;e3e| (6( T| Y_/ PCTICNO1101537 CROSS- SPECI ES SOVATI C CELL NUCLEAR TRANSFER
USI NG RABBI T OOCYTE Field of the invention: 5 The present invention

general | “\mm\mmmw cross-speci es nucl ear transfer involving

transpl a mralian cells or cell nuclei into emperieNd1RdsPOCYt es
of a speci es«hifpf erent fromthe nucl ear donor. The resultant nucl ear
transfer units (nt-units) are cultured to reach various pre-inplantation

ctages. TCROSSISPECIES USOMATIC, GERL <“NUGEEAR™ /" ¢
(he B ot NS AR DSRG REEEIT QO ES oLl vod Lrerefrom by

oocytes, nore preferable | eporid oocytes, and nost preferable rabbit
enucl eat ed oocytes. |Is Background of the invention: The method of nucl ear

transfer i lye franspkantati on of donor cells or cell nuclei into
enucl eat eﬂé‘g@/ﬁsmgrﬂ{vﬁiﬁiém nucl ear transfer units (nt-units) are

' - ' , t | ant ed  t ted
ot her 8 o pr ol BraseDh FsRReR SRHATY TS iLeEe SARECRybIay psrer
successf ulinyolving tthrenspiariatiorn bf ahabiiealiimd celis BP5E8IE nuBlei g8 8ndcIKafd _
obt ai ned t he nucl ear trans(;igrred frog by t[anzI erri ng t he epithelium nuclei

of enteri QOEYESHY 7 SREGES e'_i%l‘lé?ﬂ"@) 'Eﬁrﬁ'é’ﬁ_eétr qq‘P_t"oT gJgeultantaugleanod of
nucl ear  t tRmsfeTuNBS ROt QSltured 16 FEECH F8riouN bPe-trﬁbI%nlﬂaqm sggﬂéé. had

achi eved success to different extent by using various nuclear or cells,
e.g. enbryhess niunis areuseful feregenasatingrayelear Hapsieserabryepis stem cells nucl ear

Bi ol oy of "ESheacl ioBar I Prgtent fitentiod efeds &5 he Aol B Bl 5

1993). W lumits anghtha embryomic Btemacelly Natived tie®frodl bystrandslaiiationt afi ned t he

der ved 0 TEAh SR RIS iphd, HhleiepfiE anftheh bOGaREn fork Prererdfle™ U 1 oa

St at es cofgparideebeytes; essif rabstypreferablegabbitiemluctaatée apcyteanspl ant at i on of
nouse somatic cell nuclei (Wakayama, et al. Nature 394: 369r374,1998). In
1999, scientists obtained nouse nuclear transfer enbryonic stemcells (ntES

el ks, o BAEKBPORIA S IR DAY, ° 35, 1o Dlast ooyt stage
Dt oL o HERBRAL 3RO VR REEL B clp BB e o o <35
shows t hatcell$ of eelppadiebinto émuclbated oocited! Therrestltatiteticheitttarstarairie cel |
RN it ST YA T R R G
t echni quesurrogaledemotiters to produce live-borne animals. The method was applied
20  successfully to the amphibian at the end of 1950's. Briggs and King obtained
the nuclear transferred frog by transferring the epithelium nuclei of enteric
epithelium of the rananigromaculata into oocyte. The method of nuclear
transfer was not applied to mammalian until late 1980's. It had achieved
success to different extent by using various nuclear donor cells, e.g. embryo
25  blastomere, inner cell mass, terminal embryo cell in nuclear transfer (Collas et
al, Mol. Reprod. Dev., 38:264-267, 1994; Keefer et al, Biology of Reproduction,
50:935-939, 1994; Sims et al, PNAS, 90:6155-6159, 1993).
WiIr_nUt lan et al. in Britain (Nature 385, 810-813,1997) obtained the first
somatic nuclear transfer living lamb, and the donor cell thereof was derived
30 from adult mammary gland. In 1998, the scientists in the United States
completed successfully the sequential nuclear transplantation of mouse
somatic cell nuclei (Wakayama, et al. Nature 394: 369-374,1998). In 1999,
scientists obtained mouse nuclear transfer embryonic stem cells (ntES cells)
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transplantation of donor cells or cell nuclei into enucleated oocytes of a
species different fromthe nuclear donor. The resultant nt-units are
cultured to 10 obtain blastocysts. In the case of animal cloning, nt-units
at the blastocyst stage are inplanted to the uterus to olpcy/eNd1/0183HOr ne
animals. In therapeutic cloning, when human somatic cell nuclei are used as
nucl ear donor) nt-units at the blastocyst stage are dissociated to obtain

enbr yoni ¢ fErBfewss st-unithatthediasireyststage (TeBhikoogy abPHeBr 86:14084n, 60
(6), 1496 4988) o bicthndl iida BhistafBlbn tchugh ity Bt

nmanmal i an speci es
enucl eat edsdmationee dS/tn@i cmby fa)pmgreaslllnstecmasleeclylstt alsmeaepmgt‘ensnafd from

inite can WRRRERERGLOT HEYEamERL T A T TBR"R 8 HBss B FEhigh o+t o
enucl eat chiiﬁmem_tial:edofa@lQOS(smaﬂc: egelli friueleinttof formt hewuMdiddugiendsy The
nt-units resul ti ngg ghm Cros transfer have the potent| al to

|
devel op t JEPIRErAM ﬁ?o@?ﬁPgﬁgbggﬁnéﬁgi‘éd theth reepter develppaest ammal i an

Speci es can I eQfsRrSIBcRds eGiuctelry HanBplafitatien e'te&{mguﬂéﬁ h%y&l@@m{r@
speci es denonstrates thEé mechani sms controllin geranm ng are |argely

conser ved Yapns o eRlisaRr rrell BHelel '6ﬁ00§§u§'§@ ke posypiest Pt el |
nucl ear t rs@é%fe@duﬁ@n‘“e‘h‘f”fr@%&éﬁcl@é‘f - 4RI ThbNebORIARAUIIE drbQilRed fb Wi ch a

| ar ge guantlty of oocytes Is needed to reprogram human somatic ce nucl ei

Becaud tw@tmnﬂﬁsmmg & dhe yoasei 6f aemalsclemag, ntmndamthmedblgstmgst t he

needs of 1 th
necessary%!tt I nd"ﬁ'@% {é?P@J sourtéedjs?) ooc(?rtI i'vgtb§hg%gp@§l\§oﬁtﬂ}?g or both
exper i mentcioniag.dwbéen mugaan atpmlahca:eilmwlen/nredmt abeuicEar\donot, hlet-thrﬂte ne

1 oront BEHEEIEK RGP 18 dRtBoRId FbpEARONERIRENE. ovar ) oo or

repr oduct i ve Taaja Domirka; et alli (IBwlbgy dﬁRe’iﬂothlcmaTBOO(r@B)t %QB‘—GQEMQQ@)V\BVGV

as th hn| re v the 2 PCTI CN01101537 out put is
unf ertEi %” iee(flsgjn egyﬁé:lrgap iev(fé@u§om,ag?rggllao{1 [SBECiSs ém@ ﬁ‘ewg-t he cost
woul d be \shlepphpws rﬁ@ak@sp@ﬁmt 12:8), 4RO ém@é&t@dnﬁﬁhlﬁé WBCHRANtP RN At- Which
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por i olis. ofMitRe BiedEEEtecWeTE Ghtaed; ot those dér9§s-)6p¢ﬁl@§ niinits, Vhisy
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sour ce of bowgmoocyt es is slaughterhouse's materials) but e oocytes
avai | abl e teangpigniatiory PBrﬁ%lorhe&NSt RE Gsilgeucleiintrl ehuglea e|d) oneyte5cefpped

ani nalbg 0rsp@6i‘e§&hﬁ‘eféﬁt'fk5rﬁ¢¥h€yn&?éé}098 . EFHe ni- Uﬁfts? qg C&g‘b%f foot
o uns

and nout h di sease; 1.e qual ity of oocytes Is

Furt her rmrsgﬁc'ﬁﬁem&i%r ir,ﬁn§ﬂ¢é havguthet Qﬁ?ﬁﬁhﬂ%t%melqp tmrtleefbiaﬁtovsaahaid ar eas,
and t her ef e i y t her
nand: T he Sl e A ik SodRES S AAe, ertiiidfan Yeptlict Man, Shlpdfar g

cul tured ieffeptively spmatmenucierzof Aoother mBmmalian; species rdemmnsbrahes tiatt ed

t 5 t
of The. i nueeniSinb ConfaIiAd FpROrng e KBedy b SRBa I MBS anct or
ugl Itszﬁnt uni thor dmnnana medmlmezd cn;sst-fmweﬂ asﬁmaim:mcl:elr muumd Ctrdlnlsﬁér e.g.

t n nt n t n t
The. nt- untoamias (el ot Dbl 6 toesyik iciing it BicH Bt RuRRIY The
potenti al dosyievisl npetied ttberpragrabe Hidmar soffetic cé'llllmddﬁéiU|Bec%§etthé first
pr oof thath huna

matic.nuclei can be,re r ammed er bei n
t ranspl ant é‘g]qmgﬁ'ngﬁue?%?é%lvﬁﬁ'c%"’é’ge'a'ﬁéfage\?g flygnest “W%?ﬁ%ﬂ@a'st age.
These reserdSIaburdtmrugteth@éwﬂetnthﬁoﬁlaaﬁemnd;hlyxhééfes%r‘}st%-ﬁrﬂ%t nucl ear
transpl ant ati on) g t he tra,n p antation of hunan cells™25 or cell nuclei

into efucl Qélfcédof) & satip pg?q MegAHs nar bcghgexnprmemal andoclifiesluce
nt-units ce@)?ﬁégt@rgf devel opnment to the bl astocyst stage. Therefore; it is
an obj ect the invention to provide an inproved nmethod for producing
nt-units by crAsglessebpdsabang, cthe bouiner opcytes are sodtinely ussidein thé t he

i nvention o ) the
tr anapl ant SieB FEhSordpHRHaRes boludRiElend sBhas e Math B RohERahnt o
enucl eat edeoobtaired dfora ¥eeoivaseslidrf ezpradudtivemtrabt ofual eaw dimmy byt is a
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human manmmal i an species. 3 PCTI CNO1101537 It is another specific object
of the invention to provide a novel nethod involving transplantation of
human cells or cell nuclei into enucleated animal oocytes, e.g. rabbit
enucl eated oocytes. It is another object of the 'nve”t'orbéﬁ?ﬁtﬁﬁc‘{fsg a
met hod involving 5 transplantati on of human nucl ei, g dul't” somatic
nucl ei) into enucl eated human oocytes. Wth the foregoing and ot her

obj ects, anlitput isgedertiled(S tAcelss am]g ittiﬁ«aebdeem? r8ige tahat of/\bdwinb,emlerea;)rslt ,

h I naft ) t,.t.he_nature of t I nvention nma e npre cl ear

i oo PTG TG el ol RSl inldi
f di | ami ' ' Brofndtth 5@,@3@;3 riefs

Sregc(rair[)?i Olaj&]@i{ﬁiglﬂ%:i?l Etr)rerfs]&gel igmu??aysiqgra photogtr.ap 0 atﬁ_@gﬁ%Pgﬁ?gsts

obt ai ned 9 dﬁ?ﬁ@ﬁ#ﬁq SR hovinesoft-2 4 deys ) Tihsa ltis yengexpensive teblaimbi t

oocytes. Frhgwréoéck@s%d?ﬁ%iﬂgr@é of the nt-unit (obtained by injection of

I nt I 'Tucr

the somatic cell 0 zona p d) at the 4-cell stage. Figure 4 is a

phot ogr aph of fnhéeadilyur@aveilaipt souee f boyieet icmgyms ﬁ&&shla?glmiel;now(ﬂ'étih gto
oA i 0 /

neountt ( ohpterial ty e Bobited afe A8 et EBrvelerinB GHRE e De: o) a

the bl ast diybandicapred Engnals 6rI a?imazlgglmgﬁmcyi gétrb?e?ﬁtee'ﬁgitﬂg%ti( ﬁm@ ned by

bl not ocy o RPIEBRETBE Grif ol Seb8 B Jhe il afroecites da olien by

i nj ectlion wistabile. Farthermoiy thel cowstim thbeslaygiateHsuBeolistdlfy eafmet fbnAt

4-cel | st . Fi 8 a .phot.ograph of the nt-unit (obtained by

i nfgct i 3na e'eph%%grﬁﬁﬁﬁﬂ Ictﬁeeqf&% h’té‘g’ grRetis, bapkarouneris ustialy upcigaralOn he

mor ul a_ st aB6- otk Hakd StHeS obtaiisd aa&gtab &uld %Nﬂbé“ltﬁ%édh%ﬁgl‘ %ﬁﬁﬁng%y
injection of the somatic cell into the cytopldsmof the oocyte t ’t he

bl ast ocystPeiRGGHIturgd in VitrocTor 1§ do 24pheuisgMereower,tthe int vitrai maturbtesi ned by

i nj ecti on difcyteRears U Kot dodd'he tHd 1 Wé%ﬁgdﬂ;@%&ﬂ%. oocyte) at the

hat chi ng bl aStocyst stage. Figure 11 Is a _ somatic cells from
donor 43at  di fferent ages fornmed bl astocysts with conparable efficiency. 4

Objects of the invention
: | The present inventors discovered that nuclear transfer units (nt-units)
can be obtained by transplantation of human cells, e.g. adult human somatic
cells or cell nuclei, into enucleated animal oocytes. The nt-units resulted from
20 Cross-species nuclear transfer have the potential to develop to the blastocyst
at least. The result was the first proof that human éomatic nuclei can be
reprogrammed after being transplanted into enucleated oocytes and develop
to the blastocyst stage. These results further demonstrated the feasibility of
cross-spécies nuclear transplantation, e.g. the transplantation of human cells
25  or cell nuclei into enucleated oocytes of a leporid animal, e.g. a rabbit, to
produce nt-units capable of development to the blastocyst stage.
Therefore, it is an object of the invention to provide an improved method
for producing nt-units by croés-species nuclear transfer.
It is another object of the invention to provide a method for producing nt-
30 units, involving the transplantation of nuclei of human or animal cells or cell
nuclei into enucleated oocytes of a species different from the nuclear donor.
It is a more specific object of the invention to provide a method involving

transplantation of the nuclei of human cells into enucleated oocytes of a non-
human mammalian species.



PCTI CN01101537 Figure 12 is a photograph of an ntES cell col ony derived
froma human somatic cell reprogrammed by a rabbit oocyte. Figure 13 is a
phot ograph showi ng a normal hurman karyotype of an ntES cell at the 26t"
passage. 5 Detailed description of the invention In the sp®f/eQé/o15ggnti on,
nucl ear transfer or nuclear transplantation is used interchangeably. In the
subj ect invention, nuclear transfer units (nt-units) and somatic 10 enbryos
are used i nt er #Haransdieryspaaifia abjestibf tha inventanitorprovidel @ aovel methed

enbryoni c ; cel | I riye nj em cel |
(58 ar d e trengalaliuG o hufarf BFRE bF oBf ke it En iR

ref erred heoajtes,eegrabbitenucieated aotydes.on of donor cells or cell nuclei
into enucl eateq oocytes. The 15 resultant nt-units,are cultured to various
pre-inpl antati gn'ss ég@ger(%pjsgt Pﬁéﬁﬁl 5‘%’?6&%&0395@’53 %dnﬁb'@%amv&%@w in the
case ofs anfamdplaitatiom®df Humanridutei, éay.eh@ilt isohsatld haclkedNidté Enteldatedor

nucl ear transfer, somatic cells or cell nuclei of various species, for

exanpl e, pRYRAPO9CY®Sgul at es, anphi bi ans, rodents species, can all be used
as nucl ear dongyig tH@'f@'@gQﬂg%ﬂf offfer S5jeéf d‘@?ﬁni%&“ﬁﬁ@%atbfﬁé@?&ﬁé‘t ation,

as wel | as oocytes from ot hér species, I ncf n ose derived from
pri mat es) invM@ufian &t withreasme hereipatier sppatent, natiren ofhibeoigvastion

nucl ear tr phan i O ' “ANRL eldia I r .ant at. of
donor cel I@agr bgew?%ugféew M‘%}@?}’S& ggt 'leégeﬂg@ég/t le/‘gstp %o?nal@ﬁ‘}eﬁ@a@rréébg%jeci es.
The t eidm "desesiptiepeof dbenpmfetedt embodimentst iofnthes invettiong s’ thethee n

I nvol ves tx e@'BIQiH on of donor cells or cell nuclei into enucleated
oocytes of speci es G'fferent fromthe nuclear donor. The term "nucl ear
transfer unit (nt-unit)" herein refers to a unit derived fromthe

conbi nati on of a nucl ear donor and an enucl eated oocyte. The nucl ear donor

and t he enBriefs«lescri ion ofcthediguresare or different 30 species. The
resultant nt-unit has the potential -t0 develop to all the preinplantation

stagﬁs; ?I’ﬁgUEB m:iasra@hattrgvaﬂlh of the fitlﬁoblastsaubﬂaa')ecﬁfrpmhmhhﬂtfbﬁskhﬁs devel oped
to t 10 t st is referred.to as,a nt-unit at the ast ocyst

st age?lSFna%gHEé/e?ésr?@§%EQ%§Bri‘ r?éﬁ'le d 't?ﬁ%’ late small animal, e.g. rabbit)
i s 35 usedFigare Besaphibtogiapto of ithe mithitgbbtdines by injddtiohasfdhedsdrhghe

ani nal s vviédegl 5 PCTI%O%Z&? thc? it andard food in case, it would be nore
easily to rH‘}ﬂ_%cfr}a_aP B aL3he Aorell 4@%se, and thus the animals can be
made SPF (Eigafd &iig & phbRgeaph bfehe ntemitl (obRnéd by ihjalibn sthe fific 30
oocytes can Ige routine _(ﬁbt ai ned from each superovul ated rabbit, which has
been i nj ectdnig£9na pellIciht Hhe &Qrklastegeays for pronoting ovul ation during

the peyg odrighrd BasNAPHBRPSHK W tRé ni-dhRi (bbBfindd BydR}ettion of the somatic

cell into zona pellucid) at the blastocyst stage.
Figure 6 is a photograph of the nt-unit (obtained by injection of the somatic
cell into zona pellucid) at the hatching blastocyst stage.
Figure 7is a photograph of the nt-unit (obtained by injection of the somatic

25  cellinto the Cytoplasm of the oocyte) at 4-cell stage.
Figure 8 is a photograph of the nt-unit (obtained by injection of the somatic
cell into the cytoplasm of the oocyte) at the morula stage.
Figure O is a photograph of the nt-unit (obtained by injection of the somatic
cell into the cytoplasm of the oocyte) at the blastocyst stage.

30 Figure 10 is a photograph of the nt-unit (obtained by injection of the somatic
cell into the cytoplasm of the oocyte) at the hatching blastocyst stage.

Figure 11 is a table showing somatic cells from donors at different ages

formed blastocysts with comparable efficiency.



The present inventors discovered that the nt-unit obtained by
transplantation of a human cell or cell nucleus, specifically a human
fibroblast into an enucl eated rabbit oocyte can produce a nt-unit with the
potential to 10 develop to the bl astocyst stage. Based oq,d-ll;gé ¢33 hat
human cell nuclei can be effectively reprogramed by the it oocytes, it
is reasonable to expect that human sonmatic cells nay be transplanted into

oocyt es ofFlgﬂlﬂ&eﬂstna rpﬂlﬂographnnhbnant@&;éllesoloaygderﬁkfémm)a tHughdrt es,
and ot he:’re{q%g%nts' E‘Pr oduce BUC eEB. tragffer units. Further, using
sinilar & cqll reprogrpinen), oy agebbit 9OogKte.  ansfer hunman celi's or nucl ei
into hurrarﬁgmyt&fs & @h@rogdwesn@wwy & Pofhal Rmanskai Sty ETIf N RIESBelft ages,
e.g. the blﬁh & ¥st sta Therefore, in its broadest "sense, the present

i nvent i on at ePAEH pI anting manmal i an (including human) cells or cell
nucl ei 5i nto enucl eated oocytes of a' species different fromthe nuclear
donor to produce nt-units at 20 various pre-inplantation stages. For

exanpl e, tmétamtdégéﬁpt Vpbﬁﬁ@g,.ﬁéﬁ@ﬁM ation of a human cell or

cell nucleus 1nto an enucfea ed 0ocC human manmmal i an species to

produce a nt - ugi EEP:H?/Eﬁﬁér?C?{ﬁéleéF %ﬁgfreTh@r hESIELF ql[btq(sg a(pgﬂ@ gy be

used to obtain fr’%ryo |c stem cel onic ste or ot her
types of mdyraieman@eabm emcells for 25 clinical therapies. The approach

f th t t { t
cel 51 nto enc L sebtRleRdan, baNRRE W Rioluit. (BBt Ehasiatous
pre-i Pl asrehryos ase nged lrﬁelrchaegéablyon of ntES ceI | s. The resul ted ntES

cells have th : :as th t of t I li kely
30 be recogni ?géﬁ%@ﬁ%ﬂ%ﬁﬁﬂﬁﬁs 2 gan r}ﬁEgBé’trY (f‘té?tcﬁh)s Wil
not be rejoe(sbmbtlbpeilldenpadIembfyenlcmmmecellRS%‘Esperé U§e@||rﬂérd1fﬁngéﬁwydes an
approach to so.h] 5;? ‘ﬂ ecti on@?ro Ie Iy observed in

transpl antatio % ne ?@S apsrla POedr Rergit uMmeans omeng can

be used twratnspahta%ndbsm celeebnefc@nenuélBiem@neﬁwaﬂteaoasbftﬁ
reprogram hu PCT/ CN01101537 sonatic nuclei nust nmeet the foll OWI ng

requi feénefe anIBﬁ dunitshare, gulfured 1R, yvaripys W&r'ﬂ}b'ﬁfﬁ?“@&tﬁég@ﬁs{MIW can
i nfect theduosyst kehd) éﬁH’%’ré’%(ﬁow%dg in ﬁ?tc.%rsbaof ghuhﬁ’cm{‘ﬁgpk@%ﬁ%

Second, they mist be able to reprogrameffective man ndcl ei
al | ow t he 9g¥¢lopoe divedione BOHP@@ i mm@amnaos@en somatist cellsngr tﬂeﬂst ocyst

Furt her momgclel N8 ValGie dpkdfel, 6F @{a‘ﬂéﬁl ﬁﬁat@ ﬁﬂ[foégdaéﬂ)%\;\ﬁ#ﬁé' ty is

stabil e) and can be -obtarned in su uan npar 't he
oocyt es ofORRNS ﬁ@eﬁlﬁﬁé §ﬁ@@ﬂ be Heed asmud@arcgtDWSaHelmﬁn socgealmaylbant ages.

R e
mat ur at i oﬂnqluﬂgng tthSeb@erm frmmlmunatesausgﬂllatasaamphmlans,arodpatg alc.

enbodi nent, t R N4 i Vi a _noye th d. for, produci ng nt
units by cr osrs‘ﬁ)ségegﬁﬁs hﬁﬂ@’@i}eo@?aﬁgépgﬂetiqr?s&l?r{tﬂg? ﬁ{y‘ﬁm\gggst ﬁ‘fﬁ%ﬂl anting
a human céivolves tralh:tplamatleuxmdurmrmllerurcctalahmler ﬁlﬂ&bldnu@ma‘!édiob@yﬂé@duce a
nt 15 unlt,ﬂ, ﬁ[r t@g gﬁré used g.% obt ai n, enb on| c ste cell S or enbryonic
stem like 0 thpe?'ﬁffe &t 'Yhbr 96’% él”&igq{e reasplaataligner i bed
above 25 petgdheiiques) heteith in&b@ésbtmhdp@éMaﬂm rmlddiﬁrl®||éldweé|thaleDane and
sheep oocytes) Fs t he ooc%te donor red with bOVI ne and sheep oocytes,

t he rabbi 38'8 eokopcKies p %3889'%15&@%@”3%0%%& rdofgre readily
avai |l abl e and me &ﬁl’rﬂ%wlééiQ%féﬂuh@r(ﬁﬁuﬁﬁa%b'réM reM?§tto'éTHH[ttcPé?$veg' tis

possi bl e obtain rabbits and rabbit oocyt'es fromthe ani ma
(speci al ?f o dbe rFamiiestion plca Wﬁﬁfgéﬁnw @@do@@ﬁwl%atedmcym &he

| mpor t ant nligfeaPbAbPAd 1R dhRBRHIEE BoBiESmas!Bes froht tHed saiel dafreldit

t herapeutic cloning when the resultant”ste used
human3@i s&ngeies. FheTrasupaeks shunitihamthe s:cﬁemmldosdevelopdtot autthehprer abbi t

t |
bl 2ot ooyt EPeRfEoRrstades. bridiR Al SPBRGRE For dSPle. o B Bt el pas et of
human oocyeegloped bodhené)lmuc)eslhesm:ge is refereed ¢d agnal nt—unttfmrtaeeiléswcyétonl ng.

Thus, in ga%r ef erred enbodi nent, the invention conprises the 30 production
of hurran nE Ghits at various pre-inplantation stages by transpl antati on of

hunan cel | s orn (aebfefen‘ed &ambmrllmeeﬂnbmh G@Embrm selalloggiiSe.gpakbinrief erabl e
| epor 59 oocg& and ref erable ra E L*C gat e
used as’the ooc or in" nuclear trans er. By feeding these animals with
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oocytes. In general, nt-units will be produced by interspecies nucl ear
transfer 35 process conprising the foll ow ng steps: PCTI CN01101537 (1)
obtai ning desired mammalian cell or cell nuclei as the nuclear donor; (ii)
obt ai ni ng oocytes froma suitable source, e.g. a mamual PegdRIR1BIES erably
a leporid) e.g. rabbit; (iii) enucleating the above oocytes; 5 (iv)
transferring mammalian cells or cell nuclei into enucl eated oocytes and
activati nghé mandardufd)cbcmn eask, (ivivould! beimorg ddsidy te adhinistrate andicbatrob obt ai n

bl ast ocyst hat chj astocysts 0 Nu trans, chn| ue,Nucl ear
Pranst oy iisen andninus, Meaah Rials cin G me e S (RRPETEatcRh SRR ot ho
papers anfieﬁ\ﬁiﬂﬁg dﬁsé?ldv@eﬂdcéét m@m@b bB@yté@fc,%rneBé%uﬁhél?dobtélrfeﬂefr&&f?kgrOund
of the Invention. in particul ar, ure, 385:;810813

1997; CaPi@#s8| $UPQ£PVlélﬁtedBﬁPWger6PhF@p§r baeetihigsteds griffiial hermane in #993; 15
Col l asg ety EfOI’VB omcgggé\%lawgurﬁ% &fidd ofﬁ‘%nat}ﬁ?éggfr% ?g r%él 1 ol ogy

of Reprodu I on, 939, 1994 et a PNAS 1993;
al so; Pat eh® d‘NZS94I 26884, WO 941 24274; and WD 901 03432, which are

| ncor por at ed by g eLeLERFe IRAAE! T EONEIE) Y A" Ghe- nfdnReukgaryonor In

the invention d as nuclear donor were
cells, pr dfa\salaneatiumafna humarbtelbor. célLinecleos, spaolfu:lall'ya hsmapfibtablast y

| | d d | d d
el 1 Bl 1061 S5 BN HALEE A R D68 et B vy
of exdopl efevekp t‘oﬂhbl blastoeyststage. Badedcon ltise fagtitHer hvnanaldisuclei can

ker ati nocyt es top0| etic cells, ne|lanocytes, . chondro nucl eat ed
eryt hr ocytheseff piRGRQ a"?fBﬁ&Mcthgd'PLE'élqoé’ytelsr Hr'ﬁﬂ?ﬁ%‘?’l‘%ﬁ%i& & BeCtruscl e
cel I's) andhat Hnﬁhaﬁuaﬁiaenccdéué mayEbé trawepmvaf inté BBcitesRT dtwéﬂ mmmltf or

nucl ear transfer be obtained fromdifferent organs, skin, |ung,
pancr eas, mapgal 'aQt » 6.6t RIIPAIGS, Uﬁ@ﬂ'@iesvr%ﬁ’r Qﬂlﬁ'}trPQQntér &hﬁéodl-lﬂeadder

ki dney, Urgidu (aHfeR bﬁﬁs uruﬂﬁéry LRIriER Bt ﬁ.ethﬂwen A slsbugéss%qarw es of
sui tabl e donor cells. tabl e donor cells - |'s use

subj edf i ﬁrﬁmferohumaﬁyc@ts ebtRuciRidinte mnaaw asisyiesofo d}rg@upe)mtturmés batdy This
I ncl udes aJa'noﬁQr;B?é SfipERtdtion stagss, e §heDRbEYst3tagdC €S

~ Therefore, in its broadest sense, the present invention involves
transplanting mammalian (in'cl'ud'ing human) cells or cell nuclei into enucleated
oocytes of a species different from the nuclear donor to p'roduce nt-units at
20 various pre-implantation stages; For example, the invention may involve the
trahspléntatio_n of a human cell or cell nucleus into an enucleated oocyte of a
non-human mammalian species to produce a nt-units at the blastocyst stage.
The resultant nt-unit may be used to obtain embryonic stem cells, or
embryonic stem-like cells, or other types of embryo-derived stem cells for

25  clinical therapies.
| The approach of therapeutic cloning involves transplantation of a
patient’s somatic cells into enucleated mammalian oocytes to produce nt-units
at various pre-implantation stages for isolation of ntES cells. The resuited
ntES cells have the same genotype as that of the patient, and will most likely
30 be recognized by the immune system of the patient as “self”, thus will not be
rejected by the patient's immune. Therapeutic cloning provides an approach
to solve the immune rejection problem commonly observed in transplantation

medicine.

ntES cells derived from therapeutic cloning can be used to treat
35 diseases. Therefore, the non-human oocytes used to reprogram human



The oocytes used for nuclear transfer may be obtained fromvarious ani mals
i ncl udi ng mammal s and anphi bi ans. Sui tabl e mammal i an sources for oocytes

i ncl ude sheep, bovine, pigs) horses, rabbits, guinea pigs, mce, 5
hamsters, rats, primates, etc. In the preferred enbodi nenpgricNbfoPgyt es
will be obtained fromleporid, e.g. a rabbit. It has been discovered that

t he mature net aphase |l stage oocyte could be collected surgically fromthe
repr oduct i §@metigducte @ﬂ#%imeﬁrfhﬁ(ﬁéﬁwmd@quﬁewn&. itgfethevadaittesl mugibi t s 14

to 24 hour f te 0 f t Lhj,ection aof human

chori oni g g%ﬁggﬁyr%&fﬁgtrﬁ:%ﬁgow}‘l%hs%#ﬁ%@ctgﬁﬁaﬂﬁvé&@® ABY@V?R';J &Y915 to

18 hours. bectedds viros, 'myoﬁpla'smal lefc.@&@c;dmds theyelraast\/\bbl ableswy i%mdgfamt he
t. E ' AL t W i i ti . t

ovari oo or TERMEN AR GG g Sl Soe " drgHPBIMaRT of G-umtabie. 15

The dedf eeblabtovystibathateching blastoepsty Farthermord, ahbirt igraaitary baskdr8eAd

reported to b rb%tfs%l:?%mflc nt factor in the success of nuclear transfer

net hods ( SEWS r@ndyfhe qpplity Js cstabilg. ad Ges, besobtemed) in suffigiandr al |

previous syegmigful mammalian enbryo cloning used the metaphase Il stage
oocyte as the recipient oocyte. Because it is believed that the oocyte at
this stage canCmprrediwitltthe,eocytesof bovine @nd: sheem therabbit necytes moeluced

nucl eus i iyl inh L Zi t ce. pt-units.
o eat 1 oo 3Veral fivariocss Thel i mdréy RAITHPEUANaKH! y IBE SO FErE " o ur o
oocyt e 25stabilei quatity, rwith tdlearsie\genesic avatkgaturid, amdbueduite moedditidnetl 14 to

enuct oat i gnooPRareEic ThBRlh vl BRtof PR GrtRAIRALET R, ¢ Spskiey '

cont ai ni ngempadimenti thespresenbinventidrn provides/alnovtl methbd forcsrodacinghits may be

affected by.re I i hr pugh pipett i.th very small 1 nner

di anet er o‘?”'ﬁ?yBgS&'@g?%@g&hg rﬂ?qléequ @?Rﬁﬁlg”‘%ﬁw Stﬁgﬂﬁlrb\(g{\ﬁsegragﬁgllapﬂgg &creened
for those lumanicellny el muclbuslirte arnadutlbatedetabbitasbdi®s a6 prsdudd agfcyt es
has, alg conf.jrned by the pre Fncg. of | ar bodi es, are then used for

nucl ear’ tr%gf%h'?gﬁﬁaﬁnﬁc%?éf ooﬂ.t?@eﬁ jAYoRic stera ealls| @ceadryontastas- oocyt es
f rom ani nelikeoweits os omukﬁe@%f@hb'ﬁyﬁﬂhéﬂeﬁ' $tefh BBIISICRS IR cribey '45’6"%2
oocytes are in the netgphase Il stage. 9  PCT| CNO1101537 For the w

Zeal and r JPEARlE C_Eﬁ_béis@_at laEge Mnguiatanjmshsally (swoping avine mod sheep t han 20
hours af t esodybes)ia wiel éayte HoReRTriPardd i bBIRRCANI SRbEp dBCHes, fK! Tor e
preferably %)g to 18 hours. Enucleation may be acconplished mCrosurgically
usi ng a m'@repioosyies ravesthearyantagas ablowersest nere reeadiydvaiable and opl asm

The efdg ci g8y l; ; ' g.égm i N ag: r ed pol ar
body and chr?m??ggﬁ?ﬁﬁ%eﬁﬁég 42mg§2rﬂgn obi?évgggmgﬁﬁd@@}h
ul t r avi ol SRbPits AMdakabbit eagyten fromi therabimaalatafoBPEf (speciahipathogenofréeng t o

iy ccti on T o bkBgL 1ok Sgac ore gtk BBHf RrtiRbiRie GaBondtin
I nj ecti on frer otkhecellonit ipatritical for therapesitingtieniagi whién dhe hesaltarstosteii ¢ cel |
or cell n "S"""c‘"%'Jﬁﬁgqﬁéﬁ@%ﬁ{?ﬁe&%ﬂ & the perivitelline space of the

enucl eat ed oocyte. ranes o “omatic cell rabbit oocyte is
el ect r2f used i hhe eSennhinvehtorsealsbydiappleredtthan tivé rabbit! esiytés @buku! se of

90- 120V f X f 1-2,.ti f ly int | ect r of usi
modia. e Grechelk. @Prebraft nuffan, cB) ‘hitial B piddEcRiastocyBtn Shetetorer | oni ¢
gonadot r oprabbit bGEStes @oukbbé @ preférablesreplteintant cIdunvai beBytek !th begiréone in a

shorter tine after. el ectrgf lf']sfh'oq in ggne al, less than 24 hours)
or ef er abl ANH Y196R ipdesegrch and g tharapeqtic g ant nt-units are then pl aced

[nasuitable TR UM @ Grofdred LeRpolieAC UieliRysRitin borhbdd Ofsi on 1 s
acconpl i shed by provjding a pulse of electricity that iIs suftficrent to
cause 4 t rRIAdvEion peleaumann ntunitse 81 yerausePse-implantation bstagesowy process
of the pl [Ep [ r h L ef rapidly.
Besent i ol [Pl HOHGr hame doll o kel AEA fib dhJiiated ARl SbeiCeon

r ef or mat i JROTE: REEferahle IsPEY e PeCYtRS e ramdn grast apteferablé rabhitnehscleateld open
between t hgyiiMy cells. Due to the thernodynanmi c 30 instability of such a
smal | opening, 1t enlarges until the two cells fuse into one. Reference is
made to U. S. Hat genera),o8t7ugits will ber prddeicedt byalintprdpeias pacleaedrangfaref er ence

oroceds AVEEFHEe HIGPYBIEHERES 2 can e used inol uding, o g

sucrose, mannitol, sorbitol and phosphare buffered solution. Fusion can be

al so 35 acconplished by using Sendai virus as a fusogenic agent.
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~0 PCTI CN01101537 The nt-unit may be activated by known nethods. Such
nmet hods i nclude, e.g. culturing the nt-unit at sub-physiol ogi cal
tenperature, essentially by applying a cold, or actually a | ow tenperature
shock to the nt-unit. This nmay be nobst conveniently done ﬁ%ﬁéHhﬂNﬁ%?g t he
nt-units at roomtenperature, 5 which is low relative to the physiologica
tenperature. Suitable oocyte activation nethods are the subject of U S

Pat ent No.(i)549@b2ining dasired-rRammalianadelladr.celWiiotdi dsstheatiudlenridotorpor at ed by
ref erence. . .For e@a | e, oo%étfe acti va{i %1 ma}/ be effected bﬁ sequential ly:
(i) increddi ng PIGINNG QOCHESirem: a SUitabiRs sPHME L Bo@ Mammal ald mors

reduci ng phgﬁ@ﬁﬂémyﬁIb?ﬁri@,fe@?rldbﬂitiir proteins in the oocyte. The nethods of
i ncreasing. divalent cation | evels will generally be affected by e.g. the

addi ti on ofilki rRcleatinathe aboveOagyteser i ne- t hr eoni ne ki nase i nhi bitors)
such as 6-gljyret : ' j AN intar Sy idlﬁ;grt

sphi ng?si n@.) 1_5%?2&????83 @@%Bhﬁéé'%ﬁﬁ%ﬁ]gﬂ%‘ﬁ 'B% %’g}?ﬁ%}gp pr t%n%%d may be
i nhi bi ted byotiMatinghtheottnitsopndf a phosphatase into the oocyte, e.g.

Ot net et ok ot IBG7rASanP e HRC Mo Bold  platfocdl R Mdlctfia, R

nucl eus di r ddastgcysts.o t he oocyte cytoplasmrather than using
el ectroporation fusion (Collas and Barnes, Ml. Reprod. Dev., 38: 264-267
1994). 25 Culture of nt-units Activated nt-units may be cultured in vitro

to obti@ n Muckiaetiisier tét!'m 60l | owi ng exanples that are the preferred
enbodi nents of .t resent 1 nvention, the highest effjciency on culturing

bl ast ocyst is Q'Hﬁfe@\?et@%g%rnt%nf% ] ’flffie@ﬂ ?"@Hﬁ“@nfﬂ'_ot“h@qm'q}lﬂst are nedi um
(see the daiowr i the papers8nd@waie deseritiel infrraR lof ther Féfbietced dited yRitRé May be

transferr to m crodrops culture nmedium consisting of 50 mcroliters of
tissue cul BaFKI" ghthednyentign. Saeo i paiewlar VEMutefea!, Naturee38%818ar af fi n
at 38C an . i 0 j : i @NC 1 n

somati c 3?%%ﬁm§t§§h@aﬂb?{d§g caitve g‘??l?/cet%ﬁﬁgguﬁ’t g?StQ%Z, Epggt ocyst
will & otfelaseet alpol.cRenms v, 4se04-867, 1894; Keefar, stialvBidlagy of tho
nt-units. ﬂ@;ﬁtoghcﬁﬁﬂ,téo'zgﬁséyé@edi doa" %Hﬁ HOah PRAS %:8'1‘@6-%%‘;9‘ sl er will
typi cally exhi bt an appearanée and cell'ul'ar "charac¢ters simlar €0t he
nucl ear doaise, Bptatitdd/Q £4426884;aWQ 194/24274; canidh WO £04@3432, Whicheasepl e,

nt-units f; i S ti G ...and 5 enucl eated rabbit '
oocyt es'ex'ﬁ?%@gréégé\ggg%%%'ns{g'ggaélﬂ?%&yﬂ%ﬂﬁgr to human enbryo, which forns
t he bl astocyst in about 6-7 days, rather than that of the rabbit enbryo,

whi ch Oorméﬂﬁ EI Egigcxst in about 3-4 days in culture. The nedia for
culture a of the rabbit enbryo are well docunented in the
literature, e.n tHaVirveblionFOG% dell® Uskd%a&GRIclddr RondsWerE€deriled. frdny of the
above nmma I involve cg-cul ture.w variety of cell types such as

gr anul osg @ﬂﬁ%@?e%ﬁlipﬂﬁf g@%llﬁugarh{'%rpi’[‘]?é%cel s, gnd STO cel lyg In the present
invention, theHugmn bednihalucellss pidherdtly wagthmidliafetellse rhay e SplinEi ¢ stem
cells or enb%ﬁ(j)l i C stegrs%{;ﬂlﬁ?e cells or any ot her types 15 of enbryo-derived

stem cel | &N el ehin 18 artn Humsanramdcanimal gelisaugeful in the

25 present invention include, by way of examples, epithelial cells, neural cells,
e‘piderinal cells, keratinocytes, hematopoietic cells, melanocytes,
chondrocytes, nucleated erythrocytes, macrophages, mononuclear cells,
fibroblasts, cardiac muscle cells, and other muscle cells, etc. Moreover, the
humén cells used for nuclear transfer may be obtained from different organs,

30 e.g. skin, lung, pancreas, liver, stomach, intestine, heart, reproductive organs,
bladder, kidney, urethra and other urinary organs, etc. These are just
examples of suitable donor cells. Suitable donor cells, i.e., cells useful in the
subject invention, may be obtained from any cell or organ of the body. This
includes all somatic cells.
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will provide a new nmethod in the treatnent of nunerous genetic diseases. In
the practical applications, the nuclear transplantation techniques nay be
used in saving the species close to extinction, e.g. panda. In these

speci es, |l arger nunber of femal e oocytes is hardly to obt@&ﬂcﬁ §1b 7nunber
of fermal e 20 oocytes is rare. Transplant their nuclei onor celTs into
di fferent species enucleated oocytes. The resultant nt-units are cultured
in vitro tOocktes n t he blastocyst and transplanted into the pregnant-nother

to develop a ngs e i ndi vi dasdo n order to nore clearly descrl be the
subj ect inventiOf, 0?%65 i ﬁd‘ uglear, transfes mal bgr ebtainad frermvarieusxanpl e

1 30 The pasipmiSincRIdiIgY nﬁiﬁrh@l%rar‘i’@a Phﬂﬁé*@ étﬂfatf‘é‘?ﬂé?ﬁﬁn:ﬂléﬁ%gb FfBFeSk' :

ti ssue obtained fromsurgery w ormed consent was m nce vva shed
with PBS, QRGeS f'n@eaea$heﬁmobe\ﬂne,f ®igss horsesegabbitsl guivear pigs, tme:e

super nat anjg m'srié?str‘a%%m‘?ét@ﬁegtcw?ﬁ tfi %?éﬁﬁff@dbgmgogmrﬁ i ﬁé&%’ 015

(G bco) at 37C for Renov suspensmn 01537
and centrlb%gbtad!edlﬁom |ﬁpml¢,0$ gsamabhit.es. Di scard the supernatant and

| t th tlhad B I 50, U M
ggnl glrlel [ nestCrG!ap ony%:ﬁd%g?\z W%\@héﬁggg'% m%ég‘{%‘? ﬁ;ﬁ%&éﬂggﬁé&pu 37C,
5% 02, }Mlbeh chlteo;l:;ﬂlh emgaxtaill I ygégbm\éémq Bepiadactmaassage fpdmereémqbe ggh} gr ows
to 5 con the cells t he re used_as nucl ear
donor cel Islshep%ltg?\gn dyor %@v‘? QH@PQW ig t?/lﬂeﬁ'r‘@” ey onsghaf edis er Rabbi t |
2. 5- 3K, vﬂaarsmrmj\euhm eof Wuh’mrﬁ cHoridhitdlgendE6Ropini ?ﬁCG‘?”ona ]é?ﬁ’nlép PMBG
(i.m) (The f| rst bi,o %&e aher gfgjt I cal corrpany Shanghai ) | owed a

singl e dod®ANEePresar haurs: ) 72 hours | ater. l\/ature oocyt es

were flushed OMetlﬁtﬁdsi er %ﬁlé’l‘l’@ﬁ Sofléoéﬁeg%s adf {vell B%rlﬂ@de?ﬁ A8 Yl ng

pre- gasse Mtlon (Sigm),. Oocytes were put int sol uti on contai ni ng
300 | U/ m E@%ﬂma theswethpd withwemmiisel h§§la<§lég|@ocms mrthe avaties or

anat ot calrebRAMCHAE IBbEH &arhihl BPSKIpBIIUh L o2aghBisp necdle af ter the

partlcl es are dj spersed he oocytes n washed in M
sol utilén for 3The mreWﬁI@ﬂwTﬂﬂ%ﬁéhemm awiciEar| tngnsfei basibeen t he

zona pell
Oyt ochal aat ROeA R becs Kol B dlih B e Sdbce B TR dehefermetils, o
bﬁvel afltdseﬁalﬂfaglanedtfdr. Tjfferemtiation, at4&1)<8n1|9i93t)peinatgafr&r?lAf pﬂ;vllddsatd put
the sin t rivitelline space. of enucleate
r abbi t goﬁsy“? g@%’!gl #’gbﬁﬁé{sﬁ' ?Mghﬁ} é’gﬁq‘ﬁg’ hﬁl"ﬁ'%ta\%?ge Bq’ﬁ?ﬂ’? BPEYIERS n a
Egm on bufthgrresuplemt gonyteorﬁusegtdﬁ lﬁeleléUlmgBthe( ﬁo@y‘t&)at tlﬁ;sl%tayémﬁl 2

i and stinul ated w t |r1 e direct current
pul ge of &!\?%%@ %8@8@”?@ epragram e frﬁ{ﬂdé’PPGrF“q% 12 SAIRE WA e
I ncubat ed dsma feidtiliwnl sperne,caral &t produeé nBRE42. 5% (G bco), RPM -1640 42.5%
(G bco), and 15% FBS 30 (Hyclone). After 6-7 days, blastocysts were
obtained (Figs. 3-6,11 ).

Enucleation

It has been discovered in the present invention that the mature oocytes
25 obtained from the New Zealand rabbit should be enucleated 14 to 24 hours
after the injection of human chorionic gonadotropin (hCG). Before enucleation,
the oocytes will be placed in M2 culture medium (Sigma) containing
hyaluronidase prior to the removal of cumulus cells. This may be affected by
repeated pipetting through pipettes with very small inner diameter or by
30 vorexing briefly. The stripped oocytes are then screened for those containing
polar bodies, and the selected metaphase Il oocytes has, as confirmed by the
presence of polar bodies, are then used for nuclear transfer and enucleation.
Generally, the collected immature oocytes from animal ovaries should
be matured in vitro as desired, until the oocytes are in the metaphase |I stage.



Injection into the cytoplasm Cocytes were incubated in M2 solution wth 7.5
~g/mM Cytochalasin B (Sigma) and enucleated by a needle with a bevel after
mai ntai ned for 10 35 mnutes at roomtenperature. After that, put the

singl e donor fibroblast into 13 PCTI CNO11 01537 t he cytp@t/iaRoaefsay he

enucl eated rabbit oocyte, formng a nt-unit. Many nt-units were cultured in
RD nedi um consisting of DMEM 42.5% (G bco), RPM-1640 42.5% (G bco), 15%
FBS (Hycl one) FoattheNesv Zealapd rabblhmcmlsn\me@rabiyahww t@@pge‘ormedm 5

N ouni ©s B ipge il 2 Rt e iR oy RER ofRliofic fadteding g "
pi pet t ed @ncbrﬂqmmpmfénabw@m a8 dloass needl e (ﬁ;LGE ﬁgegl ;gggﬁcasgl ass

10 t th di |
P o o onn alBricleRtioRbaY benaSairnes, miotasugicaly Wing B BT GUIeHS ore
i sol ated ﬁﬁ‘i‘emb@é%eo?b%rflﬁﬁﬁﬁ%nhaw %df’dt@nw&ywlg@lml e %6rfidiEné @fbco)

20% FBS (Hycl one) non-essential am no aci'd stock (G bco) .
mer capt oeemﬂgaﬂqrarneb)be exanynad hyFstenm theoremevad tnr@r PR&D) a%d 15 1

b M FOr SEfoatiWi? Hotchst 8380 5d0<Dand \obderlad ' DRIA UhBePifliraiibiehanged

every 2 days. ays |ng, mass was observed to be

gr ow ng omrmlwmy After 7-20 days col onies were observed (Fig.12).
The col oni es were di spersed by enzynme or by mechani cal nmeans and passed
onto a plate 20 containing fresh feeder |ayer. After 20 passages, the ntES
cell sl@\erEreng@_goasm!frwbdmtfi brobl ast feeder |ayer The feeder cells were

nead, 1iver. RAPLOIERG HEmRInRS e Kftinih e ohoBHubiEeh B8RP ondi 11 on,

t he renai 8g. bl injpetionminty theresrea mmmiandlbyaa;eedonrmw the eyteplagr. sol ution
contai ning 0.05% Trypsi n/ 0. 02% EDTA (G bco), incubated at 37C for 30
m nutes. Renove the cell suspension and centrifuge at 1000 rpmfor 5

m nut es. W@cti@hhﬁtd)ﬂid ﬁna\/pglme,tﬁuspended in 90% DI\/EM (G bco); 10% FBS -
(Hyclone); 50 U en|C|II|n streptorrg Gbc %nﬁn 30e |aI

am nolacid st &ﬁmeﬁ arig)al oFhuman samats ﬁﬁlﬁ 9&6? Pﬁ'&HéIW‘ e'iS? ted and

I ncubat ed; t%%r@‘l@lﬁ%spﬁéé%tﬁéﬁ%ﬁaa@ed loBRjte. THCAIEMbroA¥Sof WRE LT eat ed
with | O onmycin - C (Sigma) f hours and passaged on 4-wel | or

96- wel | psfamet!c Aell sablit opeyteris gle@wqfusas 7O mnaiche qrrhyuaml@atl@@nt ai ni ng
5% C02 angs 45 fbdifedl poRe 6 96-FS0 P! AbSut 68P nikke foP ¢ RS iR lently

in the electrofusuon media, e.g., mannitol, and sucrose, after injection of
20  human chorionic gonadotropin (hCG) for 16 to 20 hours. Typical activation will
be dori_e in a shorter time after electrofusion, in general, less than 24 hours,

preferable 4-9 hours. After fusion, the resultant nt-units are then placed in a
suitable medium, e.g. RD, M199, DMEM culture medium.
Electrofusion is accomplished by providing a pulse of electricity that is
25 sufficient to cause a transient break down of the plasma membrane. This
breakdown process of the plasma membrane is very short because the
membrane reformed rapidly. Essentially, if two adjacent membranes are
induced to break down, upon reformation, the lipid bilayers intermingle and
small channels will open between the two cells. Due to the thermodynamic
30 inétability of such a small opening, it enlarges until the two cells fuse into one.
Reference is made to U.S. Patent 4,997,384 by Prather et al., (incorporated
by reference in its entirety herein), which provides a further discussion of this
process. A variety of electrofusion media can be used including, e.g. sucrose,
mannitol, sorbitol and phosphare buffered solution. Fusion can be also
35 accomplished by using Sendai virus as a fusogenic agent.
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Exanpl e 3 Karvotypind Put 10 pg/m Colchicine in cell cultures. After 37C
for 4 hours, the cells were renoved out fromthe plate and centrifuged
cells at 1000 rpmfor 8 5 mnutes. Discard the supernatant) re-suspend cell
pellet in pre-warnmed 0.05 M KCl, and incubate at 37C for pgq/aN01104 857
Centrifuge at 1000 rpmfor 8 mnutes, Di scard the supernatant, re-suspend

cell pellet in a fixation solution (rrethanol I ce acetic acid=3:1) and
keep at room t Enpat-anitimay be ammatedlbtyémomememdd;géwh methodsgneclade, 8

1 xat i on SuEhButdl GEORHI A, sefBvElotied RGPt retEnlifly Mo g "t
1000 r pm fapplyingriancslésor actuathehl Iomeidnqberature @c@kaesthalratmmﬁdushmmur\ém t1 g

G EMBA to examnethe ka e. of he resulfs is sho

Wi | e t he bSr Mthnl’f?@ﬁn %rfscm}s bﬂe%‘ﬁt ﬁ? URits pat &%Pvf?wqfe U(rgle 15
speci fk5c W’m@ﬁ'isnIBWr%létNértéQﬁé physné il térfp éfsd@festood by those skills in
the art that varlous changes  and flcatlon may g@ﬂﬁ wi_t hout departlng

fromthe true. B'ﬁﬁb?to%"mﬁ geliyrtiopr m@desnel@ntheoﬁubmpt - FadentiNat i ons
are i nt endadai7ooks Sﬁfskblg;arg%ge BaPPRhiRh ié H@réiﬁ%drﬁél‘a@@d B?‘?’eféﬂén@é ai ms

appended hereto. ~s 11 1537 Cains: 1. d of preparation the
nucl ear transfkeer exaraple; ﬂoczﬂma@gvatmmwahﬂeﬁ@ctad@urﬁﬁqug@ﬁaﬂyc cell or cell
nucl eus | o a t fromthe nucl ear
donor and uI tﬁ?&ggg'bﬁgé\?éeigg f‘en?fca tradr?gééféﬁlt to a late

pre-inpl afiigat i cednsd:nag@hoanlamryhatlpncqje:ellnlan¢r¢tems in2he ©oeyteet hod of Claim 1,

wherein the said the nucle ar; donar. ce I p

enbryoni c or gtﬁ?tmg i O lggreas% d&éﬂ’%ﬁp%r‘g’ﬁm’gr@% E’L” td%%egélgglb}s .
The net hodiffelctdd by 8.4, thereddifion bﬁklnaeeynmbitersolagu serthe- t’rwemmné(klmmse‘ral i an

or anphi bl% 4. The met ocy S obt.ai ned from

h
nuran 5. NG, FRENORS AP AREba PR, SpREoRaS, Bram et e
I eporid, pirRfsptabgssige.rabbit. 15 6. The method of any one of Cains 3-5,
wherein the 00 te iI.S In l.e of divisionagl, period, npre ein
met apHase || gﬁ pativelyrp Oﬁ%%gt'ef‘ ] S?M“l'ar PW%@W% maynbe 'BQ'&%?‘SER Y nucl ear
transfer Ltﬁétlﬁtr@dtﬂ:tféﬁtéf\/é‘t sBMat@%érlﬁtd?tHet H66felk. g;qﬂmsbﬁwmr@d)r by
usi ng activating agent. The net hod of al m wherein the activating

agent is sEosphateserdin t he gr oup consisting of mannitol el ectrofusion
sol ution) glucose el ectrofusion solution; sorbitol electrofusion solution
and phosphate bhuffered

Injection into the cytoplasm:

20 Also, other methods may be used in nuclear transplantation, e.g.
injection the nucleus directly into the oocyte cytoplasm rather than using
electroporation fusion (Collas and Barnes, Mol. Reprod. Dev., 38: 264-267
1994).

25  Culture of nt-units
Activated nt-units may be cultured in vitro to obtain blastocysts. In the

following examples that are the preferred embodiments of the present
invention, the highest efficiency on culturing blastocyst is achieved when
culturing the nt-units in the RD culture medium (see the details of the
30 example).
' For example, activated nt-units may be transferred to microdrops culture
medium consisting of 50 microliters of tissue culture medium, e.g. RD, M199,
DMEM, etc, under a layer of paraffin at 38°C and 5% CO,,
According to the inventor's experience, for human somatic
35 cellenucleated rabbit oocyte derived nt-units, the blastocyst will be obtained
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solution, nore preferably glucose buffer solution. 9. The nethod of Caim
1, wherein the activated nuclear transfer 25 units are cultured in a nedium
selected fromthe group consisting of RD nedium M99 nedi um and DVEM

medi um nore preferable RD nedium to obtain the nucl ear pcrngi@isImi ts at
various pre-inplantation stages, including e.g. the 2-4-cell, 8-cell,

norul a, bl astocyst, and hatching bl astocyst stages. 10. The nethod of Caim
1, wher ei Bbout6et Uaysialtdr aotivation of theshieunign The nbunite obtained daraught he

di I t d
OvEM e B SaReqy elEem il E MIE Y Plealf ehiofR BlpeRtankt S EIAR o3¢
gr anu:c ar cb@{dctmisimﬂar tetHesnucidar dﬁ?ﬂlsspé(bléf m@ﬂhestthan }tlme @btyﬁendmm:rhnucl ear
transfer units at various pre-i an st ages ncl udi ng e. e
e oer | SBetiRsi Fofgxanible phupli yamad, pehusen Hiinan orit fudeP andlies. 16
PCTI Cl\@ll@ihﬁéléaﬂeb rdbbi 686ytés %&ﬁfbﬁtf a Wevefoprherit éch@!d%rlé @;nhwaﬁ ® homast ages
obt ai ned accordi n% to the nmet hod of any one of d ai é 121ﬂ%g\1 cl ear
transfer Mmooy @hlfoﬁﬂéihﬁﬁi%ﬁ(@%ﬁﬂha@'&bﬁg GEY%lrﬁEhPré aptha § A aim
11, obtai P&&q.pambgagw.amamsqneqﬁa BEPt n?%bb t 814 &8\ m%dl'l'd?é ei into

| epOI‘I d enucl eate ocyt es . ear trans er units at al
pre-i npl ant at i e egdieJonpultiiracand ceaintenagee ofdhei rabbit, embnm Aes wall

Lranspl anttliingla 3fuie kBiaReR% o HMEIE15A° FCSLUShoL 159, RIS ¢S

enucl eat ed 00cC se of ear transfer-units
pre-i il aﬁtlihﬂ@b ECSgestc. 1Qngbo)fathﬂadib@ueomaynglsoomanbveoqe-cuﬂu(a amtlrs al1-13 in

cort & oP SBHEE o0 fRILUERE SR A2 Bl B oB R, B Yo Ot B2, Lor®

transfer ST selg all pre i npl ant ation stages obt ai ned accordi ng to any one

of dains 11- deri.ved,t her ef 15 the treat pent, net hods and
comer ci al éQ e We/ﬁ?"i VﬁPt'ﬁ"AtlﬁYr%%{? > lEnRe dpe crﬁ‘? dgryeas3phno

G, xe!|w Iﬁfoh]a*i émﬁdﬂl@%l@ﬁ]déﬁ?s Qﬁ]é]ﬁﬂ)l@@h!l: stem like cells or any other types
o] 50§21 L SRS i o1 AL TR Al B HhSaSPh G k52
el v! I #V&&g@kbrovide &neW Mt ihe Areatin@ih O RNRBFOIKG éhéﬂ@@llséééé’s?l] calcaJcalc

a] ca] caU] ca] ca] ca] cal caﬂca] cal] ca] ca] ca] ca] ca] c a cal.c sc"qﬂ cal ca] ca]

ca] ¢ a] ca! BBBJDrthS mmeRtinal 2pplicatipes stheiiger)) ntaLon teghL'J']'
VAVKWA | A }bws%dﬂi@m Céaé‘c?es%s@w Ei’i\ﬂ&%n%g:ﬁﬂa‘h@aulﬁﬁﬂs@add‘e%ﬂsca] ca] ca
U c”a] caU) caU] calcalcalca U c”a]cal]ca
larger number of female oocytes is hardly to obtain as the number of female
20 oocytes is rare. Transplant their nuclei as donor cells into different species
enucleated oocytes. The resultant nt-units are cultured in vitro to obtain the
blastocyst and transplanted into the pregnant-mother to develop a normal
individual.
In order to more clearly describe the subject invention, the following
25 examples are provided.

Example

Example 1

30 The preparation of nuclear donor cells for nuclear transfer
Foreskin tissue obtained from surgery with informed consent was

minced and washed with PBS, centrifuged at 1000 rpm for 5 minutes, and
discarded the supernatant. The tissue minced was digested by 0.05%
Trypsin/0.02% EDTA (Gibco) at 37°C for 30 minutes. Remove cell suspension

12



Ul c”a] c"a

U cMa]cal calUl ca] ca|\\ " "aaadd: kBKLKkCkk! I I Cm n8nKnyopppppgszsnf aZzUzupkf a\ ] ]
ca W]ca]ca W]caV]ca U] c”a]ca]ca] c”a]ca]ca]calca]calca Uc”a]ca]ca]c
aJcalU) ca]ca U cna]calca UV caU ca UV]ca]calU] casssttttuuupgyckioibissrtH T} vy
'y zupkfa\Wupkfa\l]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"alca]ca]ca

U c”a] cfaU ca]ca]calca U ctalJca U cta U c”a]ca]cal] ca] ca] ca] ca]caV]ca
KLRall/} >]ah§i'r(}enyrifpge at 1000 rpm for 5 minutes. Discard the supernatant and culture

{ tna cralfoa }%ﬁ?ﬂ iﬁ‘]@uf%ﬁ.b’;?@;]?@ﬁéei? P g Rl o0, iy o

1(1)(%((5?) (p emlcg‘?%&e e CRe-suspt-Iznd &lln plgtﬁzz az?g? mcubatl% at 37°C, 5%

0 0 Ngl ~ 0 0
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Oocyte preperation
Mature New Zealand female Rabbit, 2.5-3kg, was superovulated with a
10 single dose injection of 100 U PMSG (i.m.) (The first bio-pharmaceutical
company, Shanghai), followed by a single dose injection of 100 IU hCG (i.v.)
72 hours later. Mature oocytes were flushed out of the oviducts 14-16 hours
after hCG injection using pre-gassed M2 solution (Sigma). Oocytes were put
into a solution containing 300 IU/ml hyaluronidase to remove cumulus cells.
15 Observe under anatomical lens and pick out the oocytes with a glass needle
after the particles are dlspersed The oocytes (Fig. 2) were then washed in M2

- solutlon for 3 times.

Nuclear transfer procedures’

20  Injection into the zona pellucid:
Oocytes were manipulated in M2 medium with 7.5 pug/ml Cytochalasin B
(Sigma) and incubated and enucleated by a needle with a bevel after
maintained for 10 minutes at room temperature. After that, put the single
donor fibroblast into the periviteliine space of enucleated rabbit oocyte,
25 forming nt-units. The nt-units were equilibrated in a fusion buffer solution
containing. 0.3 M Glu.cose (Sigma); 0.1 mM MgCl. (Sigma); 0.056 mM CaCl;
(Sigma) and stimulated with a single direct current pulse of HV 120V for 60
pseconds. After stimulation, the nt-units were incubated in RD medium,
consisting of DMEM 42.5% (Gibco), RPMI-1640 42.5% (Gibco), and 15% FBS
30 (Hyclone). After 6-7 days, blastocysts were obtained (Figs. 3-6,11).

Injection into the cytoplasm
Oocytes were incubated in M2 solution with 7.5 ng/ml Cytochalasin B
(Sigma) and enucleated by a needle with a bevel after maintained for 10
35 minutes at room temperature. After that, put the single donor fibroblast into
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Estabhshlng Human nuclear transfer embryonic stem cells lines

Nt-units at the blastocyst stage were obtained as described above and
pipetted up and down gently using a glass needle (stretched from a glass pipe
of 3mm diameter) with a diameter smaller than the blastocyst to strip zona

pellucid. Then, the inner cell masses of the blastocysts were isolated and
plz-i_ted onto feeder layers and cultured in 79% DMEM (Gibco), 20% FBS
(Hyclone), 1% non-essential amino acid stock (Gibco),' 01 mM gB-
mercaptoethanol (Gibco), 10 ng/ml LIF (R&D), 10 ng/ml bFGF (R&D) and
10uM Forskolin (Sigma) at 37°C in 5% CO,, with half of the medium changed
every 2 days.

_After_ 2-4 days’ culturing, cell mass was observed to be growing on th_e
feeder. Aﬁer 7-20 days, colonies were observed (Fig.12). The colonies were
di's'p'e_'r_'sed by enzyme or by mechanical means and passed onto a plate
containing fresh feeder layer. After 20 passages, the ntES cells were
cryopreserved.

Fibroblast feeder layer

The feeder cells were derived from mouse embryos of 13-14 days old.
After the removal of the head, liver, heart and esophagus of the embryos
under sterile conditioh, the remains of the embryo were minced, digested in a
pfe-wa'rmed solution containing 0.05% Trypsin/0.02% EDTA (Gibco),
incubated at 37°C for 30 minutes. Remove the cell suspension and centrifuge
at 1000 rpm for 5 minutes. The cells pellet was re-suspended in 90% DMEM
(Gibco); 10% FBS (Hyclone); 50 1U penicillin-streptomycin (Gibco), 1% non-
essential amino acid stock (Gibco) and 0.1 mM B-mercaptoethanol (Gibco),
plated and incubated at 37°C, 5% CO.. After passage 3 times, a feeder layer
was treated with 10mM Mitomycin C (Sigma) for 3-4 hours and passaged on
4-well or 96-well plate. A feeder layer grew in a 37°C humidified incubator
containing 5% CO; and used to prepare ntES Culture.
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10 ét)ispend cells pel‘et again in a fi xat(lon solutlon at( zoom temperature for 15
minutes. After centrifuging at 1000 rpm for 8 minutes, put cell pellet into a
glass plate and stain with’ GIEMSA to examine the karyotype One of he
results is shown i in fi gure 13.
While th_e. present invention _has been described with reference to the
15  specific embodiments thereof, it should be understood by those skills in the art
that. vai'i'ous'chahges and mOdificetion may be made’with’out departing from
the true. splnt and scope of the |nvent|on All such modlflcatlons are intended
to be w:thm the scope of the description and the claims appended hereto.
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10 mammalian or amphibian.
4. The method of Claim 3, wherein the oocyte is obtained from
human. |
5. The method of Clalm 3 wherein the oocyte is obtained from
leporid, preferable a rabbit.
15 6. The method of any one of Claims 3-5, wherein the oocyte is in
‘the middle of divisional period, preferable in metaphase Il stage.
7. The method of Claim 1, wherein the resultant nuclear transfer
'umts are’ activated by bemg cultured at room temperature or by using
activating agent
20 8. The method of Claim 7, wherein the activating agent is selected
from the group consisting of mannitol electrofusion solution, glucose
electrofusion solution, sorbitol electrofusion solution and phosphate buffered
solution, more preferably glucose buffer solution.
9. The method of Claim 1, wherein the activated nuclear transfer
25  units are cultured in a medium selected from the group 'eonsisting of RD
med_'iUm, M199 medium and DMEM medium, more preferable RD medium, to
obtain the nuclear transfer units at various pre-implantation stages, including
e.g. the 2~4-cell, 8-cell, morula, blastocyst, and hatching blastocyst stages.
10. The method of Claim 1, wherein the activated nuclear transfer
30 units are cultured in the medium selected from the group consisting of RD
medium, M199 medium, and DMEM medium, and form co-culture system with
the multiple cells style, e.g. granular cell, oviduct cells, STO (mouse fibroblast),
to obtain the nuclear transfer units at various pre-implantation stages,
including e.g. the 2~4-cell, 8-cell, morula, blastocyst and hatching blastocyst
35 stages.
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their nuclei into rabbits enucleated oocytes.
14. The use of nuclear transfer units at all pre-implantation stages
10 obtained according to any one of Claims 11-13 in the preparation of human
embryohic stem cells or embryonic stem-cells like cells or other types of
embryo-derived stem cells.
15. The use of nuclear transfer units at all pre-implantation stages
obtained according to any one of Claims 11-13 and cells derived therefrom in
15 the treatment methods and commercial uses.



