cgpgwgfqrbeghtﬁfosrpgﬁ%i%. n‘gﬁ 5%‘?@1% rlﬂ\g( 'ﬁeﬁﬁ)e%rc{ei%tﬁgg‘?{c%d%%q Wﬁ‘% Bﬁi sm
(rel ati yPahpstifgoiBypper that 30 woul d be statistically expected for
sequences of their particular |ength which share at |east about 97-98%

sequence identity). In general, a targeting DNA sequence and a host cell

sequgnce are &5k OVRY: g el ] t i R WO
00/ 6?568 PCTT%% 00408 1§cﬁfgnsggcgﬁlr8jeonﬁgﬁegg?i%ggﬁéwgglgﬁ’encesd%gjg%gar ed
bet weertargefed integration od a rapagene nbransgenesimayrbe fdlydiuactignabgsnesoed t o

be subs Lally i i.C 11, detal sequence infornmatiop i s not
avai l abé’@%??‘owgoﬁglg@%ﬁcggﬁﬁﬂﬁ&d eoj hh%#‘%rg%@%erg? epg‘leﬂHﬁPﬁﬁf‘ngi%{}]”@FLP
anal ysienhdncBrsis repreesdri) opromiciens|s erBiis bintee st tONAsY dBlhgi Seqidhces,

_modi fying an endogenous gene in the donor nucleus. The endogenous gene may
‘e nodidntiggnsgyRNA Soglid’ Mnrerding dpdiafsnaid elfeereBNA progessiigs sianels or

i ncyyidi 21 1,6 -aCH | j nti ML I.C at
| caky ety SALGIEC hansRABNENStart M s1p HGTHE Il HEGRRRE e
mut at | @itesof{IRESs)gend peiyadenyation Osigoals. (Transgeres may hveohargursctional

nbi ti t th t t dth . . Th
Dt oa SETBIETS A GEhE: Pioh Rl SPPRIS SR RIS T M Gana MBIFTOATe cel |
har bourddpgndent AN Ritebrtie! %dd@h?&i@fa}r@étgo?QHid ffe %nﬁéﬂ&n%[‘ds&énﬁﬂa'

sel ection of each founder transgenic cell? imtation to applying this
pr ocesdransgepes brlede geaasiarst piometepriapsarenhanceidrapsiamd othareDNA

di Wesi L&h ansf e st u [ t o previde,sufficient
51 SenpBHCts deBbARL T ImBionk. x| HERHRE. SaBel, “BhamaSintlien:
suppl y expresstbreof anreridogresioss.geffee great majority of cells suitable for in
vitro genetic nodification and subsequent nuclear transfer have limted in

vitro propagation capacity. It is therefore desirable to utilise
The process of modifying a gene may involve the introduction of one or

more mutations in both copies of the target gene. Suitable celis may take up the

) mutation(s) and then be used to generate a reprogrammed cell, cell line, embryo
20 or non-human animal. One copy of the gene may be disrupted in the cell and the
resultant heterozygous non-human animals bred with each other until an animal

with both copies of the gene mutated is obtained. Alternatively, both copies of the

gene may be modified in vitro.

To targef an endogenous gene rather than introduce transgenes into
25 random locations in the genome, a DNA construct (transgene) including a nucleic
acid sequence which is in par substantially isogenic to at least one or more

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



0 transfection and sel ection systens which generate and/or identify
.correctly targeted clones at high efficiency and with [imted rBacﬁJDEgnmg
for in vitro propagation. A particularly efficient approach to selecting
for correotby74car geted clones is use | RES gene trap targerCTvgUO@CU408s, as
. described in Australian Patent 25 6782?1é the entire disclosure of which is
I ncorporated herein by reference. The RES gene trap targetl ng vect or may
be sel ected from | RES-neo, |RES-lacZ, (TAAS) ES_I?@ é_ I RES—I acZ
| ox neo-cokraspeNdiMoAtdef RESUPRES ARTNRGENARE Pa &m %eﬁe ?ﬁ*ﬂﬁﬁ)ﬁ'
| RES- nu a T I Bygeo,
(TAA3) ?%@'Eé quu%ibé S:QFE Ieﬁ?@[ u%otl nﬁtsggg £ | 39600 Eg‘:leé(g1>f IcakERE@?]uy?%ar
B- geo, senleeﬁsnamg mlgeBsgquenGé (eXod) fdrRES—dmmtmhse@aegm madificptioms)s ed

00/ 7 BeTPETPIRTSGHIY 08 (2Pl FUORE Q9S4 Redenfirah RIok REafeBly RO gL6le,
! RESspuwn?é B85S ABRACAN 3hhe ttﬁF%?t;rId‘QDNﬁChﬁﬁstHH Wigde BRRA gﬂ??féréﬁ M share

enhancene I'n gene targeting ICi ency by elim™nating arge “proportion
of randetretaiesgohDNA atvieass aboREF Sgbase thaws thadragetperieatlycidenticakimorgpon

f t I t i nt t l. i bed ) h th
target  BERieapaiagat i b Brse Btk 1) arenapRerty el PYORgPaR ons
into no réfb?éﬁtgrdths strﬁl%tﬁ%@BaBBQJeﬂl%ﬂﬁﬁﬁa?é 9eﬁ@btlfﬁi@ﬁ[c@ﬁ .Addbraingigfier r ed
errbodl I't” may desirable to renove the sel ec mar ker cassette

fromthis pmfgeibéel i¢ @l@&siatgﬁtlﬁllgl !aNﬁaderl\eeqafr@gsc@Is a3 closeheplatedns ppsesible

casdli (B fhe el nerio 1 OBIGH Sinte ldehily dnb 80 o ORATE GRS b e
" ol | owi BPthé A etﬂcﬂyp@bseth@%élmob@mgl faegstedciMost pretsrablynake. tafdesting

exanple of a suita reconbi nase site is . the |ox site which is specific
for theDiA me&wdﬁw gels @fnthe aamenigdivdsiaaipios aﬂwl)saﬁttam eelle b8 nase

th t
and so EIBEIET | ERSRHILANNAeC eigtingl ENa scllis Romynedy e abiat | N0
sel ect i ®00A00 base m@oﬁsuhﬂantlmlwm D&thomplra@rablgcatdeast about
I th df bi I I I th
s nc800T R Paga PP T e A Bop 0 BN EDRpTe ety rPese | s
Sho“' d 16686859 Bééé%k@%f@Dbhf%tﬁﬁ?hé@jbdwmype at a ratio equival ent

to the sel ected 20 pool. The elimnation of clonal selection nay be
particularly useful -where only limted in vitro propagation is desirable

or possi bl e. gﬁsé&%rbnﬁttﬁe%rﬂnnebgaﬁ@ oft BEbSANtIHINE isYgehitd NN refaYdCloe
for nuclear addition or nuclear transfer. Enbryonic
DNA having a sequence that is identical with or nearly identical with a reference
DNA sequence. Indication that two sequences are isogenic is that they will
20 hybridise with each other under the most stringent hybridisation conditions (see,

for example, reference 25) and will not exhibit sequence polymorphism {i.e. they

LS

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 99.5-89.9% identical
25 with the reference DNA sequence and in certain cases 100% identical with the
reference DNA sequen'ce. 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 particutar 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



nuclei are nore efficient than latter stage somatic cells for generating
.live born offspring by nuclear transfer. However, totipotential &rﬂﬁ[}/cmmt
cells can not be 25 cultured for extended periods for any other species
than nmi OAHETSBbtentially primates including man. Nucl eaPCredioolooses
«through serial nuclear addition of e yoni ¢ nucl ei provides an
opportunity to maintain, expand and gefretically nanipulate nultipotential
cells from ani.nmal s constructs be en red in

bact er | $PIRRFULINE n”'i’?n'f"Pﬁﬁﬁ% e J&OS‘WH%‘CPﬁeC%@PPEE WteFBQn E’tjﬁﬂé@aﬁa)?f b

i nt rodugighly iMbPed Reraaeldre duharaily Pehtiiared @@H@Qubﬁ%ﬁiusw 7‘5‘%8’%87'?,0' ude

direct injéction, electroporation, fiposones or
PCT/ AUGtRiailed DNA sesuenaemipfesapstiends mot alvpilatie, ib the weqUemcaplpl rictaaxthibibes

not wish to be restrict.ed i's thought that regions of
substarﬁq%qrvel%o Hf%h' b%y%{ﬁ.?épﬁlg 8f the nmutation preferentially

align the transgene with the target site where it reconbines and introduces
the _nutatiap. It is urther t hought fhat t e in contributing factor for
i ncreasi ng t ’emqrff OLRLyNYEIeHR u%?n%e &sﬁgﬁl m%'"frﬁs{ &i geditying @rnven
gene | Bridigefptseertt in fHaTaoRbr NUcRRINVT®R ddodeHdiR! g R4 bb¥h oot P duced

DNA. Thus, preferred that the DNA is i|sogenic™(genetically
i dent i & mtrmucmg e rsaid (dpnast necleus adDHE m)harl)ct i udineg gienad:lem boitlis

tht t, t hi f t the t

' ans S2hEeRte vBPA € Gria 0Tl RPgbic & #1RBEG ohe "Bt riei ntioBe ¥ e
cont ai ehaggeneusganey anganeiudesosnaBeinicre MRRRIHS or ALWIGSD SBBEnces,
transgenic cells wll contain such a gene or genes or fragnents t her'eof .

© Ratlfer suehdhakihere ds @pmlegeugrr@%npna@oarqﬁtween thn dNADORStact Badrthiehe
subj ec I ntervention by reconbi nant DNA technol ogy. So, for
exanp bnﬂ%gbﬁ&@%pﬁﬂ}en whi ch an endogenous gene has been del eted or nodified

(elther by rodifying the gene product or pattern of expreSS|on) is a

transgeni ¢ §@ld ih@auciBn &uﬁgﬂsﬁéné{ Héllénélgée/necﬂ;ié) %gggaa dse ﬁ&ﬁ?%gﬁl‘f;rr:rg q

whose DNA an exogenous nucl erc G g sequen
cells aelimrhajrhn@.uing tthe dn.fﬂmuangemumtegratw: Feryuid ekpPansibn GaiE Ickdraicel | s,

cell es,. tissue or ani nal yos._and non-human ani mals. These
pr oduc?%' 6’3 ??é?sq M{(']qa QrlrRRSgRNIG P&ﬂ?réd"’@ﬁ%tl'%m @pplying th'E?vW@C@SS e
r egspi ﬁﬂéleﬁ?' ﬂrah@lﬁﬁtﬂwtpﬁogfarﬁé hR! t1eeDANRBLFE &ie (S,Jells biRA%iGRs a‘ﬂplc‘ﬁ oni ¢

stemcell or prinordial germcell) or reprogranme somat e ere a
reci pi lEansiestad rell spesti undergoritet provide suffigipat matbnabfca rholeeulavrargysisl st em

égngggg) %35\'? t%%g@ﬁ:c“é&%& Oar{chlt]@équelf"n?%tubglr} dt%nd hucierfor trtarﬁ% erh%ebgr%%t |
majority of cells suitable for in vitro genetic modification and subsequent nuclear
transfer have limited in vifro propagation capacity. It is therefore desirable to utilise

) 20 transfection and selection systems which generate and/or identify correctly
targeted ciones 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,
(TAA;) IRES-lacZ, (TAAz) IRES-lacZ lox neo-tk lox, (TAGs) IRES-lacZ/mcineo, SA
lacZ-IRES neo, SA (TAA;) IRES-nuclear lacZ, SA (TAA,) IRES-nuclear lacZ lox
Gprt lox, IRES-B-geo, (TAAg) 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



injury, disease or aging. Transferred cells may al so be used to re-popul ate

. a depleted tissue or be genetically altered prior to transpl aft atpen 2[[]9:1
deliver gene therapy. Cells and cell lines derived fromreprogramred cells

or enbr ywee owyssal so 30 be used in cell-based gene and dr ygSLHGHRsHE and

. di agnostic assays to assess 0l 5 DEC 2003 WD 00/ 67568 PCT/ AO0OO/ 00408 16 for

the presence or absence, function, effl4acy, toxicity or any other
bi ol ogi cal propert ene, gene product or other biologically active

of ag
conpountRE8dph;, iFcl%éfhph-ﬂ*hebﬂESi@ueSAalﬂESf@aimslPdE@—puemi tRES gepeopapmmed

ancl or  BtaPlind 3EBier profFl el enisk Ehe hfahtemB pebeac o Rl sifidhnen buer | <
or f1 OERAITERIrG e IGer prspdriish BRVEndeIe tegRIliohY @YehRPT (HZGTBBAC CighY 0.

may al so be used to treat patients with -diséased or defective“cells,
t i ssuestasgelingaastoreselysuparefunationak integtatipo-idter an attivelyl tramserised gessues

cour Te GRENLEH % HE S8 S5 BB ) e 2Bl Snief Slamipm o
t r anspl iatdcrhations ireawrdiragssribddragiBhd efitheOfehdBeRire TR keldbigdt i on may

include the further step of generating cells, cell lines, tissues, organs,
ani mal enbryos or non:-human animals from said reprogrammed cells or from

cel |'s reprogaETHSéYed mBbdintti! fahagdsh idelftabid b PSmBE AR s%!léeﬁ;iﬂé

transfer. 15 The nethod of the present invention nmay a'r'so i ncl ude e

furt hermatdy easseftmdremi e dargatPdaldopsninliglinisate expressionl bf theneynal
cells, Lok 1.§S I ryos non- hupgpn ani mal s

Lfrom saaﬁ.giblé%élde | c%%?am'igﬁéﬁaggﬁﬁr' %34) f%r%’&r%‘%f%ﬁ&?ﬁ%mq f

- derl | caskpttandit seilable BNAoseqlernld whicheRtiogs reEBabIPLLISATdiRls fNe!

7 ‘addi ti W .or without puclear transfer. 20 Cells, cell lines, tissues
and or 3@%@&@9%&% (Fd{‘fé‘@g? SHemPestlic reoompipaseePrecrrample ofya suitekil e

techni GomBild sREH tld RASsitd [ARYER A560iAE KRB PlafnRRageNeraled 1 rom

an animal ~ enbryo that has .devel oped from said reprogra

cel | | iAnadher exampis of ar suitable ancombiraser isdhieofLRART Iréc@mbiteisey sgstbrpm
such a nbryo may 25 al so be generated fromcells reprogrammed by seri al
nucl ear~addition with or wthout nuclear transfer. In a particularly
preferred enbodi nent of the present invention normal, abnormal, diseased

i d80ee,  or e BHibEREY g5he raRing S sidlot Faa s MEndcast asesiege in
that suitably stringent selection systems, such as the IRES gene trap targeting
vectors, can eliminate the need for biochemical analysis of clonal cell lines. In this
instance, individual nuclei from a pool of uncharacteriséd transgenic cells should
generate offspring of the desired phenotype at a ratio equivalent to the selected

) 20 pool. The elimination of clonal selection may be particularly useful where only
limited in vitro propagation is desirable or possible. One such instance includes
the culture of embryonic nuclei for nuciear addition or nuclear transfer. Embryonic
nuciei are more efficient than latter stage somatic celis for generating live born
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 cells by any suitable

method. Preferred methods include direct injection, electroporation, liposomes or
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In addition cells, cell lines, tissues and organs may be gene rom an
ani mal enbréo, non- human foetus or animal that has devel oped froma
repr ogr XYRYUCEEF | . These cells and cell lines may be usedPCEAUGEOs0sShased

. gene and tissue therapies, cell based.ﬁfne and drug screening, 5
di agnostics, basic and applied research, and the production of non-human

ani mal s r | L r_cells derived fromreprogrammed cells iy be
transfe??‘ggﬁ{lg’g’gﬁﬂg%&n@%cfpit _'89( ore function to, or inprove the function of
ti ssues or organs that have been damaged, for exanple by disease, injury
or aging, or,ar. 10 .dysfynctional. dye to neti,c disease, .In a

particularl yv@f‘_'gﬁ!éarprpgﬁg'éhﬁgﬁ mt\ylsggpﬁ%e 5&?@“3?9%3’{ el ‘%_éhoﬁglf'taﬁlatshed
from a egidriof SsubMafillySisoghlcs DNA Catrler| diBeSof e RGAnGR Sreliatlna

d
froman enbryo or enbryonic cell generated by reprogrammng ‘a pati enp?s own
cel | . Hligh tpieasgene withihe dargetesitmaitare it recomiinasdamnd fistredttes the

oo % | iRblatficrs It B e BeloRf 4 Rlauf EBnbRuIRE NRStar e indeasinanthe "
Cel | s agfficiehty| binRRroRRicaly iss kpechiv rﬁdiﬁﬁérp%lt% (‘gi\FérPrde:i*;& Youhd @ﬁ%reﬁ o o

genetically .identical to the patient and woul d pose Ittle or

ib rmune SIEjlaEL Batwasn e tayoet NS and dbe dntrodygsid DAA. 'ﬁlatss,gm sisq:refelmad hat
el cuda tERORENE! bofhih GarSioRhyebcat ot ol ol Wb SSuetiiosiiar o

nucl eust thy deectie fomgy tharidto betaryeael e it nay be de- differentiated to

.produce, for exanple, a pluripotent cell such as an enbryonic stemceli.
i More particularly, Applicant has discovered that it is possible to

geriér at e ES Azbbesd by this epeaificatioh the e diratRnice i) amot Be takeAdy'He
‘somat i ﬁ 25 cell nuclei and that ES cells derived by NA-nedi ated

r epr ogPEHGhIP sefediing ita cells fordaning ooecer more rgangsnirone apathari spedies,
differ ' | P Y 0 LN YA LT in_yivo (see
Fi gur egﬁgf)agﬁ :’2%@9&%%@{: g%pwl?lcﬁaﬁo%%hngtg%és r??t s Pé?ﬁ%‘%’éﬁ" by
t heor ythereof Ratber ihat tedn refers mbee beazdly énany ebll whnsepDPM Has fe@inothe Whi ch
cause . don el.l to be 30 reprogramed r exanple to at | east
par't1 aHGihE O e et epieniiprt 67 FRriPriEat ENA S5 PBeB06. Jer exnmpiss
PCTEAURESID498vhitR &8R! éndddgiious gene has been deleted or modified (either by
modifying the gene product or pattern of expression) is a transgenic cell for the
purposes of this invention, as much as a cell to whose DNA an exogenous nucleic
acid sequence has been added.

Reprogrammed cells according to the present invention may be used to

20 generate cells, cell lines, tissues, organs, animal 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 neufai 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



Accordingly, in a further aspect of the present invention, there_is
provided a nethod of restoring or inproving function of a tisdud QECéwB%n,
said nethod including 5 providing an animal, and one or nore reprogramred
cell s acomowlérsgst 0 the present invention or derivatives fCHEAUG/60408
~reprogranmmed cell's; transferring the Cﬁéls or derivatives of the
reprograned cells to the animal, 10 preferably at or near the site of said
tissue or organ; and allowing the transferred cells or derivatives of the

r epr ogr ferethec giregenee or cfesRNCE: duBgtion .t elicaey o foXieihn @r amedhex biglegical
P, S BoPhL s SR SIS R SR AR sresaBBlnn UREl e o

i nprovi figed,utissies afd dryans werivedofrgam repragraimibededelihanaypi s . usek foel | s

or cell lines which have been genetically nodified may be transferred to
an ani mENedieald MEeERAe ASTIONUHEA), APRICAUONA CRBNPT RATE TREBIRN. § ISHERBRE  of

di sease t o alad AT inek I H‘%\%ﬂ' , N
met agol ?@iﬁggr@ﬂ‘é?gtﬁ |vrgb¥60§%§g2%,8 ‘%I"%’Sbgr]:gﬁﬁt%@r | nfogc?rlhgﬁs desdeta@aevse as
wel | asdatelspedsiromgréprogiammedaembeoyos, enaysisa b usedfo tiesd petients evithans

t hat have bee d ed, for exanple by di e, iniury or aging. 25 In a
still fﬁﬁﬁﬁéﬁgﬁp‘}@’g?g%‘fe Fﬁ@s-ﬁ'fségggtori ﬁ%@?ﬁ-?@%?s’t%égt'ﬁss eﬁ?wng%?f“’gdrﬁﬁ'ﬂod
of geney rﬁﬁ' ' (o 0 ' RHoY ol a hnegLl r
nor e gelrilﬁe%ca 373 Ssm%lc??f ?@%‘?’gr rerilgpf)g?';ﬁﬁg%l cel | gbg@cgr g?ﬁégmtq% o“trrﬁef&‘é g?rekg%%t

i nvent i donor sterce aendesvasid sthiedefose | ayoidr possible | tigsueherejegdtion doliowing
deri_léat{'rrves Iof the reprogramed cells to the animal; and 30 allow ng said
_cel 19 oWaRRIEPEYR s of the reprogramed cells to repopulate in 0 5 DEC

i 2b00) WO 00/ 67568 PCT/ AUOO/ 00408 19 said aninmal to provide gene therapy.

There is als royi ded use o tical ly nodified or abpo I

r epr ogr am"redaEEPT inglyo thi ﬁ'@e%f?g?ﬂgqﬁﬁe@gﬁ?x} IRMERHOR MY '&8&1‘(?2&1%“'?Wr eof

for  pr&epretdgaibrating dBidi 6aMmnés, ftifsuegnerddiy; alimal embryos or non-human
animals from said 'reprogrammed cells or from cells reprogrammed by serial

nuclear addition with or without nuclear transfer.

15 " The method of the present invention may aiso include the further step of
generating genetically modified or genetically abnormal cells, cell lines, tissues,
organs, animal embryos or non-human animals from said genetically modified or
abnormal reprogrammed cells or from genetically modified or abnormal cells

reprogrammed by serial nuclear addition with or without nuclear transfer.

20 - Cells, cell lines, tissues and organs may be produced from the

reprogrammed cells by any suitable technique. |

Cells, cell lines, tissues and organs may also be generated from an animal
embryo that has developed from said reprogrammed célls. Cells, cell lines,
tissues, organs, animal embryos or cell lines derived from such an embryo may

25 also be generated from cells reprogrammed by serial nuciear addition with or

without nuclear transfer.

in a particularly preferred embodiment of the present invention normal,
abnormal, diseased or genetically modified ceils may be reprogrammed and cells

cell lines, tissues, organs, embryos, non-human foetuses or animals established



5 The cells of the present invention may al so be used for investigating
_ di sease processes and in gene and drug screening assays for char[]agt@gi:s@gg
I

or - uncw‘%%’rpg‘gaj sed nmultigenic diseases. In this case, tthf‘?‘g“ﬁ@g‘{ﬂgeThe

lines are erably derived on a patient or disease spe
. cells or cell lines may be establishg¢ follow ng reprogranm ng of a cel
froman aninmal, or a cell 10 culture or cell line established froman

ani el fparhf BidsROreprogRahivdd B apeaddifibnosa’] cefll lrfed, Ndsuds Ared ldigiht h
known or unknown gene or chronpsomal nutations, deletions, rearrangenents
and/ or maplhe genemied framraproipahaskryedashdmearnc iatds arjanimed thaldhas gans

derive r b u j nyesti | sease
pr oces Vel Foh B A GHRmER, oo, FHblee Fons 3G cef Bl TPRY I BBy Yo

parti cuedr belbe, ggescand fissrl Mhetapieyi o8l bavdds gepequndt diwy aRirebhihg,
correction or_ nodification, tQ deliver gene and tissue therapies.

Accdr didiagrestias, sbasict aed appled seareh.prBdethe | pradvction, of mer-husman
provi degd . thod of investigating di sease nechani sns, processes and
potential OF ‘existing therapies by establishing cell-based screening
assays to identify and evaluate 20 candi date drug targets and therapeutic
genes and t Qqyj | - a d | dat sal d .net hod
el ading pr3vhaeyYdl e ool Tels efiea Wi JepRGARINER Gs HefeT

pr esentrang¥erméd e anainigedl ity pdsteas frictivnaitd, ecinsrovéThedonétivn ootissull 80,
renmoving or otherw se investigating or nodifying cellular processes

i ncl udiohgamsthalohave peepamagede frexarpledhy sigpasendniupt 08 @INg.eXpaissed
.in e ; | y i.an; and/or addi ng, renoving or otherw se
_Dnv1est |ag§{4r%é'5ﬁﬁlea%fgéég’\géﬁ%g Q’z%e%‘éeg;é% of chem cals and potential drugs on
cel lul ar processes of the reprogrammed 30 cell or derivatives thereof. U5
DEC 2003 W0,;Q0/, 67&9% é&éq% 0 i SQ. P i of_ a
repr ogr anme ch] I acgéfraélyncggr ot cg %&ggéﬁﬁéﬂf n\élglr?#igrn %érwdjgfe%vﬁfgxye I:{ehereof
for evebtadlishedtfremus phatients owf cellsrEteksaoratll lines mapaiswbt igrablished

di seas There ,is al so %rovi.ded use of programmed, cel|l according to

the. pr BOINED SMANVR, R SREBIONE Gelageneatsih bYJEPToIramBINg &t PAIETRS PP col |

lines epilt hRis' agisrotatisM@viras efsakiccashmly BAd dHdre 188" oc;ﬁﬁﬁ@rfé,i ngly,
in a further aspect of the present invention, “there i s provided a
15 treat a wide range of medical conditicns including, but not limited to, spinal cord

injury, diabetes and Alzheimer's disease. Cells or cell lines established by
therapeutic cloning would be genetically identical to the patient and would pose
little or no risk of immune rejection following transplantation. |

Applicant has discovered that by incubating a partially or completely

20 differentiated donor cell or nucleus in the environment of a suitable recipient cell
the donor cell or nucleus may be reprogrammed. For example it may be de-

~ differentiated to produce, for example, a pluripotent cell such as an embryonic
stem cell. More particularly, Applicant has discovered that it is possible to
generate ES cells by nuclear addition-mediated reprogramming of adult somatic

25 cell nuclei and that ES cells derived by NA-mediated reprogramming of cumuius
cells (CC-ES cells) retain the capacity to differentiate into multiple cell types both

in vitro and in vivo (see Figures 1, 2, and 3).

Whilst Applicant does not wish to be restricted by theory, it is postulated
that the recipient cell may provide factors which cause the donor cell to be

30 reprogrammed, for example to at least partially de-differentiate to form pluripotent



met hod of establishing cells or cell lines for nedical and/or

., research, said nethod including 10 providing one or nore repro@ SHﬂﬂBZUmf
cells according to the present invention or derivatives
nDnltorﬁﬂaooggang, removi ng or otherw se investigating 03&§@%p&V&ﬁ§l

. cellular processes including but not §gmted to gene expression and gene
products 15 expressed by the cells or derivatives thereof for the
investigahipBsOf gene products and chemcals as potential therapeutic
targets or agents. There is also provided use of a reprogramed cel
according to the present invention or derivative thereof for nedical
and/ or basic t 1 lgude
the still fuAhoranpg, it aTuFeracpet] of It PraRhliniofiuan, Iefe s provitiala:

r epr ogr aetbddaot mesteeielgl sr dmmroiingo furetiomo of rautissuer ansgeain,c said maethdd om
said transgenic animal cells or enbryos. Aninmal enbryos may be generated
fron1th§“3@@ﬂggranned cells by any suitable nethod. Enbryonic devel opnent
nmay Re |n|t|?k$y 1 vitro and subsequently in a surrogate. Thus, the
aneupl oi d cel'l e initially cultured in 25 vitro to produce an enbryo
consi sting of a dlapi anithaleéthdor a ni xture of diploid and aneuplold ceI I s

as and then the enbr may._be transferr

devel opnment into z?'\‘?y mﬁl{ﬁn'ea’ﬁ?ﬂ’%"f‘ H%’ts oﬁﬁ'i'gﬁga%g éhee{:‘gmﬁ y be
in any sui taglrgeﬁaghm oi/\.%iﬂqle@?(é@l%ni’rﬁea'be'ﬁsDEC 2003 PCT/ A0O00/ 00408 The
ani mal enbryo nma ype, .and includes bird, fish reptlle and

manmal i an (| n@naﬁzrﬁggdhgm%lseoraﬁarlﬁaﬁlm el ther mpregramee calls itadhe RRimes,

Vi y al so be of any type,
?ﬁn 61}5%?‘8??@ ﬁ'?e ?-e[%ﬁf{é%%ﬂgd rraﬁﬁg q%Jh I'ncl udi ng ungul ate and
pr| mat e) , thlI@Wﬁ@ftl@e tranisfeeredboglisner detivatives gltie meprgramlesd cells to

Preferably, the ani nal enbr%o or animal is a porcine enbryo or animal,
bovi ne @ﬁ?&%ﬁf@rs%lﬁltﬁﬁpeo& UPRe enbryo or aninmal or a nurine enbryo or
animal. In a further aspect of the present invention there is provided a

reprogramed_cel | _or cell ne, ge tlcaII rmdifl d repr.ogramved cel |l or
ColT Pl e 1here ionlsorRIaMAP LSS Ohel PEoR B R GEPPIIRG £ e Prgent

produceﬁ,\)%m.aneom&h 98 thelddf BF G8phydtidh eaf 'aoﬁre A torCtedtéfihg!dne

may be a hurman or non-human ce |ne Pre Iy the cell™or cell
| i n&sl simproving functicardfreetissne neprgavbyesll based tberapies.

The cells or cell lines which have been genetically modified may be
transferred to an animal to deliver gene therapy. Gene therapy would enable
treatment of diseases such as but not limited to Sickie cell anaemia, haemophilia,
metabolic disorders, liver disease, AIDS and other infectious diseases as well as

20 assisting in the repair or reconstitution of tissues or organs that have been

damaged, for example by disease, injury or aging.

in a still further aspect of the present invention, there is provided a method
of gene therapy, said method including
providing
25 an animal, and
one or more genetically modified, reprogrammed cells according to
the present invention or derivatives of said cells;
transferring the cells or derivatives of the reprogramed cells to the animal;
and

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



or human cell or cell line. Exanples of cells and cell |ines which may be
. produced by the nethods of 15 the present invention include pfuy ipEpte
cells such as enbryonic and somatic stemcells and precursor cells or their
deri vat W@80/47568 udi ng any end stage differentiated cell. pcoaudonidyer
. aspect of the present invention there t% provided an isolated tissue or
organ produced or inproved by the nethods of the present invention. 20 The
ti ssue or organ may be ,of any ani mal species. Preferably the tissue or
organ ﬁ@'daa'%mq{itﬂ@,mm?ig?éle%\ﬁr@@{' bovi ne, caprine, prinmate or human
tissue or organ. In a further aspect of the present invention there is
provi ded an aninmal enbryo or transgenic ani mal enbryo produced or inproved
by the method8e {shealspr @sevidlednusht idna Heaclisakal Mediiedh oF abnermgani c

I mal - . he..ani.nal
g A L
pri mat epmpdiatiom of alrhgdicainmerst fof gehefthietapgr aspect of the present invention

there is provided a non- human ani nal or transgeni ¢c non- hunman ani nal
produced or inproved by the nethods of the present invention. Preferably

the yon- humamhancem off tHeprsontDRive2Bidh mA) AR Hrb&isBET 4‘0‘%@@/&%&%52

human transgenic animal is a porcine, nurine, ovine, bovine or caprin
ani nal . disgASR LrAASIREMAAYAA gane and) dpibSreendg assayefor chamstansed icon

into h e of;; QL ra n | 0 I ' further
aspect u%§ ihrg&perr%%gn[n 4@@%&? i é'r?é? Egér'e Pg%’?o{:/iﬁ édﬁiaen cglrll'lgrr%{ bghrlmctar?rom a
n?n- Eumfmbl;abledved ]S bﬁtiamt or allum' eijSpetfiﬁiarm!agisr. dldw:h ealdyor ééleg]iﬁag hods

.of the present inventiop. The ani m roduct, ma a human or ot her

" ani mal 'BRYt ﬁ%rbl&éw@ E?f"eaﬁfas ,reefogaaﬁmﬂar%f B1Calffam ARCAMNBRIA AR cehini mal
pr ct f : [ | .S .ded a

PO Gyt Br [aLif He SSRAHiishEl [0 e el AL o S e

a donorAbn@mals cetim dnclidee il ewithc shdwni at runkinowry géne dwnohromobens] | nt o

anoupl anBlaRns: raeigfibafs FeAGRadBaRs uRker HriGeusit o T0E: hHmmeld
cel | frouNssidicensuiBstied &ed brgans derived from the reprogrammed cells, may be
used to investigate a disease process, assess the therapeutic value, Jéfficacy or
15 toxicity of a particular drug, gene or treatment regime, and subsequent to genstic
correction or modification, to deliver géne and tissue therapies.

Accordingiy, in a further aspect of the present invention, there is provided a
method of investigating disease mechanisms, processes and potential or existing
) therapies by establishing cell-based screening assays to identify and evaluate
20 candidate drug targets and therapeutic genes and to identify and evaluate drugs

and drug candidates, said method including
providing
one or more reprogrammed cells according to the present invention
or derivatives of said cells;

25 monitoring, adding, removing or otherwise investigating or modifying
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.



renoval , destruction or |loss of the recipient cell nucleus or nuclear DNA
fromsaid aneuploid cell; and 20 generating an ani mal enbryo [f Hopk¢ 803 ai d
" reprogrammed diploid cell. Accordingly, the nethod of the present invention
i nvol vev@0eba8 addition, ie. the addition of the nucl el BAUEHW4ERI| to
. another cell. Wilst Applicant does ngowish to be restricted by theory, it
is postulated that disproportionate di'stribution of the recipient cell's
nmet aphase pl ate, nuc] eus, 25 pronucl eus, chromatin hro r in
the daught er TP&Fg & isORTBVidgHdss Qtlc’i’i r%@'iqg,ra@m%é sl 5%88r ‘{IBS ?ﬁiﬁ‘? g’é?%\@nt
cel | s FREARDASS: BbAlMiveiRhEsior AIATMMEUSe LBRIGRBLS bt & mogioanee tor DNA
fromthe aneuploid ce ‘ or one or nore of the aneuploid cell's daughter
cel | s, treatundtigenit desefasesat i on of a diploid animl enbryo and pl acenta or
a diploid animal enbryo and an aneupl oid 30 placenta. An aneupl oid pl acenta
‘may provide advantages over normal diploid 65 DEC 2003 WO 00/ 67568
PCT/ AU0010040Rea3isphisoenrbeisiedrme ekanppogramenach eallascdrding de thhe preserte

bi d i gorous, which in t i 0 vi.ability.
Al {8 nawoalion oraentain sk fteTpaiebebiielice PRI e B8 taspabridaL i e
cel l a%e@ﬂ{aﬂiaﬂd?@ﬁﬁaﬁerééﬁéreﬁf in. the developnent of the enmbryo. The

process o e present I nvention may include the further step generating a
non- human animal fromthe animl enbryo. In a still further aspect of the

present invepLLon: re | V. finGemdraltil FoUWHREER! C
ani mal enbryggggﬁag%ﬂgtﬁo%ﬁﬁ%uél ngt%(f)?%g\%?lﬁ " a dorﬁgpg%uc%l igus V\/nigh has
been ganettiarhiof yestablishiregl cells elrigeillnines tor medinsd and/onbasicr asearetstsaidty or
to provide for, or. increase, a desirable activity, and a recipient cell;
~addi ng mﬁﬁﬁqﬁzm@u& eus to the recipient cell to produce a genetically 15
nmodjdi ed aneyplsidgcel |, optionally subjecting the aneuploid cell to an
activation step; g%nerati ng a reprogramred diploid cell fromsaid aneupl oid
cel| by -renpval , otesxrmoete seprogrammedrelihaceewling éaithe dresantinvgslion

nucl ear DNA frqom.said neuplQid cell; and O generating a transgenic ani mal
embryo from ?rh‘geg‘éﬁﬁ'eﬁeoars%ﬁg%d di pl oi d
monitoring, adding, removing or otherwise investigating or modifying cellular
processes including but not limited to gene expression and gene products
15 expressed by the celis or derivatives thereof for the investigation of gene products

and chemicals as potential therapeutic targets 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.

The methods of the present invention may inciude the still further step of
20 generating non-human animals from said reprogrammed animal cells or embryos

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 wvitro 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.



cell. In a preferred aspect of the present invention, the nethod may
. include subjecting the nmetaphase plate, nucl eus, pronucleus, qp@pﬁgtimmg
chronmosones or DNA of the recipient cell to a pre-treatnent step, as
her ei nb®PIME75685 described. In one formof this aspect oﬂ"?ﬂé”ﬁ@@%@ﬁt
< invention, the method may include thgqfurther step of substantially
renmovi ng or substantially destroying the nucl eus, pronucleus, netaphase

I , ch | Qs T oY of =1 Il ¥ : 30
or ror to a it Anrfe SRERA R e B rl vblcahETOAR: 5 fenIERAR MY ic
2003 ViehAbhtales(imdudingWXgdawlend pAmate plonéxanphi mutinenbotine, awirdedr

I ncl udes the further steps of providi a co-ningling inhibitor, and
subj ecPORINE RMBADSH! B NA-NUFGNARMARTTEY Aikp PRIRIAMLHPEs AN [Ritides

suf ficient .40 C r j 1 ' f, reci pient

and § nPrudshy R EE marRet SnERfd BhgIR ald Brhfibh £ offinpic™

r ecbpi emuriree|Hovinayedvind as @optiat @nimatd. Freferablyp thed animaicdmbngs omasiral DNA

may be. assessed, as herei nbea{rlo%e .described. - In an al t_ernatE formof this
e

d
aspect 1f PORENPIRFBRABICGH 2MEGRPYING AMRRYP| OrAYME: @ Bl fIRpR(P or animal
si nmul tggﬁwghﬁe\grﬁ%gggg#ﬂﬁ'l on of the donor cell or nucleus, as 10

herein ore descr e nethods of the present invention may include
the further step subjecting the recipient cell, aneuploid cell or diploid

el ep e n i Y AliABr Shefectaor 16 NBEIA Sndeid Dire ThE ARSHALE' & c°! !

Is preferably maintarned 1n a suitabl'e environnment for a 15

suf f i creprbgtamaidcoeelt be cdlbfine, gerétaadlyanodiéied repragrameped gelinorecki! bse,
hereginbefore.descr,i bed. The donor nucl eus a recigient.cell whjich are used
D16t aeheucalh daneial iserorrmasi Fof o a8l Hoe aroligR by fas ralads o ac
her ei nipRf SFRehe F/dritiRf. THe RefiR celitirsTRRY B AumbhCorRéMPUinah dellor
present invention may 20 include producing reprogramed second cells, and
use ofceltline Prefarably thediellierrealrling isorbpreine omusinenaineaboving, wapninand

nucl ea r fehp ginbefore described. In a preferred embodi ment,
the meth @Q fcefl %'a%erlg@«[ﬂerit i nvention may include the further step of

Examples of cells and celt lines which may be produced by the methods 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

differentiated cell.

in a further aspect of the present invention there is provided an isolated
tissue or organ produced 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-



25 mai-ntai ning the aneuploid cell in a suitable nmediumfor a perjod
_sufficient to allowthe cell to recover a substantially normal §HaPEC 2003
prior to activation. 05 DEC 2003 WD 00/67568 PCT/ AUCO 00405 25 Appli cant
has di scwoeamesassshat t he nunber of viabl e enbryos produced meERAUD®00408
~significantly increased by permtting the aneuploid cell to be maintained
in culture for a period sufficient to | ow the cell to recover a :
substantially normal, e.g eneral ly circul ar, ,shape. This cuJture, step

may be UNHBARAK@ISIENIE apiHAL S a5PRGIRG. FWNRaCVH& G RSaRTRe dRIMat
appl T CantndloeioRHunth AniaRemaySidvidedrdins! 8¢ HahsplehtatforP it Wihafls of hat

t he cul ture peri permts t eup to return to a nore normal or
st abl e sithéeforivicofarnattarisplamtatiomay be nmintained in a suitable nmedi um
preferably for a 10 period of approximately 3 to 8 hours, nore preferably
approximately 4.5 to 6 hours. It is desirable, however, that the culture
period end bghai etiffiyrth@r agpact oiubet praisentindientioh therecissprevidedian aimal
further aspect of the present invention there is provided, of

t hod
or epdr | REOAHCIIRRTA HPR-RHMAB AUFAL SR JEEan Hrahsogic animal Rpuced Bies

15 provigdl NeToly , ewg_‘l,s e fos G ecul e, a
reci pi e#t?é (r:igfeﬁ’ | ngf 6%%%‘5%2“’3%@9' nuc gﬂgﬁ%ng&fﬁg{ g‘)‘(%%)g%ogsﬁlr’]ﬁ%l elo{:
aci d nolotiser anirdfl proteirt lve gerne preduct,edi at mixtues wf ehamaanang | redrt-huanah
optional ly ggnerﬁti ng a reprogranmed dipliod cell fromsaid aneuploid cell

by reno@8IM ion or loss of the recipient cell nucleus or nuclear
DNA. In a further aspect of the present invention there is provided a

. method of generating a transgenic ani mal enpr whi_ch nethod i nc] udes. 25
" providing a darfbfurthe %%B‘?Cta‘hp &%Bé?ﬁﬁ% IRYRNQ ﬂlﬁ‘?ds R5PYEEAa mathod,of

reciy) eRbnGeling b RHHFLABYY MR Hetalifiaaesd the exogenous nucl eic

aci ecu into the recipient ce to produce an anueploid cell; and
0 5 DEC 200; pravidiigs7568

a donor nucleus, and
a recipient cell;
introducing the donor nucleus into the recipient cell to produce an aneuploid
15 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
320 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 nucieus 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 ceil's metaphase plate, nucleus,
25 pronucleus, chromatin, chromosomes or DNA in the daughter celis of the
aneuploid cell, or expuision 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

30 placenta. An aneuploid placenta may provide advantages over normal diploid



26 PCT/ AU00, JO0408 optionally generating a reprogranmed diploid cguh 6;@53
. said aneuploid cell by renoval, -destruction or |oss of the reciup' E

nucl eus or nucl ear DNA; and; generating a transgenic animl enbryo fromthe
di pl oi d ¥RI9P/675ffie step of introducing the donor nucl eus arRERABOOEeNOUS

- nucleic acid nolecule into the enucl egged or non-enucl eated recipient cell
is preferably performed by either: introducing the exogenous nucleic acid
nol ecul e,/ he n e ' ugl : Iy U S

Mt ot nesrtabon FHICRKeRiticPitRe BREWDIBES didbertd il el g st FH i ¢
‘the doRMgmupb,ewhicmnmlalyqnitmm dldpnci\mgc_an‘ibeyc::]drmiilme.d Aitmhaii\ﬁ?mftheinalpéwl@ut@ﬂd eﬁs
into the recipient cell; or introducing,the exogenous, nuclei¢c acid and the
donor nife® éﬁ‘é’%?é'ﬂ L @ay b?rﬁ’fpec"ﬁg f:':"é'@i %%IF@@ Ipaﬁ'ﬁ@aé‘%dﬁbmrdﬂcﬂh@i c
aci d molyec| n‘?@ﬁ{t&%b@rﬁB%ed into the .donor nucleus or recipient cell
by any suitabl e neans. For “exanple, direct injection, 15 electroporation or
sinple bathing of the nucleus or cell in a solution of the exogenous ]
nucl @i c acid-l-rmy j . Ar A i '
exoggnous nucl €l gpg%(_’{%el%g g-lner ﬁé%éwlhﬁ{elé%?ﬁdﬁ{as{é @Hggg@%o%%ﬁ éﬂ‘%’ p"?fi or

t o nucl geneeatihg a oon-tumahtarimal froet thea arintkdranbrypucl eus and exogenous

nucl eic acid are conbined and then injected into the 20 recipient cell.
The exogenous nucl eic acid nol ecul e -may be of any suitable type.

Preferably iin asstil fuades d39&ciol ¢es iptesaiddhvémtivy thereXegrovded RNMetABYA,
hybrids of DNA and RNA and ri b_oz¥rres maybe used. Wil st applicant does not
wi sh t ochgeneatinga Wanggenigasinal pmbryo saisigethed inclugieg such nol ecul es are
25 introduceﬂrgﬂaiﬂ or taken up by the donor nucleus, transgenesis nay occur
‘ random i ht egr a?i on or by honol ogous reconbi nati on. 05 DEC 2003 WD

00/ 83568 PCT/ AUOOAa6dand dlclalis aviniek ihas|beent gegeticallyt madifigenieselimimye e

used, in which, case the, exaqgenoys.nucleic aci,d nmol ecul e i ncludes 5 and/or
3" ends whi cIPUHGPeaD WRKESIFARIE RGN OF o PERNie 106 ShingreRse.f Sexiiakiet hi n

the donor nugtipkgy, gagome. The nethod of the present invention may include
the further step”™ 5 generating a non-hunman transgenic animal fromthe
transgeni ¢ ani nal adepipjent ik donor nucl eus may be of any suitable type and

fromany suit3Bh§ the donor nucleus to the recipient cell to produce a genetically
15  modified aneuploid cell; '
optionally subjecting the aneupioid cell to an activation step;
generating a reprogrammed diploid cell from said aneupioid cell by
removal, descruction or loss of the recipient cell nucleus or nuclear DNA from said
aneuploid cell; and
, 20 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
25 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 nucieus, pronucleus,
metaphase plate, chromatin, chromosomes or DNA of the recipient cell, preferably

- 30 prior to division of the aneuploid cell, as hereinbefore described.



species, as hereinbefore described. The recipient cell may be of any
,suitable type and fromany suitable species, as hereinbefore ﬁ @EEG&Q 10
The donor nucleus may be transferred to the recipient cell by §C t I?!e
met hod, vag oghknbef ore described. Recipient cell volune ngyrREedsRbEaSEd

. by fusing together a zona pellucida free recipient cell with an

enuecl eat ed oocyte or other cytopl ast 2defore, after or at approxi mately
the sane tinme as donor nucl eus fusion. 15 An animal enbryo may be generated
from t he recdtmanialiersatecforin, the meyhod indudedsthestunber stepdief ei nbef or e

descri bed. The ani nmal enbr or_.non- humgn ani mal may be of any type, as

her ei nbef or e PiRY¢ Fﬁ%%ﬁ?"ﬁ*ﬁ'éﬁ%mgﬁ?fc?gas and recipient cell which are used

in the met hodypfactiRg thé GrdUBRAA tell 1Y 8NEd-RiingMg PhiSoraBY aSpedPSafRidd N,

as herei nbef or efedelsgri bed. ?he met hod of the present invention may lloer&used

t 0 gencioatagiuceans ghimirgate monmingting eintheatesipiast tell &NW efrg intrbekiosidoBMA, I n a

further aﬁ ect of%tgje r.ss nt invention there is provided a reconstituted
B HespioR

ani r%PBﬁ " met hods of the present invention. The cell may
be 25 human or non-human. Preferably the reconstituted animal cell is a

. porcine, 05 C 2003 WO 00/ 67568. PCTI ALK 4 28 nurine, ovine, bovine,
Bapri ne. or -hbEh OB EEMOVRL PP RIS S SCTPIAE BB EHC PO HIDEA e o
i s prowrﬁsﬁnﬁd:ﬁé@agﬁmx%ﬁbﬁbss&fd%%%womdé%im.hods of the

present 1 nvention. The enbryo nay be human or non-hunman. Preferably the
transgenic animal enbryo is a porcine, nurine, ovine, bovine, caprine or

human enbryoy, 48 eplatk! fofH df8is m}ofme gﬁ%é»gabgjtﬁtahreeic%ﬁ%@r‘gﬁﬁg IS

_.provided a non- human transgenic pro
: gr esentenutleatedo simulfretarsiy | with Hetrodaetige mifc thenidamiorni seth gromeicheys, nagi ne,

© ovi , ;bavine _or caprine, animal. 10 The present invention will now be nore

fulﬁ &‘ggﬁmb@éﬁf‘?\/\ﬁ??gcrlb@erence to the acconpanying Exanpl es and Draw ngs.
It should be understood, however, that the description following is
illustrative_onl nd, sh d not be taken in_any. ag, a restriction on
the " gener al (TP dieltas o ohe; BiFssd dhPsaion daay, infiiiss toe girBer ' $6Peohur o
1: Par gpbpdctidg e Fipientltel! R pIGHACSCHIPTSIH CMbSEn BR1IVALIOS tep ORY

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
inciude 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.



nor phol ogy (a), SSEA-1 expression (b) and al kal i ne phosphat ase actl vity
.(c). D stinctive X-gal stained nuclei (d) and fermale (40, XX) k r&d]g{pqgnjp)
confirmed contribution of the transgenic donor cell nucleus. Absence of
chr onosWi/63peci fi ¢ PCR product (|l ower band) in parent al PCCAES/OBI0B S and

- four clonally 20 derived CC ES cell sgg-l ines (f). Controls: male ZIN4O ES
cells, male foetal fi brobl ast (nFF) I1s and no DNA (water). Scal e bar,
100m Figure Neural (.a-d) eni c IIs derived by in vitro
di ffer entlatABH‘ a(#l'@s ﬁ?q"fﬁrﬁa%gﬁ@%&’ QEEQI R/@% m?%@yo%ée‘éé‘i‘ﬁhrred
by i ndigeegj nlfiéﬁﬂ’t lcdiessss ehﬁltii'r?”tﬁ@earﬂg:%lﬁ' EelPrtOliss mMi&i ament
160 and 68%( wo b and c) %gﬁﬁ and nuscl e- spec:"?'lalc prgga:ir{ns
actin (O@I)tuemcﬂouaspempq fS)JﬁICI&r,taIOealbw theo;e‘d; togreeover aosubstantially normal,

differentiation,in.vi i st ol xam natio DEC 2003 WO
L = SoAL k0 Sl e 5B Ol Bl e e PR A e
pr eENGEmPar ©Cthat gestribsd hateinepi t helium (a) .and stratified squanous

epithelium (b); nmesoderm nuscle and bone (c); and endoderm ciliated

epithelium (d). Extensive somatic cell contribution of parental CGC ES

cells in chi i t e
and colnfi rrrievgﬁgétl g g?ﬁgﬁﬁé é:g_ld\fléhstg ‘g.%eeﬁﬂ%ﬁeg? bf%sglp}f;i)ﬁn&?ﬁ ?Sﬁ'ﬂ%faar{{ ggg

and guthqththe( reoperied qrermilsdine aoauploisheell 100rturEXaVRURole Curpaiicion of
sequen§garpc[?f ﬁa;l[gcl eation and direction injection in nouse nuclear transfer
10 Con ¥ SIAF order: Enucl eation fol | owed by injection n five replicate
experiments: of manipul ated oocytes survived enucleation (84/138) of these

.survived piezo-assiste i rect i ection, Wt h | us ,cel | ucI ei, (16/78)
‘36 Fesur | ng e AabRGas s g leantautRy et Spidie mBaEe prptetinl ot g 120)
Rever spéried dsir appkbximatsiy 0B tbhsmmc Imeid preférdbhy capstbkintaRefy Qa.XQ%I gent s:
of mani pul at ed oocytes survived piezo-assisted direct injecti'on with

hours. 1t is desirable, however, that the: culture period end before any, or any

substantive division, ensues.

In a still further aspect of the present invention there is provided a method
~of preparing an aneupioid or reprogrammed diploid céll which method inrcludes
15 providing
a donor nucleus;
an exogenous nucleic acid molecule, and
a recipient celj; |
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 recipient 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



cumul us cell nuclei (129/236) of these survived enucl eation (86/118)
resulting in 36% mani pul ated oocytes placed into culture (86/236)0A IDEC 200"
experinments were perforned with oocytes and cunulus cells from standard F1
(C57BL/ 6wicB)e78dsce. L 5 DEC 2003 WO 00/ 67568 PCT/AlLJOO/004@§M§%u§§@MPLE 2
‘I solation of pluripotent enbryonic stemcells fromreprogramred adult
somatic cell nuclei: A nurine nodel fo26human therapeutic cloning

Pl uri potent human stemcells isolated fromearly enbryos represent a 5
potenti al |y optiomatledensratieg &f reprogramfiest diploidetdl! frgmesaidoanewibichesid

gene and tissue therapies (1-3). wever he. significant proplem of
donor - r B eTaniale SRR R0 Tobk ot RF Fofiaiant £81 Blavs eiBRT BNEE anet
potential of tir?’ﬁfti/&éﬁ%!rﬁé’ﬁﬂimﬁﬁéhbwd“ﬁéni thel diplofd &8l i sed. One
approach whi ¢h avoi ds issués of transplant rejection would be to establish
stemcell lines fromthe patient's own cells through 10 therapeutic cloning

(3,4). Recent In€ m&ﬁ“m btk ! T=YP us
-from an adul tTrs%E)gn%Pi %f cell, tlrans‘% g‘rﬁh?h‘e‘mﬁﬁggce)%zd ?ﬁ?gkag%ﬁé% ?‘Fhlg'see'@dlégi)cgyt e
devoibd oioleetler irato ¢he oenecleaied aod marheaueleatdr yrecipiente \osllo jerepvefetiabict ed
by the transferred nucleus (5,6). Stemcells isolated fromsuch a cl oned
enbryo PREGIMHCHPYRHET cal Iy identical to the patient and pose no risk of

i mmune rejection. 15 Here we report the isolation of pluripotent murine
stemcel]ls frgmyreprogrammed- adult sonatic. cell nuclei. Nuclear addition
crryos Ther o UG dheyeXeoeriaus TP sie Grolesialnte 4By dpaer ausipus
cunul us cel | aAHGhEH iR QuABLYAE rRRleush el S) cells
_-isolated fromnuclear addition b astocysetusS mm@e&ﬁé@%érlgcteri stic

* ror phol ogy and mar ker expression and underwent extensive 20 differentiation

into albythregmbih b G %% ; I [ in
tum)ursé)and ?ﬁ crlﬂ f}égﬁ??’% et uggﬁﬁ%&%&ﬁﬁﬁwlgy%ﬁ% E@ﬁé@%%ﬂ? al so
reatdl y dif f inteoduciigethe aombiread noeleicacidransheclens intbtthe eecipiert celipdy
shows that pluripotent stemcells can be derived fromtermnally
differentiated adult somatic cell nuclei and offers a nodel systemfor the

i nvest igat i cimtrodusing the exbgeonus matleintacit dnmd tive ddevelmueian separately

aut ot ogous, J@gn&p I urnglgt eﬁt stemcell therapies. Results and di scussion

Bl ast ocysts R} %E‘?@P' &®by substituting cunulus cell nuclei for the

genetic material of mature oocytes using a nodification of the nethod

revi ousl . . . '

P Y 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 alternatively the donor
nucleus and exogenous nucleic acid are combined and then injected inio the

20 recipient 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.



05 DEC 2003 WD 00/67568 YCT/ AUOO/ 00408 31 described (6). The QU@IBELS 29%{ S
were collected fromtransgenic mce (ZINAO) that wubiquitously express a
nucl ear | ocalised JacZ reporter gene and denonstrate distinctive blue

st ai ni ng¥v@Pefe7368eat ed with X-gal substrate (7). As recipi epdT/R060bR6s Were
-collected froma non-transgenic strain_(B6D2F1), the presence of the lacZ 5
transgeni ¢ marker was used to denonstréfe nucl ear contribution of the
cumulus cell nuclei follow ng transfer (8). Thirty-nine percent (362/926)
of mani pul at ddterpativelys 1atgetegebraﬂﬁgee@$l§ nméyd benuigedat inorwhich 2¢aseplhiecat e

experi 1w dr j agt i @n,. 759 70/ 362) .af t.he
recons'[ﬂré Séégagg%cﬂ&éggcPé‘gvg{c}ﬁl%gu%hg‘tdq@vé\é §e|qnc§?/?a(éi§ eﬁ%’eﬂ% H%[ﬁcé the

cul t ur enuleic @8k motequietogpeaifit site(s) wthis the demot Ausieus deremdler i ved

bl ast ocysts fornmed after 96 hours culture and were placed into culture for

ES cell isolation. Eight blastocysts hatched and formed obvious inner cell
mass out gr owTie wéthod 6f tpbaprégemulraentisn ERaselinclids Rhe! ﬂg&h iy tds@l
passages. One cell line was e)sbt abl i shed (parer??zl CC-derive gteﬁﬁ qfi ne)

‘and Scodenaiaing 3 nandpIegn diensaeni arimal frapu the EBnsgehicranipabeodyyahen
grown in the 15 presence or absence of a fibroblast feeder layer in
| eukem a i nhibitory factor (LIF) supplenented nedia (Figure 1a). Four
sub- | i nes wefbecdoRor intislaust may £ of rafiy sditable typehand cirbiny ahgosuaitatsle cel | s

from t}ﬁ;’%ﬁ%%d?bﬁ%g oirélggls -ES) cell line. AIl CCES cell Ilines

exam n aracteri ‘cel | norphology 20 (Figure la) and
expressed characteristic nouse ES cell markers including stage specific

_enbryoni c antj.gep-1.. 1 Figure 1 b) and al kaline phosphatase
activity (F?Eh%%@%%@h%&g mm@a&e&p#&%@wq ﬁ“ﬁﬂdﬁw esWtabiat ed
ES cel Ispecies] atoherainsioefonl ddstrbsd.f ferentiated ES cell cultures (not
shown). NT-ES cells were denonstrated to have been derived froma

reprogramed somatic nucleus 25 by distinctive blue X-gal stained nuclei

(Fitqure id) "Anel denoe rikledseimdyebé 4 ' ol
addition to the cytol ogical egm nat%ﬁre?ﬁ%xggﬁgﬁpﬁt%g%a@g&ids'tgg#\ed
cl onal Yethed, gsdasgnbeioresdesgribethown to | ack a Y chronosone- specific
genom ¢ PCR product (Figure 1f). No other fermale ES cells have been grown
in our |aboratory. The rate of ES cell derivation from CC bl astocysts was
30 simlar tidegipiant gellyolurag seay bennsragseddsiusihg tigethena zonarpeliucida

| bl i 0 Lo . | ' .
Capey) TEBTTocbiBr oo vidh o KAUBEIAANER GRefit SEHEY diplafibaint cattgingy &
cl onal appdeximedelythesaphktirR0ds \IONBONGcEeS8 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 the

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,



32 PCT/ AUOO.00408 sub-lines was investigated in vitro and in vivo. All
CC-ES cell lines were found to readily differentiate into neurﬂ)??lﬁﬁn?ﬂm
beating nmuscle in vitro at a simlar frequency to control ES cells. ‘
Mor phol egboevk7s8Bser vati ons were confirmed by indirect inmiamA¥dusmaescence
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differentiation with all CCES cell injection sites (12/12) in
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~bovine nucl ear transfer enbryos derived fromfoetal fibroblast nuclei (9),
" the nouf®i®dhatic cell- derived ES cell research described in this report
offers a nore accessible and diversified nodel systemfor in vitro and in

vivo investigation of nuclear [.epro%r anm nlg and devel opnent al corrﬁgtence.
For 18anpl e, pEggentinvantipn wilnaye bednarm fullydescribedavith seferenep ivineel |
types a r S S rigtd i i n i
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nouse |ines which harbour devel opnentally regul ated or ubiquitously
expressi_(‘j rEPorte_r genes to nonitor reprogranm-ng at the nol ecul ar | evel
or visudthe QHPPul ar contribution in chimaeric enbryos (8). Simlarly,
mut ant nouse lines with 05 DEC 2003 W 00/67 56 8 PCT/ At JOO' 00408 33

15 Figure 1: Parental CC-ES .cell's displayed' characteristic mouse ES cells colony
morphology (a), SSEA-1 expression (b) and alkaline phosphatase activity (c).
Distinctive X-gal stained nuclei (d) and female (40,XX) karyotype (e) confirmed
contribution of the transgenic donor cell nucleus. Absence of Y chromosome-
specific PCR product (lower band) in parentai CC-ES cells and four clonally-

- 20 derived CC-ES cell sub-lines (f). Controls: male ZIN4AG ES cells, male foetal
fibroblast (mFF) cells and no DNA (water). Scale bar, 100pm.

Figure 2: Neural (a-d) and myogenic (e-f) cells derived by in vitro differentiation
of clonally derived CC-ES cells. Morphology was confirmned by indirect
immunofluorescence to neurone-specific proteins: neurofilament 160 and 68 kDa

25 (b and ¢) and MAP-2 (d), and muscle-specific proteins: actin {e) and desmin {f).

Scale bar, 50um.

Figure 3: CC-ES cell differentiation in vivo. Histological examination (H&E) of



specific gene deletions or genetic nodifications could be used as a nucl ear
donor source to investigate the role of specific genes in nucl:« aﬁ 2003
reprogrammng or pluripotent stemcell differentiation. Possibly tqg

gr eat estw@pod/ergs al for conbi ni ng nucl ear reprogranm ng w t],p:T/A 0%%090%' I
.derivation lies in the devel opnent of autol ogous human pluripotent Stem
cells for cell based gene and tissue t3%erapies. ES cell derived somatic
cell transplantation could restore function to diseased or danmaged tissues
or be parrtlcdTCyES tenadetgrcinomas shaws leanprtiseonet of detiodermgeneural
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in recipient animals, Research described in this report provides proof of
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| ndi vi dual Etrrul us(cel I 2r%uc ei( were nmechanically 1sol ar‘[ igélgﬁd injected into

intact netaphase |i oocytes (13 to 15 h after human chorionic

gonadotrophin adm ni stration) ugﬂ Iz -.Essi sted m cronmani pul ati on

(Piezo inpact 20 m cronmani pul ati Mﬂ'f‘? MW 150FU; Prine Tech Ltd.,

| baraki, Japan). Cytoplasm containing the netaphase plate of each injected

oocyte s then renpved in th m%re‘?ence of cytochalasin B (Sigm, St.

,.,..goui s, \IC/%)C{'“E?QFHQOO RUence ualegtiongad.diregtigninjegtipmin meused

. assessed under ultraviolet |ight, of only the oocyteis
chronosones. After 3 to 4 h recor“s‘%‘?ﬁ%?@g%% oocytes were chemcally

activated in 10 mMMstrontiumchloride (Sigma) in the presence of

cytyerh j i jum (14) at 37C and 5%
I S Thiondl ortick: ERGEIGHAr b BY iFieflioh ' (1) 00 6vn6s 24
Derivation of ES cells 05 DEC 2003 PCT/ AUOO/ 00408 ES cells were isol ated
essenti al | Y 13 gerg@ﬁééqg%#ﬁ}n%(m h the exception that all enbryos were

ing u well's" o

cultured in rvidua 6-wel | tissue culture plates (Falcon,

Bect on Di ckinson di mhawipalatéd booytesRamtivedlBhucléionqsa/Bg)l uci da on 5 sone

bl ast ocyst s werewzlit with a fine glass pipette to assist in hatching. ES
S

cel | isolafion WAstEEPs BMEd RiezPAsistad odeetuinikaion withogumiuds Bl e’ s
medi um nuclei (16/78) ‘
15 . resulting in only 12% manipulated ococytes placed into culture
(16/138)

) Reversed order: Injection then enucleation

in five replicate experiments:

. of manipulated oocytes survived piezo-assisted direct injection with
20 curmnulus 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 cumuius cells from
standard F1 (C57BL/6xCBA) mice.



(Trace Bioscientific, Castle Hill, Australia) containing 20% foetal bovine
~serum (CSL, Mel bourne, Australi a) and 2x103 Um LIF (qgift frcﬂnSLDngmg
WIllians, Monash University, Cayton, Australia) with non-essential amno
aci ds, wbuwosnsese, 10 penicillin/streptonycin (Life TechnoP&§{Ad{0/00408

. Gai therburg, MD) and 2- nercaptoethangy (Sigma) at standard concentrations
(16). Once established, ES cells were cultured without feeder cells in
gel atin-coated dishes in ES cell di um cont ai ni ng 10% f oet al

bovi ne serum C onal . sub-1ines V\m{’;ﬁ' :zhed by nechanically
transferring individual cells from passage 6, feeder-free, parental 15

CC-ES cell cultures into separate gelatin-coated wells of a 96-well plate.
Char act etlseh!tlamobpltﬁﬁpo&misemlblmbnnestﬂmgﬁl@tf&gm mrqgrammg dwdnst r at ed
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G banding techni ques were used f Karyoty % (50 nmet aphase spreads
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under ﬁMaﬁ@lffawmQa@qnc&csmgﬂs ceBb tranefersthef nitdéud ¢o adOunfeeiinal obB@e f or
30 seconds, 72C for 30 seconds (Dr David Threadg}ll ;‘ﬁ&l\’g rtment of Cell
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would be genetically identica! to the patient and pose no risk of immune rejection. _

15 Here we report the isolation of pluripotent murine stem cells from reprogrammed
adult sorﬁatic cell nuclei. Nuclear addition embryos were generated by direct
injection of mechanically isolated cumulus cell nuclei into mature oocytes.
Embryonic stem (ES) cells isolated from nuclear addition blastocysts displayed
characteristic morphology and marker expression and . underwent extensive

' ‘_) 20 diﬁeréntiation 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



10 chronosonmal honol ogue Sntx (approxi mately 330bp). Teratocarci nona
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beating nmuscle (23).. Characteristic antigens in differentiated ES cells
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anti- desmn (1:30; |\/D7g(i_i Dalg%, aTr;‘Lgi - VAP 2a, b ‘\1: 100; AP20, Neonarkers,
Uni on MPGe! eiagesallenaft iR iiurand R 5t Siqrphemarsaliy eyt ;

A h ! ) i .

B a0 el (OO MR DRRIGEI, [T 4AST S SO SR e P ke PiREed nje

i _E);rrbr yosutuck faroE8ncell soiatione &igiohblastoeysts hatched] ast domaddvelniots limmso- 4-
chl oro-3-i ndal yl -D- gal act. ranoside (X-gal . PBronega dison,. W)..

subst r G¢% Tésﬁgoﬂ'rgé?/ ‘ slv’ﬁ}t?’gés?ﬁ %ﬂn@(zaﬁ‘&%fﬁegg’ré’? n@@l\rﬁq’o'f’%z\ﬁaé’z@%‘t ect ed
by genpabsadi¥R Onsi 44l life vidd leavdbBhadi gﬁré'hté'cmmmaﬁ%ﬁ
(forward) and 5'-TAGCGCCTGATGITGAACTG 3' (reverse) under .the follow ng
condi t Femiinuexd to sljenlay charapteristin masccEdneell nEaphpiogy3sher gsows, in7the for 2

m gyt eﬁres-g?\%e SPhbSe M 6fa HPMGE: f;éezneer"@}?eljizlzlgﬂkeljn%a W&rﬁ fgctor (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 mbrph'ology_
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 celis
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 Dby distinctive blue X-gal stained nuclei (Figure 1d) and a normal female (40,XX)
karyotype (Figure 1e). In addition to the cytological examination, the parentat CC-

ES celis 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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CL >4 Tawd ofudci@sipebifie antibodies (Figure 2). There appeared to be no restriction in
differentiation with all CC-ES cell injection sites (12/12) in immunocompromised
mice yielding lacZ positive teratoca'rcinohas with extensive differentiation into all
three embryonic germ layers including neural epithelium and siratified squamous

epithelium (ectoderm); muscle, cartilage and bone (mesodermm); and ciliated

10 secretory epithelium (endoderm) (Figure 3a-d).

Restoration of pluripotency to the somatic nucleus was further
demonstrated by somatic cell contribution in chimaeric foetuses and pups. Four
out of six midgestation (1 Odpc) foetuses contained X-gal positive cells. One foetus
appeared to be composed solely of NT-ES cell derivatives (not shown). Six out of

15 14 pups were identified as chimaeric by obvious coat and eye colour (Figure 3e).
Multi-lineage CC-ES cell contribution was confirmed -by lacZ genomic PCR,(not
shown)} and microscopic analysis of X-'gal stained frozen sections of all organs-
analysed including cerebellum, heart and gut (Figure 3f-h).’ |

_ This report describes the first isolation of pluripotent stem cells from adult

y 20 somatic celt nuclei. While ES-like cells have been isolated from bovi'ne nuclear
transfer embryos derived from foetal fibroblast nuclei (9), the mouse somatic cell-
derived ES cell research described 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 possible
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
reporier 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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specific gene deletions or genetic modifications could be used as a nuclear donor

source fo investigate the role of specific genes in nuclear reprogramming or

pluripotent stem celi differentiation.

Possibly the greatest potential for combining nuclear reprogramming with

5 ES cell derivation lies in the development of autologous human pluripdtent stem
cells for cell based gene and tissue therapies. ES cell derived somatic celi
transplantation could restore function to diseased or damaged tié;sues or be
genetically altered prior to transpiantation to deliver gene therapy. Transplantation

studies in the mouse have shown that ES cell-derived cardiomyocytes (10), neural

) 10 precursors (11), haematopoietic precursors (12) and insulin-secreting cells (13)
can survive and function in recipient animals. Research described in this report

- provides proof of principal for human therapeutic cloning in a model system.
Supplementary material and methods

Generation of blastocysts by direct nuclei injection

15 Oocytes and cumulus cells were collected from superovulated adult
CeD2F1 (C57BL/6J x DBA/2)} and ZIN40/120Sv female mice, respectively.
Individual cumulus cell nuclei were mechanically isolated and injected into intact

_ metaphase Il ococytes (13 to 15 h after human chorionic gonadotrophin
) administration)  using piézo-assisted rriibromanipulation (Piezo  impact

20 micromanipulation system, PMM-150FU; Prime Tech Ltd., Ibaraki, Japan).
Cytoplasm containing the metaphase plate of each injected oocyte was then
removed in the presence of cytochalasin B (Sigma, St. Louis, MO), stained with
bisBENZIMIDE (Hoechst 33342; Sigma) dye and assessed under ultraviolet light
for removal of only the oocyteis chromosomes. After 3 to 4 h reconstructed

25 oocytes were chemically activated in 10 mM strontium chioride (Sigma) in the
presence of cytochalasin B for 5 h, then cultured in G1/G2 medium (14) at 37°C

and 5% GO, for 4 days with embryo development assessed daily.
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Derivation of ES cells

ES cells were isolated essentially as described (15) with the exception that
all embryos were cultured in individual wells of 96-well tissue culture plates
(Falcon, Becton Dickinson Labware, Lincoln Park, NJ). The zona pellucida on

5 some blastocysts were slit with a fine glass pipette to assist in hatching. ES cell
isolation was performed in high giucose Dulbecco's modified Eagle's medium
(Trace Bioscientific, Castle Hill, Australia) cdntaining 20% foetal bovine serum
(CSL, Melbourne, Australia) and 2x10° UW/ml LIF (gift from Lindsay Williams,
Monash University, Ciaytoh, Austfalia) with non-essential amino acids, glutamine,

) 10 penicillin/streptomycin  {Life  Technologies, Gaitherburg, MD) and 2-

mercaptoethanol (Sigma) at standard concentrations (16). Once established, ES
cells were cultured without feeder cells in gelatin-coated dishes in ES cell culture
medium containing 10% foetal bovine serum. Clonal sub-lines were established by
mechanically transferring individual cells from passage 6, feeder-free, parental

15 CC-ES cell cultures inio separate gelatin-coated wells of a 96-well plate.

Characterisation of ES cells

Alkaline phosphatase activity was demonstrated as previously described

(17).

SSEA-1 expression was detected by SSEA-1 specific monocional antibody
20 (MC-480; Developmental Studies Hybridoma Bank, lowa City, IA) and visualised
by fluorescein isothiocyanate 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 B-ACTCGAACCACATCCTTCTC-3' (reverse) where the anticipated Oct4 RT/PCR
product size was 311bp. As a control for mRNA gquality 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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was 361bp.

Standard G-banding techniques were used for karyotyping (50 metaphase

spreads counted). The lack of a Y chromosome was further confimed by the

- absence of Smcy (19) as determined by genomic PCR using primers:
5 5-TGAAGCTTTGGCTTTGAG-3' (forward) and 5'-CCGCTGCCAAATTCTTTGG-3'
(reverse} under the foliowing conditions: 35 cycles of 95°C for 30 seconds, 58°C
for 30 seconds, 72°C for 30 secondé (Dr David Threadgill, Department of Cell
Biology, Vanderbilt University, Nashvilie, TN; personal communications). PCR
products were generated from Smcy (approximately 290bp) and its X-

£} 10 chromosomal homologue Smex (approximately 330bp).

Teratocarcinoma formation

Terato¢arcinomas 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 o 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.
Generation of chimaeric foetuses and pups

Chimaeras were generated by morula aggregation (20) or biastocyst

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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FITC conjugated anti-mouse immunoglobulin (Dako) at the following dilutions

according to manufacturer's instructions: anti-actin (1:20; M0635, Dako), -anti-
desmin (1:30; M0760, Dako), anti-MAP 2a,b (1:100; AP20, Neomarkers, Union
City, CA) and anti-neurofilament proteins 68kDa and 160kDa (neat; Amersham

5 Pharmacia Biotech, Amersham, UK and Boehringer Mannheim Biochemica,

Indianapolis, IN, respectively).

X-gal staining/ lacZ PCR

Embryos and frozen tissue sections were fixed and stained with 5-bromo-4-

10

chioro-3-indolyl §-D-galactopyranoside (X-gal; Promega, Madison, WI) substrate
as previously described (24). The presence of /acZ was detected by genomic PCR

using the following primers: 5-ACTATCCCGACCGCCTTACT-3' (forward) and
5-TAGCGGCTGATGTTGAACTG-3' (reverse) 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

) TABLE 1
Group Oocytes | Fused (%) | Gleaved (%) | _ Blastocysts (%)
NT 97 44(45.4) 51(47.7) 6(13.6)
NA 112 54(48.2) 44(815) 17(31.5)

Activation/Fusion.

Following NT and NA a period of 6 hours was allowed prior to undertaking

NT: Nuclear transfer
NA: Nuclear addition.
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EXAMPLE 4

Efficiency of Nuclear Addition in Pigs and effect of Activation, Fusion and

Post Treatment thereon

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 MI 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

N provided in Table 2.
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EXAMPLE 5
The effect of delaying activation in pig oocytes
TABLE 3
Time delayed No. of Oocytes | No. of Oocytes Fused (%)
1A 2hrs 131 57 (43.5)
416 hrs 104 63 (60.6)
5 EXAMPLE 6
Efficiency of Transgenesis in porcine embryos produced by Nuclear
Transfer (NT) and Nuclear Addition (NA)
TABLE 4
Group Qocyies Fused Cleaved Blastocysts | Transgenic
(%) (%) (%) (%)
NT 196 87(44.4) 42(48.2) 12(13.7) 1 (8.3)
) NA 210 101(48.1) | 50(79.2) 26(25.7) 3(11.5)

galactosyltransferase gene

The DNA construct used was pGalloway which is based on the porcine o1,3-
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251(4999), 1351-5 Finally, it is to be understood that various alterations,
nmodi fi cALL&IMSnd/ or additions may be made without departing fromthe
spirit of the present invention as outlined herein. 0 DEC 2003 WD

{)0/ 67568 PCT/ AUO0O/ 00408 48 CLAI M5 A nethod of preparing a reprogramed

di pl oi d cel |l which bl bhpregaring F paprdgrgnmerl diploid cell witich daetiiod

nucl eus, and a recipient cell; introducing the donor cell or donor nucleus
i nto thénglededpi ent cell to produce an aneuploid cell; maintaining the
aneuploid cell in.a suitable environnment for a period 10 sufficient to

al | ow t he dofdgP” eus to be reprogrammed; optionally subjecting the

aneupl oi d cel | to zadon6t cothdr donsit wycleasidargkner ati ng a reprogramred di pl oi d
cell fromsaid reprogranmed aneuploid cell by renoval, destruction or |oss
of the recipient @&IECIRIBBY €S or nucl ear DNA from sai d reprogranmed

loid cel , ' i i '
e 0 i o fE 90 g ot bbb e

reci pient cell ) or enbryonic met hod

accor di ap dreedpieidroel; wherein the oocyte is a nmetaphase |1 oocyte. 4. A

met hod according to Cgiml erein the recipient cell is . a 20 enbryonic
.stemcell, ef@ W'@gg&% %’@ﬁq’gjm&r Crir th 2 sé’étghrecequ,'m@mﬁ?o?ﬂl a perio

10 sufficient to allow the donor nucleus to be reprogrammed;
optionally subjecting the aneuploid cell to an activation step; and
‘generating a reprogrammed diploid cell from said reprogrammed aneuploid |
cell by removal, destruction or loss of the recipient cellﬁnucleus or nuciear DNA

from said reprogrammed aneuploid cell.

15 2. A method according to Claim 1, wherein the recipient cell is an

vocyte, zygote, or embryonic blastomere.

3. A method according to Claim 2, wherein the oocyte is a metaphase
Il cocyte.
4. A method according to Claim 1, wherein the recipient cell is an

20 embryonic stem cell, embryonic germ cell, primordial germ cell, embryonal

carcinoma cell or other pluripotent stem ceil.

5. A method according to Claim 1, wherein the donor nucieus or cell is

a somatic cell or nucleus derived therefrom.

6. A method according to Claim 5, wherein the donor nucleus or cell is

25 a cumulus cell or nucleus derived therefrom.

7. A method according to Claim 1, wherein the donor nucleus or cell is

an embryonic cell or nucleus derived therefrom.



carcirnoma cell or other pluripotent stemcell. 5. A nethod accor iﬁﬂ@ﬁto
Claim1, wherein the donor nucleus or cell is a somatic cell or ug[m
derived therefrom 6. A nmethod according to Claimb5, wherein the donor
nucleus or cell is 25 a curmulus cell or nucleus derived therefrom 7. A
met hod according to Claim1, wherei4® the donor nucleus or cell is an
enbryonic cell or nucleus derived therefrom 5 DEC 2003 49 an enbryonic
cel | arembgbdic selt@rnucieds tbeveefthenefro®. A nmet hod according to Caim 1,

wherein the donor nucleus or cell is a germ cell or nucleus derived

t her ef roms. A n hethoacamoodinggotGaifd &iwheteinwhedenar ubleusonoell isucyeos or cel |
is an enbryonic stemcell, enbryonic germcell, prinordial germor a
somatdell os haetlewddrived theneftoetis  derived therefrom 10. A nethod according to
Claim 1, wherein the donor nucleus or cell is transferred to the recipient
cel |l by pi®zo- gssietlic] acdotdingran iCailratl | ehereinl theAdoretr radtlesis cwr ckilinig 4ro C ai m
1, wherein nucleus or nuclear DNA of the recipient cell is substantially

I end\edbrodnicl siebr @yl eembrybaic geon delly pemordialfgetrher asempliostédmoslllor nd@eusA met hod
according to Caim1 wherein the donor cell is reprogramed to an

enbr yenved thetdfronil3. A met hod according to Caim 12 wherein the reprogramed
cell is capable of form ng a non-human ani mal enbryo contai ni ng

pl uri pot entn. ent ywethed ceebdrsinglb. Chaimetl hoadheredic dheli dogot cuCleas nerl8ell wherei n a
pluripotent stemcell is derived fromthe pluripotent enbryo cells. 15. A
met hachnafeered do thg recipi€hiadeihby piezolassieten raioroardnipuatios. stemcell line is

produced. 16. A nethod of preparing a reprogranmed genetically nodified
di pl oi d celll, gSambthoebbomudingdd Wlaing 1pmheisih mgcleas di pluciedr @NFoof ¢hed | or
di pl oi d donor nucl eus which donor cell or nucleus has been genetically
nmodi fregipiebtocetilis sabstantially remededt er dastropetbriar ddo Higismotadf thet gnepiploicoeglir ovi de  f or
or increase a desirable activity, and a recipient cell; 5 DEC 20113 WO
00/ 67568 [12CT/ A thetho8R408dmg to Claim 1 wherein the donor cell is reprogrammed to an
embryonic cell.
13. A method according to Claim 12 wherein the reprogrammed cell is- capable
of forming a non-human animal embryo containing pluripotent embryonic cells.
14. A method according to Claim 13, wherein a pluripotent stem celi is- derived
from the pluripotent embryo cells.
15. A method according to Claim 14, wherein an embryonic stem cell line is
produced.
16. A method of preparing a reprogrammed genetically modified diploid cell, said
method including
providing
a diploid donor cell or dipleid donor nucleus which donor cell or nucleus has
been genetically modified to eliminate or reduce an undesirable activity or to provide

for or increase a desirable activity, and

a recipient cell;



aneuploid cell; maintaining the aneuploid cell in a suitable epvironnment
for a period sufficient to allow the donor nucleus to be repr géd]’c-rﬁa(?ﬂ%
optionally subjecting the aneuploid cell to an activation step; and _
gener alpRgsdsck €Pr ogr ammed genetical ly nodified dipl oi d eerlavonooaosai d
reprogramed aneupl oid cell by renoval, destruction or |oss of the

reci pient cell nucleus or nuclear BlA from said r epr ogr ammed aneupl oi d
cell. 17. A nethod of preparing a reprogramed genetically abnormal cell,
sai d amebphbid nefl;udi ng 10 providing a donor cell or donor nucl eus which

donor cel | ot e SR oo A" 5ERASE, SRl ABRPTERl G sch 2

a genetl sease, and a Trecl p! ent

cel | ; shBicidtt e auewaetdonctaiirieudsbol beoreprogiarimed)t o t he recipient cell to
produce an aneu&ll oid cell; naintaini n%”%‘] e aneuploid cell in a suitable

envi r onmentoptiopally pebjesting the aneyripid ¢ apACHMRIHRGP: ADE| eus to be

reprogrammed: ontional | | ' n ] ; ti I on

st &p; and Q@hﬁéﬁg}ga% r{g?ﬂgﬁ?@@?fﬁ%&r m&gﬁakgﬁ?@h@y%%g %I?an(@ﬁll S\\‘/é\n?ath an
equi vadBrarfiet afiegpiaRbeEN bgrrehmvahedestiuttisbnor tosis ofother recigienincell eus
fromsaid repro?rarmed aneuploid cell b ermva}l, dq truction or |oss of

t he rBdeignemr nuslaar INA e said FRR!PS?rmﬂ%ﬁj aneitpicid ¢ell epr ogr ammed aneupl oi d
cell. 18. A nethod of restoring or inproving function of a tissue or organ,
said 25 nethod including providing an animl, and on

repr ogr ammid- cef\ gredbed aii PrePesng) %irﬁP@Qf?“HB?¢\&QWq}@§ﬁY ?ﬁfbr’g’oﬁfir"g‘ &l s; 30
o neg R feBING 7 {TCele or “organ: and O DEC 2003 51 transierting
ythe cell's prowidingvatives thereof to the aninal, preferably at or near the
?Ingfug}c n;al dti Sas c(?noorrcecilr g? génc?rnrquc gUs 'ﬁuhqgﬁ rc‘:lcé)g\ocr)fceﬁeor}enutcrlleeursai{:)ayder?vaelcfl met hod
| from a genetically abnormal cell, such as a cell from an animal or person
with a genetic disease, and
a recipient cell;
15 introducing the donor cell or nucleus into the recipient cell to produce
an aneuploid cell;
maintaining the aneuploid celi in a suitable environment for a period
sufficient to allow the donor nucleus to be reprogrammed;
optionally subjecting the aneuploid cell to an activation step; and
20 generatihg a reprogrammed geneticaliy abnormal cell with an equivalent
} genetic composition to the said abnormal donor cell nucleus from said
| reprogrammed aneuploid cell by removal, destruction or loss of the recipient cell

nucleus or nuclear DNA from said reprogrammed aneuploid cell.

18. A method of restoring or improving function of a tissue or organ, said
25 method including
providing
an animal, and 7
one or more reprogrammed cells according to Claim 1 or derivatives
of said cells;
30 transferring the cells or derivatives thereof to the animal, preferably at or

near the site of said tissue or organ; and



provi-ding an animal, and one or nore genetically nodified, reprogramred
cells according to Caim16 or derivatives of said cells, trarﬂsFe Eg%ﬂé he
cells or derivatives thereof to the animal; and allowi ng said cells
derivatives thereof to repopulate in said animal to provide gene therapy.
20. A nethod according to Claim1, 3Urther including the step of generating
a cell line, tissue, organ or non-human ani mal enbryo from said

r epr ogr anmteahsfelring thé .cefs oetibavhtives dhelicof td theGirdimal, Zefdrably izt or ineat udi ng
the step generating a non-human aninmal from said ani mal enbryo. 22. A

met home%Qj’f(}_la&ghéSQ]eqraérphﬂﬁand ncluding the further step generating a
genetically nodified cell, cell line, tissue or organ or a transgenic

ani mal enbyyo f thod according to Caim
22, furthe{rgll nc‘%ﬁgaltﬁgatgﬁégﬁég%grg%r aﬁérvéo%%r?(l)ﬁ man transgeni c ani nal
from said anial enbryo. 24. A cell produced by the nethod of Claim1l. 25.
A geneti caPYI9Hi fi ed cell produced by the method of Caim16. 26. A cell,
cell Iine, tlssue or gan or non- human ani nal enbryo produced by the nethod
of daim20. ORDED &2 27. Agenetically nodified cell, cell Iine,

ti ssue or organ or non-human transgeni c ani mal enbryo produced by the

nmet hod of O ai nor2 or 2BoreAganstidaliyemodifiedpiregnogtanimedbgelishacomtdmgdtof C ai m
21. 29. A non-hunen transgenic ani mal produced by the method of C aim 23.

30. A et hodiref1easnRirvbtives &f swdcbligran ani mal enmbryo whi ch net hod i ncl udes
provi ding a diploid donor nucl eus, and a recipient cell; and introducing

the donor nucl Q%s'fé}"nﬂgﬁﬁ’ebgﬁs b érWa%fe??r?érboH&tﬂé%ﬁﬁﬁl 3ng aneuploid cell;

optionally subjecting e aneup ol d ce to an activation step; generating

?ehﬁi’;?géfmlﬁﬁsq‘ﬁgwdﬁa@e' Up G ARLRAE BB oty sﬁtﬁiﬁ% !
pronucl eus, tal p ﬁe pl ate, chromatin, chronosones or nucl ear from

sai d aneurﬂrBV e(ggnpt arpy.

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.



gener-ating a non-human ani mal enbryo from said reprogramred di pI oid cell.
31. A nethod of generating a non-human transgenic aninal enbryd samg? paghod
i ncluding providing a diploid donor nucleus which has been genetic
nodified to elimnate or reduce an undesirable activity or to provi de for,
or increase, a desirable activity, &hd a recipient cell; adding the donor
nucl eus to the recipient cell to produce a genetically nDdified aneupl oi d
cel | ; optiznal | A gendiijcalbt modjfiecheellanalijpleoiistue @r brgan aamoadiimaattianegeatiep; 05
DEC 2003 53 generating a reprogranmed diploid cell fromsaid aneuploid cell
by sudrimalrdmiaio proginosthiby ihe nsathad ofitlaial 22lest ructi on of the recipient cell
nucl eus, pronucl eus, netal phase plate, chromatin, chronosones or nucl ear
DNS from sz8.d aheogphondn arinigl paxddcaginethatmetigodasfa@iaimuzdan transgeni ¢ ani nmal
enbryo fromsaid reprogranmed diploid cell. 32. A nethod of preparing an
aneupl oi d 2% r epnaghamar ttadsgehiz ahimallproduzed by theahbibdd ohClaimes. providin a
di pl oi d donor nucl eus, an exogenous nucleic acid nolecule, and a recipient
cel I'; intrasduciAmetiod of gansratingcd aoishamdn thimabzagawovichnmethed inchaled nol ecul e
into the recipient cell to produce an aneuploid cell; and optionally
generating a rqgpowgngnmed diploid cell from said aneuploid cell by
substanti al renoval or substantial destruction of the recipient cell
nucl eus, pronucl eus,a dipeidadgpbaswleisaded chromatin, chronosones or nucl ear
DNA. 33. A nethod of generating a non-human transgeni c ani mal enbryo which
met hod i ncl udes pr o cip@nt eeiidepd oi d donor nucl eus, an exogenous nucl eic
acid nolecule, and a recipient cell; introducing the donor nucleus and the
oxogenous nucl ei ¢ adntcbduoingthe domartruciebe ints & thei renipieattdll togprpdwduare an
aneupl oid cell,

aneuploid cell;

optionally subjecting the aneuploid cell to an activation step;
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
from said aneuploid cell; and
generating a non-human animal embryo from said reprogrammed
diploid cell.
31. A method of generating a non-human transgenic animal embryo said method
including
providing
a diploid donor nucleus which has been genetically modified {o 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 siep;



optionally generating a reprogramred diploid cell fromsaid aneupl oid cel
by substantial renoval or substantial destruction of the reciphegﬁuﬁflh
nucl eus, pronucl eus, netal phase plate, chromatin, chronosones Or (2“3
DNA; and 0 5 DEC 2003 54 generating a non-hunman transgeni c ani mal enbryo
fromthe aneuploid or reprogramedddiploid cell. 34. A nethod of preparing
a reprogrammed diploid enbryonic cell or enbryo which nethod includes
providing a diploid donor cell or diploid donor cell nucleus, and a

reci pi ent gepepdtiagod reprograatmed aipidid dentfradel uaidi@nédoid asetir byc gLibstantiationor

cell nucleus into the recipient oocyte or enbryonic cell to produce an

aneupkemiotalced substamtial asswudtior be tran eadpiant ccet alucleus, produtitad)| metaphasonnent
for a period sufficient to allow the donor cell nucleus to be

r epr qgataereema ich@idlsbines WbhedéarmNG fiemasaklgiebidcalll| adcd an activation
step; and generating a reprogramed di ploid enbryonic cell or non-human
enbryo fr aqjeneaitidlg ahephagaareegaiicanimal 8mbebl frddy saidbsp@ptanithed aipidgl or
substantial destruction of the recipient cell nucleus, pronucleus,
nmet aplefise pl ate, chromatin, chronosones or nuclear DNA from said
reprogramed aneuploid cell or one or nore of its daughter cells.
32. A method of preparing an aneuploid or reprogrammed diploid cell which
method includes
providing
a diploid donor nucleus,
an exogenous nucleic acid molecule, and
a recipient celi;
introducing the donor nucleus and the oxogenous nucleic acid molecule into the
recipient cell to produce an aneuploid cell; and
optionally generating a reprogrammed diploid cell from said aneuploid cell by
substantial removal or substantial destru.ction of the recipient cell nucleus, pronucleus,
metalphase plate, chromatin, chromosomes or nuclear DNA.
33. A method of generating a non-human transgenic animal embryo which
method includes
providing
a diploid donor nucleus,
an exogenous nucleic acid molecule, and
a recipient cell;
intfroducing 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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generating a non-human transgenic animal embryo from the aneuploid or
reprogrammed diploid cell.
34. A method of preparing a reprogrammed diploid embryonic cell or embryo
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.



