; e3e$F&( 6”T[ PCT/ CNO1/ 01536 Sonmatic Cell Derived Enbryonic Stem Cells and

‘Their Differentiated Progenies Technical Field 5 The present invention

generally relates to the preparation of somatic cell derived enbryonic stem
cells (S ES cells, also terned as nuclear transfer enbryonic stemcells)
NntES cells); or enbryonic stemlike cells or other types peTeNd/y3gerived
stemcells fromnuclear transfer (nt) units (nt-units) at various

i npl antati on stages; by transplantation of human somatic cells or their

The oA, GBI DTV By IE, SEHECHIST AT,

. NLES ; : .
other typdheir Dibfepentiated FFOGeNIes trantpl anting the human ool | s
or cell nuclei into enucleated ani mal oocytes) nore preferable |eporid

oocytes and nost preferable enucleated New Zeal and 15 rabbit oocytes: The
present invention further relates to the use of ntES cells, enbryonic

stemli keT@%hnigaltFiﬁd types of enbryo-derived stemcells in the
i nduction of differentiated cells: ntES cells) enbryonic stemlike cells,

or other types The@ibsem-inl@ntive Genbrilytelkites tocthklsrepaviatibs of Bbimatie ¢eldr
non-di fferentiated, can be 20 nodified and used as cell carriers to
i nt r oducededyet @mbrypris stemyicellactS-G8 melicalbestermed agi puclepadranslens or

t 1 S . t . y i i [ 1 y
b "ot her “Fforyrl Senb Colit TRESHAAN, of rbrsPhb e FTREY Gl or PIER WREE o1 ou
can be usethbiryo-tervest sténe tcells) froin aluclear iessteT (@it) Geits (ot-utits)l at elarisust i ssues
A e D A
nucl eap deng¢ieated drivPanosdyds, andan aprefirfdd embodimerit@Hé ABbILéHUvisated

Background of “the invention The nuclear transplantation involves the
t ranspl anPAEYIBH Ute ereasnt ipwentiongnogessnedifically relatesdo dhe ereparaliproyipers. The

resul tant : oo (o te r
further | TS ERAS, BroRE LA ColRbl By Rifee SRuABlB e MR LIS ot u
when appl bydransptanting hartginzan celis endelbhuclek into sowicledted) @pinaaldoddytes,

obtai ned Rucl Rt el SR8 56HE G0k 88 and mosPPrdrfabid' enldehfly Rbw! 28aidfa 15 20
15 rabbit oot:ytés.' | | ST

-~ The present invehtion further relates to the use of ntES cells, e'm‘bry’onic
stem_-liké cells or other types of embryo-derived stem cells in the induction of
diffefentiated cells. ntES cells, embryonic stem-like cells, or other types of
embryo-derived stem cells, either differentiated or non-differentiated, ban be
20 modified and used as cell carriers to introduce various types of bio-active
vmol‘eCuI‘és, including DNAs, RNAs or protein etc., into the hlean body. ntES
cells, embryonic stem-like cells, or other types of embryo-derived stem cells, both
modified and unmodified, can be used in the production of all kinds of
differentiated cells, tissues and organs for the treatment and diagnosis of
25 diseases. Also, the cells, of which the genes have been changed or unchanged,

can per se be used as nuclear donors in the nuclear transplantation.
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activated by oocytes of a species different fromthe nuclear donor to form
nt-units. Such nt-units can develop to all the pre-inplantation stages. The
finding, that 30 oocytes of one species can reprogram sonatic nucl ei of
anot her species, shows enteric epitheliumof the ranani gronaculata into
oocytes. Nucl ear transfer had not been applied to manmal sPemiCNO1/a1636 end of
1980s. Many types of somatic cells were used in the nuclear transfer
experinments as the nucl ear donor cells, including enbryo bl astonmeres, inner

cel | masspg on! N nuclear transfer (Collar et al;
Mol : Repr oaéegg’gu@gp%}ﬁ%‘}mégy Keefer et al., Biology of
Reproducti on; 5@h83\6cl%§9traﬂ§ﬂénta@bﬁrﬁ1\@lve%| the tRINSBlan®ilion 1 Tonbb BellslO93] |

Usi ng adul t sheep mammary gland as donor cell, Wlmut et al. in Britain
(Nat ur e 1ggvnu@e5ntoeqmima39d QpﬁﬂﬁéeﬁhQ FesUltapt pt-ymits fayn fayRiop @ ¥REYt i ¢
cell nucl egar. 998 i e m’%é e r

t ranspl anﬁ'zaiet \ ngﬁ%{'&{ Stsd‘%sﬁcogegus@%?ﬁﬁ{q:gﬂép cgﬂtn%daﬁ ?-Q% yyezrr‘gwq%%aa
Nat ur es 39dhova® %o Cszuc‘&QBf)JI wmnlﬁﬂﬂ)adnbcbmahnbwmnabtmrmad iabrthef1990se

mb t E eted (T hI k
96: 14964 B0 EN4909 oPlelBSq ALBERE TgnIRrERCEhoR PRTASEISHHNY LSl P adul

somati ¢ C@hﬂeﬁc'eﬁ:utﬂ@ﬁuﬁ%ﬂth@ r@hﬁﬁfg?&ﬁabxﬂaiaem'o%?t eBUNuRleSP tranBfe?diaES in
concept, ow ng the possibility't differentiated adult somatic

hi
cel | nucl abt keen appliedrtieymamanald antilithe @nd@f 568@@ Mamy b'@eamfré@m?&c celst er
devel o rret I 999 € rom
var oug aﬁ' re L&G%Sﬁ\( ghm(gow\f\.’ag Géns%r e'xgbﬁﬁwteﬁ% %Q’Tme') ‘f‘IuE Idrzﬁl% A
oocyt @8 t incilelred @mbry mlrblastomeaeﬂ) ldamebelblmgsst, oambmernmaleamb(m oeltsgyn of

bl | an PO Perob(CHIog 3haboMa Repiad ey SHE8K 2B SR

control | aehis@RPbP HeproduttioA! §0/036!d30, q@oaesyad dtnaldiFNAS eDD:6T86TIS0AN
speci es. The advancenent in ES cell cultivation has been al so hi ghl 1 ght ed

al| over fAB3orld these years while the devel opment of the nucl ear
transfer 5 techn i din

t he establi shner#kn%gxggts:%%bu ﬁ%& %%Q‘I?gggﬁgpggtagr@”@%bpﬁl H]Bﬂiaergatl on

t her eaf h@Natube c99TE 1385k BABF813) froduced tree ficst livireg matﬂ'@mmmna’tlcof:eﬂ he mce
ES cell line in

ot ol PNRUCIePE ey oo SaCB. HepeRtalTpioepRoriaf ofily ngddar Betsrifiaiod ™ 1

undi f fer erIItbaﬁeﬁgisuddéfssmu¥ ebmpm@a it ©/SA(WaRaydma et dI0Naturei384n 3604874, t he
cultivation thereof is effected in a feeder |ayer of fibrobla ? )cells

(Evans, etl 993) )lnoTQQ%deICIQW firanselantationosf mics qur)‘@“(%émt‘?e&n Mt h; et
al . Devel gg 1%1aﬂ %I\Iﬂém%é 14648045 H6YS), thes RELESId @F Of
devel opment I n o a I types 0 including germcell. ES cells

can beodi frfueIeanttranseﬂarltailoramsmgs aslpbcsdmatlmeiellsuype@t DB'YuﬁdQFOQIi@?ﬁ dpriate

i nduction ,cqndi ti onic stemcells bgen S I rected

Lo di 11 or drgitiae P ais d PGSl Bhacar) stOkfio. Y pSHISHT St Moty

hemdt opoi efiffrenti8Y callis somanel ¢kl Atclel caPNBEn Aéw lﬁBWu'é&@ncéQ%mg neur al

cells (Dinsnore; et al. Theriogenol ggé 49: 145-151, 1998), nuscle cells
Yi

( Reubi nof frep@grammegide seenter devalepm 18 (4): 399-404, 2000),

adi pocyt es’ ( Dani flam Yahidds anihvild) |
endot hel i al cel I'Q%?Vg’t ?gﬁﬁg @ltzrlai'nbec@e@%haﬁ?bé“ IEhl(%%lél 3431, 1988) and so
on. A 2Spedefg. cows| shegmepigs. @onheymwue-als)mmc vine mopvfésetﬁtdeye&w Pfrom ES

ceIIsdlsI rtie i t el |
types, ] na% Eﬂ@gﬁgvﬁ'gﬁ"% {ghﬁ eoeﬁgéﬁla(gcﬁég)ﬁbf TF&?) H*E kneggﬁgel | can
be use ' n 1502%@99) THesdl s\aiser(ts Show Masmmhamrs@matmrmdmlwn bei on) .

25 In view of the potentiality of the nouse ES cells, n tried to

cul ture tHactiFaieddiy epcytes %fragépmalﬁgr%%ér&us@etwb@étd&ﬂpr Em?é‘??t” HPeof not
only has t pS hadd. STheE BRdiRG. &Rl i ed to
nmedi ci ne. rhsggghrrlpﬁ EQHQ% bﬁu 9 §| tﬂl‘é g??irﬁ@gﬁfag'gng#r%ct ed to a|l P ki nds of
speci a0 zesbaytels| of drer spevies camremngram someticsuelei geanaiber sredaseishows
proliferation and 30 differentiation potential, ES cells provided a
platformfor genetic nodification. ES 3



PCTI CN01101536 cells of |arge aninmals can be genetically nodified to
_produce various biological products. Isolation of ES cells or enbryonic
stemlike cells froml|arge nanmal s have been reported. f=or exanple,
Notarianni) et al. (J. Reprod. Fert., Suppl. 43: 5 255-260, 1991 ) reported
that the cells in primary cultures of inner cell nasses fpONCROWOBR6 Sheep
bl ast ocysts exhi bit sone norphol ogi cal and growth characteristics simlar
to ES cells. Chen RL, et al. (Biology of Reproduction, 57 (4): 756-764,
1997) andthdf anevhan®msiicontrdliieg i reprstpamgning Site (Righlyl 86nsthied 19 Wiffereapor t ed
the isolation of pig ES cells from porcine blastocysts, respectively. 10

St ekel enbiﬁﬁaglm%!l?é‘r%PeC@s al : reported the isolation and the characterization
of embr yoni ¢ St g \Ads ng&hbﬁt I £ bonediation m%Sbséntypéﬂ 'Flﬁ%hfﬂ GRfIOSN St S
(Ml: Reprod. 4 4-454) 1995) onson, et . reportedthe successful

i sol ati onowdr e oirlds tﬁes&mypal‘snmfnier theacd@qelep(vmmpf ¢ize (mm)earmansfsr 1995) .

262, (5) - pufilofy ip AGEEER. ettt DonpRn MR &8 aefatlshFert B °Ci e

cells r esggr &dll a?ﬂbetﬁé Wlé chbfa%ierﬁoéncplfﬂ\e/ applicdtivnutirtlesfshave beeanvell ool s i n
t he research of human devel opnent:; but al so has the broad ap%é_ﬁzél on

pr ospect k’FPVH'%dﬂ the arti sineps thergstablishrent: of theymicenks ¢ Tinel ins e@an be
expanded ghghd)! étf@hwymr@t 99: 4841160 1989 Mdrfin C6t b1 TPRAS, 78 T884-7d3y, needs

of the pa W I [""becone the céll source for céll or organ

transpl ant 981)o?ﬁherﬁs a@u ean betkepismpan;andhfferemlhatedrrmfmltalyrmnhfdraimsﬁatecan be
treat throu es_its dIC ns, (2)
human?és H2) I| E\Y@ h?ﬁqo ?@ecﬁ?\‘g'%éﬁ% "%&Kﬁ dﬁ)ué)‘&%;e'"g t he

saf gty eVéE\ﬁszl Oét @i)ohsmqmde%dnffemwefon tinRibitieig Szoddftlbﬁse(smah e@tf abm t he
human ES cell's may. cause 'inmune r. dYSCtI on while being used in the
t ranspl an%ﬁ’?'@ﬁ"@@f%‘?@t»ﬁ@ 3 19&Tdal s of different MHC types; thus the

patient woul d NRCCIS fdelitlel BB ﬁ’tgl iy EBpment it dllscéll%gés ofa Rédzent )

there is norret “I'n obtal ning at are compatible wth
patient’ smdndmgagelyetcuhs EBycelbl can bes:llfmra'atlateddel\IailOUSOSPIVGWQ cell typem

d th | at f ES t d ti
el 18 bl e ol SRS, (ERBES, ST et oBdnsomt €
PCTI mll@&é&@sﬁ%&&i{m&ad & dmferemht@imenkot ihto vadsustypes! dfscellshieh than be
i nduced to various: tyj

f f | t f
bl astocys@@”@é‘?ﬁ%@ B "?‘f(ﬁ%ﬁ?ﬁ gﬁ'glp'; Ce,t,fpi églf\ls?rv 5#1%}0 %%%‘Pe )C%gﬂpir'glg)
740-743, 2Qfk méﬁ?@rere?(“'atl Q‘fhehbﬁerﬁcﬂéé&ar ﬂb dﬁBﬂ@V Mabey arfuscri c¥lls

denonstrates 't s can be isolated 5 from nuclear transfer enbr yos

by somat i ¢ReebihofiietlataNatureBisttechnotogy, 18ES): 399404 12098headirocyias (Ranigi n” are
plur! Baten! <afif &fd) d {:‘éﬁrs%ﬁ“iﬁ$|2'7§H%%”¥9§?F%nfdbﬁweﬁi§|' %enfsy@ﬁl%etaét 5 cells

derlv fhe“succésses’” achi eve ese
scienti st :B|mataec(s)ac34abm1esga®) arxhsalon. Aspecificcell typxe, ergeatmusnzledlket he
di seases) i

of *he: paboiMeiaTTBEY HoroESasmecbRh AP TRS TR o TR AL PEbuce

NtES cel | $qulaRnAICER tgséd Segbaahn&sﬂe Feh, fl’féiréfb% csanéfcmfa@hmteacﬁcbmt@st he
specific cel| ‘type needed he pati ent. ntES cells and their

di f f er ent icell 68N pedtgerin é@altmeet ofittiseases g@h@ﬁwﬁs o orgaptraasplantation)q
therefgre woul d m%dgg;fftﬁ b engﬁ.@ﬁewwfﬁdﬁ@ ES. 6éﬁ§“rleh§§’§ESH‘t¥I@8%

transpl"anted to t he apeu clonin rovi des an approach
to solve tdukturer thel ES oélISI ofrange rrmmmais)bécmmm 9stabbshmmt thereof not

transpl ant at); gsnﬁ\%' s1gnef'cance in scientific research but also can be applied to
medicine. For example, the human ES cells can be directed to all kinds of
specialized cells for the treatment of diseases. Because of their proliferation and

30 differentiation potential, ES cells provided a platform for genetic modification. ES



WD 98107841 (Robe, et al:, Massachusetts, U S. A, filed in 1998) discl osed
the isolation of the thirty 2-cell-stage enbryos and six 4- to 16-cell stage
enbryos and one '16- to 400-cell-stage enbryo fromthe all ogeneic nucl ear
20 * transplantation fromlynphocyte and nouth epitheliumof human to the
bovi ne oocytes. However; this study failed to provi de anyppr@np1/01536
denonstrating that the enbryos and cell colonies derived fromthe enbryos
wer e encoded by human , genom c DNA rather than bovine genonm c DNA.

Bl ast ocystalls ahldige adimhaly cancié genéticallygnodified e prgduss variods biologieal
oocytes. Furthernore; the patent 25 application provided no proof
dermnstran‘?fb’Cf%at the col onies were encoded by human genom ¢ DNA and

di splayed any cayiadnPtf B/ EalsObr BB, SRIMJIRE LeRs 9farfi Ghige: marhAls! N
subm ssion of the present application, there has been no réport that the
nt ES cel | bavaiebpr repaortech dwrexampierNatarannic et al. I(J.ridepred. FednSupp). £D

neither t r£00r, at h ecific.cel.l types can ifferentiated
her of pore53-200pp H\ FrrsERaE T Rl b Prialy Bifualer fnkt opf aise

i nvent or s fidhscoiyennd sheép nblabreystsr aRRibRr soife) rmidiphsldgidal uand sgrowakl d be
obt ai ned by transEI antation of human cells, such as adult somatic cells or

cel | nucl &haraciaristics similardatie? calismehen Ry ieh - U&iolgoy @hirePredisfioBs 57 The 5
nucl ear “(@)f?%fserm%r,*ta@é?gbﬁd%%ﬁgg,teu 8, &m&%ﬁu@késmg fos-obp 2jg] from

the ntunit's at various pre-inp atiron sta nt'ES celI's"are Similar
i n cel | ul aepartent thetisolatiamaf pig HS: cellst fremiponcipe blastocyisty, vsespectively. t he human

ES cells obtaineg fromthe fertilized zyqgotes: T resul t. was e first

pr oof Phat huma _E'b‘?{ﬁ'ﬁ'{{g' ’Pe'ﬁumeéi ?r'i%g ppg@eq eBﬁSgrgﬁ‘!?é'anaf ?é& tthg

t r anspl antephiXerization tdfeembrRIniniseshmliRe ogdst fom Hmerrasiuliassl sbbpringed t hat
t he human enbryoni ¢ stemcells could be derived fromnt-units at the

bl ast ocystblastegysts (Ml. Reriad: 401#4418p4p1¥Ad the feasibility of

Cr 0SS- SPeci es N4 Gdon! rél“%ﬁ'ﬁ} Bﬂé{joﬁle ucébssiulCisbafio PHRAERdes dmhuman

cells or cell nuclel Thto t nucl eat ed oocytes of a leporid aninmal; e.g.
rabbit, t erinaieutacagtie (RNAS, 9211 éh 7834w dR®90uI t ured under: appropriate

conditions givefise:to pntrunits. : var e lye coded
by th'elsdonogrJ ,n_u@f IWS%EPEF %pg&eﬁsm&yse%%ﬁgﬁfg%ﬁ%ﬁwgﬁe&ﬁlﬁ\}lgﬁ% ?%ﬁa?(g&provi de
a net hod qig20(6Y):af 1459141, 59983 Which éstan importast isreekibkeugteln thecstenit ¢adis t ypes
of em_)r yo-derived stemcells.: The nethod conprise: r?gr o%{&%m{?:ng hunan
somati c cdPpeafal! Besereldings gt ANRCARME Usqt? lE@ﬁ’P'fﬂ[El ol EFEATCNand

i sol ating ditfemdtbbvelof! ﬁ?{cﬁi}t(‘alsﬁ REL ithe bPGAd apPlicatibReirosydt Sn Fhedical

enbryo-derived stemcells fromnt-units at various preinplantation stages.

It is anotfiedds. Fof esample, { hehumar S eelistlinep conibecexnanded emdrdifferentiatedr

Cross-.gpecigs t] ] [t " Uil ific
obj ect”"of 'Pﬁ’esqse%s}@néeﬁloﬁséé tz?);I’rg%/(?etgéeaﬁe%@é%f%ﬁ%ﬁ}aggﬂﬁsb%ﬂsyoﬂugeﬁaﬁﬁf@ cells,
enbryoni ¢ «dilesourck orcedll or orgart transplapiationftherdpiesotsr possibletthat awnlys,

i nval ving the trans

| antati on of .the cell ] .. i..of . i
Spedi es. (i MTRIRGaREAER OPresteh dupUdh eal J3b5PantaUPaBETeRt 48 PVFRY en
from the nygieaiond0 (D muntéh ES dell IM@8tRaY alBifa6ilitatd tHehscrbay fittriewndiugspr ovi de
a novel nethod for produci ng human ntES cells, enbryonic stemlike cel _I s or

ot her typeandthegafpty gvaluation of drugs.
25 However, the cells differentiated from the human ES cells may cause

immune rejection while being used in the transplantation between the individuals
of different MHC types, thus the patient would have to take immune inhibitor,
which is toxic. At present, there is no method in obtaining ES cells that are
compatible with the patient’s immune systems by using his somatic cells.

30 Munsie, at al. reported the isolation of mice ES cells from blastocysts

derived by somatic cell nuclear transfer (Current Biology 10: 989-992, 2000).



PCTI CN01101536 derived stemcells, involving the transplantation of the
cells, e.g. human adult somatic cells or cell nuclei into enucleated
oocytes of the same species) e.g. human oocytes. It is another object of
the invention to produce human ntES cells) 5 enbryonic stemlike cells or
ot her types of enbryo-derived stemcells by transpl antati pgr/efnotiensse cel | s
or cell nuclei into enucleated oocytes, e.g. enucleated |eporid oocytes. It
i s another object of the invention to provide a novel nethod for producing

ntES cell Wakavbrhﬁoet 61, Tobdthéd e ARté EPEM, Wich YBRD IndEdd Yovarbuyed 10
stemcells; i1nhvolving the transplantation of the cells or cell “nuclei of a

human i nt typea f speeific celiscit \éieg, feorg theﬁu&wreatqi@laséwsts derivadeby $emalic 3 npre
speci 11¢ 28l Ribiedt tardr iR IIeRIc8nzb§ (12746 Eﬁac?pgém?é b of M d

proliferal I'n’ a si oni c stemcells

obt ai ned fgseardheddnd byWaHValnmat thderhoahmlbd tnatpESmllalcbntbelssImed al
markers | .S of the pripate ES c

[ 1 th |
di  f er &nt framenycieay trangferembryos Vlsé)"?ﬁ 'Ce?ﬁ @\égql(?ﬁ %F%O?&%n&hg rﬁ'%lg elsdbierm 1t
is a Spech&h?tl@?%@?{]%lﬁfaré PRurlpBteHi an@anCdiférentiatel iR &t FSpedid célltz whi ch

are conpatib i mmune system of the nucl ear donor: The nt cells
and the ceabIES celissianived fnoth thegrormalieygated from nt ES cel | s are encoded by

the 20 ‘ h , , S cel |
or eceI I gen? rgsgggga(ﬁ@%%%aﬁw@cg%p g@e‘?f%?‘g% ?If%%s BE.?FIB&% 8‘tlér?uclcgar )
donor) e. gatablishepipa inewi nouve for teatmentisiethe rdiseasesei. ecthemapedttc clsmag nibr e
ahory O S EugRISIRG loEPEat: calinal PRl Py SR BHPHdh 5 25
di rdct i onglbikat Qra?n@ﬁ#' fo rdd(R8 RS TellfCiTHE! ﬁl@ESﬂé%ﬂé DHE&hkE . areefiirNer cel | s,

fibroblasts and adi pocytes in speci fic inductive environnment, including
in vivo anifferentiated tmt¢ ﬂtﬁj%ﬂﬂof@ c@ﬁstvmeeded By HIﬁ)PWéﬁnts'ﬁﬁ& galls angjthelf of the

i nvention t I 0 r ot her
types of g}%,%eaé%% Weﬁng\ge;ﬂﬁ%sgﬁg éﬁﬁwléé{r d| %@E}n{téﬁ%gﬂpr%ﬁm es
for the tmeuldmot bancediedgnotiespatients Smanre systerRGTheNaasilantedito the
anot her specific_ object of the invention to. use, human, ntES ce

st em I1Pke Palients Trergpentic claping provddes AN FEPIASY 1 SV piﬂé%frh&
di ff er ent 'nﬁhﬁﬁxe%j&ﬁ&h %§mfrﬁHnI)¢BB§érw&Id gangplatafibe hritidieg.ed human ti ssues

‘or organs. It Is.another object of the invention to row de human. n

cell's, or 5 enbMEni98/8dih (Rake.cet 1al, MassaghupettspbkSdy. diad Jo- RIS ved
stem cel | g :%)crlos(gdf fhgr %pfaltuaﬁ%? tﬁglotbﬁ'lyrﬁ'c%ﬁlé@a?ﬁé)@nﬂrwﬁn@%i uedo ty-agh

somatic ceq nucl ear. "transfer ansplarftati.on erapl es. Such therapies
i ncl ude b)gtaye/embrwseami @ 11&etot4(§hce1bstagefenmbrge&mthndlqgﬁpalcl rglear

, | udi b Par. k d
A 2 he 290, -teahsp Rt TromayrappRus 4tet onyT ERHATER of Hibarr i B Pasingr L o™
nuscul ar - peifedP Moweletb Hie studyl faRéd & prRAGED ah?@réofcﬂmatmglthatl thge

ryonic

repSacerrent burns, vascul ar di sease, urj nary tract disease; as well =as
t he )t reat rﬁmb"}’©$ ananeloaelenies eriyedifiam dhe e"B'EfNGS BB DA By BEnap; on,
cancer; i n h t he
aman. o eenelic: SYA"RED 15RE Hobine, BBRGAle BINATBIAINGRNS tan Be il

enbryo- dercreetédsmewngtelplasthemmgemelsr oﬂlbfoﬁlmeenoc)eteed Fprtberamires the patent

D, A PRURIen AERd oo ProdhneiaimRa el bR g W rpondF BY ' =

unnodi f i edyyhzy gféﬂoﬁﬁ@fbl‘mrari&ﬂlsbra@@dr 3' @harictetistick iofidrunsdn dir ffriematet i at ed
cells, tissues and organs for use in nedical therapies) including the 20

treat nent 8@ cfllagnostic of d| seases: It is another object of the invention
to use human nt X ' &4Brit| dpprieshidre tﬂéré)hﬁgrbééﬁoﬁé of
enbryo-derived s e?ﬁsce Is an @ﬁelsfr\t%le ﬁer entél?glptle progenies in the

treat ment eportahatathe niESazdiecanibe tpiztamledLbyaIﬂurﬂalﬂ spmmatic cell nusied transfebr

b} ect b nelirer i epaecn e serefc Fa) SR sah BEfHRREegintiortl. 57 ™'

enbryonic stemlike cells or other types of enbryo-derived stem cel I s and
their differentiated progenies as nuclear donors in the nuclear
transplantation. It is another specific object of the invention to use
human ntES cells, enbryonic stemlike cells or other types of
enbryo-derived stemcells and their 5



30 differentiated progenies for the study of cell differentiation and for

‘drug.screening and toxicity evaluation. s PCTI CN01101536 Wth the

foregoi ng and ot her objectives, advantages and features of the invention
that will become hereinafter apparent, the nature of the invention nay be
nore clearly understood by reference to the foll owi ng det pcredotess3si ption
of the preferred enbodi nents of the invention and to the appended clains. 5
Briefs description of the figures Figure 1 is a photograph of the

fibrobl as fﬂf@ ‘@-‘m old man foreskin. Figure 2 is a
phot ograth%?.l‘Phetgregtf)b oocytes 10 Figure 3 is a photograph of the

nt-unit (obtai nqﬂe?&eﬁéﬂtwcén%}s%*sc%vé%a&waeneebhr trahstet (1) @ﬁlt‘@(mﬂnity};l d) at

the 4-cell stager ure 4 1s a otog he nt-unit (obtained
i nj ection comdabesohtamed yetrangplantatior of bueapesallgcsdgh as adnlt sepraticgellst age:

Fi 5 h h o
el Tt ook sChIP AGCSET AR FHucledied e R RLIHG" hute odtRed ahle2OTR! ! €
phot ogs aplhueleat transfer umbrydnmmmednsbwﬁs Jded's) could beaobtaimat |fmnm thd ni-nto the

zona pellucid) at the hatchl ng bl ast oc 7 h
oF T nt Lpite t (GHPHS rRIG IBPIANG e, SASST ThAAHESHEP|s At simiar D dalgiar

cyt opl asmg ﬂ&ratcﬁ?soé?ﬁyﬁ S%’ftrawﬁ phtértla téttﬁéleef #He RURAREES defis oHEIABATT aph

of the nt-unit (obtalne y 1 njection of the somatic cell into the
cyt opl asmfroin thecfediliegd @ygatest fibe mesull was ttiug*érst prepfithabhursan spmatispeliph

cyt opt asm et i8Rt Esprairaritoef afih, Mo, raBeRERRER il b budeRed, o o,

of t hqont geifes( Thé aesdtalty proves thatnthefhunen wrmyomc@érh cHlisi ouiuid bbe
cytdpl asm of the oocyte) at the hatchi ng bl ast ocyst stage. Figure 11 is a
tabl e showenyed fpgt pleurd 1atdhe plaslorysb$tadas different ages for med

Ceh T S iyt IHEETRRLEIANEL AR o ToRORLE R, Srsegyany g 2
oocyte. 9 transplantatlon e. g. the transplantation of human cel% or cell nuclei into the
enucleated oocytes of a leporrd animal, e.g. rabbit, to produce nt-units, | which
15 when cultured under approprlate conditions give rise to nt-units at varlous
o developmental stages encoded by the donor nuclel '
' Therefore it is an object of the invention to provide a method of
_obtarnlng ntES cells embryonrc stem-like cel|s or other types of embryo-denved
stem cells. The method comprlses reprogrammlng human somatic cell nucler to
20 obtam nt-units through nuclear transfer, and isolating ntES cells, embryonic stem-
like cells or other types of embryo-derived stem cells from nt-units at various pre-
) rmplantatuon stages.
It is another object of the rnventron to provide improved methods for
cross-species somatrc cell nuclear transplantatlon.

25 itis a speciﬁcbbject of the invention to provide a novel method for
prodUCing ntES cells, embryonic stem-like cells or other types of embryo-derived
stem cells, involving'the transplantation of the cells or cell nuclei of a mammalian
spec'ies (including human) into enucleated oocytes of a species different from the
nuclear donor.

30 It is another object of the invention to provide a novel method for

producing human ntES cells, embryonic stem-like cells or other types of embryo-



PCTI CNO11 01536 Figure 13 is a photograph of a ntES cell colony derived by
"human somatic cell nuclear transfer) express markers typical of primte ES
cells, and high al kaline phosphatase activity. Figure 14 shows that ntES
cells are capable of form ng an enbryoid body by 5 somatic cell nucl ear
transfer. Figure 15 is a photograph of nuscle cells diffepentNei/edsiérom
human ntES cells by somatic cell nuclear transfer. Figure 16 is a

phot ograph of neurocyte differentiated fromhuman ntES cells by somatic

cel I nucl gafivdd siepf @ells, lilvailiag' the Lifansplantaticr of tieplceds, &igomhupharsaduitke
cells differentiated fromhuman ntES cells b¥ somatic cell nucl ear

t r ansf er : semgtie el or cell MglgiJgioapAugeatsd; % 8f dhe 1same, SP&EIES % m hunan
nt ES cel lﬁ {;% 50% isc cell nuclear transfer. Figure 19 is a photograph
showi ng t Wy Célls are capable of differentiating 15 ' into cells
expressi ng mar kir iz ahothler dbjecteofydnenihegrdion. td-ipgodece humnsam NIESt oefisaph of

the karyot f the ntES cell of he 26t" . Detailed deseripti f
e | nyeniBRan slamakeseale iof, iEF oftben B S0P ARVEH Fi) Ghl Rhci oar

transpl a”?@h%}ﬂﬂnt%goﬁr@f WeRfAn RS Grapeeatidei info téudisateenbocylesnkigIn)
somatic enbryo-and nt-unit are used interchangeably. In the present
i nvent i onenucleatedreporichedaytessnbr yonic stemcell (ntES cell) and somatic

cel |l derived enfyryonicqastem:cal - E / b /P §A8h The
term "nucl ear t aﬁs%hém%gt&dgﬁ ir’feﬁ'ger E@ae'ﬂléﬁeﬁ%?r%\gﬁée% he t?ansp}sgnfozt i on of
donor cel bfoducirgehtE Sieellse embryanie stent-iike eellsoorcgthes typEscofrarsbryoaterivad- uni t s
are cultured to.varioys pre-inplantatiop,stages (e.gd. bl.ast st) . are

al | owdfl t §tamyceliernyg ‘0@9@}F,Vﬁggo'?rir‘}@gg%BE@%?)%LSMM%?%§§%%B?3 Hﬁél ear
transfer, éggblbéteﬁfo&?{és,'esgqleﬂhgn@fatéwaeait%cﬁai mals, for exanple, aninals of
pri mat es, ungul at és,  arphi bi ans; rodents  species, . can all be used as

nucl ear donor s. It isuaemorsospacific akigchef thedaventionuto abtain Pl sethipes At as
wel | as. oocytes £1QM,. =0 .. PCTL 11 : . o - ' ose
Cori ved ©r HUE Lot yinbiT ARG R 2 3 Wiy 896 Smoréifc Rd

" honpgeneousbtaineddrom fertilicaad embatospwhicheshauld éxpreseiall thempeciahmarkers

transplantatjon of don cells or cell nuclel.intp.enucleated. tgs from
the 5 lQane %flp -i@gpachgérQ‘e@ﬁi fad haye t ﬁiﬁoge'g‘faé tg‘lﬂ?ftf%negﬁa?itto\/%} R@@é ot :
pre- i npl ant adiisQt eticieRh, RiesBlbMashd endaderier devel op into Iive-borne
animal s. The term "nuclear transplantation in different sp,ﬁciiiﬁes" heg erred

I _

herein nmeans t h# is papesifigrrbiectsf the inuanien de obtaip the aityS gl lioes;

enuct eat ed QA fiSatille f HAGAIEILIdEMT R iné hBEleRBordi: ThAMtEISI IS ahae
| the cells, tissues and organs derived from ntES cells are encoded by the:

20 génbme of the nuclear donor, Thus, transpléntétioh of the ntES cells or cells,
‘tissues and organs devr'ived frdm ntES cells back into the nuclear donor, e.g.

) “the patient, will not cause immune rejection. |

| | - it isv}‘al m‘oré specific objecf of the ihvention to differentiate human ntES
céllsf, : embrydnic sfem;like cells ‘oi' other types of'embryo-der"ived stem cells

25 dire"ctio'nally to specific typé cells including muscle cells, neural cells, fibroblasts
and'adipocytes ina specific inductive environment, including in vivo and in vitro

inductive system.
It is ahothér specific object of the invention to use the human ntES cells
or embryonic stem-like cells or other types of embryo-derived stem cells and

30 their differentiated progenies for the treatment and diagnosis of diseases.



10 various pre-inplantation stages or allowed to further develop into
live-borne animals. The term" nuclear transfer (nt) unit (nt-unit)"
referred herein neans a unit derived fromthe conbi nati on of a nucl ear
donor and an enucl eat ed oocyte. The nucl ear donor and the enucl eated oocyte
may be obtained fromthe sane 15 species or fromdifferenpcrpnoi/ersss The;
term"somatic enbryo" reffered herein neans nt-units at various

pre-inplantation stages; including the 2-cell, stage; 4-cell stage) 8-cell
stage, norula Sltﬁg%ndﬁh@%m objeage) traeﬂweatnmhltog;sld aemaawstESsbeI@e The
term"somatic cell"” referred herein rreana al | cellseoég S atgult 20
body excepmbryrigstam-bke (cells ppothas fregs aheabeyq-gshv &(j‘i‘) Q

t hrough t o1y ; hage,

bl ast ocysp ?f ﬁarﬁ%kédnégu@?aﬁ?tsﬁé&e | nkgilﬁ]ggﬁggﬁerﬁﬁt\éedr ﬁ%@?ﬁ t'rsrggéséJblg%%t ed in a
bl ast ocyst is t kteisf anotter objecthxﬁ thehnymtmmtmtprowhe dwman IntigBveellsi ©& to al |
cells of th cel]s are he e | I nner
cel | r’réss}e 'E‘Fosrﬁmgﬁ‘@ L‘T Bbtd 'f‘ t ry(?eg ;S’S ?%m ggleszn?/)rof t he

cel I's of iyierentrtbdLels! l!@sué‘éﬂdfdbfghn%hﬁeﬂﬁdﬂthrdi@h bibﬁ‘ﬁlﬂcEEeIDeidcleiﬁrl ved
fromthe inner cell mass i pe of pluripotent stemcells V\/mch can be

i nduced t transfer éqrémnsata@tatsrmdhargmee|Sucwber§pl<i8rfeplueﬁHP@{ way ff examples) | s,
and is pe@g@%?ﬁnérﬂ éff'h |§83§¢=1|§'aﬁ‘d| (fed.5 E\JSH@CI al{sno’tt hﬁﬁé‘d $6'ParkiASofei ntai n

a nor nal e cells ex ess t ers: negative for n

PCTI G\IOll@S«ﬁ&ﬁn%El‘\uﬁhragtdn posyndrumet oﬁ&lzlﬁﬂ&»@r’s sprifome, ARB: Spﬂml amd- 1- 81.
They are pasitive Huma nucl.ear

errbrydﬁl c IQjVEes, c'é‘P(t'Qe Sﬁég‘!?ﬁl‘nggm@gg‘f g%ﬁ’é’ﬁﬁﬁmyatq'ﬁ etsp: Y ﬁ"sé%??" E‘ﬁgpel into

non-jhuman gges! éa’*ﬂla@@%bl@é&m@ﬁt’%uﬁ\sorvalﬁilé# @iSeasd, Nirnaty tractifiseadd, as
I sol at ed fromt'he fertilized zygote. Human nt ES cells can be prrggrégated

infinitel yvelln 9 t e artepatmient aioh AmABINeREigianG: iReaseBesBORR) | ¥ be

I nduced t [ cells of all three germlayers.

Undi f fer e(r¥1 @'aﬁfﬂ?&hhgéﬁéés&gel | s express markers typical of primate ES

cells, whi ch ar et iseyatherespecifi chBlE-mtbf hedinpesiian tecuserthedsmnan ntiESealls;,

TRA-l 60, T 1-81. .1Q..and are lve for p e term
errbrylénl e @WFlﬁ&%’“g\gPI c‘selleré'f @Pﬁéﬁé.er‘.“‘??&g?se ”Oﬁ‘é%?%@és etrhlg\tl}ed from

rat-units oﬁﬂerﬁﬁﬁh’%b@fprééﬁﬂeé Be cati Q‘éh’ier§ feoe trdrspoktasf a)laklhdmbf btmeactwe

characters,. of ‘'t he human enbryoni c stem cells as above. ther

types enbrm@lellélﬁa madifiade PNAs| RNA orepraitein pleindd dh H&a“l?o YI '(‘,%Icle deri ved
from nt - url,hégirg& é/rardnﬁ*b% 'fg‘ﬁe"“%& gt g_Lr MYop HAGEBrépEFARin SSTDEN ORihs Séfem

cel l's and enbryonic s eterm speci alized cells" referred
her ei n nead1ﬁerehtnatedldeﬁs dlsfsbes andlomgans for use in F®dicsl therapielsy ipshidingsthen i ke
cells E%/'?ﬁ CISJ derived stemcells, which can be induced
artifi 'F'Sn P@H?F WeAKP0 or in vitro. 20 The present invention
provi des a rret hae lsoéndlhépdbjeagoﬂlhe lmeﬁﬁioﬂetblts)a han‘balymﬁs eeile,mmbWenmel s or
ot her types of ‘enmbryo-derived stemcel 6fe an'{) QW n eps
(i) X ranspfffaﬁ‘tllkﬁd‘qqﬁ@rQﬁ'}erdﬂ?ﬁﬁof@éwrgo vee Stie ditiese é‘

oocyt es toy X rBﬁéﬁiFth %Héttﬁat%n( iof vafiblis \éﬁ’§éa@83t hﬁp@hfcﬁla‘ﬁq’dr m |t|‘e%tmé|ﬁtan8f er

units; turing the nuclear transfer unitsS to various
pre-i rrpl anamd/orcmesemtgnscf thadliseases and injuries specified, supra.

25 " It is another object of the invention to use genetically modified human
ntES cells, embryonic stem-like cells or other types of embryo-derived stem cells
and their differentiated progenies as nuclear donors in the nuclear transplantation.

It is another specific object of the invention to use human ntES cells,
embryonic stem-like cells or other types of embryo-derived stem cells and their

30 differentiated progenies for the study of cell differentiation and for drug screening

and toxicity evaluation.



(iv) obtaining nuclear transfer enbryonic stemcells, enbryonic stemlike
cells or other types of enbryo-derived stemcells coded by the donor nuclei
from30 the nt-units greater than 2-cell devel opnent stage. t2

PCTI CNO11 01536 The present invention provides a further method of inducing
the ntES cells into many types of specific cells) conpri sp@gckéorsss | ow ng
steps: (i) preparing enbryonic stemcells or enbryonic stemlike cells or
ot her types of enbryo-derived stemcells fromreprogramred somatic cells by
nucl ear S trans{gy thgrferégosrgg and St MbjddifebaKANtR)dsSariredtfrEs b fiid at e to
specialized cells under dppropriate condition: In a preferred enbodi nent;
an appr opinventiors that Iwilhbeeeime heneinatier appargnt, the inature «f the inMengigr yoay donor

for nuclear transfer. i_nt.ajni Lnals 0. % g ani mal
nouses. ¢ AByPUB eaheupderSTion i, RiRfbnbd 15 nd R RirtBa BBt b

admi ni st eftrOpreféttet] mbodiients bitha ifvertioncrsl to therappeaded tlaimsul d be easi er
to control these rabbits free from di seases and bei ng SPF (specific

pat hogen free). Four days after injection of a rabbit with artificial

hor nrone, about 30 oocytes can be obtained for the nuclear transfer

exper i rrenBriaébedesmtiErtisonsot%esfigumm is Z-9 days. The present
inventors discovered that a nuclear transfer unit could be obtained by
t ranspl anFigurert i at pleotagrapbi obthenh fibtablasts |obtaine@ dTam cald2yyaniieith man

fibrobl ashésré 'i(into enucl eated rabbit oocytes to obtain nt-units at various
devel opne PRIy ages. 20 In view of the fact that human cell nuclei can be
ef f ect i velFigureRri9 grpnotattaply of theliabbitoogytes, it is reasonable to expect that

human somatic. cells may be transplan i.nto _oogytes of other nop:-rabbit

ani 1yall0sp&iguse 3ig a@hﬁg{apapéﬂ)e %“’H{)&gﬁtqi"?fﬁpﬁ mlégt!or@{c%ﬁ%@aﬁ‘? BWPE‘Echer

ani mal SOH&E&éS'ﬁ‘QWc@%%'}]%JP-%e%i bl e. For exanpl e) oocytes derived from
a

non- human pri nates, i bi ans, 25-rodents) etc. Further; using simlar
met hods; = Figusédus @ photegreph iof the ot-unihtebtained byriieetian ef asomatic eell int® o human

oocytes apd use. rasultant. f ysts to produce ntE$ cells:.

Ther ef or e?h‘? 214 é‘gﬁ‘\%’i%gbie Q’gﬁ@é?&%ﬁé present invention involves the

t ranspl antragires iefa photegraph oftiverni-unie{dbtained bglihjeciion ef a somatie celt intat ed
‘oocyt es of 30 a._sgec-'l,eis@tg_it% erent fromthe nuclear donor to obtain nt-units-

for i 481 athegonaBelusit) @t iehlasiacyst §a9&nbr yoni ¢ stemlike cell's or ot her
‘types of eqRi¥® i§%_phd?6§]?a§h%|ﬂ%15t3§niﬂﬁfﬂtéﬁﬁé?%z%jbéﬁﬁri 6f a Gomatiz eaPingo t he

invention may-involve the transplantation of human cells or cell nuclei
i nto enuclteazenn peliid)atdhe halehingrblagieeysstqee. 9. a rodent) to produce

o PANGEC: R Rk P2 M B Ml MG lceah o0°)
bl ast ocyt éstothegpteplasm ofitheooeyte) at theud-cell stagepl ant ati on st ages are usef ul
ot 5B e T ARG E e St RBRAR P B i 85t Lo ot e
: into the cytoplasm of the oocyte) at the morula stage. |
‘ | 'Figure Ois a phbtograph of the nt-unit (obt_ained by injection of the somatic cell
into the ‘6y10blasm"of the oocyte) at the blastocyst stage.
Figtjre 10 is’va‘ photogré‘ph of thé nt-unit (obtained by injection of the somatic cell
25 intothe cytOpIaém 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.
Figure 12 is a photograph' of a ntES cell colony derived from human somatic cells

reprogrammed by a rabbit oocyte.



The present inventors discovered that nuclear transfer units can be
_obtained by transplantation of human somatic cell nuclei into enucleated
animal 10 oocytes to produce nf-units at the blastocysfi stage. ntES cells
can then be isolated fromnt-units at the bl astocyst stage. These results
denonstrate that the bl astocysts obtained ' from cross-spegranonmessear
transpl antation have the capability to give rise the enbryonic stem cell
lines as the enbryos derived fromfertilized zygotes: 15 ntES cell |ines

from crosgEiGRECIFER 4 phbRRfrapH @f‘éfrﬂESC@e'll 8slofy deHved! b9ﬂ1drﬂ@rﬁi%bnmb|cellayer S
for a long period of tinme, and can passage for npre than 30 passages. Cells

obt ai ned mnehe@byranﬁ@reemess)mqurnt‘retye'&p)hgf PT'Wt%ESdW'rSera@ch'ﬂlﬂra&f? PBto all
t hree ger gglgét? b@ﬁ\“r\’/d' ng ectoderm nesoderm endoderm but also the
capability o ?erent ating to many ki nds of specialized cells including
nuscl e 20 Figres)4 ashows dhatentEs cellcaré capablei dfr folrhagt astembryhissbody by

di scoveri es’ %e ﬁf g(eeah i nf“portance in solving the problem of immne

rej ect i50n sPMate et AMCeALHERPERt ati on. As wel | known in the art; new organs)

cells “or Ftr% UI‘ESis%%h&?@gﬂ?ﬁ%fh%s&%%é@%@érehﬁ%t@ﬁ@rﬁ henfanfESHs of t he

ori gi nal ans | s or tissues when they could not funcfion properly.

For exarrpIsematﬁéleﬂwume@hé’?nsfﬁanspI antation can be effected if a kidney

cannot do t 0, t hurran
FiE 1B A B, B e R A Rt ot Ftiiman SRS B 107

are used t topoletic stemce
of the turg@rnatdctcetlamcheenaasf@err ous pr oblemin the nedical transplant atr on

for several decades t ans | ant e nto the
pati ertls deH"E Heisrap Be{%ﬁa'ﬁ}/ ﬁlyo@bas? %HEE%Q&EF @?eci 'dr ik Fé
because ofceii§ By rgbﬁrgi,bq;gurngcwgrgﬁg@p bet ween t he organ donor and recipient.
In recent years scientists put forward a t4 PCTI CN01101536_concepti on of

t her apeut ifigetects isa phetgeraptyof adipeeytes giiferentiateshiram Pupapntes.celiedYsonat i c
cells coul nucl ear transplantation in order to obtain
nt-units f%ﬁﬁgﬁe‘eﬁt“ﬁ%{:}ead%g %\ell | s. ntES cells can then be induced to

di f f er ent igigerei 18 {5 & Iphotugyapts shbwmgulbat ofES eblis ares eadpable yof diféerpaliatingt ; and

5 trans | anf ed back into-th Since.the resultant cells, tissues or
or gans! ré"@i‘ﬁqya@épwsménﬁiﬁ aﬁgﬁ% gﬁré'ﬁwr%nd will most likely be

recogni zedriggre Afisfa phdtographl cﬁnﬁ@ka%twfe ofehé BLES icel bEtheZ8l" pagrage.
resulting fromtherapeutic cloning should not cause imune rejection. The

present inventors discovered the following in the invention: 10 (i) ntES
cell lines can be obtained fromhuman somatic cell nuclei by ~~ somatic
cell nucl eBetaﬂﬂdfdesqmplmnEefdhe inventiom proliferate in vitro for
long tine as conventional human ES cells derived fromfertilized zygotes.
(i) nt cells hiavbepresendirsentian, nuclepritranséan(nband mideardranspigpdalionr al | 3
germ | ayers; todernm) nesoderm endoderm These discoveries
dem)ns?(r at retursgg '&%&‘3‘%5‘5%?6& cloning is practically feasible: The present

[ nvent ors furthemn dhecprsend inveftidn) msonmtiveembryge| bnd out-dnibearecpusegr ammed
ef f trvely bé"the Eocyte of a non-human mammal i an species, preferably the
oocyte of WiESENANGePRY: efore, in-the broadest sense, the present invention
involves the 20 Fnﬂﬁ@%ﬂéé’éﬁt%\ré?ﬁoﬁf nGMEErasfaeriBlyohR) $tenPEelC@IES RB) ei
into enucl eated oocytes of a gecr es different fromthe nucl ear donor to
obt ai n nt and sgmatic Oelrd@u@drﬂlﬁ ryohigratemi aell (StEgkarerused istarehanggallyes cel | s.
Human ‘nucl e n ek hnj, Giies Ofnhehucl ear
transp nt ation %esﬁ'}"\éa{géb {ég'ﬁgpéescr&ged'te?n n%nhekeglrﬁerr}gnces){séﬁuch as
sone of th&aﬁsa‘rarteﬁmeef doricrdells ot bell baclhgntwerwmnéateﬂeocytnse'ﬁme osuftset i n
particul ar; W] nmut Nat ur e 385: 813,, 1997 ell .. et _al:)

Bi ol ogy of ”hérﬂrsoﬁ'i?cl;‘r’ ﬁHeQéo (MBy1ous PIEYRP! angaj@:g stages AE gch?aosg?cyst),\%r arRepr od.

Dev; 38: 265"&@% to]faﬁﬂer Mél@ﬂ mt&ﬁve’ibone RblhQehancinifmaly. FAHaLEIeSs trafsfer,
50: 935- 939, 1994; Sins, et PNAS, 90:6155-6159, 1993; and Patents NOs
15 cells or cell nuclei of human or animals, for example, animals of primates,

30 ungulates, amphibians, rodents species, can all be used as nuclear donors.

Human oocytes may be used in nuclear transplantation, as well as oocytes from



PCTI CN01101536 WD 94126884, WO 941 24274, and WO 901 03432; which are
.incorporated by reference in their entirety herein. Nuclear donor 5 In the
i nvention; the cells used as donors for nuclear transfer are derived from
human cells) preferably human fibrobl asts. Human or animal cells,
preferably somatic cells, may be obtained and cul tured agichdmibse t he
nmet hods known in the art: Human and aninal cells useful in the present

i nvention include, by way of exanples; epithelial cells; 10 neural cells;
epi der malyyggd E?ecﬂé@,r il tfsse BEFAILRONPIPr&t8S | BngiBtedN AfMpIEBians,

chondr ocyt es, m hoc es and T I mhoc es ; nucleated a erythrocytes, Yt
Y P Yt ( rydentstelc.r' Yt Yt nacrophages, nononucl ear cells; fibroblasts;

ecd for mucl ean™d [ dls)8Ru HEEieFr S pPanbRy Ietemed SercIRERAE! | <
i nst ance;thé heanglsiantationnsf; dandr celsidr ckil naclei ifio Enacleated ootydss ifroen theear t

reproductive organs; _bl adder, Kki dne,ie‘;3 and urethra and ot her'gﬁir@ [3/ or gans.
Sui t alfl e SEEMROISPEEIESS The, eesultary nkupitsrie GuiLEetk 1Q V5 aLs RIRYERE %‘) "hay be
obt ai ned : Nok-TeR ; i ing all somatic cells 20
Qocyt es %éé)éogogﬂﬁlggfégstggb?gé nugligépaﬁtflr'\tﬁg?{g‘re égﬁaﬂyléﬁé obtai ned from various
ani mal s; i ncl udThe teramfaucleamttansgiantationdn difiereablspepieshuefemedsberedes f or

oocytes include sheep: cattle, pigs;  horses,. . r ok S i L.8Se ~p1 CE;
namet or s)MPabe o FeTtahin B oBheticessd 380 ny BT SnudatifoBtiBs of O |
be obt ai n&dFééieénd&firentlmrthd nieléat donbR Sthepreslitantonteurfitscameacutiaibéd to  Mat ur e
nmet aphase || stage oocytes can be col|ected ?ur icall fr,og)lobhe
r epr odlict Yareus erimpariation §hagasy or Allewedr t%u‘ﬂ@?‘%fv PYRIQR IPLo, ljve-DOine ¢ o 24
houils af t grapset of estrus or the injection of human chorionic

ﬁ or a simlar hornone) vviththeogtptirral time being 15 to

e

gonadot r opi n (hCG [
18 hours. 16 THIESROY ks thansferdgt) onit i(gtolinit)! veddirginemegns awel |

known in the art., Essenti:all.y) the nethqg R | (S ' es from
the. ovar: Wit gfvacRaBe i Podhaiah ar® URRAR ARG} 5 shrl it J8EeCS LT !
The degr eph@hublebt dehboBn@ithé auBRalEcobEyte Unbebe dbtaineticfrorathe teeme 5
reported to be a mmjor_ factor in the success of the nuclear transfer

met hob% (%I&Qieqi‘?raiff%rdiféqrea¥ SPe§¥-ferentiation, 48, 1-8, 1991 ). In general,
previous succes$hilltefRMEBaAE ERbIB réfféredNerir fidaiRSntiafitd e varbaghase | |
stage oocytes.as the recipient ooCyte because at this.stage it is believed
that the precinplantatiorefstagasi Veclidingcthievatoell stagei Aroedstess. Suesle staaeo |
initiate and vel op, .t 1} pal. .er ; ' has been di scovered
in the pr B‘é’éﬂg%ﬁ%{?eﬁﬁsg%&@h%bﬁaﬁdr §8§8@§trmegsét§g}%é§i%ga “from New Zeal and
rabbits shoul d Re @ewe'sorhatit ddl"trefe?dhioerein mishas allleells typest inoan allulhCG
Prior to enucleating, .the orcyt es will be- placed in M culture 15 nmedi um
(Si gnd) cbadwuexsery e genn 68fdase. Cunulus cells will be renoved by repeated

pi pet ting thr ougBy Ridaghbfsn ¥pédies M kYgdts HivelipaRFdighOthel-cuib stage, 49
‘briefly. The tripped oocytes are then screened for those contain BOl ar
bodies; anell stagesicelt stagentosyastage, blasiesysh hatehing blastaqySHINSPAURBCr esence
of polar - [ are ’ wiclean i i
Gener ar 1y oS80 pf¥ES S804 WP BTy beuRtis 8 fodrcR T Bie ofBHO BRESPIMER 1 ur e
in vitro el giesirised) alindells of tiee embeya.rES lcellsratenfiteasguivalentsofagplls afdhe New
Zeal and rabbits: -enucleating should be perfqrmed not, nore : urs
past 2he ingjee Cell W%ﬁ_tmof&a{ﬁ YIRS eTBCW_?)%fJ% OSQQH@OBWQQ%M%Q tng
Enucl eat | '&Sllsrf?lﬂhbgré\ﬁiﬁamdsﬁﬁﬂddiﬁb‘iﬁé’ gHhUhEal |y using a mcropipette 25 to
renove the polar Body and the adjacent cytoplasm The efficiency of
enucl eati ng may Heenark ESi erlldderivest fsomithe innry sellihassl isaitupe Bbaluripetent
chromatin _w ' : : ' d ; : r avAiod:
' adrat | S SSRGS, A iEed e aRRHARS iart CAI tidk: FeiGkiRG

germ line cells, and is permanent in vitro. In a long-term cuiture, these cells

30 maintain a normal karyotype. The cells express the special markers: negative for
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30 nt-units may be prepared according to the nethods known per se in the
.art,.e.g. by injection info the zona pellucid and by injection into the
cytoplasm m  PCTI CNO1l 01536 Injection info the zona pellucid: A single
animal or human cell or cell nucleus, which is typically of a species
different fromthat of the enucleated oocyte, will be trapsfienopsisaet o t he
5 perivitelline space of the latter. Preferably, the nt-unit; consisting of
a human or aninmal cell and a rabbit oocyte; will be electrofused in a 0.5
mm chanbeggbw.-1- gndRidsitivat i NSSEA-8n STEFeH| iTRA-180,STRA1-80: TRHEY Bre about
60 wsec each or nore frequently in ‘el ect r of usi on nedlun1(e g. mannitol,
sucrose opositivefar gikafine phasphalasey 16 to 20 hrs after the injection of hCG

After fusion, e S thgsue
cul ture nedi un) ﬂgﬁhg Bgf%éfvKtégs#}o MIBBW 640 % ‘(43 g%l %I\l/irfg‘gb?e !1)3%0) DVEM
(G bco); trahs;blamtanub@flmmarEbelbhudéumt@nnonshmnmﬂmmlahw lopcplesy haverg a

ol as s e RiopRies sianie =5 eyl st Fat Be et eviie AN i Bell

break dowggp b@f‘?rbﬂ)ﬁﬂe@ldﬂﬁﬁﬁfm Wtr‘d aﬁd‘ﬁ'@m’(&lﬁgﬂ Sorh¥al a@dyciyd. IThekares s Wi | |

open between the two cel nbranes reform Due to the
t her mody ngan deiinduceld tpld@erentl%tednmafs%lmf jall dpregi gesm layewsn Uadiftesentiated ¢t he

two cells,f P by
Pr at her" }%%I% hﬁ%c%qgo?ﬁégg ﬁ(ergbtga ?glf Ee)?ed]] cn?atlengsteswia g‘ﬁt %thhy%%
provi des aegum\xdwr slssAulsandrpas‘itMéweor PBEAE SSSEAv4 TRAY1-60, dIRAet 1841, u5| on
medi a can be used (ﬂ@r‘:'% %‘Q &é sucrose, mannitol) sorbitol and
phospﬁgteaBGfaF%Pe "é% ehosBRAase: al so be acconplished by using
Sendai virus as ﬁeffé?ﬂg%&yaﬁi%n&em-me RERST fiférPed herbif Meansthel guilent i on;
the nt-units may be activatéd by known nethods). i ncl udi nehculturl n t he

nt-units mawrp’nﬂsﬂm&@wﬁs amﬁmteathﬂnethee%ﬁelhﬁtaaeﬁ}hs appattiafdhe col d
tenperaturﬁﬁ%f&g%crg ﬂle ,tmpglt, e%r%gmc-gm BRYad8bave MOSt conveni ently done by

cul turing room erature, |c is lowrelative to the
physi ol ogi cal t aivecent ﬂothecwmtemmotdermbd stemrcbﬂ#d@femd heneimmegnexposed.

Sui t abl e ogc ctivation hods_are .the su

5, 496,1720 aHy%SL% k&er'ygpr ifam egF'a\"'? Fhiverors ﬂ@r'@fﬁiantﬁa%? pgtlag?gdggéﬁp[\b
ref er ence.gndvEME ¥idn ¥els %Al icPibryBNickterplike Cesl BiesIwn 'fs@kbmllzéd pells”
I ncreasi ng- Ievel s.of divalent cations in the: OOCKFé? and

PCTI CNO1| Oefeged(harpinr means dee oRls gﬁtﬁr@mtbﬁt%ﬁom n ICG"%tre'BPB/PB\Cn%tth t he

ggg?’r{f . Tﬁjﬁer%ﬁl?%ﬁ Ghet WeR35f BAbAIALREY SBR 881d, SMRER daRbé! fsuckar

artificially to differentiate in vivo or in vitro.
20 The present invention provides a method of preparing the ntES cells,
embryonic stem-like cells or other types of embryo-derived stem celis, comprising
) the following steps:
| (i) transplantmg nuclear donor cells or cell nuclei into enucleated oocytes
to form nt-units;
25 (ii) activating the obtained nuclear transfer units;
(iii) cultUring the nuclear transfer units to various pre-implantation stages;
and
(iv) obtaining nuclear transfer embryonic stem cells, embryonic stem-like
cells or other types of embryo-derived stem cells coded by the donor nuclei from

30 the nt-units greater than 2-cell development stage.
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the addition of kinase inhibitors) e.g. the serine-threonine kinase
_inhibitors 6di nmethyl -am no-purine; staurosporine, 2-am nopurine, and
sphingosine. 5 Alternatively, phosphorylation of cellular proteins nay be
i nhibited by the introduction of a phosphatase into the oocyte (e.gqg.
phosphat ase 2A or phosphatase 21 3). Injection into the cypoptrewisded O her
nmet hods may be used for nuclear transplantation, including injecting the
nucl eus directly into the oocyte cytoplasmrather than using

el ect r opor at i onThd essenit GNUNteHgsrofiies ap flrttesrbhethodl §f indesinghthennt&Seus  of

t he donor somatic cell are able to be rep,rp%&anggad bX the oocyfe, which in
turn nustcels iptepaametyees ohapesitie cells, Graprisigdhe following BePSogr amed i n

rabbit oocyte 15 |l r la N Vi

38: 264- 267) 199@5 'Sﬁét?gﬁhﬁi%@bc'gﬁg%r%"&%sﬁtéﬂ'viﬁa'%g nstt?ﬁﬁﬁeogreauﬁqgec,tgﬁﬁtur ed
in a suitigpbe of ehibryederidistefrocelfsufromeeprgvamomdesamatio celtskayrpuepar
activated nt-ur]ita may be transferred into arid 20 mcro-cultured in nmedium
RD) M9: r#ERESN50 microliter of culture medi um being covered by a |ayer
of paraffin, e. gig iRduchRS- e Gbave @lls tbndiffBrentibtd Be speeibiizexblcellexadpt es! the
hi ghesf rate of bl astocysts was obtained by culturing ntunits in RD nmedium
Accor di ngapproprieteiaenditiobr ' s experi ence; for human cel |/ enucl eated rabbit 25
oocyte derived ptz U o] 1 ted idays
after initiati oﬁ' %p Fﬁg%@?/? tgng)gtg !'@%’%ti %ﬁ%bﬁﬂddiﬁf‘%)gm%p%ﬁ"?@b?@gf%agiﬁ?'g. t
appear ancie wed @=hh woayteadumoadoremicisamtraresfert Byembinfaisingfthese animaledr donor
speci es rather .than the oocyte donor, species.. Fqr ex le). i he case of a
nt-uni®s BRRTRPHR W"@EQW?%?\?‘“%Y CBP‘dag%ﬁ%FﬁH’“Hﬁ?%‘g?’%%Rﬁra“ e %’Ull(ant?eg an
enu¢l eat eghorgldasly a8MikiSterdd)@hGE YESMMER T adbweP cbsie Mérebuérd, if wblldvise a
schedul e nore typical ~of ‘a human rather than a rabbit 19 PCTI CNO1101536 -
enbryo. |easiekde conyiobxthase dabbits fregafrom slisesisas .angd Laing SR §Re¢ie a
rabbit. e W FAL E A ¥ i ' - days.
The med: aptagey fieef U elY cfer Fiafi, 24 PR wit aRfelafbiTion oot

i ncl ude DBBEMGLigsFES) bblididaihbéfoB8)e anderDiapsterBIperimeatidRabihnaturey 5 can
be used for; co-cul ture wth a variety of cell types, including grartul ose,
ovi dudt, @BEYS Reno ﬁ(f’g Y8el1s. ntES cell line establishment: The culture
‘systemis the mypk prepent iAvEntbRs bivcoverettBan tESickedr transfer Uit esuldbbe shrent .
The 'system incl-udes the nmedi unms.and the f eFder I--aye[s. The diuns._nean a
liquid suiobtained byr transpiatations of (theuPuelgh of human 1©§ I%,Ss%eqlﬁ&%ﬁgd?gﬂ?n DVEM
(G bco); EBS {Hycl ons) | Lafstf bt ' i 9 C k-G CAY) Svarious

~3ner capt ﬁgﬁ%’g% 'Kﬁ@?koeﬁperr%g%%ﬁm&?)gﬁbgg)e}lﬁgl?q{(geggﬂ?; Kta(rvgl'Tt various factors:
The first deyplopwientaistdgest ors is he |igand of glucose-protein 130, e.g: LIF
15 (R&D), which, together awith .t gR- Iy Dy g e of .
Si gnal%et ransduct'ri‘ ox.%wl'h stﬁ%oﬁ%tt gﬁaet g\‘u%e #ggpétdodr}’lé'i ;%%ﬁhyéeneg%g% s CAMP
agoni st; @esrogfmirmkalbyabblbicteiles, itrisreasuvlapleato éxpediithatturhan sdmatipe of
the.factors i s the %rowth factor, egg. (g&g (R&D?ﬁéI vxgi C.MO ma% inhi bit the
apopt osi s G8ils May ke tagsplanterh inte 0ogues| er RFARYILARIMA SBESES {C8ht ai ned

fromthe 13 5.48%% of ‘ j 8% ERogigl 41s6 bgr owi ng
jcﬁg@lg?t?%ﬁo W%uﬁfﬁ?&y @)gc RVrdR otifersdrinal b@rc

after inac v M tonyci n Sigma): In-a preferred enbodinent; the
f eeder celduitallenpoi suamples oosyiesyderived fromonerzbuanTprimatespamphitidnst a

Dol ow 5 ThdoHfTHan o E8FEer wif i Methodl of SPpbI 6E Ao & tediRich
nt-uni t's URinkh 8 aPAVEer Nt thuenay sbeytes Eind Ueentie resiiBanteblastocystaites have

a |l onger doubling tinme than the nouse ES ' cells; and exhibit col ony
appear ance¥o % @lscharacters similar to human ES cells rather than

mouse ES cells. g0 dface NIWRE HoERestehbislPindi pREAE GNEHtBE invokBS theesent

invention sustain .
transplantation of human or animal cells or cell nuclei into enucleated oocytes of

30 a species different from the nuclear donor to obtain nt-units for isolating

embryonic stem cells or embryonic stem-like cells or other types of embryo-



t he high positive for al kaline phosphatase (Sigma) after a |long term of
culture, 20 PCTI CN01101536 over 30 passages: They al so express the
surface markers in conmon with the prinmate ES cells, e:g. SSEA-1 (-),
SSEA-3 (+), SSEA-4 (+), TRA-1-10 (+), and TRA-1-81 (+): This shows that the
ES cells sustain growh in an undifferentiated state. 5 Ther/ONoBo1586 ES
cells obtained according to the present invention in 10 15 20 30 col onies
are centralized and conpacted, and cells arranged closely, w th bigger

nucl eus agéhvestefvéaiBl FeNexdmg, firviavéRtforsmag igVavé theransplastatiomsf t he
primate ES cells as follows: (i) sustaining growh in an undifferentiated

st ia: e in humeo, cellsior eell ﬁtllélﬁhlf}i@ enicipated sogues ff aethay SREFIBRdei%ran of
cul turing; [ | e | Qpi | G inftl ; _of 3
Gorm | ayoiesBR) I Ao SAPH e, WIE R BvEIBR I REIIS Pat Vatiobd 8- N1
di ffe[ egt itn?lamatioﬂ' hst]ggem, irmlubdlithg thGse eatcthe 2B8Aruleb)stadév blaslotiyteis] 4and 1998)
reporte e successful establis nt of the h E L1 1] ' h
bl a5t by SPBCH DR PIRBIPHIash SIAdES. THARTE el VANGES dURSRBIISEIAr HAES RS human
ES cells ul 1R 186 htién Se'enionib astérr anshashbriienic aparhiliket oellef orf thet ng t he
enbryoi d body (EB) and derivatives of all three enbryonic germ |ayers;
kggllggh ngtirge%semhrymdgbwmm eells fenthempeutic\aii@na, et al: (Science, 292
: 0= 0 » i he. isol.ati . ES
ol from the BMéoressat TSRS SRboainy Wt Hlcleal \hefd iy BepBeo?, 2
by somat i ebfaiidd by trafisplantation of thuhvaresdoméfticdsll aticlep o fenocleatddsamnimabi t r o.

Hi s experinent proved the bl astocyst from transft h th '
of "dotPui AGoYIEE IRSPRBHPE M Ret EnblasBISEt Sidper MrNe ARSI PO by
somit i c Ci’ég’lé}t@@%ﬁhﬁt—&ﬁﬂé At AE WA NEERR SHageC Thab PedtiitstRIRORIANG thatithe an
integral adult and all-cell types contained therein. The |nvention provides
a met hod blastaystsc obtaiaed freme carpes-ppecier: | ruglear dransplantation haye; di

Cone e agBablI. BNBIAY e BFRRRNES Bl B AP BIER a1 e
body and ¢erifizzdezygotese to all three enbryonic germlayers (e.g. 21
15 . ntES cell lines from ‘crofssfspebies'nucleér transfer can be cultured on
“feeder cell layers for a long period of time, and can passage for more than 30
 passages. Cells obtained thereby héve not only the capability of differentiation
into all three germ_ layers, including ectoderm, mesoderm, endoderm, but also the
éépébiiity: of"différ’éntiéting to many kinds of specialized cells including muscle
20 cells, adipocytes; nerve cell and fibroblast etc.
These diScdvéries are of great importance in solving the problem of
) ) ‘ immune rejection in medicéltransplantation. As well known in the art, new organs,
J '.cells'v"‘o_r tissues can be used to replace or reverse the functions of the original
Orgahs, cells or tissUes when they could not function properly. For example, the
25 'kidney'transplantatiori can bé effected if a kidhey cannot do function normally,
and hematopoietic stem cells from other human are used to replace the
exhausted hematopoietic stem cells in the therapy of the tumor. It has been a
_seriou‘s problem in the medical' transplantation for several decades that the
orgéns, cells or tissues transplanted into the patients would be rejected by the
30 iﬁlmune system of the recipient, because of the mismatch in MHC genes

between the organ donor and recipient. In recent years, scientists put forward a
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PCTI CNO11 01536 ect oder m neur ofil ament, NSE; nesoder m -nyoD, nyogl obin,
desm.n, VWF; endoderma,-anti-trypsin, a-fetoprotein nolecular markers
positive). ~/ The invention provides various conditions for inducing hunman
NtES cells to differentiate, including inducing both in vitro and in vivo.
The induction in vitro 5 can be separated into (A) self-ipeteioosnsaghi ch

i nvol ves the induction of the ntES cells or ntES-like cells automatically
under the specific culturing conditions) and (B) the biochem cal induction,
whi ch i NVl tptioN lof tHdapdiRtictiGiting thigetin féﬁ%‘fviﬁ?'thé iriupetrBRciBg! TS
conprising retinoic acid or beta-merbaptoethanol (Sigma) or DMSO or H202
for the f$omaticioelie conld becrepregianyned bynauglear drﬁnﬁp?ai\t@tt%ﬂn rrdendei al

medi um t o_,ar dif ent.4.at Lo j i N Vi i ves
putting. ¢ AReRLALGNY da JeorButtiniERe PHAS, M okl () e e iidiced BICE,
vitro) i ngifletdrtiagpdntoathedasrgangl tissuemlorotellsumeedaddby nthec ipatienteand o

S o <ot oot g s P S abS o SR RN BRE RS

obt ai ned %ﬁ&f&etd e pitichs bwntg{&omeeéﬁ@wm MBSORKENNDE PEbshnid 8€ e, he

t herapy of many di seaﬂsags/ many "t herapeutic usages. In' principle, the ntES
cel | s naytrarsplantation of aellsntissuesdend rargans resylfirg diam dhewmpeutic algniag

Ther apeut j.¢ ages .Qf . i ff i a I : kel ed. For
exanl o PRt HE cRlest v e, BB TRE OHSRRL IRhe o BistaRp WRp T8
requi ri ngfdieninginrthemventigvspl ant afi on; and human neural stemcells may be
used in regenerative nedicine for spinal .cord .injuries zi,nd Pﬁr Ki nan' S

di sead®. 25 a hé} FS coll dneg an bR ERIPIBAY OB AumBAR sRPatSERIhMUCIELPY

t hefjapy i gﬁghgg@be,wug@gr@gns@é@rrpl e; multiple scleroses, nuscul ar dystrophy,
di abetes; Tiver [ diseases;, heart diseases; cartilage replacenent, burns;
foot ul cers; gaéi)riESt ealt lines can pecliferate imyitigl tor lang dima 85 ganvapliondlseases,

urinary tgact diseases)..and i i seases and conditions: 30 The
human nt Eéuﬁglnﬁiééggﬁs[(der'\%@(rjffoagcfi%'e'#%s%%@ger%of produced according to the
present i-nventi ¢in) megellschavedhe potartial tocdifferentiate inta ceath fpestofail 3 gemds of 22
PCTI CN01101536 extrinsic bi-o-functional material, into.hunan hody. .Transfer
the DI, R RIr o‘f‘E{“H"\Qr‘ BPWQPr’Bi o-“P‘?ﬁ?%FfanalenHﬁf’%W'al INERe o cﬁﬁ‘@'ﬁf'ﬁ% cells
ol na T e e o T ot o, eto
and t hen furthesfdiscoveredrthachwenn somaticieell Soglst be eeprearammed effestivaly by ¢ he
human bod ' ; el 0. 40l e in
Vv By e ks 6P g ERhpriRN RRAEH Shckice, BT EBOoMe Bl bt © |

def ecti ve i mmun&heyeformnigethesbroagest sensdyr thei pregent snvemtiobeinvelveadbe, or

t he genes which n_express therapeutically benef. ci I chh as
growt K910 tf@gé?'@P@%OF HE1asan! 8&':’%3%?‘;15%‘%{;%?%e%@cq%aca}&ﬁ&t?g%}’%# rcgduced.
For exanplgegpédies GMaeRN o Mee Huigar ddandr tof alstain sit-mits ket varlousdpreed i nt o
human enbryonic stemcell or the derived cells of other types and then the
di f f er ent jirapBatadion sieoes for iselatingeiESQells. genetical ly nodified may be
transplanted into a patient suffering from Parkinson's disease to treat the
di sease. 15 Using such nethods; desired genes nmay be introduced into the
subj ect n Qﬁ'c'eﬁ;mﬁ:’ﬂ?'aillj?ﬁh fé?ltéc%%b' differentiate into needed cell
types, e.g. henmatopoletic ,cesl'l s; neural cells; pancreatic cells, cartil age
cel | s;25et ¢, and Nucheart thansfers tdchaiquecet hclear tiapsplehtatiodclechriguesdrayer om can

be used in the therapy: Genes,  which be intr o ' : .ect

nt ES cel | ;L%eﬂcq%?&BPecg?}/‘ %"M?fef)?n%?aﬁ’dnai?s 38[71%?%# ’5%6\?%‘30% é&%oir?‘%%asi c
fi brobl asthagk@etid o tHeomvestidra{Seteini pepticutany Wilnfetpbi &l INatute385:8104813,
insulin-like growh factor (I and _I1)) neu,rotroggi n-S'#eﬁrgt_r%ﬁghi r{-4l 5)
ciliary neld98t Fapmibells efaloBiolagy of Regiaductian 4§dREI3% P44 c149% 0 Kofles. e

i nterferong; I t oyl akioag . t , I C } ha and
et a): et oy ST RBo, DB, 96284267 1003, KHHE ot BF P PRIGGY DERSBIUERORTS Moy
be usex) asS0:965-080t 1894;i Simsgeted., ANAS 0POBNES-E168y 1893yend PatentiscNOsr e
involved in the regulation of early devel opnent to find out the inportant
factors in the process of cell differentiation: Abnormty differentiation
and division of cells caused many serious di seases and congenit al
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mal f ormati onare. Therefore, in-depth studies on the process of
differentiation, 30 division and induction of the nornmal cells will provide
a clear understanding of the cells pathol ogical process of those di seases.
23 PCTI CN01101536 Al so, differentiated cells tissues and organs fromthe
subject ntES cells may be used in the devel opnent of drugpert/ER81/64546ly on
the enbryonic stemcells wlt greatly change the nethods of producing drugs
and safety exami nation for drugs. The enbryonic stemcells my

di f f erent iz egd/p68& RO 198/24270¢ digieW O 00703432 Yhigh &@F RRBIPWraRiidby
identification of the drugs. In future drug research, only the experinental
drugs, whreferemgedn pheisentiretydier8incel | experinment in vitro, could be used on
t he experinental animal or used in the clinical experinent on human. In
addi tion; nucl ear xeno-transplantation techniques my be used to save the
speci es cNastedradomdri nction; such as the giant panda. in these species, 10

| arger nunbers of fenal e oogytes are hardly tgo obtain .as the nupber of the
femal e3is | ess: A& ipvenyion ﬁ{e Qéﬁﬂ”%?&f% ‘ﬂ@{%ﬁgﬁ’@‘{fieqrrt?ﬁ?&raﬁfPéﬁ? Wed o
enucl eat ef} RPRUEA cells, Préfefap humaRdibPsbladide resul tant nucl ear transfer

i . :

units woul d then be cul'tured 1n vitro to obtain blastocysts, which could
t hen be transpl &wean ohapinodlccelis e prefenablib somatic selisvmay Pex ohtaingd and

i ndi vi dual . ord ‘ o 1y d ' L ovent Lon: it

fol |l ow ngcg?;('é%%_l%s?gg&ﬂﬁé 6%3\9%%“‘%&52{%%& ?%éeggf yﬁ?%’?i%ﬁ %@H‘natﬂc ggr donor
Ce:c |'s fgr useftl aarthé rpresérstr igﬂ@ntfjim e&jﬁﬂuc:je,tbwmaa/ obteaianqﬂleéf,rwi:jtmﬁalgeeljs,vm th
I'nforned consent. was mnced and washe i th:- PBS; centrifuged . at 1000 rpm
For 518 ndBUE CelBeepBansl BelsohraYsyIeo: hematepRitt el Helfnotes. or 50
m nyt es: Bﬁ&ﬁ&r@cﬁéQ,efrﬁhyﬁbcﬁ&ééJgBQBnar Wm)kﬁ%dw@%),aﬁh@c%%fédiér?m%dy‘f@s,wbe at
1000 rpmfor 5-mnutes. Discard the _supernatant and culture the cell pellet
i n 90% Dvmacrephagesc ayonucteBs qell.c fibiobasts, seardigenmuselei eells; i ands o8&t onyci n

Changed” e A3 Calty MO RLE o lh WNE (Nod fdr nogleb Sranttdr il pP) U

cel | s of tobeainéd fh ndifferestigrgans; fos cdstanceutheakinjoinog, panceeaskiliger,1 ). 24
> 10 11? stbfhééh, infestine,' heart,v»rebroductive organs, blad'der, kidney, and urethra and
bthér}_(t_r‘i_na'ry.z organs. S_ui'tébie:‘ donor cells (i.é_., cells useful in the subject
inv,entjién)z may be obtained from any cell ‘ovr_org'an of the body, including all

somatic cells.

20  Oocytes:

The OOCytés used for nuclear transfer may be obtained from various
' ) animals, including mammals and amphibians. Suitable mammalian sources for
| oocytés inclu_de vshe»e"p', 'cattle, pigs, horses, rabbits, guinea pigs, mice, hamsters,
rats, brimates, etc. Ina preferfed embodiment, the oocytes will be obtained from

25 a |ep6rid source, mos’f preferable from a rabbit. | |
o Mvature metaphase |l stage }oocytes can be collected surgically from the
reproductive tract of non-superovulated or superovulated rabbits 14 to 24 hours
after onset of estrus or the injection of human chorionic gonadotropin (hCG) or a

similar hormone, with the optimalb‘time being 15 to 18 hours.




20 vw. yay.n ~N~~ puvm Mature New Zeal and fenal e Rabbit, 2.5-3kg, was
.superovul ated with a single dose injection of 100 11U PVSG (i.m) (The first
bi o- phar maceuti cal conpany, Shanghai), followed by a single dose injection
of 100 11U hCG (HuaFu Hi gh "Bi o- Technol ogy Company, Tianjing) (i.v.) 72
hours later. Mature oocytes were flushed out of the ovi dirdTscNoi/08836hour s
after hCG injection using prewarned M2 solution (Signa} Oocytes were put
into a solution containing 300 IUinl hyal uroni dase to renove cunul us

cell's. The oocyigthodkifer istlatithl 6 bbledvasd oili knovth othd aanEksentillyj mes.
Nucl ear transfer procedures Injection into the zona pell uci ﬂ%%%&es wer e

mani pul attbe methrd cesnrises isalating gocydesfrony hecpvaries; of rBP(CslUs
i ncubat ed ﬁ{}ﬂ%ﬁ\QP aeiﬁéﬁg'alﬁyei].%er?%ﬁ; with a bevel after maintained for 10
m T enp { = Af

mnutes at " 00 raturé er that; put the single donor fibroblast
into the peri viTied Idegeees phoeatafatienucl et edcytabibi nudearytransfen haisneest - uni t s.

The nt-units re equiljbrated in a fusio uffer splutdon iaLng 0.3 M
G ucose (SPRmEY 16 BS 3 mpiopfsts: Ipahg SuptesstiBe hhFleatitatiel fieletssee:

stimul at efrahdeR afi DifteRfidtRm. 48)r1-8NHgpH). Sl _généfdl, lHaviolsr siigessfal Aft er
~stimulation, the nt-units were incubated in RD nedi ug consi stin~q ofi DVEM

42. 5% ( G imabymaliapnanimal oloningspractizescuge thenmetaphasgd| |Qagyies ag the 6- 7
days; bl ast ogvst. Ne.. I . LE o B i j i

Syt opl asnE BB eV FRSE el ffs sag8Tt s Bfieid that I Sey€ean SRy

Cyt ochal a%ictivite! Siedintrpdacetl musielistt inifiaty/and deeelbp tovanimal epatwyds.af t er

mai ntai ned for 10 minutes at roomtenperature: After that, put the single
donor1®i brobl ast into the cytopl asmof the enucl eated rabbit oocyte;

forin ng agn?—‘wgiti},' Many nt-units were cultured in RD nediunm) consisting of
" DVEM 42, 5@?& BCOF) RPM - 1640 42.5% (G bco), 30 15% FBS (Hyclone). After
'6-7 days, bl ast Bchas begnrdisenyeseddn thei present inypntions that renersas; 36
Exanpl e 2_Est abld shing., Bu L.earn i£o 11 i nes
mt i s PR e Ny PR PR R B8 Rl atid B Lo hE R e s
pi petted ijediod eftv@GgPribt Yo eaudgatingg| the oaoytedl will be piacedeln MR2ogultargl ass

pipe of 3 mmdi ter) with.a di ter. smaller thap.t ' t.to strip
zona pel | U@dﬁjm%%zg{nai Rentaling g’é’%{&&mﬂ%%eengéﬁ?‘_“{_ e%@lsa@ﬁbg%g%ﬁ%ﬁeb)? sol at ed
-and pl at egeriaidd pRRMHg tavagl pipstiesvenyr Sthall InH@Ydiaiiéver Gr byoyortexing FBS
(Hyclone),. 1 % nonessential am no acid stock (G bco), 0:1° L S
~=mrer capt bdefanie §@be@)0,0¢yte@r@19nﬁ1emcﬁq¢@qqq&1§)thoa CHQﬁafﬂ'PBiﬂGb%@éD); 10
Forskol i n J( Si.008). 848 LG 0RO ot ' i gdrevery 2
daye. _af 8n A Seidied atedhatl ey B R e O oG o
t he feedebodits: amr theR dsddjor, nunieariiansfercenuaeatingved (Fi g. 12). The col oni es
wer e di spersed

R Ry e i T S A A
Fi br obl astnitar@an vitRy 84 desired, until they are in the metaphase Il stage.
" ) -, . For New Zéaland”rabbitsv, enuCIe’ating. should be performed not more
l, than 20 hours past th'e_-:inje_ction of hCG, with 16 to 18 hours being preferable. |
_4Enuclea'ﬁng may be éccomplished micro-s‘urgically using a micropipette
25 to remove the pblar body and the adjaceht cytoplasm. The efficiency of
ehucleating may be examined by staining the removed polar body and chromatin

with Hoechst 33342 dye, and observed DNA under ultraviolet irradiation rapidly.
nt-unit preparation

30 nt-units may be prepared according to the methods known per se in the
art, e.g. by injection into the zona pellucid and by injection into the cytoplasm.

17



The feeder cells were derived from nouse enbryos of 14-16 days old: After
.the renoval of the head, |iver; heart and esophagus of the enbryos under 20
sterile conditions the remains of the enbryo were mnced; digested in a pre
war med sol ution containing 0:05% Trypsin/0:02% EDTA (G bco); incubate at
37C for 30 mnutes centrifuged at 1000 rpmfor 5 m nutes. PEJp/gNgﬁbtf,ngel | et
was re-suspended in 90% DVEM (Gbco); 10% FBS (Hyclone); 50
penicillinstreptomycin (G bco) ,plated and i ncubated at 37C, 5% C02. After
passage 3 25 tinmes, a feeder |ayer was treated with 10 MM M tonycin C
(Sigma) for 3-4 hours and passed on 4-well or 96-well plate. A feeder |ayer
grew i n almyjectioniinty theetpnarmmmldr cont ai ning 5% C02. The plates with

honogenous feedgr | e u r

Charicterizati 02\ 8\‘”% ﬁ%lqr R@ﬂﬁh&‘fe@ %géé‘gl ﬁ‘@xgwehiés”gﬁ @Qcallg of a
phosphat aggegies idiffrent ramt thanofthe emscléated doegted iwill bar tearisferred iintothef ace
antigens, and therefore they can be identified by 26 PCTI 1101536

det ect 5ng parvitalineesparesphifiedatiera direlarablyathe atinit, GRDBISHNG 0h@ PG of
SSEA- 1 E@ga’t cel A 4'r tﬂﬁd‘cﬂéﬁwﬁ@é Ce«ﬁfos g 8dd IPrs o m%haﬁt%e%ydﬁéec“ ng

Alkallnep phatase ac uture on 4 ate were
fixed wit Iapéﬂﬁal@nafoframbtdaetlmdbpmse of 90-N80¥Sor abdut/\BG ers@cveaﬁhedr md:re PBS
for 3 ti dedthe substrate of al kalin hos hat Se m) to
he vel || TBAHSORAI SIeGHENSIPD, MBGUTH (G EodnaNiEh SurPeSeh setsoh sHgh

| evel of %é&ﬁtmquRB%oﬁetm tRE linjttion obNEGt ARterRILi6n fétﬁiﬁ%sé@'dt—‘émﬂr e
negati ve. mrunohi st ochem cal nethod: Plated the ES cells onto a

pl ast il@ glw(ilb be plagegmn acsuitablerfissue gultirermadiipn ed. RPAPEME (féibeek RPMI-nut es)

d 1: 25 bod
\(Ij\ﬁs{]tel O‘&H%ﬁﬁ%@&%@} ﬁ@%@g&éw @@%T %‘f ";H:Qg {1&231 (ava?lmelbl g ?‘/r om
Devel gpment al H;&ted:tftﬂuﬁoﬁ%&m?ccdmhéuw prb»ﬁitimgaa ptﬂee\wlelectnmmtﬁmejrm y; .
stayed at roomte rag-ur or she PBS secon
2Nt body - £ TEUSE A aRIaRY BrAKIRTOh fie SIESIES HEATRIATe: 1eS9oBRaRh 1 VP o,
added the a%?é‘déﬁ@'n@i‘r‘iﬁrﬁﬁé’é’ ateaihﬂhé‘éﬁ ] Br’&aﬁ'd’o'@naﬂfe I b"é)ﬁéi‘s (@ indnihgle, and

exam ned- by a:l.aser. confocal: m croscope. The result of 5 different
anti bddi egdndesraall ehpnnelswill grar betweepihy | two tels after the membranes reform.

R e e L b s S ey

rem)ved ouwofaetisfasecingd ahe. Reftrerss isirhadetb UeS | Ratent 4990, BpMbydPratheri nut es.
Di‘scard th ernata re-suspepd. cel | pel | i\n KCI
and | ncubdtinlesTeoRtEd bieiR Riteerens i B nffenn” vl PHES, < of |
Di scard t ttﬁsét}éswnﬂrtﬁ@bﬁs&ss r@vﬁﬂéwwelmbtusnm hetlid carfbé uxed Ilﬁaudmbut i on
(nmethanol: ice acetic acid=3: 1) and keep at roomtenperature for

m nut 9. et SUareRss reannitoh Gorhital Ape RpospPhate byffergdsselption. tFéJs&fbﬁﬁ‘WQ\SSnt and
oYL e AAgIhRE by ARSI 8 Bsagit gt 1oom fermerature
3/ - According to the present invention, the nt-unlts may be actrvated by

knoWn methods, mcludrng culturmg the nt-units at sub- physrologlcal temperature
'essentrally by applying a cold temperature shock to the ‘nt-units. This may be
25 most convemently done by culturing the nt-units at room temperature whrch is
low relative to the physiological temperature conditions to which embryos are
normally exposed'.
Suitable oocyte activation methods are the subject of U.S. Patent No.
5,496,720 by Susko-Parrish et al., which is herein incorporated by reference.
30 Oocyte activation may be effected sequentially:

(i) increasing levels of divalent cations in the oocyte, and

18



PCTI CN01101536 rpm for 8 mnutes, put cell pellet into a glass plate and
.Stain with G EMSA to exam ne the karyotype. One of he results is shown in
figure 20. Exanple 3 5 Induction of early nmuscle cells differentiation:
Culture the EB or EB-like cell mass in the RA nedi um contai ni ng DVEM

(G bco); 0.5 pmretinoic acid (Sigma), 10% FBS (Hyclone) peficRofljsse Af ter
replacing the mediumw th the nuscle cell culture nmedium containing 79%
DMVEM (G bco), 10% FBS (Hycl one), 10% Horse Serum (Signma)) 1 % chick 10

enbryo exfuga‘:treﬁ@cihg%lgsﬁh'&rglérhs fo'l”’cbhﬁlénérolélné’ﬁl/ﬁ\e daptdecome nuscl e-1i ke

cell. The ¢Cells arr ara have several nucl eus
(Fig. 15). Exarrﬁhe mempdsmﬁtmozraasﬁgrmmlent datiareleyels inclusie; fmrse@mpl@re t he

EB or EB— t di 5 ~
et moi ¢ e aoqiEpy ) Rassh it B Y eaeah e Kikdsb Shiters &:°, 10
medi um wi Hlﬁnéthﬂ aminbPurine| staufospefihe2-ahiisbpuring anﬂlspbln@NsiﬁM F12 (Gbco), 1
%I1TS (G bco), culture further for 7-10 daéé@gt he EB or EB- cell can

becomed i nt o neufpmadvely, piasphepation efealH otsipsgpay @ét'l‘ l?ge‘(ipyé'i‘%hi ng

out from ob ik
di fferent fnglt%l oﬁﬁdn b(ﬁd)ér éﬂtoggh%%s EEngfHeﬁe w%ﬂ%gﬁpﬁspiﬂgh ?ré;bﬁm ke
cont ai ni ngh@éphatade\#B). (G bco)) 0.5 ~.mretinoic acid (Sigm), 10% FBS

(Hycl one) or the neuron culture nedi umwhich containing DVEM F12 (G bco), 1
%I1TS (G bco), or the muscle cell culture medi um containing 79% DVEM

(G bco), jhjeelicwintotheci@oplatipo Hor se Serum (Sigma), 1 % chick enbryo
extract (Gbco), the EB or EB-like 28 PCTI CN01101536 cel |l can becone into

fi b{/ obfast s- | | kOthen methagie rRay | Be vsed (fer nusleapoirgngriamatien V\/l"?‘ll” 'l‘%
nucl/eus a a c
| nduct i onnﬂ?&i’ngl E)hoég;HtUgﬁgj }ergt?}ﬂl'gth ?Fl&ycg}l% fcyéFﬁegEB;%?’erEgﬁ gl | mass
|1 8 /t EESR,(Aelaelttopmad:om ahesengec??ouquasMre?mpég;ableoorﬂywhemthmoudeas|qi thei gma) ,

% cl.one ever t he ar 3 t
adi pocyt eSO aor‘l'lag Celfle d I?g ll%fe&e%?/gra"lm?%?’jyd Eg%?glg’p%'hﬁe sg'g |n?i lzn 0
dye, are ﬁﬁlsftbéfﬁadable dmcmémyn@humnlsbnmmwurrep@gfahnwadp rabbit becyte

cyt oplasm  Exanpl e 7 Preparation of
15 cytoplasm (Collas and Barnes Mol. Reprod Dev, 38:264-267, 1994),

nt-umt cultunng _
An actlvated nt-unlt may be cultured ‘in a suutable culture medium for
’further development. For example, activated nt-units may be transferred into and
20 micro-cultured in medium RD, M199, DMEMS0, 50 microliter of culture medium
being'coveredby a layer of paraffin, e.g. at 38°C and 5% CO.. In one of the
) _ preferable examples the highest rate of blastocysts was obtalned by culturing nt-

units in RD medium.

| - According to the mventors expenence for human cell/enucleated rabblt
25 oocyte denved nt-units, the blastocyst will be obtained about 6-7 days after
initiation of oocyte activation. nt-Unlts will typically exhibit appearance and cellular
characters similar to embryos of the nuclear donor species rather than the oocyte
donor species. For example, in the case of a nt-units obtained by the transfer of a
human nuclear donor cell into an enucleated rabbit oocyte, the development of
30 the nt-unit follows a schedule more typical of a human rather than a rabbit



Culture ntES cells in the ES cell nedium containing 79% DMEM (G bco)) 15
.20% FBS (Hyclone), 1 % non-essential amno acid stock (G bco)) 0.1 nM

(i mer captoet hanol (G bco), 10 nglm LIF (R&D), 10 ng/m bFG- (R&D); 10 pM
Forskolin (Sigma) at 37C,- 5% C02 for nore than 7-14 days, a portion of

nt ES cel | s underwent spontaneous differentiation and fornpgh/ERofidis96 14) -
20 fxarnple 8 lIdentification of three germlayers: ldentify the EB or
EB-1i ke cell nmass by an i mrunohi st ochem' cal method. Ectoderm nmarker

anti body: eh?lBﬁLd 'IY?alfésr Rlnlbtéﬁ)}h to YB39 4P bastBEySE " uniiResh tramsit f or

nyogl obi n- (Dako) and K . oder m mar ker: "positive for
a- f et opr oembryq, Bihickeusiially fernama |blas|tqqy§t in aIrYMatalyS-4 €8st s suggest ed t hat

the cell nass fferentiat fr.o E he
cells derived frht?rrf"};ﬁdlI Pﬁ?ﬁ%&#ﬂlﬁyﬁv@ ?hl’lkf(é ?’%ét.a _rﬁ%l I%Meé pr esent
i nvent i onjngRf/IetBMEMIESY% IFBS] MM 99+ 1585 @BS?taﬁthQDh-lllS%SDBSi fri mwtﬁmdheyent S
thereof, it should be under st ood by those il1led in t e . ar

t
PCTI C\ND110a%3% vsed forCoRiuE Mithed Xamet o pell dypesn i ding %’tﬁ‘é"%ﬁ hout

departi ng {iad LRFink! 464 8 g‘dbélsa”d scope of the invention. Al such
modi fi catirons are i ntended to l)e wi thin the scope of the description and

t he cl ai ns appended hereto. PCTI CN01101536 Cl ains: 1. A method of
preparatio t em eIIs enbryonic stemlike cells or other
types of Qiﬁgfﬁgi'é)lﬁygﬁgﬂggmee II's by somatic cell nuclear transfer,
~conprising the frakl QMU syRPS is Thé ‘mobstainsiurtant ifagomrmnéimaswéu gner cel |
nucl ei into enucleated oocytes to obtain nt-uni actlyatl ng._t he

obt ai h@d stablishrgent; The §Y,Ht?'@r instyderdhacmedismsy aﬁf’ 'l!?ﬁl feeden 1381 it - uni t s
at vari OU%e%rngp %}{(@t.g&pls%ttasmor ﬁlﬁs ¢ais Hitd Tﬁﬁg n@waﬂwdgga@wﬁglbe.eﬁtem

cells enbryo or other types o rived stemcells
fromnt- umMEMa(Gmcd)stBSp(Mydlmte)strmgleessegtlalaaennmlwmdtstele-(Gdtdo),slﬁage 2.

The nEt‘hO(rjneorfcap oe hanol’ N&c&&lt {é] bcoqof!..&r((zuc § co); and U%flc?&‘s fgacfm Lic cell :_

_ - The: ﬁrst type of the factors is the llgand of glucose-protein 130, e. g. LIF.
15 (R&D) which, together wuth the gp- 130 may |n|t|ate the pathway of srgnal
» transductlon _ _ . ‘
" The second type of the factors is the endogenous cAMP agonlst e. g
Forskollne (Slgma) preferably at 10 pM.
The third type of the factors is the growth factor, e.g. bFGF (R&D), which
20 .may inhibit the apoptosrs of the ES cells.
The feeder layers mean the fibroblasts obtained from the 13.5 days’
) ' 'mouse embryo They may sustain the ntES cells' growing after inactivation by
' : . Mltomycm C (Slgma) In a preferred embodlment the feeder cells comprlse
_ mouse embryonic fi fibroblasts. The preparation of a suitable fibroblast feeder layer
25 will be described in the examples below.
The human ntES cells line was successfully obtained from the nt-units
- using the above culture system. The human ntES cell colonies have a Ionger
. doubllng time than the mouse ES cells, and exhibit colony appearances and
growth characters similar to human ES cells rather than mouse ES cells.
30 The human ntES cells obtained according to the present invention sustain
| the high positive for alkaline phosphatase (Sigma) after a long term of culture,

20



15 3: The nmethod of Caiml1, wherein said the oocyte is from mamualian or
.anphi-bi ans: 4; The nethod of Caim3; wherein aid the oocyte is in the

m ddl e of divisional period, preferable in netaphase | | stage. 5: The

met hod of "Claim 3 or 4; wherein the said oocyte is enucleated 20 within 24
hours after the injection of human chori oni ¢ gonadotr opi nPPCBCNOTIUIS36ret hod
of Claim1l1; wherein the resultant nt-units are activated by culture at room
tenperature or by using an activating agent: 7. The nethod of C aim 6;

wher ei n t hevercs0 passagesadbay alse eqiress e $urtaneamgrkeaug irc commimsn wigh die

sorbi ol oPEEEGESFOR B ST ST S BEAVE KB TRA TR A o
preferabl y Tsuchase @)ectriof YRbRE IRAULtheN.ES: cdike smithiad égbw@l ajnM dn

wherein the aptlva;ed nucl ear transfer units are cultured in a nmedi um
sel ect ed f uodifierentiated stetssi sting of RD medi um ML99 nedium) and DVEM

nmedi u nore prefe i Lol ot i : i .
ore. il antat | anechaed MES PSRRI el B oif SHasell, Hibhforfln, var! 01
bl a?]t gcy?t ccjommésllmta%ehﬂ!iiddaﬁid)mpaetbdgmd c?lls arrﬁ@ﬂdlflﬁé&lﬁ,h&nﬂﬁ_' biggeiThe

met hod o ajm 1, erein the activate ucl ear transfer units are

cul tured i Mucledsang IgssserteRlae- ihe avs: @l?ps%ﬁsg@ﬂ%hé’%@fa%snﬁﬂiﬂﬂﬁn ML99

medi um an rip{\gfg/lggagélgrqs @ng,v%:or mthe co-culture systemwth the miltiple
cells style, e.g. granular cell, oviduct cell sz uterine cells and STO

(nouse 5 fi brolfl)sustpining peowth in ebiundifferentiated stade inv¥itrpous pre-i npl ant ati on

st age i ncl uding..e. Q.. . 2~4: - , acy and
hatphf‘%g bl ast é@gslng%ualégg‘loﬁ‘%l &%étyﬁgt‘ﬁ@hboafl% g%"r?rq Epk‘aﬁjéf@r %ﬁcrllt -units at
t he/greater thqii) Zapable dé\divefoping istoagpedcifie czlll typesdot @ geoh alagenst ES
cells, enbr,%/ani,c”st.emlike cells or other types of enbryo-derived stem
cel I's under b?iPBﬁFFOQPéchW&Pf’?WPrSa."dCl)W @e”}f‘he met hod of Claim1, wherein

the mediumused to culture the ntES cells; enbryonic stemlike cells or
other types enbryo-derived stemcells could be; but not linmted to; DVEM
nmedi um orinductian andriffetentiatiast:er abl y DVEM nedi um 12: The nethod of daim

et nodSof o ai mOeRSER TREnGhAR (pRGy F1ebtaT, 1680) pofida iRn.

I nhi bi t or shesdssful (édtaDlishasitcof ithe ofirasn ESoekih Iinec wsing( te=lastodysts

Forskolin. 14. Nuclear-.transfer epbryonic stem.cells,.  enbryanic:stemlike "
cells or WB’E"ﬁ@r rQ”S}&E iﬁ%’i‘ 9*&5%@%9?%‘%@‘%‘%6‘ %Btr&f'ﬂ?ﬂi%ﬁ@@ﬂ"&mti c
cel I nucl g célisedsivat thEfefor REd ti9e dBpabitgid1d6knsing dhe Ghiirydid ol (EBY: A
met hod of - producing differentiated cells derived from nucl ear transfer
enbr yoni c astegdedwativesopf eatbrihises cerbanic |gerae| lpyersy ipeleing: \getaderm,
enbry%erinyéas%d?hﬁngﬁ&gh déryprising the follow ng steps: 25" 1.
obt ai i ng: "hucl'eat transter énbryonic stemcells or enbryonic stemlike
cell's or other Wakeyaere)retoald¢Sciende,s282n(6817)s 740-B3e200d ) ceportedidhear
tr arj]Sf er sﬁegeSSful isolation of the mouse ES cells from the blastocyst by somatic cell
nuclear transfer. The ES derived by somatic cell could be induced to all kinds of
specific cells in.vitro. His experiment proved the blastocyst from nuclear transfer
25 has the same use of deriving the ES cells as the normal blastocyst. The ntES
deriVed by somatic cell had the fUIIy pluripotency, capable of developing into an
integral adult and all cell types contained therein.
The invention provides a method to produce the ntES cells by nuclear
transfer. The studies conducted by the inventors demonstrate that the human
30 ntES cells have the same capabilities, like the normal ES cells derived: forming

the embryoid body and differentiate to all three embryonic germ layers (e.g.
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[1: inducing the cells obtained in step | to differentiate to specific type
.of cells under appropriate conditions. 30 16. The cell of Caim15, wherein
the ntES cells, enbryonic stemlike cells or other types enbryo-derived
stemcells can be induced in the nmedium 32 PCTI CNO11 01536 contai ning the
reagent selected froma group consisting of RA DVBO H208:¥18/01/01536

, B-mecapt oet hanol . 17. The nethod of C aim 15, wherein enbryonic stemcells
or enbryonic stemlike cells or other types enbryo-derived stemcells

(includin t f
| GBS Ehto?"ga'?néhatr NeSEE. mdikielNnfloa! iGbgBRN! dedAis YWFCti on

or bi ochem ca ucti r| ous dia according to
various saednderm—e@lahs-trypam &kfetomoﬂeudrmfecelammamars pésitive)n al | nedi um

containing varied growh fact tivel th Thi : ' nd
enbryoni ¢ st'em &BE MVEHEHOR RFRY} rs\égrfq ?ﬁcquld}ég’"%efgl[ g‘db'fezgnrgt'ﬁ‘g?a@g‘gﬁe cens "°UCe

enbryo- de dJ difdrentiaty, ?rﬁ%lucﬂng %qulsﬁr HOWR ifRAtRP En@fin Gvel Mhé Induydtidhah rlntl'dle nt ES
cells; ryoni c st em

e cells or other types stemcells are transpl ant ed
into tfhe oan ba|seaawt¢mm%) sgikinduciiony avhichinerolyes theindyction of e piS

diff
Nucl car 1 PARCPLPESHIRY blCaEBinaubiind) o soeifc, ARRRG Bnakipie g, .
ot her typB) thetbiochensicalinduction'whizhl involoés pumag théyItEﬂe:el’rEbhmESfcetlmy one

of clains. 15 to 19; 21. The differentiated s . of ' 0;..whi.ch
human d|fF'é¢éW|"é&CB'éF"§eqqn§P”5('ﬂ9 F#tinoic arid %@P%a 9f§l‘m JSigmal, of he

transpl anb%@g&ag ég'??rﬁ tfe ﬁ%t'sta%éé’1 ahg thBheréiilédu‘?d W 'rﬁérﬁdnﬁﬂhthsom%rg aim

21, which are rive omnore t 2-cel nt-units and its nucl ear
transfer spemglanedlusttemroafldtstheetrﬁilsmffﬁl’entmmI i ke cells or other types of

oIy ont of C ARG g VB, MyBler "aGha e AimaRlRES | bcBieaodr co ! o
DNA; i t og{uweetly, Gifter Bfig indgeed in eitro, intolthaspeeiat pa2$ otammm-crdmrhared or

changed artificiall he s of any one of Clainms 20 to 23 used as a
carrier té"gr'"‘ll{j"%%ﬁm lﬁ@%?ﬂ?“glﬂ{?ed mol ecul es into the body)

15 The prospects of ntEs cell
S '_ The human ntES cells embryonic stem like cells or other types of
embryo-denved stem cells obtarned from the nt-unlts in the present invention
could be used in the therapy of many diseases/ many therapeutlc usages.
o In pnncrple the ntES cells may be used to obtain any desrred
20 dlfferentlated cell type. Therapeutlc usages of such differentiated human cells are
unparalleled ‘For example, human hematoporetrc stem cells may be used in
) medical treatments requiring bone marrow transplantation, and human neural
stem. cells may be used in regeneratrve medicine for spinal cord injuries and
Parklnsonsdlsease _ ' ' _ |
25 Other diseases and condmons treatable by isogenic cell therapy include,
by way of example, multiple scleroses, muscular dystrophy, diabetes, liver
dlseases, heart drseases, cartnage replacement, burns, foot ulcers,
gastrointestinal diseases, vascular duseases, kidney diseases, urinary tract
diseases, and aging related diseases and conditions.
30 The human ntES cells or the derived cells thereof produced according to
the present inyention may be used as cell carriers to transport all kinds of
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25. The cells of any one of Clains 20 to 23 used for screening and

.eval uation of drugs. 30 26. A treatnment nethod that conprises adm nistering
to a patient differentiated human cells prepared according to Caim 20. 33
PCTI CN01101536 27. The nethod of C aim 26, wherein said cell
transplantation therapy is effected for the treatnent of pPCTCRem®S3®Or
condition selected fromthe group consisting of) for exanple but not
limted to, Parkinson's disease, Huntington's disease, Alzheiner's disease,
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30 division and induction of the normal cells will provide a clear understanding of the

cells pathological process of those diseases.
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A
|~ &) y#a0%ie FEANER A ctslapShieton degrglies i g5 ySb 7
10%& () - " sa@ @8Pedios 8los6%6. eidinctigh) ALl las the glant panda. In these species,
10 larger numbers of female oocytes are hardly to obtain as the number of the
) female is less. Their somatic cell may therefore be transplanted into enucleated
od’cytes of different species. The resultant nuclear transfer units would then be
cultured in vitro to obtain blastocysts, which could then be transplanted into the
pregnant mother to develop a normal individual.
15 ’ Ih order to more clearly describe the invention, the following examples

are vprovided.

Example 1

The preparation of nuclear donor cells for nuclear transfer
20 Foreskin tissue obtained from surgery with informed consent was
) | minced and washed with PBS, centrifuged at 1000 rpm for 5 minutes, digested
by 0.05% Trypsin/0.02% EDTA (Gibco) at 37°C for 30 minutes. Remove
‘excessive solution from the tube and centrifuge the tube at 1000 rpm for 5
_ minutes. Discard the supernatant and culture the cell pellet in 20% YDMEM
25 (Gibco)+10% FBS (Hyclone) + 50 IU/ml penicillin-streptomycin (Gibco). Re-
suspend in plate and incubate at 37°C, 5% COa, with the medium changed every
3 days. Passage after the cell grows to confluent and the cells of the 720

passage are used as nuclear donor cells (Fig. 1).
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were ﬂushed out of the: ovrducts 14-16 hours after hCG injection using pre-

_ warmed M2 solution (Srgma) Oocytes were put into a solution containing 300
" lU/mI hyaluronidase to remove cumu|us cells. The oocytes (Fig. 2) were then
. washed in M2 solution f_or 3 times.
Nuclear trgnsfer gr'oce@r‘es
Injection into the zona pellucid:
Oogytes were ménipdl’ated in M2 medium with 7.5 pg/ml Cytochalasin B
(Sigma) and incubated a'n'd' enucleated by a needle with a bevel after maintained

15 for 10 minutes at room temperature. After that, put the single donor fibroblast into

the perivitelline spaee‘of-'enUCleated rabbit oocyte, forming nt-units. The nt-units

- were equilibrated in a fusion buffer solution containing 0.3'M Glucose (Sigma);

0.1 mM MgCl, (Sigma); 0.05 mM CaCl, (Sigma) and stimulated with 'a' single

direct current pulse of HV 120V for 60 psec. After stimulation, the nt-units were

20 incubated in RD medium, consisting of DMEM 42.5% (Gibco), RPMI-1640 42.5%

(Gibco), and 15% FBS (Hyclone). After 6-7 days, blastocysts were obtained (Figs.
3-6,11).

. Injection into the cytoplasm
25 Oocytes were incubated in M2 solution with 7.5 pg/ml Cytochalasin B

(Sigma) 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 cytoplasm

of the enucleated rabbit oocyte, forming a nt-unit. Many nt-units were cultured in

RD medium, consisting of DMEM 42.5% (Gibco), RPMI-1640 42.5% (Gibco),
30 15% FBS (Hyclone). After 6-7 days, blastocysts were obtained (Figs. 7-10).
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pipetted up and down gently using a glass needle (stretched from a glass pipe of
3 mm diameter) with a diameter smaller than the blastocyst to strip zona peliucid.
Then, the} inner cell masses of the blastocysts were isolated and plated onto
feeder layers and cultured in 79% DMEM (Gibco), 20% FBS (Hyclone), 1% non-
essential amino acid stock (Gibco) 0.1 mM B-mercaptoethanol Y(Gibco) 10ng/mi
LIF (R&D), 10 ng/ml bFGF (R&D), 10pM 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 the
feeder. After 7-20 days, colonles were observed (F|g 12). The colonies were
dlspersed by enzyme or mechanical and passed onto a plate containing fresh
feeder Iayer After 20 passages, the ntES cells were cryopreserved

Fibroblast feeder layer

The feeder cells were derived from mouse embryos of 14-16 days old.
After the removal of the head, liver, heart and esophagus of the embryos under
sterile condition, the remains of the embryo were minced, digested in a pre-
warmed solution containing 0.05% Trypsin/0.02% EDTA (Gibco), incubate at
37°C for 30 minutes, centrifuged at 1000 rpm for 5 minutes. The cells pellet was
re-suspended in 90% DMEM (Gibco); 10% FBS (Hyclone); 50 IU pemcullln-
streptomycin (Gubco) plated and incubated at 37°C, 5% CO.. After passage 3
times, a feeder layer was treated with 10 mM Mitomycin C (Sigma) for 3- 4 hours
and passed on 4-we|l or 96-well plate. A feeder layer grew in a 37°C humidified
incubator containing 5% CO,. The plates with homogenous feeder layer were
used to prepare S-ES Culture.

Charicterization of ntES cells

Primate ES cells express alkaline phosphatase activity, and can express

a series of characteristic surface antigens, and therefore they can be identified by
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: 5 wasrge)d with F’BS Por 3 tlmé% Then, added the substrate of alkaline phosphatase
(Sigma) to the well, and stay at dark for 15 minutes. ntES cells expressed a high
level of alkaline phosphatase activity, but the mouse feeder cells are negative.
(Fig.13).
Immunohistochemical method: Plated the ES cells onto a plastic glass
10  slide, then fixed with 4% paraformaldehyde for 5 minutes, washed with PBS for 3
) times, then added the 1:5 to 1:25 antibody dilutions of SSEA-1, SSEA-3, SSEA-4,
TRA-1 10, TRA- 1-81 (avallable from Developmental Hybrldoma Bank, lowa City,
1A) to the wells respectively, stayed at room temperature for 1 hour, washed with
PBS 2 times, add second antabody-FlTC stay at RT for 30 minutes, washed with
15 PBS for 2 times, added the second antibody labeled with FITC and cultured for
30 mms, and examined by a laser confocal microscope.

The result of 5 different antibodies detected: 4 are positive (Fig. 13).

Antibody SSEA-1 SSEA-3 SSEA-4 TRA-1-10 | TRA-1-81

Result - + + + +

) 20 Karyotyping
Put 10 pg/vml Colchicine in cell cultures. After 37°C for 4 hours, the cells
were removed out frofn the plate and centrifuged cells at 1000 rpm for 8 minutes.
Diseerd the supernatant, re-suspend cell pellet in pre-warmed 0.05M KCI, and
incubate at 37°C for 30 minutes. Centrifuge at 1000 rpm for 8 mins, Discard the
25 supernatant, re-suspend cell pellet in a fixation solution (methanol: ice acetic
acid=3: 1) and keep at room temperature for 15 minutes. Centrifuge at 1000 rpm
for 8 minutes, Discard the supernatant, and re-suspend cells pellet again in a

fixation solution at room temperature for 15 minutes. After centrifuging at 1000
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Example 3

5 Induction of early muscle cells differentiation:
Culture the EB or EB-like cell mass in the RA medium containing DMEM
(Gibco), 0.5 um retinoic acid (Sigma), 10% FBS (Hyclone) for 5 days. After
replacing the medium with the muscle cell culture medium containing 79%
DMEM (Gibco), 10% FBS (Hyclone), 10% Horse Serum (Sigma), 1% chick
Yy 10. embryo extract (Gibco), culture furfher 7-10 days, can become muscle-like cell.
The cells arrange in parallel, some of which have several nucleus (Fig. 15).

‘Example 4
lnducutlon of neuron dlfferentlatlon

15 Culture the EB or EB-like cell mass in the RA medlum v
ICOntalvnmg DMEM (G|bco), 0.5 um retinoic acid (Sigma), 10% FBS (Hyclone) for
5 days. Aft'er replacing the medium with the neuron culture medium which
, 'cbn'tain'ing} DMEM-F12 (Gibco), 1% ITS (Gibco), cuiture further for 7-10 days, the
EB or EB-like cell cah become into neuron cells with some filamentous
20 projections stretching out from the cell body (Fig. 16).

EXample 5
Induction of fibroblasts-like differentiation:
Cultur_e the EB or EB-like cell maSs in the RA medium containing 90%

25 DMEM (Gibco), 0.5 um retinoic acid (Sigma), 10% FBS (Hyclone) or the neuron
culture medium which Containing DMEM-F12 (Gibco), 1% ITS (Gibco), or the
muscle cell culture medium containing 79% DMEM (Gibco), 10% FBS (Hyclone),
10% Horse Serum (Sigma), 1% chick embryo extract (Gibco), the EB or EB-like
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Example 6
5 Induction of adipocyte differentiation:
Cuiture the EB or EB-like cell mass in the RA medium containing 90%
DMEM (Gibco), 0.5 um retinoic acid (Sigma), 10% FBS (Hyclone) for several
days, the EB or EB-like cell can become into adipocytes (Fig. 18). The cells dyed
by Oil Red O an adipocyte-specific dye, are confirmed to be adipocytes
/10  containing fat drop in the cytoplasm. |

Examplé 7 |
Preparation of EB:
Culture ntES cells in the ES cell medium containing 79% DMEM (GIbCO)
15 20% FBS (Hyclone) 1% non-essential amino acid stock. (GIbCO) 0.1mM B-
mercaptoethanol (Gibco), 10 ng/ml LIF (R&D), 10 ng/mi bFGF (R&D), 10 uM

Forskolin (Slgma) at 37°C, 5% CO, for more than 7-14 days, a portion of ntES
cells underwent spontaneous differentiation and formed EB (Fig. 14).

y 20 Example 8
| Identification of three germ layers:
Identify the EB or EB-like cell mass by an immunohistochemical method.
Ectoderm marker antibody: positive for nestin (Chemicon).
Mesoderm marker: positive for myoglobin (Dako) and KDR (Sigma).
25 Endoderm markér: positive for a-fetoprotein (BioGenex), a-anti-trypsin (Dako).
The results suggested that the cell mass differentiated from EB or EB-
like cell mass contained the cells derived from all three germ layers cells (Fig. 19).
| While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled in the art
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cells or other types of embryo-derived stem cells by somatnc ceII nuclear transfer

comprising the following steps:

I. transplanting mammalian celis or cell nuclei into enucleated oocytes to
obtain nt-units;

Il. activating the obtained nt-units;

. cultu_ﬁng the activated nt-units to obtain nt-units at various pre-
implantation stages; and

V. ieolatihg embfyonic stem cells, embryo stem-like cells, or other types
of embryo-defived s{em cells from nt-units at a developmental stage a greater
than the 2-cell stage.

2. The method of Claim 1, wherein said the donor cell is human somatic
cell.

3, The method of Claim 1, wherein said the oocyte is from mammalian or

vamphlb|ans

4. The method of Claim 3, wherein said the oocyte is in the middle of
divisional period, preferable in metaphase |l stage.
5. The method of Claim 3 or 4, wherein the said oocyte is enucleated
wuthm 24 hours after the m;ect:on of human chorionic gonadotropin.
6. The method of Claim 1, wherein the resultant nt-units are actlvated by
culture at room temperature or by using an activating agent.
. 7.The méthod of Claim 6, wherein the activating agent is selected from
a group consisting: of mannitol electrofusion solution, sucrose electrofusion
solution, sorbitol electrofusion solution- and phosphate buffered solution, more
preferably sucrose electrofusion solution.
8. The method of Claim 1, wherein the activated nuclear transfer units
are cultured in a medium selected from a group consisting of RD medium, M199
medium, and DMEM medium, more preferably the RD medium, to obtain the nt-

units at various pre-implantation stages, including e.g. the 2~4-cell, 8-cell, morula,

blastocyst, and hatching blastocyst stages.

31

105

1 9$109%5& ()-1 ~ @O0!! & 10%&' ()-- 9%0%& ()-!VYZ109%R2& ()-3 , t109%& ()-

105 105f; 10%%& ()-C 1}\:~ @O! I N *#109%& ()- @ #10%& ()-

(109& ()-!x"1:110%& ()--"1:1109%& ()--!& 10%&' ()-- g\QF10!!'IN 10 10

101 +109%&' ()-S: 10%&' ()-Y4 10%& ()- 331 10%&' ()-3/ 10% () - Ptiocnedfss! N @
"10% & () - @"10%& () -

6@ 10%6& ()-S& 10%& ()-S& 10%& ()-!f10%& ()-6WU3\ QF10! 0@ % 0%+&' () -
S @Y0WPPE () - } "] & ()- 1 d@Ya0%

& ()- ! @U0% ()- ! @940% ()- ' oaVK@o! 0@10z 10z 10zS;

0% ()-2!'6, f%0%




& ()-, M 10%& ()-!f10%& ()- IWU3VK@LO! $! 109ME ()-' ! $! 10%ME ()-' ! $! 10%ME ()
UYL LSL109VVE () - ! L$109& ()-!]LSLI0% () -j MOVK@LS! 109VE () - $! 109WVE () -/ K
11 $1 1090V () -1 $! 109V () -!$! 109WMVE () - XH, VK@! 109WE () -/ K

11$! 1090VMVE () -1 $! 109V () -!$! 109V () -!$! 109WE () -! ehij kz| obU4$!
 1y1098& () - 10&10810& , @ 109%&R& () - *Of ) $10%R& ()--  9f ) $1Q¥RfNOI/01538T ) $10%.
& ()--zFb| [: bU4$! , s3%A0% $\ & ()-" S3%A0N"$\ & ()-" , yl09%B& ()-

L, @O0%& ()-Z , @O%& ()- ,S'109%& ()-24|[:bWas$! , , Y5 109%& () -

S3%0%ANSQ& () - "9, FHELRA¥E D) of CRb¥LD %eh érein tr@%@%&@)‘\&c@m transfer units
S3%40% Y& ()-"+5vUAS! , yI10UERIE! 1099E&O&" ( | 1099E&9& () -

! 510%35&9&9 (c;mmmmmmm%d grom[a grep ConS'&ﬁm@&@@)mw'UMNWQ

T b e B Medulras ana DRERFREi, anplifbotl 9 Suldidtsysiom with the

&g(@ ‘1/%%/; ml;m;lvlé)cells s (e d/@%tﬂéf Gél[, ovidus( c@@%ﬁjg(g?ells&?(d STOYmatise) - vUas!
0 - £t 109 ) 09E&91 &9109E&9
1090 EcSkiqblastLgglis, 4°F°bF§'Eo%;U'E!S( t Vg'%OLIS mmﬁa@}a é’k‘ S ages@ﬂﬁgb@&

T; zé&;’/ﬁ %Qg %R&gﬂikféﬁ g-2el 4G4 Joiastb&Ysh, it fdtching™iddtd et Stdges: -
10. The method of Claim 1, wherein nt-units at the greater than 2-cell
development stage are cultured to isolate ntES cells, embryonic stem-like cells or

other types of embryo-derived stém cells under appropriate conditions.

10 11. The_ method of Claim 1, wherein the medium used to culture the

J ntES cells, embryonic stem-like cells or other types embryo-derived stem cells
could be, but not limited to, DMEM medium, or knockout medium, preferably

DMEM miedium.
12. The method of Claim 11, wherein the medium contains one or more

15  other factors

‘ 13 The method of Clalm 12, wherein the other factor is selected from
Leukemla Inhibitor Factor (LIF) basic fibroblast growth factor (bFGF) and
Forskolin. ‘ |

14. Nuclear transfer embryonic stem cells, embryonic stem-like cells or

20 other types embryo-derived stem cells obtained through somatic cell nuclear
transfer according to any method(s) of Claims 1-13.

‘, ) . 15. A method of producing differentiated cells derived from nuclear
transfer embryonic stem cells or embryonic stem-like cells or other types embryo-
derived ste'rh’cell?s, comprising the following steps:

25 . obtai_hing nuclear transfer embryonic stem cells or embryonic stem-like
cells or other types embryd-deriVed stem cells by somatic cell nuclear transfer;
and:

Il inducing the cells obtained in step | to differentiate to specific type of
cells under appropriate conditions.

30 16. The cell of Claim 15, wherein the ntES cells, embryonic stem-like

cells or other types embryo-derived stem cells can be induced in the medium
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5 without induction or after spontaneous induction or biochemical induction) are
cultured in various media according to various specific cells.

18. The method of Claim 15, wherein all medium containing varied
growth factors respectively or théir combination induce embryonic stem cells or
embryonic siem—like cells or other types embryo-derived stem cells.

10 19. The }metho‘d of Claim 15, wherein the ntES cells, embryonic stem-like
J cells or other types stem cells are transplanted into the animal and human's
s_peciﬂc part and are being induced to differentiate into various cell types in the
environment of the body.
20 Nuclear transfer embryonic stem cells, embryonic stem-like cells or
15 other types embryo-derived stem cells, obtained by the method of any one of
claims 15 to 19. | |

21. The différentiated cells of Claim 20, which are human differentiated

cells, of which the nuclear DNA is encoded by the transplanted human somatic
cell. _ | '
20 22. The differentiated cells of Claim 21, which are derived from more
than 2-cell nt-units and its nuclear transfer embryonic stem cells, embryonic
' ‘ ) stem-like cells or other types of embryo-derived stem cells through induction.

23. The differéntia'téd cells of any one of Claims 20-22, wherein any part

of the cells, e.g. nuclear DNA, mitochondrion, RNA, organelles, membréne etc.
25  can be modified or changed artificially. |

24. The cells of any one of Claims 20 to 23 used as a carrier to brihg
artificially added molecules into the body.

25. The cells of any one of Claims 20 to 23 used for screening and
evaluation of drugs.

30 26. A treatment method that comprises administering to a patient
differentiated human cells prepared according to Claim 20.
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disease, cartilage.defects or injuries, burns, foot ulcers, vascular disease, urinary

tract disease, AIDS and cancer.
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