; @\BCe3exxy${>| T6TPCTI CN01101536 Somatic 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,
ntES cells), or enbryonl c stemlike cells or other types of enbryo-derived
stemcells fromnuclear transfer (nt) units (nt-units) aPCYaN0dQLs36

i npl antation stages, by transplantation of human somatic cells or their

nucl ei ani.nmal tes, and.,in preferred enbodi nent the
r abbi t eﬁé@ﬁ& géiﬁ eﬂ'ﬂé’%ﬁﬁ%“nﬁﬁyamen s Bellscandrel ates
to the pre aratlon human ntES cells, enbryonic stemlike cells or other
types of Diﬁerehtiartederg hijggr! anting the human cells or cell
nucl ei into enucl eated ani nal oocyt ? nore preferable | eporid oocytes and
nost preferable enucl eated New Zeal and 15 rabbit oocytes. The present

i nvention further reI ates to the use of ntES cells, enbryonic stemlike

cel |'s or Tedls 'é“{ enbryo-derived stemcells in the induction of

di fferentl ate cel I's ES cells) enbryonic stemlike cells, or other types
of empryo-deriy hr, 0l r iated or. _no dlfferentlated
can be 20 nodi fng?éaﬁjmﬁ?egﬁggﬁgép&"x%é e} tg’n(b% PrekaTa P§%?Bﬁ§e'ﬂ ypes of
bi 0- act i Jerivast @amm@;uclstenu«tens; (MBS, céMNASales BFAEET 8s Siutlear! p&ﬁsﬂahe hurman

body. nt Ilke cells, or other types
embr yo- dg';ﬁlbb% cgf,tg 5151 Qt'g% ﬁs Hiemhiwrﬂﬁétﬁmﬂﬂselqeﬂe@rOtthmtbpemséd in the

duct boyfo-dériveldi std I d f th
tr 2a$ﬁe'n?""p33§ﬁd. o e Bl (s HIERE &1 RRBAR e "genes

have beefl @rgeﬁn'éﬁtiﬂ@@lamatwn pEhumanisematiectetis onisdicAnCIEBAR S | N t he
ol et B B cytes, P ?@%’%%a%gv%ﬁ@gﬂgﬁ‘ed@%&%gfmi@gi/ﬂ%gt 'o?”cLhF
nucl ei |WW%&1J@BM@%@DWD@MQB moraepeeifichllyrelated tothel freparatidh W

ot hod viE oo IR SRS EAE o Blonalbrr Spes pbambnaspnvas siem cells 'heTQ'nZ
Cranst ﬁﬂ;‘;@g‘ﬁ*yﬁ‘gﬁm‘%@%ﬁiﬂ?f@'%ﬁ.‘*@mﬁ.'ﬁﬁi8 SRae8 A iel Bt ata i nto

oocyt es s &P Q%ﬂ%@nd)@@ostmplarmiet@mmd NewWekldnige end Of
198015 VaBbit bypREs Of somatic cells were used in the nuclear transfer
experiments as_the nucl ear donor cells, 10 including enbryo bl astoneres)

i nner ceI | masEhe amenbmnemﬁdn immheycelaleblts the uBY f PEES IceAdIdrRbrybiiei | as et

al ., 0 264 4: Keefer et ai., Biol ogy of

Repr odu&}j ﬂlf @ﬁ?%‘geué??% 3@5' 83%1‘@" stonGell i dhesnduction afg93) .

Usi ng adlifferestiated milsrrmtESgbellbd &abARARY sfedhllike Vd|BUtore itain 15
(Nature 0 813 roduce?@t heS |rs'te |é\/”?ungor gtr?%'rftyg%s s%ofnatl c

cel | nucj"z%rlyotdrsegﬁg‘? eyem fe 9‘35 egéélﬁ@r@ntlaﬂednpbmoslwﬁenemtlamldl Lanubeear
Nat ur 6 3‘3‘2@“%%3”592‘93?’8%58%“0@%%@9“3 SOPRIGE bl e HroHRR P ce
enbr yoni'go ggtgﬁq;.clgplud(r@spwem RNAs or protein etc into the human 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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conpl eted (Teruhi ko et al., PNAS 96:14984-14989, 1999). The success of 20
nucl ear transplantation using adult somatic cells is not only a progress in
techni que but al so a progress in concept, showing the possibility that
highly differentiated adult somatic cell nuclei can form new indivi dual S
once being reprogramed to reenter devel opnent. In 1999, m}&ﬁh%g%
injected somatic cell nuclei fromvarious animals 25 (e.g. COWs eep

pi gs, nonkeys, and rats) into bovine oocytes to develop ntunits, each

devel o .of Reproduction. 60 (6): 1496 1502,
19\539) pl‘l’@s#eaé g@%@!%ﬁm 1t' Fi an somatic nuf:l )ei can be
t-uni te. Such re ocPar farfal ﬁon“' Ve the HaREbhRIBh 2 ERp bR B lges. he
findi ng, calenuchd miocgnueteatﬁd ooeyteszemeefesqaantrmmmr@mm fo Wrdual  of
anot her specie S e,JgBIOl 101536 that nechani sns control 1 ng
reprogra HB’F’M&‘H ﬁﬁgeém% MEBEr Mo liferkaran : animateal Thin msthadewasThe
advan@en\?sﬁowmtoESeQﬁJcbeé‘d#ultMiéﬁ' IIB&‘%%‘ﬁﬁhﬁﬁeﬁQ dti@bl d r@:anq?églgbg%.er the
S

worl d these years while the devel opnent of t nucl ear
t echnol od§rigds andhHKing abtainedmciears %nsfameqblﬁrlogsl mntransfetringdnicieit d)fethe

bl t.h
Cher cof g SRRTLFF of 135 Ser o iuct e ThRCo e S unipmr RRBSEr Becthe mi ce
ES cel | Inaideen apphead (oSmanEdais:untlEmeaénd dfat980e. MRyt didomdRBdelisMar ti n,

et al. PNAS) 78: K 7634- 7633 3 ? The ES cel | can kept in an
undi f f er eXTEalRSH W henPUEipr traps qfe?’ﬁiqu‘i‘ber%a@% thqmlﬁ-‘ﬂ%ﬁh doner crls, t he

cul tinat iipgludingr &RbryoSbRE{PErBs, inhe? defeMgts ! : Eb{?’rtem‘lmgl %W@Scte lgnlb

(Evans, et al.) or under differentiation In con
al . Devel%lﬂ?rﬁtt"aBﬁf@r(@Q"aSﬁBl 1Mp). Re@ay. DEs, 381264- meggmmweeetalal Of

can bo i 1pePLef SnrgBfedon; XERRead TR sieq St cENAE, Boiftosafitor Lfe

i nducti orf998hdi ti ons. Enbryonic stemcells have been successfully directed
to differenti at i nto varlostyp of cells

. th
hemat opoi eti c L?sél né\éﬁl"lﬁ §R€%mﬁr@nag{g gnd qsl\cpss@orggll WQG@UPgéh in eﬁi‘)i@ﬁ'm neur al

cel | 95( Di(Natme e1997t, 385, gHiveg| 39 ; 1 199%) lgycells
( Reubi nof(f et al. Nature Bi 10?6@%%'8%;{143’5’: nglf%rgb @8'% 3?)@5?8 acsl pocytes

(Dani 20 NHCEF transtar. ln 1998, zaquegtial, mngosomav@cewsaucleagVr;ansmadmma| i al

cel 1 "t yparoghas Shockestufy eoMpiciEq s poviin. ool ResiRReC Bt chi oy
pr oplert i éll§9§b .ninl £999, mudaarltlcénsp_tantatmof@hwim@mb%y&gés _s‘téiHcéllWESBy wlsd. a

r rentiated from cell can be use in
'[nrj Z;t re}e(r:rta h‘}plé}ﬁ@ Qj g'é'%%%e% aF 4%% &854@%%&?9 ah€9)anthe |S(5'ﬁ5’9392;’fl n view
of tie potueriar atdrisplptatidhe uemgsadﬁﬁs Sthitio celis h@sn&eéﬂlé/; EB?F&%&MM ure the

ES cells of larg % manmal s because the establishnent th only has
the si gnitfFigHe: bpt alsor ankrograssy @sé@WﬂPLbﬁhO\&lngoth@anowmtwmhaéduglﬂy

medi ci ne gifigeni@ T LhRaburER Agchhs 637 RGw haBRLEL LRcA! ekl nds of

specialized cells for the treatnen i seases.
prol i f er deprogranmueddo cedriter demelepment. pot ential, ES cells provided a

platform for g%ﬁbbg [ggrglllrﬁ('oc L I|OiﬂjeCF % somatic cell nuclei from various animals
25  (e.g. cows, sheep, pigs, monkeys, and rats) into bovine oocytes to develop nt-
units, each developing to some extent (Biology of Reproduction. 60 (6): 1496-

1502, 1999). These experiments show that mammalian somatic nuclei can be

activated by oocytes of a species different from the nuclear donor to form nt-units.
Such nt-units can develop to all the pre-implantation stages. The finding, that

30  oocytes of one species can reprogram somatic nuclei of another species, shows



PCT/ CN~1101536 cells of |arge animals can be genetically nodified to
produce various biol ogical products. Isolation of ES cells or enbryonic
stemlike cells fromlarge nammal s have been reported. For exanpl e,
Notarianni, et al. (J. Reprod. Fert., Suppl. 43: 5 255-260, 1991 ) reported
that the cells in primary cultures of inner cell masses f i nd sheep
bl ast ocysts exhi bit sone norphol ogi cal and growth char act%&&%@égﬁ m | ar
to ES cells. Chen RL) et al. (Biology of Reproduction, 57 (4): 756-764)

1997) andhif ﬁﬁéﬁhbn%h@bonﬁ'clﬁlfﬂgg' ?Qﬁr%@?élﬂﬂﬁpe%g?grﬁ hlxﬁ%@%ﬂ\fﬁ&éﬁg g,rrgﬁﬁ?rtlgd

the isolation of pig ES ce rom-porci 0
St ekel enbDAMidBISPECiEs. al . reported the isolation and the characterization

of enbryonic st |.i fr i nper . .cell ss of bovi he bl astocysts
(Mol . Rgpr od. 4@?8 fggg%%%é@d%?g] ﬁﬁqQﬁE'BH?t'%t ﬂgﬁ_sbqe@pa&spe@ghp@tgg@ ssf ul

i sol ati orovet A8 wetldstHese 5 "Whie I'thied ar 4 1995) .
I15 Th Im;on; suc.cgsgﬁrlsé 25? atEFi gﬁg%isﬂﬁﬁahﬁ%és%eﬁékﬂ J(Ebghlkz Ci ence?
A

et al. ) } ) .
282 (6): tiﬁwﬁqa_w?,ﬂoygg@pg-m sicgnapipulation invelvedrindhe establishmant dfe st em

cells re reGl. [ ol ol n._be ed i nportant tools in
The T esoaro cell.and 8¢ oSl phdBERrs' dnaoihey abARalich HBSioh TevaR R et aalon |
prospect knowmeidi bel art sirice the Festabiisbmene of (He nibe!ES) cEIBliReih 3 98 N&Recan be

ded differentiat i ific cell t t t th d
o Prhaes et TGRS 6! P hBE 21 SR b e PRSI Brooress |
transpl anost).ofhe BSIcaflicas.be keptin Bﬁ%ﬁ&eﬁt@éd,ﬁﬂ%&é&f@%{ﬁfﬁ%@ﬁ§%§e can be

treat %d thrqa_%h cell transplantation. Besides | catr'ons, (2)
hunart Vs RERYIfiNg thatthgcultyation theseofis ffecteddn adeeder layer ofdibrablastscelisd t he
safety evalaed,i f 23 Lells differegtiated fromthe
human ES\(ceI S _re}gyé]gagggg?d r?rrruﬁgﬂé?%\?'\é? Po}r?m\?a{lﬁ'fi ‘§°é\°‘h‘5°“&sg§"ﬁ'tﬁv t eaii'

t r anspl amevelopmerdBielegy.t124:19d198Hual s of different MHC types, thus the

! elopmerd Blology, 183:16d1062al s of i fferent WHC types ,
Phere i s no motRbael o M PRgnie daleveldpmentdn® al fpkbperota bhtne

pati ent ' dndludingeesmsteNEDels taY bai GiffsRMIhIc ©Vdrbus3hddiRstd g@fesa' -
reported the isolation of mce ES cells from bl astocyst's derived by somatic
cel I lduclUP4er 13RRIQPHate induction epnditiens. 1Emiwponigostenpocalls. have been

PCTI CNO1 : ety : ' I e whi ch, can be

i nduced tjsgé%if%ﬁ;&typest% |f%t%rg%?%?ﬂggl i:glal?l’\{gblg s?.'g,%e%r%ﬂnﬁ?q"ﬁeec%npﬁr es of
bl ast ocy dematepaigtia) stem seitat(Ronald, let ralc POES,t 92NES30-75SE,1 €988), nedral(5517) ;

740- 743, . ' resuylt -of .the research y yam) et al.
denonstr é:t%gésn(m%?ﬂ_ég c ﬁSIL‘l"é JARNBEenABIY, ¢ éé 5&%@%&&%&& musglestesiis enbr yos
by sommat i(Reoighoffnetcdl elature Bistéetinolddie 18L(ES 30eLdcu, PoodP Beipscyt&d (DAHii 0i n are
pl uri,pot § a{ﬁd gagrﬂhf{ rentiate_into ané specific cell téf_)es as ES cells
deri \;Qd ﬁ] Mné' A el 3¢k 4 19: 1278-1280: d99¢k engnthslialicallp Gdittetost ahese
i seases o O N TP RSP % BBYAE PR, o' REOIRIIRY . ol <
of the p&elletiffercatiated fromr B§reatisedisplay puoperties siaitart toathaf of itsngtudluce nt ES
cells. T I bt al n further differentiated.into t specific
el 1 "t ypeaulafert SEh tfdd .S tpcks o, BBTesSis, olh elieteryated dim e
pr ogeni esethaarebe isedatreateenttof piiscases (eelpAsd RN bi ot trarphiMagoyyoul d not be
reje rL}led by the patient's i ne system when transplanted to the 15
pat i 2 t. Ther aﬁwﬁ% 0 |t'a%imgggka§m %ég‘eaﬁ‘oéiﬁﬁr%%m"So'tsftﬂSv@Qméﬂ?ﬂ &l em of
i mune reLkakithe E9NGENS! &t IRt adl %q# i 98/ 07841
(Robe) et al ., Nassa'ch_tj.s%ft'ta?u. S. Ah’g %ﬁ;u%eitﬁgl%%@&gl Sc g’s]é;%t){ ﬁgt
i sol at i oRNBf hamehehsignificaneselin - saiendificerdseamh botl also ohn be Aplizel Ito
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



stage enbryos and one 16- to 400-cell-stage enbryo fromthe all ogeneic

nucl ear 20 transplantation from | ynphocyte and nouth epithelium of human to
t he bovi ne oocytes. However, this study failed to provide any proof
denonstrating that the enbryos and cell col onies derived fromthe enbryos
wer e encoded by human genonmi ¢ DNA rat her than bovine gengpi%:DNA.

Bl astocysts can be easily created through parthenogenesi CAICNIO1$38
oocytes. Furthernore, the patent 25 application provided no proof

i Spl ayed-any Ehas e R QL8 HeBl e ERLRR B HOERek PR Biaioled) e

di spl ayed any characteristics
submi ssi GfPBicts.he present application, there has been no report that the

nt ES cells can t ai human sonmatic cell puclei transfer, 30
nei ther the r eé%bﬁ?ﬁ%ﬁhgt Eﬁgﬁéﬁ %fpsE'inq{“%éhm@%&@ﬂ%éwnbéaraef mapwnalsat ed
t her ef r oimave beeREpEAEUL/Fit B3Bnfpnt i ' LANEdhe efy.
i nvenhor& 1,.SCOV ’%d t hat nucl ear r?(?lgﬁg@g'rb?ﬁlf ')(J".‘lﬁtf.\}%rks)&( ﬁ%‘murﬁ{{pﬁ {:goul d be
obt ai Red Bgﬁaﬂgél hrargriegnthat thesells eprimans aulturas ofdoher selimatassesel | s or
cell nuckgm pdigt n t | | i di n yman) , oocytes. The S
nucl ear trans%lgr ggﬁbrg?% |cﬁ§?e cel Fgm?{rt\t E@l”geﬂﬁ‘%?ﬁe'gglc)a' b%“%bg@i“ﬁ'éd from
the nt ufbaracteristies sioiter o &S cplisarChari RL, st aygBioldd\eoNReBradictisn a5 si mil ar
in cellulgr 134~9 C ifferentiation potential to that of the human
ES cel | sk@bt? gléf]f;eg ??gﬁ)} ?’E‘g "?’8?’93(4 &ﬁ!d%@ﬂgwo‘m&? 623)111O5vRiR2, 11999 i r st

pr oof t hedpdnedehe tsoi@ionCofqRd ES et FionTbe i r?é?ﬂ;? ahter the
tranﬁ{)jl antati ogéh%ieo t he gﬁ%cl eatlgg*ofgbgggé@?glgs%%kggf esu gt'\gﬁh 0 proved that

t he human enbr enbuzgrHaaners, cetl calbe reportaced the orisolatiomi tandat thdie
bl ast oc ' i r f . Dr the feasipilit f .
1Y Shaua 1 AR P IS AP B o oy

cross-speci es nucl ear tran
cel | s or blastacystsdMel. Renrod140: 4ddetS44008).00cyt es of a | eporid animal, e.g.

rabbit, to pro AL -upits, which 15 when cul tured under appropriate

conditions gi '\/iH(rgri%gg't"t %pn%"- tﬁ?\‘?qrtecgtth?/asquS%SfHL\'i@'%tlﬂ%ﬁf FSseellgedroghcoded by
t he donoprimate macadqiee(RNAS 92 (17) mmgpbgmt of the invention to provide a
nmet hgg of obt ajrgi.ng?nt S cells, enbryonic stemlike cells or other types of
enbr yd- deri ved' S9BRPRFY Al sungessfilyestablishad human &S cejlsdineisr($clemcan somat i ¢

cel |l nucbgp (6)0 12959k fodd)- URidhSist nsfer nd isol ating
nt ES cel I s, ‘(e)_nbrKoni c St em)l wla&clglﬂ' gr c‘i‘?ﬁg’keeﬁq‘@'b’é@%?" g?’?%?@ﬂ‘ 8@'?% ved stem
cel I s freseaichufhhese aell linas motonty ean bplused asiimposamtaesls ih the Feseagiter
object o ' ' 0. Arqvide ipmproved nmethods for cross-species
somati ¢ éfef'@ﬁﬁh:ﬁé ggfrolpﬁ{réé'&rs lﬁaﬂ?%?\a&fggﬂo? qp?_}'%at?ﬁeﬁrpﬁpﬁcwﬂj ragdicgk t he
i nvent i ofields Rurexadple (Mphehan®ES eels HesRiAE b d&@%rﬁeaihérerﬁgtlﬁfdy oni ¢
st en%(ijl kie cel | SO~ l[)hlher tyrges %f enbryo-derived stemcells, 1nvolving the
t r angpl aRfRePHHfiorel hPesdpimeet thedrqeds of the Ratieatsadien willbesoms the
(i ncl udi gl 56uree Yol BEIP of HHGAE ¥aRSpIBRLYIbAS | hib! BLEMad, OM the
nucl ear donor. 30 It is an%t her o%j ect' of h?’f?ﬁﬁ@ﬁﬁét ﬁgsn l%% ‘E‘PE%% a novel
met hod f¥M3R disgapes canbertreates thyougk cel MangplantatioheBesidks itsahkdicalr ot her
types of a54iiRaidhs, (2) human ES cell lines may also facilitate the screen for new drugs
and the safety evaluation 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 celis 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).



6 PCTI CN01101536 derived stemcells, involving the transplantation of the
cells, e.g. human adult somatic cells or cell nuclei into enucleated
oocytes of the sanme 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 transplantati cel | s
or cell nuclei into enucleated oocytes, e.g. enucleated I%&&%%g@t

i s anot her object of the invention to provide a novel nethod for produ0|ng
nt ES cel l\§gks ogt 8. sheirdd He Of ot ved 10
stem cel | s, |ir7?\3{c])?(vé]tl Ee transp’ﬁlgénét gts 6e|@bplﬁ %ht X%:}’glﬁleghggégcgeﬁovnuc of a
human i nttwp@moﬁsmfmeﬂsowm frery thecculttires b blastiysts devived dy ddma’atm a nmor e

orol 1 fer 4 Thepd.ransar (ERanes 202 GB1E: Ty 4 “Eomne T, Bl of B cel | s
obt ai ned reseanch&idnie! wwbmg&mogt alMteribrishatd i W@Eéll@é%n beqaé@@a' al

mar kers 15 of the prinate , and have the potenti rentiate
to alI5 kifrem neiclege trapsfer eadiryeiebyrsomatio del muctead transfedethe nES cellsofspeci fi ¢

bj ect of ! ti bl

oo the | rsaic e Hrel QuABOBREadd Bafl bireréiiiats el Sy sPecli Rl Rl &

ti ssues aau:lESrayiimdedmd frem themmmal:'@goéls arﬁ en;:oged Ibly t he 20I lgenome of
the n cells or cells

th I d Th t
i Ssues and or g SUBRSpen SHUMGH i B Shese sderlats meTiaBPAcRERBNor

e.g. the gibiRAbd amdw roRe f6RHERnidHNeR the BisBES ! ific
obj ect of the i nvgnt | orr1 to differentiate hungnéér)r?lgs t@gt‘a’ﬁeﬁt@ﬁn{?‘ﬁln@gftﬁ

st em10 kdscmiggesied thahsomafiseeelist okthe petierts C%cbesf@mg@mrnetzahrough
di rect t di | | | cell
{1 br obl adfudear RadREE IS diobiBe s Cols ok S THIR  fobiast ard Tltien Cai ng'

in vivo aﬂﬂenentnaﬁedrinuOItheispéd:lﬁ@cely%emeebbdIbt? the platient. ﬁtﬁsbéllscambﬂﬁﬁ?rt of the
i nventio S cells or enbryonic stemlike cells or other

types of n@&?f ﬁatggrqrggamg? é'\ﬂ"@etf‘ﬁéaé%l 9§D°M?§| s the patient: Pagetbeiﬁf‘b’gem es
for the twead mtbearajécfuoam% pafént@ iFRAGES systen%‘ﬁé%& %ﬁ% !ot thieS

anot her specific object of the invention to use human ntE , enbryonic

stem 13 kePatient-sTheragenés donieg RiPvidasrg-arpreaeiy t@t%@‘rVQ:éhEspl'@lbtﬁm hefi r
1 b qanihithdite RIGHER oKy ShBsHEH WaRsAbntdibhhadlingt O Pien 1 3oues

‘or organs. | s”anot her Ion to provide human nt ES
cells, or 5 entwp)rﬂ&OE&%m(Robe eblals, MalssmmsletttsymgS Af fitexbrigoq9@8)i ved

stem cel | fere t.l at ce es or organs derived thro

somati ¢ @?ﬁ%?ﬁ#ci 'QHS? v"ef J(S‘t"%{ ?a‘f?i'r#%gﬁ ngﬁ RBFSX & toswﬁe'rher api es
i ncl ude bstay&ey wmymb@émhﬁ) Amcﬁaémmbecém&lyéefﬂﬁﬁ%@anbgémewmﬂﬁear
including.but not limted to Parkinson's syndronme, Huntington's syndrone,

Al zhetthertransplandationefrom) lgmpheryisl and mpum) Gipﬂha'rqrespf human o dhe bowinesi s,
muscul ar 6’6’c§/*ésololtl¥we9éral?rﬁ %ﬁ: a“aﬂ@& téjbman{)??%%ft&%ﬁ&?ﬁ%ﬁyﬁ%éf ﬂh??eas t he

repl acenent, -burns, vascu i'sease, "urinary | Sease)~as we
t r eat menterobryosrandocedf co,loamwﬁrlvedafm the camabryas rwevet ermoesiet ant huiman,
cancer, eée%*iofn’ic DNA rather than bovine genomic DNA. Blastocysts can be easily
created through parthenogenesis of bovine oocytes. Fuﬁhermore, the patent
25  application provided no proof demonstrating that the colonies were encoded by
human genomic DNA and displayed any characteristics of human or primate
stem cells,
Up to the submission of the present application, there has been no
report that the ntES cells can be obtained by human somatic cell nuclei transfer,

30 neither the report that human specific cell types can be differentiated therefrom.



It is another specific object of the invention to use the human ntES cells,
15 enbryonic stemlike cells or other types of enbryo-derived stemcells
and their differentiated progenies as cell carriers for the transport of
all kinds of bio-active nolecule, nodified DNA, RNA or protein etc. into
t he human body. The cells, nodified or unnodified, may be he
preparation of all kinds of differentiated cells, tissuespgﬂgﬂgpggﬁé for
use in nedical therapies, including the 20 treatnment and di agnostic of

di seases. a nitém%gb!ghés)ligw&ﬁbrﬁhe i nvention to use human nt ES cel | s,

enbryoni c stem types of enbryo-derived stemcells and
their different TRt SfeddrP4f/ahests r | pus dj seases . in
particular for t he?ﬁ eat nent F‘g’% fkgﬁ)ogﬁetgv@%t ﬁ%ﬂé%ﬂfr?%si&h& elérggsﬁ'g'HBﬁ$)nj uries
speci f i edcowdhesobtamedtbyi anaplartiatiorobf kemanfcellfiesuchva bHGIN sbMakis ells

i cal difi N E | | b i ¢ st ik | 1 th
Spes of QsEohleiet Bt eRuRlemiad Sarhinaifg, dnckiding, Bume) cpcptesgeties. as.
nucl ea§ douslesr ﬂ'éhéféleerﬁbﬁ/oﬁ%rstéﬁ\aélﬂﬂ%'(ﬁfE@E'éﬂ%pl-cohfdelh% Pﬁmﬁmﬁ?ﬁﬁtﬁﬂ'ﬁl ¢

object of the invention to use human ntES cel'l's yoni c s e cells
or ot her tWYieat yariQi pierirariantatian sstagess eThes ntESl cellsi are 3dmilaf frecelilaat ed

pr ogeni es ; : | di ff. ngi at i nd for. drug screening and
oxt ci ty SAPieft anb iferBhysifin peepNELE" biaf o The Himarh s o thn bt
obj ect i vepmdiie dertilizess zygudes. eiteuressitafas the firsvisrobf tiat haianédrhatResae

t he nature of t venti on may be nore clearly

herei nafter .ap n [ .may

under st oo@u%@ B@é'ﬁr éﬁcrgp{qprmgiqquﬁgwnﬁ@ @%’i‘%'#@ﬁ“%é@ﬁoi e @nugleatase

pr ef ero edossyiex]i TRNtesuRfaléd Brd ' L5 -pe® Briefs
descripti p n. of the fi .S,U_raes rd\%)rdgﬂﬁ%t ?i‘b gng'ﬁ@?%ﬁ‘g?'z?ﬂ%g?@ﬁﬁge'ﬁ gé'g@lbéast S

obt ai ned g‘?"ﬁ’ﬁpaf“lmn&éﬁﬂs 8t herhiastpeysdskage. Figure 2 is a photograph of the

rabbit oocytes. MelT]g S ot.ogr aph. t nt-unit .(obtained by
injection of a -gli@naﬁsgucglfrﬁ“%rnp gm{é e tfz?gnge[%gﬂ%Clﬁﬁ)crg.?s-m%cnés cRy¢leat age.
Fi gure 4 fransplgtatioyreaph the tréresptantation of tluh&imedlidyr icajl afildeiNntef tha somati ¢

Il int ' | Lucid) at the morular stage. Figure 5 i hot h
of e ntetbee 08 BeBTescTy efirick ARETRloP-ch raBRT PcPioELRe MBISSWHIGS zona

pel | urs d)whén tduttubddasingel dopsé EbritfiichsO gi { f nt-unit
(obt ai ne . i rgw&]isn?gét ﬁg@f;@ngagg@u@i \é%@s t he

d by injectjon of a somatic ce
hat chi ng %ff\éé‘_{

enial staggrencoded by the donor nuclei.

The_reforé, it is an. object of the invention to provide a method of
obtai'nin'g ntES cells, embryonic sterh-like cells or other types of embryo-derived
stem cells. The method comprises reprogramming human somatic cell nucléi to

20  obtain 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-
implantation stages.

It is another object of the invention to provide improved methods for
cross-species somatic cell nuclear transplantation.

25 It is a specific object 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
species (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-



Figure 7 is a photograph of the nt-unit (obtained by injection of the

somatic cell into the cytoplasm of the oocyte) at the 4-cell stage. 20
Figure 8 is a photograph of the nt-unit (obtained by injection of the
somatic cell into the cytoplasmof the oocyte) at the norula stage. Figure

9 is a photograph of the nt-unit (obtained by injection o ic cell
into the cytoplasmof the oocyte) at the blastocyst stageﬁcﬁegﬂﬁgﬂ'ﬁé is a

phot ograph of the nt-unit (obtained by injection of the somatic cell 25
into the gg,t,@pj afem eknd t ' Lastocyst stage. . Figure
11 is a table show ng sgﬁ\é@g@ﬁ @Fl@q#ﬁt%\'ﬁ%%%ﬁ%f%@eﬁ"%ggw& med

bl ast ocyssemafic el op el biuelaifinftoc epudgateli guoytesl 3f tise aapieobpeciepheql a ntES
cell col omJ/ g |ved from human somatic cells reprogrammed by a rabbit
oocyte. 701536 Figure 13 is a photograph of a ntES cell col ony

derived by human gosRbther wdjdct NSKC AR inderifiBh! &) prédUiet nTE i cal Of
primate ES cells) and high EJ3.| kal i ne phosphat asgract |ev;ﬁt§y F:ﬁgﬁe&é‘l&

that nt ESSRENCRIGsterpdisabrelisofor f ether nypes efmempsyetdedvisd tstef weltsit by ceI |
nucl ear 1t {aRgd tatlcﬁ Qifr ﬁuﬂén eI% F&Méiprn%r%léé% o%%@g%@?eclz czsﬁﬁdytef fer entl at ed

from human nt'E soma Ic cell'nuc
phot ographnmﬁleatedllenwue)ccd:yfe‘serentl ated from hunman ntES cells by SOTTB.'[I c

.cell nuclear tragnsfer Fi e%ef‘?gls a.phot ogr aph of flbroblast i ke
cells different ﬁa‘?ea QfPS'}anf%?grP S"B’@PF'E” g(ﬂ’ﬁﬁq @ devel meathedfor
t ransf er . pfodgbihg ntBSicels, Qﬂ@%ﬁfc%@mﬂke%l!@%%@gr t?%éé 8@@%&@6 agn\{éoo m human

ntES cells by somatic cell riucl ear transfer ogr aph
showi HYy t#&m eRiEsinvelving hedransplantationr ofdhe fcelie ot cell nudellsf a h’umanenhtcs

The karyoryRacad Povebia.o, Shitfedt6l MOGNEiHe C 000" Dot ai 1 ad descri pti on of

the invention Iistehengoe speaific iabjesh tof tine inveatiemito iob&s eES (gell)ling8dhatic! ear
resent invention)

t | ant d t, h
somat 1. enpyl arRlieRE il B i A ienen waydauhs Smirvonis HPes enlls
i nventi on, obtihexRfrofn faRfikzed d@%fﬁcﬁ%ﬁﬂ&l@%ﬂpréd&t ﬁﬁh%eé;e)maﬁ aﬁk@%t' ¢

cel | deriveg enbr.yoni ¢c_stem cel are used | nterchangeab
t erm ¥hucl Shthe Pﬁﬁ@fﬁ &% ﬁ?usmr@ndrréﬂ\@r H@dpmnbalntowﬁa@nmate tor ahskpﬂdsnohtl on of

donor cel | gofy ofcdtbddHhE nfdsddahf: g,q‘?lgbl &l ﬂloocyt es. The resultant nt-units

are cultured to various .pre-inp stages (e.g. blastocyst) or are

“all owed to furitiera stmmﬁmpbjeotof Il'le\Aavémm tobthinrtae rﬁESTU@JIISlmeEO(’NhRilhCI ear
ani nal s of

transfer, el.l .nucl ei mal s exanpl e,

pri mat es, %gé hﬁag?tﬁi%é tmﬂ?%% &éﬁ?é‘@'@@&ﬂ@@or g'ri'ﬁ ’Hﬁgp%@sﬁﬂd as
nucl ear doetes %elld*uﬁmeﬁoﬁr)ﬂ g%é@dbﬁvétﬁ%m MEYCESR! ald @Hé&&é’ﬂ“bgt {He".

wel |l as oocﬁt‘es fro C N 01101536 ot her species) 1 ncluding those

der i fré ?ﬂ‘Pdﬁttgé nuglesnidenes, Thaep Hepsriastation wé tbe ntieS wellgios celism
hOm)ge”eoﬂ%d%Cérﬂﬁbrdérﬁnéé}lv%ﬁtﬁ&m% r &IRr B4k ||ﬂfd' fHer'nUﬁ Qﬁdéh& e.
0 enucleat e oOcers from

transpl antati on of donor cells or ce nuclel
t he 5 sanethspRatient, witfinet eausd immunetsjections are cultured to various

pre-inplantatigngss ffve <p cﬁ’lklo%\ffcq &nt %\Eeh htion 16 'di J‘fgr%nhgtteohurh\érel nt%ggne

ani nal s.
cells, embryonlc stem-like cells or other types of embryo-derived stem cells.

25 directionally to specific type cells including muscle cells, neural cells, fibroblasts
and adipocytes in a specific inductive environment, including in vivo and in vitro
- inductive system. |
It is another 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.



The term "nuclear transplantation in different species" referred herein
means the transplantation of donor cells or cell nuclei into enucleated
oocytes of a species different fromthe nucl ear donor. The resultant
nt-units are cultured to 10 various pre-inplantation stages or allowed to
further develop into live-borne aninmals. The term" nucl epgricngefsas (nt)
unit (nt-unit)" referred herein neans a unit derived fromthe conbinatiori
of a nucl ear donor and an enucl eated oocyte. The nucl ear donor and the

enucl eat ed oocyiieisabtRe §cHicEBietl BMd Mventitn 16 (RERUIMEN HES edls,
different species. The term "somatic enbryo” reffered herein means nt-units

at vari ousmpryoric steo-tike selloar othegdypes at pubryyderived stem celis agd theircel |

st age,

bl ast ocysg?ﬂek ta_?&:%rg@?é%%?o %&“ S%Cﬁ’gﬁ 8%%‘“? W@%ﬂﬁ%ans&gﬁps‘cel S

types in an adUIttnsZthmQyobpecem th@dngetionctd beovide humamuatESceliscores, a

zygote devel ops throuqh the 2-cell stage, 4cell sta 8-cell stage, norula
e

st age,? bl § e ﬁ@"sol ﬁ"st%'&‘ifsttm% St RrBhBe- g‘?‘WﬁQr St?é!‘l celgs T | ocat ed
in a blas f g\g%r e I ri se
to all P‘?@Yé#tlalt"ﬁje r?/g Sc r}g?ﬁgr g&{.@ 22@? Q g%\hﬁ? * nu&le%?t he 25
i nner ceI transfesforttﬂwsplfaotaénoartbempm ﬁut:hrhrnerap?@pawedebydeabemmxmlem any
of the ce f.th rvvin fetps.includin er,m nman ES cel |
Ger i ved.f MerrmaH ot Sedds Sid Tiutes, HGosohnb 5t ol o PafRBadis v on
can be i ngysdtgmed Mintiregtens i in@roméo Aainenmgkh syHapeme| NEULSIdispimapedond | | ne
cells) and.,is permanent in vitro. In a l.ong-termculture, these cells 30

mai nt 49 n HivssPUkBley selgosis, THESCUHAN gy%t s Sighgtes, byqrafispask.cpeart

negative R

TRAC 1 60, “RERCL-ETo4 S diertoblin, TSR ikgast, PRl i diesPsh ik,

nucl ear tmﬂsfaﬁ thbr yreairoentt enf c@himunodeficéncyd diseasessphene amarrowf hunan
cell nucl Bon- human namal i an oocytes, have 5 properties simlar to

ES cells ﬁéﬂ#@?@t& PR SACRE qkéfrtl li zed zygote. Human ntES cell's can be

propagat ed i nfi ftii§ ahgthen spedifie objedt obihatiavéntntorusel thsdunedry MES délrse cel |'s
can be induced to differentiate into cells of all three germlayers.

Undi f fl&r e RMbEYQIUC Rismnikecelts ok otherdyppe el ew&méﬂgrw%ﬁtem cglis amﬂ thels Es
cells, why ﬁf@r@ﬁt%té@ﬁ?ﬁge}%s‘cﬁ cSIPEAYbr tﬁé’%’ahbﬁ@ﬂ P all RefeY oF biselefivé

TRA-l 60, TRA-1- are positive for alkaline-phosphatase. The term
" enbr yoni ealeaiie, medified| DNA, RNA or aifolein et lﬁt@aﬂi@ humaphadyndhedeellsyed from

UL ThodHEELS W RBBRe oy oS4 0TS R prRBBERRE gl Nphafec o1

enbryo- deldifiefe@htlﬁt@dﬂ:@lﬂd\lﬂésueﬁac and oxyanefer tﬂ‘semamedicaﬁthal'éplesalmdudnaglthed from
nt-units t var i ous (@re i C‘ﬂint ati on stages except enbryonl c stemcells and

enbryéfi ¢ %mnt%’ agnastic-pl disegses speci al i zed cel I s" referred herein
means the cells Iﬁbfén%irﬁé?tdb?é&%fﬁﬁ@mvﬁh{f& &£ L5S huftEN MEy Eelﬁst %FHUr%h gells

and other types of enbryo-derived stemcells, which can be induced
artificiastgmdike gels @rr@t ef types iohembryp-gerives ster esllsEmditheir gifiesentiatedvent i on

provi des 6@1@%"”{) iheo Bﬁﬁé goftb‘frdUsE@sESééss in l&ﬂ?llhfors ﬁr?réétﬁf‘en?e' s or

ot her typ r| ve Stem cel conpri'sin | oW ng step
(i) tr ansyahdtdnpreyenﬂuoh@éthejdnaeasesedm(tmwrleseslplecrﬁedl etuprant o enucl eat ed
oocyt 3§ to formnt-uni activ PogHt he obt.a cl ear transfer

uni ts22(iii) cullt 'ﬁr?’i‘fﬁﬁ?fhgmﬁ P*e 'L”P’ﬁﬂ ﬁ?t%enﬁhcé/' rTn(? ied "human
pre- 's”plaﬁg'?% B, mé?.c%akékeﬂ@bﬁbme‘ﬂgyﬁuscémﬁbﬁybadbﬁvea sérArcengi ¢ stem
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.



cells or other types of enbryo-derived stemcells coded by the donor nuclei
from30 the nt-units greater than 2-cell devel opnent stage. -~z

PCTI CN01101536 The present invention provides a further method of inducing
the ntES cells into many types of specific cells) conprising the follow ng
steps: (i) preparing enbryonic stemcells or enbryonic stemlike cells or
ot her types of enmbryo-derived stemcells from reprogramedd $ONA183& el | s by
nuclear 5 transfer; and (ii) inducing the above cells to differentiate to

speci al i zed cel rONIA di.tion . In a preferred enpodi nent)
an appropriate z\ﬁrrtgﬁﬁggéﬁeggﬁg és}tdcﬁthéggﬁj B%%,ta,dvpgtaggg@ngsfgaﬁ;r%g& donor
for nucl eaventicamthiaémill Bycome heedinafte dppesentafi Ratiré Bf Ik ARBREGK haye ani mal
houses, tt?e coul d t)e fed Wiéh st?ndard food_and woul d be nore easi’ly
adni ni st € ee§3°"?rﬁf’sa’ye%’lﬂee{?tﬂg iy refergies te 4 follgwing,detajled dengriptionnef easi er
t o contr ahetprefeeretiambddimbhofthe RvEhE6a 2R 8 fté"ﬂ% Q@%éﬂ[ﬁeﬁp %f%igﬁsoem fic

ar It W

pat hogen free). Four days after injection o a artificial

hor norfe, about 30 oocytes can be obtained for the nuclear transfer
experinment. Rabbit nature 15 estrus period is 7-9 days. The present

i nvent or sBriefs \des¢ription oftheafigupesfer unit coul d be obtained by
transpl antati.on of the nuclei of human cells, specifically human

f i brobl adtigyrei itis @miotagragtd of 2hbi fibroblagtsesbiathedbirain and2yBal-SidafnaKar | 0us
devel oprrgnt %I .stages. 20 In view of the fact that human céll nuclel can be
effectiv PSF #‘E‘pr ogramed by rabbit oocytes) it is reasonable to expect that

human sorfigure Zigld phateyraph dfrtﬁé\%mm.teigjto oocytes of other non-rabbit
ani mal i ( . ungul ates) to obtain nu-units. Oocytes from ot her

Species (e.g _ | Ini ts _ _
ani mef® sg:ﬁg‘é@é Srahetograph afdhe nt-vaib(ebtained byxnjeptien obasptesicaetiinted f r om
non- humanph® bARLERuci@ RO el rodents, etc. Further, using simlar

met hods, 1t shotlggu%%ggés)?%% s_tt%drbt'ransfer human cells or nuclei into human
oocyt es drigureskistehphotegraphaftthdhtianiv Gobstainet bypnjedtiore o ESnrit|call inther ef or e,

inits brg nse, the present invention involves the transplantation
of human t@?ggﬁé_Rgﬁu_%&q_téh%ﬁo&é'?f s{?@@r ei into enucleated oocytes of 30 a
speci es_ digirersista pRetoyiapR o1ehd RALNA MIREINkA bRhBLTbf 4 BbhaniE 2 i 3t 1 N9
enbryonic_ stemcells or enbryonic stemli ke Cells or other types of enbryo
13 lpcTiterend petusidiatitie blastasstostage.  For exanpl e, the invention may

i nvol ve th@yrk e PhRotbEI} > REORD (SR i L Shmiabk QeffphyS! eat ed
oocytes oﬁ‘@anot herbs g@:aggfb(gﬁ%twgﬁlpgogg%.b?dgg '@?%M§F%$9Wﬁﬂ?-§?ﬁwx? ch can
devel op tte aena peliuciditatyhe hatgbingridastptystistageon st ages, including those at
t he nor ul age, . hlast t and 5 c.hi bl ast.ocytes stages, nt-units
at vari o@%&ggﬁn%:ﬁé‘gf%? %%hgé{rgg'étéu T’&ﬁ%’@?@ﬂ’yﬂ&ecf@%Piu“?%ﬁomﬁt'%ﬁﬁ" yoni ¢
st em cel listp tieerbytpplasm oft thstdocite) atthess-eell stager types of enbryo-derived stem
cell S for_.t hereaPe_ut' c, cl oni ntg. . .
0 ~ Figure sap otograph of the nt-unit (obtained by injection of the somatic cell
~ into the cytoplasm of the oocyte) at the morula stage.
Figure 9 is a photograph of the nt-unit (obtained by injection of the somatic cell
into the cytoplasm of the oocyte) at the blastocyst stage.
Figure 10 is a photograph of the nt—unit (obtained by injection of the somatic cell
25 into the cytoplasm of the oocyte) at the hatching blastocyst stage. |
Figure 11 is a table showing somatic cells from donors at different ages formed
blastocysts with comparable efficiency. |
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

obt ai ned by transplantati on of human somatic cell nuclei into enucleated
animal 10 oocytes to produce nt-units at the blastocyst stage. ntES cells
can then be isolated fromnt-units at the blastocyst stage. These results
demonstrate that the bl astocysts obtained from cross-specpgpc ﬂb'-ﬁ#%@é
transplantation have the capability to give rise the enbryonic stem cell
lines as the enbryos derived fromfertilized zygotes. 15 ntES cell |ines
from cr osigupedi3eis aﬂpﬁbtegfadwaméfﬁsw &fo béﬁve‘adbfﬁ FrPa@d%mSﬁé e avers
for a long period of tinme) and can passage r nor e 0 passages. Cells
obt ai ned DHeleabiransfee axpressnmarkers typigalbifl pringatef EQidellsr amd |hagh atkahme o all

t hree ger di ng ectoderm nesoderm endoderm but also the
capabi | i tghbéi g ?%eeéégﬁ[?atl ng to many ki nds of specialized cells including

muscl e 20Figeiré 94 stcbwm)mateﬂEsneéuseareebépauwl of ifvnsiRg afit eRibPyoid STy by

di scoveri es ah‘g OIL l8reat ortance in solving the probl em of i nmmune

rej ect? onSPHEHREFEY C"P?ratfﬁ'}ﬁ @ntation. As well known in the art, new organs,
celI's or Figuse'4s |§é"bh9ﬁ)g¥'§fﬁ'¢oftrﬂu§88|c%ﬁ§d réritia osfForIn fl.—'f§@§llsolg the
original organs, cells or tissues when t ey co not unc I'on properly

For exarrpﬁ@natlﬁéemﬁudeafrtanstfwanspI antation can be effected if a ki dney

cannot do i et emegells f er human
are used gldr ep ggeanﬁ&géfﬁgﬁtrged‘ %gﬁ% ?’étﬁ(i%gi'?mﬁemaﬂs"tkﬁ ﬁé Yer apy
of the tusomatit telhmsclésararsfereri ous probl emin the nedical transplantation
for sever e(i des that the agrgans, cells or tissues transplanted into the
bat i ofl o FlouieI T04S Bepitoaranh,p! Meotiast i aeds slftarenialed fioen Fopiam el
because Ofelissy S8R Gl AutiddriGrao: f‘,%ﬂﬁ's between the organ donor and recipient.
In recent years, scientists put forward a 14 PCTJCNO1101536 concepti on of
t her apeut Figuee dBiing m‘@ﬁwaplmg’f adiposytesidifferentiatediitone husjaecttESncellEHey somat i

cells cou%&n e E?\Pﬁ@c@éﬁ' f y nuclear transplantation in order to obtain
ating nt LL'§

nﬂ

nt-units for 1soO ells. ntES cells can then be induced to

di ffer ent Figuee 18tio at frotograph sholirtg thes ntES celis areeapssle v diffireRfbtigt . and
5 trag; pl ant ed, back into tB%ﬂ"?Q#.I ent. Since the resultant cells, tissues or

“organ’ ar QA 50’8@"55)?"191@3 all threagegBi@¥fS-and wil | nost |i kel y be
recogni zepigako 268 4 phofobrapPbRRk Rakydlly hoyf oftR nteks bl Bf i 26018

resulting fromther ape ic cloning’s not cause | nmune PE] e | on. 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 ear t Detaited descriptioneof thednvention! i ferate in vitro for Iong
-time as conventional human ES cells derived fromfertilized zygotes. (iii)

nt cells have tlmethpcptresﬂntahvemmj niclearitarsfer (nt)tandoridiedniteaspldntation 3 ger m
15 | ec rm mesoderm endoderm These discoveries
dem)a%(éa %1réa L[E%g Q{eﬁcg]aglg gﬁ'c cloning is practically feasible. The present
inventors furt hier tblespmselhednnklbﬁﬁomursamaﬁeﬁéiﬂb?y&ebhd CRULKIt DSre QeI anmred
t he oocyte of a non-human nmammal 1 an species, preferably the

effectivel ¥ 6%?
oocyte of e ngeabler ef ore) in the broadest sense, the present invention

invol ves the 20Intthé"b$9§.éi'ﬁtlrﬁﬁén‘38n%ué%%qﬁrﬁ?eraé?h l)n?:eéh ¢Hil (ﬁ@é clei

into enucl eated oocytes of a species erent omt e nucl'ear or to
obt ai n nt anghervats celbderiied qmbryonplsiemmeilcéﬁ @)aajeajsbdnnhemﬂam‘geablynt ES

cellsys The term “nuclear transplantation” referred herein means the
transplantation of donor cells or cell nuclei into enucleated oocytes. The resultant
nt-u'ni'ts are cultured to various pre-implantation stages (e.g. blastocyst) or are
allowed to further develop into live-bone non-human animals. For nuclear transfer,
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

10



Human cel |l nuclear transfer technique 25 Nucl ear transfer techni que or
nucl ear transpl antati on techni ques have been described in many references,
such as sone of the references cited in the background of the Invention
(See in particular, Wlnmut, et al., Nature 385:810-813, 1997; Canpbell et
al.) Biology of Reproduction 49 (5): 933-942, 1993; Collqg ﬁu

Reprod. Dev, 38:264-267, 1994; Keffer) et al., Biology of §¥%' é?q
50:935-939, 1994; Sins, et al., PNAS, 90:6155-6159, 1993; and Patents NKB

5, SN ghsi, NS, A, I o

i ncor porated by reference I'ren |ret 8 1n the
i nvent i ordeeFI@, étsl | s used as donors for nucl ear transfer are derived from

human cel |l s, ﬁ abI - hunman fi brob%% i’ ‘IP_’ nimal cells,
preferably sonaf 1% € Manenegus puclear ians| an@upﬂ arrad herein aeans t he
met hods Nhe\tfansplaan|oﬁrdf ddrier@BlIsaf camintBle it e({) 'e?nuh'l%%ﬁ& ob%&@ﬁom

I nventi on i ncl ude, é’ of exanples, epith neur a ceI | s)
epi dernalSaMne Isi’ec'r@ér f‘ﬁn%}‘ﬁ@@ Nhienits appicuitiredcto Ivarions | pradmptantation

chondr oc VARG 0 cl eated erythrocytes,
rracropha)g;sgs?e onuc@ég?&%@ I@%]VQ#O-BD'MC{;{M 6%&"%%\"&? ¢ muscle cells) and

ot her nuscl e celhes terhb!'muntear, trarlmalimtﬁﬂm ¢eldifferepedpbdiesMpsteaall Rerainsf er nmay
be obtained fr dlf qt orfg ns ﬂ I NSt ance) Re skin, lung, pancreas,
liver, 15“%?'6 ’a'ﬁ?faé@@ {900 C?Fgwtce $8;3P6khaé€|ﬂ/@t%ﬁgu¢l§afem erpytes oki dney,
and ur et by spedies aiffepsnt from &g/ nQélﬁéf‘ﬁon&Urﬁh@bﬂe@u Hi-fritl | afe (cJ]uftﬁred foc! | s

useful in the subject invention) nmay be obtaine rom any or organ of
t he HQdy,VaF'HEF u&rfeﬂ@péﬁntatmtag@swn |a§oweo toofiythes crmmmamnehvmbemer or
nucl ear tyanafser nmay be obtained from various animals, including mamals
and anphi |ans ‘Sui tabl e manmal i an sources for oocytes include sheep,

cattle, pi gs h'B'leswm ! abblets Iragsiane(at)pjrgs(ntrtinﬁl?! reféi®d ledeinmbans A | Bt es,
tes will be obtained from25 a

etc. In a ferr 0ocC
| eporid <t eé'lve gb %F’%’?‘E atiop rogrﬂ B“‘?/%b‘i’(?“or PR eptelgptasseosmte st age
oocyt es qam heci6ay &i@ﬁ‘dr%cﬁﬂfegéﬁi’éléé{teﬁr Ry 14y$tgé %ﬁ\ﬁﬁéd’ﬁ Eﬁ fid sShe

non- super ovul ated or .superovul ated rab ours ter onset of
estrus oﬁpﬁﬁ'@sl%F@é‘! diffgrastt spagign. chor i oni c gonadotropin (hCG or a sinilar

.hor mone) W th tfiy R "ﬁméti%n&?y&gr&éréoo h%?elnor%gns H-units at various
pre- |mplantat|on stages, including the 2-cell stage, 4-cell stage, 8-cell stage,
morula s_tage, blastocyst stage, and hatching blastocyst stage.

The term "somatic cell” referred herein means all cells types in an adult
20  body except the germ cells.

For mamr_halian species, a zygote develops through the 2-cell stage, 4-
- cell stage, 8-cell stage, morula stage, blastocyst, hatching blastocyst in sequence.
Inner cell mass located in a blastocyst is the founder of the embryo proper, which
will give rise to all cells of the embfyo. ES cells are the eduivalént of cells of the
25 inner cell' mass, therefore are pluripotent, capable of development to any of the

cells of the growing fetus including the germ line.
Human ES cell derived from the inner cell mass is a type of pluripotent
stem cells which can be induced to differentiate into any cell types, including
germ line cells, and is permanent in vitro. In a long-term culture, these cells

30 maintain a normal karyotype. The cells express the special markers: negative for

11



PCTI CN01101536 Met hods for isolation of oocytes are well known in the art.
Essentially) the nmethod conprises isolating oocytes fromthe ovaries or
reproductive tract of a mammal or anphi bian, e.g. a rabbit. The degree of
mat uration of the oocyte in nuclear transfer has been 5 reported to be a
maj or factor in the success of the nuclear transfer nmeth r at her
et al., Differentiation, 48, 1-8, 1991 ). In general, g&s%éfzﬁgﬂﬁ@essful
manmal i an- ani mal cl oni ng practices use the metaphase II st age oocytes as
the reci pgEBh. PRt BEGAUS el d the oocyte
can effectively PPvate rtehsgéilz%[yf %%g‘gfnﬁ- eﬁglato-h?'ﬁe't?g'tghﬁxdargevel op
to ani nalp@ﬁbdejosalkam@hnspeataseg It has been discovered in the present

i nvention that ture oorg tes obtfal ned from New Zeal and rabbits shoul d be
enucl eated 15 t'3UP3NhIHEEY s ¢ KANSIRE |&PRIYPNISH Slemhoselir | thac"ﬁﬁcbn@c\/l eating,

the oocyttemspdntation o Befdnicei '\%déi'lﬁt'ér ﬁor‘i‘-ﬁuﬁﬁﬂ' MEnAIRFBI o GREE Hatend

hyal uron i dase. Cumulus cells will be renpbved by repeated pi pett| ng t hr ough
pi pet Pes Rrepgrtigssimilar ip ES ‘Eﬂ"&rﬁﬁ'@ztleddmnbﬂ'ﬂ/mlegﬁ rzggtbileL tuman AES selisi pped

ooCcytes afg Eé‘ﬁﬂbpﬁgéféeqﬁﬂu{e .ntJ}?éSB& ?ﬁ]a%ﬁfa;ih gggﬁ@a %@Pﬁ %%qtﬁh@lsel ect ed

met aphase |1 ooc as Confirned are

t hen usecahdre rmdubmato tifferentiate m@ueilse@ttalthree?QeﬁﬂWeaé |Undifferentizteg oocytes
col | ecteq]from ovari es should be natured in vitro as desired, until

they are T4P3hd tﬁﬂﬁa?éprelsssf'?&ée’s FYPIcRL e zBAMalR) BSieallss whistucareat i ng
shoul d beegatii® TerSSER-1 rB?foeBBQﬁ\Vb 26 QQ‘ErAéSF)Q%tEAUﬂeTNN 20 OFRAS RY. 40 wth

16 to 18 hours bhei ng preferabl Enucl eat1 ng may be acconpli she
i crdﬂsur@idcﬁi?l%ﬁ’sli'yﬁrf@ %{kahn@rpimspbata@e% to renove the pol ar body and t he

adj acent cyt OIO'ﬁ,%mt cl be exa

staini ng the renoved 'lyghg:ygia%ﬁ%"@% c%ﬂ% irﬁa aﬁ"%écﬁﬁe[an% "g&/ and

obser ved np¢% dmield ﬂntbmrrmumtbeat greatadittedri the 2-@9" dtagesnthatiRbs pléﬁedifathét i on 30

nt-units ﬁﬂgacc? ﬁfﬁaéed a(é(i:lg?r{gl ng o th Bods known per se in the art

e.g. by i ©f 6 BumAR Is‘ﬂ'ﬂlcﬁ ﬁﬁa OV€-nj ection into the

cytopl asm  m W@Ttbﬁh@éﬂ:ﬁimslahmbwwbats@bﬁwf&@n@%ﬁ?ré‘d feifimeans' N9! €
ica

ani mal. or human cell or cell nucleus, which i1st a specl es
di f f dPentallf C8li§ t derivess ftqﬁra: ehumtSeaateovauoug/t pre- Wnlantbbomratagéerembptnto t he

5 perivi r Y nt I ,Sting of
= Parmn oryBcsRaRRERR: shIBMEOAE s GhINE A Trd BPel seealtel i = 0 5
mm chanbeefenpdjhaemprpbaname)neumﬂmremiawn fropRhtE8Ilceis, cﬁm&%ﬁﬁ%feﬁpr about
60 psec entI n el ectrofusion nediu .g. . mannitol,
sucrose E? cgﬁﬁlaﬁglgtp 0‘%/'0 °1%eri"8d2?’feﬁ'r§qb?ﬁ t"\ﬂ'!‘c'i ﬁé”ll?ﬂ duced of hcCa
Af ter fuam)allea@huffeuémthté\tnuobbrﬂ:pv.m,lI be placed in a suitable tissue
cuIt re medi u {DEME (G bco): RPM 1640 (G bco)}; M99 (G bco);

G bco) ; mt]—t'i‘ﬁ g"ﬁsﬁﬁhtﬁ‘é{ﬂ‘@f‘ PEO\IdES af 'EFQFW Pfs PERRAGIND ﬁhgh@t&Soyeltsr ovi di ng

a pulse a t he
o1 o oy St like Bl ordiiph th8s BRUTBb-dALY Ao MUK | o
break dodie follnwing gteps:bi | ayers wi |l interni ngI e 15 and snal | channels vm | I

open between t | s _after the rrbra S e to

t her modynari ¢ ?ig%ﬁ%‘? %ﬁ’iﬂ Bl,lclgﬁfcq]orgr § Pr B‘QE'?H‘H@ 'n{ote'&%%?ﬁa%eoaﬂw t he
two cel | $o farsentiuniite; one. Reference is made to U S. Patent 4,997, 384 by
Prather et al: (mcorporated herein by reference inits entlrety)) whi ch
provitdes a f ur {iRdctivating theichtaiped nHelepr tiarsfer umitsiar i ety of el ect r of usi on

medi a can be ugifreuliuRfl YR RAclear 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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20 e.g. sucrose, mannitol, sorbitol and phosphate. buffered sol ution.

Fusi on can al so be acconplished by using Sendai virus as a fusogeni c agent.
According to the present invention, the nt-units nmay be activated by known
met hods) including culturing the nt-units at sub-physiol ogi cal tenperature,
essentially by applying a cold tenperature shock to the rgeciendiRis3eni S may
be 25 nost conveniently done by culturing the nt-units at roomtenperature,
which is lowrelative to the physiol ogical tenperature conditions to which
enbryos are nor TR lprestn a9RMtioRUbrbdides AN methodashl iddubmghdsnt&Se t he
subject of U S. Patent No. 5,496,720 by Susko-Parrish et al., which is
herei n i reglisgoiodnary types of spegitecellsy compiisiagdbe falloWingsieRs: be ef f ect ed
sequential ly: (}yd . ' [ at Je QNS | e, and
pcti cro1101536 (1 PEREERE BT St Rals of Byl qefgike blBBARY <, 2
oocyte. Ttlyﬁegbf Bathsystedived stem oglisdroral reptogearhined sarmaticscellschyideacledor
exanpl e, the addition of kinase inhibitors, e.g. the serine-threonine

ki nase i nf@Me6a8d6 di net hyl - ani no- purine, staurosporine, 2-aninopurine,
and sphi ngosi ”e(iit) InAldirgy e iapely  ceRS asPiaesendibict Spetisiiized BEliPUABSH NS May
be inhibited by the intTtoduction of a phosphatase into the oocyte (e.g.
phosphat agpprepriagte gondiipnat ase 2B). I njection into fhe cytoplasm 10 O her
nmet hods may be ys ap; ! i [ | o ' t he
nucl ous arrect 1§ § Begeed eRERmen BT BpBEbl Hnal ARl Sfbnl M 528510

el ect r opowaisedras dmeseyteaiomor ferasuciear tegnsferc Byl maintdiningtieesd beimalksireus of

the d omat,i |1 bl b db h . Wwhich i

Lurn Hist aBRTOBERATIMaH Npitesteitihey Borken fash Aith wandart foe 20g ddcPe n
bbi £ 15 cytopl: - | mdReaverd

rapbi t 00@?6&% Sigl.lfﬁ?ﬁmléémd, (ted I}(?]s;ullﬁ:[?dlnBé_rl&ﬁén cd&! mdredverdit \E@Md be

38: 264- 26 - nt-unit cultur activated nt-unit nmay be cultured in
a suit abl easiet tarcontrotiitoese sabbitsr frieer fraew dissgsestand-deingx dspeaifig vat ed

nt-units pe. r i_@ato. . 20 p ' ' ML99,
ovens0, — sBRoBR oL T f Bl bl ko b (ki it #ifihal Rofffcd, B8

par af f i n, 3e.apcytes &Charbtdifeddar thennocleanfransfer expérimabl. Rabbitnpatess t he

hi ghest rate of blcﬁs§0§ysts was obtained by culturing ntunits in RD nmedi um
Accor 8 nge8tus PQdS P 9AYS experi ence, for human cell/enucl eated rabbit 25

-oocyte derived frheWrbéént ihfehtBls28ise6vETEd What a uchldr atamreeralifititodid helays
after initiation of- oocyte activation. nt-units will typically exhibit

appear ancebtainedc by | transplartatior: éribe shusleiapl hymamoegls sredifically, et donor
Speci es rﬁBQ%faé‘J?a'fhtBheén89|8¥fe% rabbit oocytes to obtain nt-units at various
dévelopmental stages. " '
20 In view of the fact that human cell nuclei can be -effectively
reprogrammed by rabbit oocytes, it is reasonable to expect that human somatic
cells may be transplanted into oocytes of other non-rabbit animal species (e.g.
ungdlates) to obtain nu-units. Oocytes from other animal sources should also be
suitable. For example, oocytes derived from non-human primates, amphibians,
25 rodeh’ts, etc. Further, using similar methods, it should be possible to transfer
human cells or nuclei into human oocytes and use the resultant blastocysts to
produce ntES cells.
Theréfore, in its broadest sense, the present invention involves the
tfansplantation 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-



donor species. For exanple, in the case of a nt-units obtained by the
transfer of a human nucl ear donor cell into an enucleated rabbit oocyte,
t he devel opnment of 30 the nt-unit follows a schedule nore typical of a
human rat her than a rabbit 19 PCT/ CNO1l1 01536 enmbryo. It takes

: ch
approxi mately 6-7 days to forma blastocyst, unlike a ra whi ¢
usual ly fornms a bl astocyst in approximately 3-4 days. Mﬁf@g}& égd for

tissue culture and for maintaining rabbit enbryos incl ude DVEMF15% FBS;

ML99+15%deRPed @ '3@“4%&@?@(45‘ tﬁgqﬁ\;én‘ﬁﬂn rﬁ%\ﬂﬁvglvﬁame l?%n%@%ﬂt%@pcmct

co-culture wth a variet I ncludin ran _
ut eri ne, hamarseelizer cell WGESS intel enmﬂaatedsmdytesbfmmbtheTrqaemdst (6.6. aystem s

th ES 10 establishpent. The
Syst om | Ao B RediEh Phislis, d¥ih “FaS cisvelos) do snt-ie” R crariwSaten o
liquid smnpwmlt@tlohoptag‘eES isclhdifg CtHosker kGhe | Mokd4l ﬂﬁg bé‘aétﬁ%ﬁ?@“ 8R4 DVEM
(G bc ); FBS. (fl one); non-essential amno acid st €]
(3mer ca pf‘@fﬁi\‘éﬂ'lch as*%’bﬁ%‘koii@g%dﬂhlﬂﬁ'(seabd@fwusmf(e@ﬂmm)tatlmdstages are
factors. yEbg ffor %Blattl)S Cof mB cagﬂa ﬁel\sS Ig g ILYROSE Rt &l
130, e.g. LIF 15 , i 5‘ RS Phetekt e t he
pat hway (t))fpesSl@frmlbwmﬂesldedsiemcelﬁﬂfrlimrapmﬁcyqﬂmm th;a fagltorstliot heM e

F refera p
Third ype of (MG PosEbt Miedtorsctipaiarnd el Bidkar Hansfasupiezpn el oh 20
may i nhi bbtaihéwbgpapspidhtatioh. dfhﬁmlf&\ §6Mmhfic th%uEr%?ﬂﬁé én@él%%%ed”@ﬁuﬂqaﬁ he

fi br(fgl asts .obtai ned fromthe 13.5 days' npbuse enb hey may sustain the

nt ES el POCYIgE JRi Brpduee it-unitscat the |bdﬁ$tWSMSta9ﬂ/dMESCc¢!fﬂ g:aa) thehnbe
referre 0 nlc
Fi br obl aﬁﬁmﬁﬁ"g“%ﬁé%&%ﬁ B UEobRt sTac PR o ferFaiere Mahdhe 25 wi 1
be descr blastpdysts: fobtairadpfrom arbsswspddies hnmmeamttEﬁngnltaldn: Pﬁavea&het -
f d. th nt-units L n above culture system e
uran nt ERPaty @ Gt PR B e eelCies 2 Terembas dertendine. £3
cel |'s, afeHiitzel dyigbtesol ony appear ances and growth characters simlar to

huma ES cells rather than nouse ES cells. 30 The human ntES cells obtai ned
acco ding to tﬁﬁ%r"@gé'ﬁ‘?sl frararessiseepiesinyclene tangfer wasi be wulttred on kal i ne

phosphat asjer %’eﬂ’f@y)eréfféleé I8ng PBAoY T T, £y LA Bhssage for more. than 30
passages. Cells obtained thereby have not only the capability of differentiation
into all three germ layers, including ectoderm, mesoderm, endoderm, but also the

capability. of differentiating to many kinds of specialized cells including muscle

20 cells, adipocytes, nerve cell and fibroblast etc.
These discoveries are of great importance in solving the problem of
~ immune rejection in medical transplantation. As well known in the art, new organs,
cells or tissues can be used to replace or reverse the functions of the original
organs, cells or tissues when they could not function properly. For example, the
25 kidney transplantation can be effected if a kidney cannot do function ndrmally,
and herhatopoietic stem cells from other human are used to replace the
exhausted hematopoietic stem cells in the therapy of the tumor. It has been a
serious problem in the medical transplantation for several decades that the
organs, cells or tissues transplanted into the patients would be rejected by the
30 immune system of the recipient, because of the mismatch in MHC genes

between the organ donor and recipient. In recent years, scientists put forward a



20 PCTI CN01101536 over 30 passages. They al so express the surface markers
in common with the primate ES cells, e.g. SSEA-1 (-)) SSEA-3 (+), SSEA-4
(+), TRA-1-10 (+), and TRA-1-81 (+). This shows that the ES cells sustain
growth in an undifferentiated state. 5 The hunman ntES cells obtai ned
according to the present invention in colonies are centralized and
conpacted, and cells arranged cl osely, w th bigger nucleugcy§H°V$E§6
cytoplasm They have the sane growmh characters as the prinmate ES cells as

foll o b i I i L i tate. i i , 10
(1) i neclospHeh o et iohing afgetigor R0 o8} AbeihBBiadiptgiheng
(ii1) capsematiofceliesiishibegreprograsmred fby: nueler ttrareplfiatioro® Briey 85 S,
15 ThomsePbalt Mty 487 deiae 3E 5600 moHES: Sals oarfharbd indysedt fal t he
successf ulifersmibte ShGERie Wrghfie hssRd 6P &8l n'ebﬂ@ctl “?*}gﬂﬁhﬁéﬁgﬂ?&? ysts

remai ned fromlVF. Then they also denonstrated tha cells and
the cel | strasnlanted baek ite $in patientnBinca tad resultanbéelisotissues driergandayeoi d body

(EB) and ideAtHWM A r AT r ers, including,,,

ect oderm gg%jdrégsﬂgd@rérﬁ% fhgndg %%’Q@%ﬁ?ﬁ%@w‘é‘@'a'ﬁg?‘ @P‘ygﬁl‘? recegnized As ?g*f '(5517) :
740- 743, ausplantatipoof eells,hilssiies carsd ongariss edsuiltirgn frof thsrapeutse cloping! | s
fromthe %i aﬁgi:ﬂ\fst%%y somati c cell nuglear transfer. The ES derived by
somatic calq d°HEG MMIUDE fejechan. kT heispresert dventerscdiscaveredvihe 0. Hi s
exper i nenfollpwingas thmvehtisii; ocyst from nucl ear transfer 25 has the same use
of deriving the ES cells as the normal bl astocyst. The ntES derived by
somati® cell had) pi&S call lipepicani aiobtaiyed frapablueant somatit @ell nudieity an

integral gauide %ﬁe@%aéqﬁnéfgtrypes contained therein. The invention provides

a nethod to pro cells by nuclear transfer. The studies

conducted by t hi#) ntE@ et risied arannproliferatet inatitrd Ifer fungetimatad bESveiftiohal have
ES cells derived: formng the

th ; bl L like_th gl
engrf/ging Iﬁ%ﬁ@?E#aceglgf%leé'l?’%‘ﬁ{?me@%{?ggIZVQ‘?tﬁFee embryonic germlayers (e.g. 21
PCTI CN01101536 (fijtnedensthavs el pdtarBaltto dtRFentis Ho8" oIt é’sD):TQW ngﬁeﬂiﬂeps

desm n) vWF, endoderma,-anti-trypsin, a-fetoprotein ecul ar
posi tiVve)layere ARG oregiRdsimiesmeaedesns cendtidermns Thesei ndiscoveidsuman

nt ES cel | Sarii@nGiakd 618 R d o Hdi. ' ' both.in vitra and in vivo.
The | nauconstate it arabeutic AGNHYILBrAchEAfy BOsRE. Jnetbrtrtlidertiorsuni cn
i nvol ves furtben discaverehtheft huhmnnsditativetdliscauid be Esplogkamarid sifetivenyasyi cal |y
under thqh‘g@)ggi fi G cul tt‘”i nﬁ condi tl.i ons, .and g ~ the biochem cal "induction,
whi ch i nvOP VOIS & - PigaH nennaling specips crsefespbly the pgeytsof fabbitins
conpri si ng r et i Tharefobs, ih Gie BRdARIeTEseABE Ot pR&dent ShGRonCinvolves the
20  transplantation of human or animal cells or cell nuclei into enucleated oocytes of
a species different from the nuclear donor to obtain nt-units at various pre-

implantation stages for isolating ntES cells.

Human cell nuclear transfer technique
25 : Nuclear transfer technique or nuclear transplantation techniques have
been described in many references, such as some of the references cited in the
background of the Invention (See in particular, Wilmut, et al., Nature 385:810-813
1997; Campbell, et al., Biology of Reproduction 49 (5): 933-942, 1993; Collas, et
al., Mol. Reprod. Dev, 38:264-267, 1994; Keffer, et al., Biology of Reproduction,
30  50:935-939, 1994; Sims, et al., PNAS, 90:6155-6159, 1993: and Patents NOs
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DMSO or H202 for the first stage and then replacing the nmediumw th ot her
10 special nmediumto pronote the cells differentiation. Induction in vivo

i nvol ves putting the human ntES cells directly or indirectly, after being

i nduced in vitro, into the special parts of aninmal or human and i nducing
themto differentiate. 15 The prospects of ntES cell: The human ntES cells,
enbryonic stemlike cells or other types of enbryo-derive8CHCHRIRH36S
obtained fromthe nt-units in the present invention could be used in the

t her apy ofyyeguy ARRS/ 4t n_princi t he ntES
cells rrayw:)e us/?éggﬁ obt 34?42% %’2‘9 th %OW@P’Q'HL Eetiice qra{eypey

Ther apeut refeigngg s thefr aumétydllefélar entiated human cells are unparalleled. For
exanpl e, human hematopoietic stemcells may be used in nedical treatnents
requiring bone marrow transpl antati on, and human neural stemcells may be
used i n rNgelirafonee nedicine for spinal cord injuries and Parkinson's

di sease. 25 O her di seases and conditions treatable by isogenic cell

t herapy i ncl udeln tlb? inegntion, theanels eisedhastdauioes forlnerclae 3anetes avé dbrigh@t r ophy)

di abet es, frbhMiim é&l%s@F%f %ﬁfrﬁwﬁ'@ﬁ‘fggoebﬁ,sfa”' | age replacenment, burns,

f oot ulcers gastror nt Scul ar di seases, kldney dlseases

urinary tract dHeemsesr, asintl Qg"@q)mférablzgﬁﬂ%ﬁﬁ’g?gl %/g%g%&?t !n%SS Q)dg'([)hThe

hunman nt s or_the derived cells t
present Fﬁ”@ﬁ%‘# (?ﬁc%gﬂf‘gog) ﬁ&eeﬂ‘eégo%lkr‘o‘dar'ﬂl@SsalﬁoHummspodtamﬂnbl kellgls of 22

PCTI CNO11 6 | h T f
the ONA %N“i\'s'@'r”ﬁ%”i BRESeRt IR bR, oAl eidthped) el sats cel | <

or |tnl§) degurakicells I%P'dﬁfm@écne"b,ykSMnaeytfbs,dbemfatdpmmeéﬁs th@l&hb@ﬁ@ﬁs gene
reconbin S ection) virus transfection, etc,
and thena(?{rogﬁg C&? I&Hﬁ)‘?@gﬁgg {% %}J Zyrgp eeyio) Rugleated herdlypcytaso t he
human bod;nacmphages;emmtxm 6611, ibPbistasts! béﬂﬁé@&ﬁ@&l&%ﬂé" aMd aotﬁé’ ein
bed above, the defective genes, e.q:

Vi vo. By u5| hl thod as, descri .
def ecti ve" ﬁ‘ﬂ%n‘ée Sy MURPYRIndbe bysan coglishused sfogéh@ieafamamsjer epdyaded, or
the genesobtbingd Gﬁﬁefé?ﬁsorgaﬁéaﬁﬁutfsféﬂcby tRE“SIuﬁCh{'i‘.g p;gag}?e' s guch as

growh 10 factors; hoki nés, cytokines,’ enzyne |'f¥te|r'oduced
For e¥anpit ‘é’“aﬁfhe'"t?éﬂ@e e’ﬂﬁﬁfﬂlrﬁgrdduatl\re grganshbl‘aaldtmrlddmnwdnd urethradimgied i nto

human emtugn#ﬁngﬁpg\. |8l éblf %@k}’? Isg lrf'lets| Oh?l?ﬁ%'d ptgé and then t he

differentiate eren

t r anspl aridegntion) anay pet oktainesiufromer i amg celloon Bijdei 65 e Hodl'S FRARY ,t,é) atl reat t he
di sease. Sgog_?q% ng such net hods, desired genes may be |ntroduce nto the
subj ect n 1 ¥ and the ceIIs will differentiate into needed cell

types, e.g. henafopoietic cells, neural cells, pancreatic cells) cartilage
cells, and then the resultant cells or the cells derived therefrom can
be used |cﬁ°‘f3ﬁéstherapy. Genes which may be introduced into the subject ntES

celI's include, 1 oocytes used for nuclear transfer may be obtained from various
animals, including mammals and amphibians. Suitable mammalian sources for
oocytes include sheep, cattle, pigs, horses, rabbits, guinea pigs, mice, hamsters,
rats, p_rimates, etc. In a preferred embodiment, the oocytes will be obtained from
25 a |epbrid source, most preferable from a rabbit.

' Mature'metaphase Il stage oocytes can be collected sUrgicaIIy from the
reproductive tract of non-superovulated or superovulated rabbite 14 to 24 hours
after onset of estrus or the injection of human chorionic gonadotropin (hCG) or a

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



20 way of exanple, epidermal growth factor, basic fibroblast growh factor,
glial derived neurotrophic gromh factor, insulin-like growmh factor (I and
1), neurotrophin-3) neurotropphin-415, ciliary neurotrophic factor, AFT-1,
cyt oki ne genes (interleukins, interferons, colony stinulating factors,

tunmor necrosis factors (al pha and beta), etc.), genes enc s etc.

25 The subject ntES cells also nay be used as the control??tggdgﬂégggnd for
the study of genes, which are involved in the regulation of early

devel opnent to femoddortiSGatidif babytel &b el kiowhn Wﬁé’%‘ﬁs%é%nﬁﬁg
differentiation. Abnormty differentiation and division of cel used

many ser i Bgsm@thasaeemprises iselaties opgytesdrons thexovasies er. repredutivedract of dept h
studies o nt'gm rIBFgﬁlfbh%fiarpiegeJ%rb'itat' on, 30 division and i nduction of the
provide a

normal cells W ear under standl ng of the cells pathol ogical

process of thos&hdidemeef Raturatiml bW DOLHGINAheclead trahefee Hasabesh cel | s
ti ssues and orggﬁsp fromt e supject ntES cells may be used in the

devel opnefRPOSE A MARL §‘ft9655" the Stuﬁée%sn"bfrtysml’@'e@f gﬁf‘ﬁf@F methpds (5§|eeat ly
change thPréfﬁéhef’%l Ofo|ﬁé@§tf§z;d?9 1B, 881520 HNEERTDRIGR sl Rlesthuli0S- The

enbryonic stemcells may erent'i até var 0 be use
st udyi ng, mammalidmanical clofing practices use die nietaphasgsl stagef anaytes ds tie

research, _gnl. i.ch v assed the cel |l

exper | rren[e%%g ‘{5%8@%5 '{?Iugg %&%%8{?9%{“5 "83’(?){:&] Ape %Fﬂﬁleﬁsf’t"f.?%d in
the clini tadtivated eie imrotiuced hucleds td initRatslbhd @eyelop 2 aaimalmdbriypgnspl ant ati on
t echni ques may be used to save the species close to extinction, such as the

gi ant “panda. 1n these species, 10 |arger nunbers of fenale oocytes are
hardly togaltRiafings t he nunber of the female is less. Their somatic cell
may therefore be {ransplanted into enucl eated oocytes of different species.
The resul tant nlichasabeen adistaverediin sihemreaemthmnemfomlﬂhatumﬂ.uenomyttem to

obt ai n bl rans e egnant

not her toggttg\&'(e%%%é&g%%g?lgﬁﬁ(ﬁg?}?{}ﬁ]m’%lge F’HUQF‘%}% fgﬁ%e%ﬁseaf{{q' Yescri be
the i nvenmjecuuontdimct«al Ptivt g epyeleRiing the deyeé Wilithe Fm@a i N2 Tdture
preparation of n r donor cells for nuclear transfer 20 Foreskin tissue

obt ai hed megmf%dgw@ gentaining hyalwenidase. frumpiisnealiscwillabe ramaved Bt h PBS,
cent ri.f ugpghedted! BYetiMHrSlgH pi dBéHétse%lzdérﬁﬁFFtlﬁ%rbUl Fhe@é‘%? pgm t'ﬁg q(J’Z% EDTA

(G bco) at. 37C for 30 mnutes. Renpbve éxcessive so ut| on be and
centri f ugbriefie Thepstrinped oooytepraredhes sereamedsfor theseacontainepelapdodiesant and

e o1 111 A4 1%, spREldcCineldbraBE) PYRAES, B caRrdh? By 16E e beneod edla arc ™
5% C02, wbbdiies harertiereh usectfmmgneliaaemhsfeB eraycteatingssage after the cell grows

to copfluent ang the cel e are used as nuycl ear donor
cell s éFI g. 1)° epgrally, |mma?ure oocers Ilecté)(f”l ?r n? an?mal ovar?es shoulig

matured in vitro as desired, until they are in the metaphase 1l stage.
For New Zealand rabbits, enucleating should be performed not more
than 20 hours past the injection of hCG, with 16 to 18 hours being preferable.
Enucleating may be accomplished micro—surgically using a micropipette
25 to remove the polar body and the adjacent cytoplasm. The efficiency of
enucleating 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



PCTI CN01101536 QOocyte preparati on Mature New Zeal and fenal e Rabbit,
2.5-3kg, was superovulated with a single dose injection of 100 I U PVMsSG
(i.m) (The first bio-pharmaceutical conpany, Shanghai), followed by a
singl e dose injection of 100 IU hCG (HuaFu 5 Hi gh Bi o- Technol ogy Conpany,
Tianjing) (i.v.) 72 hours later. Mature oocytes were flus t he
oviducts 14-16 hours after hCG injection using prewarned Rsﬁlggptl?ﬁfgg
(Sigma) Oocytes were put into a solution containing 300 IUmn hyal uronidase
to remove cunmulus cells. The oocytes (Fig. 2) were then washed in M
solution for 3 tinmes. 10 . Nuclear transfer procedures Injection into the
zona pel | dajeetlomaagq&@maepedam:gul ated in M nediumwith 7.5 ~g/ni

Cytochal asin B ( and_i ncubat ed r|d f ucl eated b ee h a
over o por Mo s, Rt HEARR ot e oB EiRRbe Rish, A EEA & AT 5
put the sispgtiesdiffsrent frbmolbast tHenbRudibated iocyie, alil bearametedintenthe! eat ed
rabbit oocyte, formng nt-units. The nt-units were e U|I|brated in a fusion

buf f er 5soIR@f'V'@ﬁl"%ﬁP%ﬁ%Ph@edaﬂeM@fﬁE@}%% 'd"Sl @n‘ﬁ)’t congisting 9@@1 & &) ;

0.05 mM I f
b 320y 1 arial( AR o FASbICOMY, Hif be"bibchrdtupdd ot £ 0% ff cnHibeP BY 8 5P, L)
medi um ?@ppileatlonsd;fdﬂVEMcﬂri;:ag%l(s@ dg;:@O 12RF’NbF abdaot wb;,&‘ﬁcﬂdlﬁpm)'esagdll
15J FBS on ter astoc wer e obt ai ne 1gs. 3-6,

71 oot MGRUBRED 1 eGP PTG 3t dESTRIGL SHEBR: S SDIPIPL TS8PR L1 on
wWith 7.5 rﬂémmwmsffd ﬁl%' A tﬁ@'l@é@ﬂorﬁaﬂh@Gu%\lft%ﬁh%%rPYea%h”lﬁSQé ‘ht—Wthh a

bevel after nmintai ned . m nutes at room tenperature. After put

t he sﬂﬁgl avilbe gptacedin atﬂtdebla twsuetcuttur@yne@uas B RD IﬁléEMEJ(ﬁlba@)eBHMbm t
oocyt e, f t d|n RD nedi um

COI’I}S/I sti na&pqw y@g@%@meﬁﬁg% @8@"?5?‘&#’%@ co), 30 15% FBS

(Hycl one). Aft erEléct?ofdﬁMﬁ;s atcomplishied dywrovidinbtaapuled of Ele@mcnt?si.n&)cuems

PCTI CN01101536 Exa EZ Jgiﬂshi g Hunman nucl e r tre & e éi\gnl c stem
cel I's |indQ GRUsGm “§te"f E’B 'Beﬂ%ij%a\m?@ N3y d5 WP bed
above and gyj &eﬂ?ﬁfe%rﬂﬁe@ﬂ% |ﬁ8%bc9®"ﬁrb¥k H%WHch% IﬁHl@BﬁaWWﬂ?m(éﬁf

,e%ghed
froma glass pi pe dianeter) with di aneter snaller than t

bl ast déystandsnaalt crpﬁwlfaww@namb@wevném twch@eilmmr thelmembEanes rgforihe
bl ast t 79%
e (o DBy B R Bl R D LSFTopHE § AMaBt LRl

(() 1 m)\/l a- rtwocmﬂ's&f?mtmbné@bfménceh@ngédé talO. &IFP'atéﬁEﬁEﬁ?l;L?Bm?&][ﬁramé@g
R8~D 10pM For skol i Sj at.37Cin 5% Q02 a 0 e..medi um
e ged oAk Gncpisaratid Bemioby Toiejance.th i eMiety) cahiehaiovidRe < SRR ved t o

be grow ”Qi:éHﬂxsEiBﬁ JfWEFoce@é IR Varlety &f dwoftewrﬁ%ee O 5o 09SETINGAdInG! 9- 12) .
The col onies were di spersed by enzyne or nechani cal and passed onto a plate

cont ai2fi ng-8rViFOSES Mannitel. SIOEHJ@! an‘APhéﬁmee pafferagsolutione Fysion ean alsower e
Cryopresenesheqo Edﬁg%%ggtus "58'?%“’5)4?% ag’Equg(ﬁng, t/ s were derived from

nouse enbryos o ter the rehoval®of the head, liver,
heart and esopha@pmrd]hg ttbethenblrepeet inveatior?,Othet Bi-units mmdbel activatdde byenai ns
of the e t.ed e_war, Iut qa.con i ng

0. 0556 1ry ARG R B PerR Rt AEHRS e BBl Se Srbisilag br R ta

centri fug@b.sahtuél@%y ra Ev nya5cdm| Rehperaturecstistk! © el htemnutfsasrrrsembended in
90% DVEM (G bco); 10% Hyclone); 50 IU penicillinstreptonycin (G bco),

pl at e®SandnPstceasyenignty dgme bsseultmrg thet Mruniis saiagemstepaparpiise, whichelsder

T 0 A BTl BB e gy

i ncubat or rmmiaﬂyaxp@dﬁp/o C02. The plates wth honpbgenous feeder | ayer were
used to pr epar © éﬁié%leoéhgﬂeeactﬁgtl&h ?nrétﬁoc?s E%eattﬁeogu&]:.actngg 0.§ e‘Datsent 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
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Primate ES cells express al kali ne phosphatase activity, and can express a
series of characteristic surface antigens, and therefore they can be
identified by 26 PCT/ CN01101536 detecting Al kal i ne phosphatase activity
and the i munohi stochem stry of SSEA-1, SSEA-3, SSEA-4, TRA-1-10, TRA-1-81
anti bodi es. Method of detecting Al kaline phosphatase activity: The E5 cells
cultured on 4-well plate were fixed with 4% par af or mal dehﬁeﬁéﬂm’o@i‘ﬁi nut es,
and were 5 washed with PBS for 3 tinmes. Then) added the substrate of

al kal i ne o] ' t I nd st at dark for 15 m nutes.
htES cel | Q“eiﬁf‘%‘é’?@@ @ﬁ?@?‘*flaté@el°'*§ﬁ@?kaﬁq?ﬂesgh@épq%vg%e activity) but the
nouse feeder celfhe rethodegdtinsreasingi @vaiant céﬁUWl@BisSﬁﬁﬁlﬂ%ﬁﬁfSﬁbxéFﬁhféZod/:

Pl at ed thﬁ,leS @ |l's olgto a . plastic glass 10 slide, then fixed wt
par af or malfeAYHIOR Hf nage, torgya 88 4h@ii sefinpHbreopines kinasesiphibitors 8eded t he

1:5 to 1: gneathiil -flirhdt & af \o 1 -3 - JRA- 1-10)
TRA-1-81 (avai faﬁﬁg“f@cﬁ'ﬁgbﬁ@gﬁéﬁ%ﬁ?ﬁ a-@%ﬁ@ﬁaa%‘iﬁgﬁ”@?&}geo ty, 1A) to
the wells respebiternativelysphinspioafationoo dedintae pedteing rhay bé imsibited BRsEd Wi t h
PBS 2 tim segond antibqdy-Fl JC . stay at for 30 m nutes, washed
with 15 P’@g“’f’gg%é‘ t°ﬁn§s,p%88 a%[?\e'"l%c@ﬁd %’ﬁvﬁeb 8y9- | RBesrhatase neAl oC and
cul tured ploosph@taserB). and exam ned by a | aser confocal mnicroscope. The

result of 5 different antibodies detected: 4 are positive (Fig. 13).
Ant i body SSEA- 1SSEA- 3SSEA- 4TRA- 1- 10TRA- 1- 81Resul t ++++ 20 Karyotypi ng Put 10

~gl M Col mjéstidriritd thé'cytoplhsmy-es. After 37C for 4 hours, the cells were
renoved out fromthe plate and centrifuged cells at 1000 rpmfor 8 m nutes.

Di scatll the sup@theit methodse meays kendised! forpelitietr itransprani@tion: dindivaild KO,

and i ncub ; C f.qr 30.m nutes. ntrifuge at 1000 rpmfor 8 mns,

Di scard t'mae%ﬂ_@é s@éern &§teg§tg|rercgly sl@ﬁeﬁ@ PQFYtegQVtPB{aSPTh ratflfoqrxmqrbms'gtg ution

(met hanol eletteeparativri. CTHsedtedhniduas aRel depREaLI ohPhERTRE! AR Bf’ﬂ}e15
scar

m nut es. qc]:g:ntrifu e at 1000 rpmfor 8 m nutes, t he supernatant, and
r e- suspentPO&| SongiG felt atgyable tonba repsagrammeshbbyitthe rocsyter, orhich émdemat ur e

for 15 m mukese cdﬁétﬁé of RBLIhG YHiufaborh3R0 céll reprogrammed in rabbit oocyte
15 cytoplasm. (Collas and Barnes, Mol. Reprod. Dev, 38:264-267,1994).

nt-unit culturing |
| " An activated nt-unit may be cultured in a suitable culture medium for
fu'rthe'r development. For éxample, activated nt-units may be transferred into and
20  micro-cultured in medium RD, M199, DMEMS50, 50 microliter of culture medium
being covered by a layer of paraffin, e.g. at 38°C and 5% CO.. In one of the
preferable examples, the highest rate of blastocysts was obtained by culturing nt-

units in RD medium.

According to the inventor's experience, for human cell/fenucleated rabbit
25 oocyte derived nt-unité, the blastocyst will be obtained about 6-7 days after
initiation of oocyte activation. nt-uni.ts 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



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 s 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 ~mretinoic acid (Sigma), 10% FBS (Hycl one) E%ﬂ?g?ﬂ?ﬁéf After

replacing the nediumwi th the nuscle cell culture nedium . 79%
DVEM (G bco), 10% FBS (Hycl one)) 10% Horse Serum (Sigma), 1% chick 10

nmb DR f = e musel.e-1i ke
col 1 Theoalo, (A apbichichitely 87 Bl fo Bmf Do sb SGORE 7 HRBRF s
(Fi g. 15)embryamwhichiusualiydamoa btestoryst rapfirbiavatelyidad daps. is Cul ture the

EB or EB-li ke I s in,the .RA medium cont.ai ni ng, PVEM (G bco), 0.5 ~m
retinoic acid (G@'{egﬁg%%fa Yg84 ﬁ%@“?ﬂﬁl%h%e_ ?88 8r &%E_)&.a'%?@ é;b‘P'E[ﬂ %y the
medi um wi infgludeeDMEM-05% FHBES! M IBAI59 FES: GRdORDE {6 msﬂ}%&ﬁﬂ(ﬁ\,ﬁﬁ% co), 1
%I1TS (G bco), culture further for 7-10 days, the' EB or EB-like cell can
becone® i nE# Reurssd dar 1c-aulture ydtte af varigtisrnefooell 2ypes; dpeludingngrasiulosechi ng

out from e|darihad ' ). Exanple 5 Induction of fibroblasts-Iike
di fferent ngyghpie&ﬁﬁt%?%gmecég' or EB-like cell mass in the RA medi um

containing 90 2s DMEM (G bco)) 0.5 ~mretinoic acid (Sigm), 10% FBS

(Hycl one) t he .neur cyl ture medi um whi ch contai ning DVEM F12 (G bco), 1
%I1TS (G Bﬁ.'trﬁ Feﬁr""Pﬁe‘"?%?}é%jT'Beﬁ%l | culture nmedi um contai ni ng 79% DVEM

Gb , 10% F ' ; '
<(axt r;g% (a bco?,ﬂlf Wlé%ng%’mgg?ﬁéi Eﬁeg ?éq%%%%é%ﬁiwéﬁa%ﬁgi%%m into

fi br ob? asegtaplishnent; The systeradnelydes dhe Imedidms aod \therfpederslayetsh Hig

- nucl eus ap@f : : ' FLag. 17). Exanpl.e S

| nduct i onﬁ%Td mgﬁ %‘8@5? eﬁ‘ﬁlﬂ?‘? g'rtﬁ if(ét#t'ﬁt%r?:C g‘%@ﬁu@ﬁ@é'ﬂéaﬁ & rasE%-'rfqr}_Eg'eBE! | mass
in the RADMEN u(Gibcolt FBS n@Hyebnd)ENoh@ssentidl Sminopracieistduvki ¢Gibebyl §Si gna) ,

10% FBS (Hycl. neg for several days, the EB or EB-like cell can becone into
adi pocyt e¥efgarioethanol; Kkpackout P@%‘VEJGERPOQ} SREGIpco); and varigsdaeterspeci fi c

dye, are confiryRéfitQ thife BANRIGEIFS s the ligand of glucose-protein 130, e.g. LIF
15 (R&D), which, together with the gp-130, may initiate the pathway of signal
transduction.

The second type of the factors is the endogenous cAMP agonist, e.g.
Forskoline (Sigma), preferably at 10 uM. |

The third type of the factors is the growth factor, e.g. bFGF (R&D), which

20  may inhibit the apoptosis 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
Mitomycin C (S'ig'ma).' In a preferred embodiment, the feeder cells comprise
mouse embryonic 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 longer
doubling 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



I ni [ tion of EB:
10 containing fat drop in the cytoplasm Exanple 7 Prepara :
Culture nt ESgceI I's in the ES cell medium containing 79% DMEM (G bco), 1 s
20' o FBS (Hyclone), 1 % non-essential amno acid stock (G bco), 0.1 nM ~i
mer capt oet hanol (G bco)) 10 ng/m LIF (R&D), 10 ng/m bFG (R&D), 10 ~M

[ ' - tion of ntES
Forskolin (Sigma) at 37C, 5% C02 for nore than 7-14 days, r1 )
cells undeﬁvvegt )spont aneous differentiation and forned EE!"?HE& ’01536. 20
Exanple 8 ldentification of three germlayers: ldentify the EB or EB-1i ke

[ ' ' t r rker antibody:
cel | rss, oyems0 pamaget Thap D eredEhacl b AARER IELSShAATTEY,
(Dako) andPRDRtq ESealls. e85S dle(f)rrSFl?ErAkar(-}?,ES&EAWS-S){ggA?*ﬁg?t(:p 'reénc(:j:: In .
' - | - i re S sug ] ) (
Ei:s:‘ ?(egregﬁi(i) gﬁ?&ﬁ ?'()é}ﬁ-f%ﬁéﬂ;& I %?) H@TI %ségco?ﬂnéi nsg'GtQ"PleQMS ider@nved from
al | three Yediffetenjietesl statel s (Fig. 19). Wiile the present invention has been

' | i fi ' ' houl d be
bed with reference the specific embodi ments thereof, it sh
Sﬁﬁgﬁ'st ood by Fh%s’?é’f‘%% If‘lﬂj'ég Gelist plained accordipg TioCHI®L pEsse®6 inveattionaini OusS

ek fa o i rii fromthe true spirit
and Scope of T he ) posrlzER 4H ol %EF*P?%&%’?Bfégﬁsﬁ’i‘%@sa&waBiwggﬁrbgo
Wi thin t heNd@eseand less ctoplasnpt They hade tthe sahai GFRoVAPPENEHEELeRE a8t Re

AR [ temcells
PCTI CNO110 - | Jret hod of preparation of enbryonic s ,
enbryoni c é@ﬁ%e%%gggse?%y@(‘ggt her types of enbryo-derived stemcells by

[ i inihg YSWBrin aROiRYiffen l; iNng steps: 5 1,
ts?gﬁt I fa(r:]'?! lngn(lfl)csn?;;all?l.gg cel | smor cellf;félﬁﬂgal%ia%itég?éﬁ g}r%)gl eated oocytes to
obt aﬁﬁ nt - uni t'9) Majntaiging RRIM3h hakyelypetsiutingerllong-termn of culldring, anbit ur i ng t he
activated nt - uiil)t Sapable ki ddvelpity ihfo 3pediflt' B t¥el of 3 germ layers,

including ectoderm, mesoderm, and endoderm.

Induction and differentiation:

15 Thomson, et al. (Science, 282 (6), Nov: 1145-1147, 1998) reported the
éuccéss‘ful ‘establishment of the human ES cell line using the blastocysts
remained f"r.om' IVF. Then they also demonstrated that the human ES cells aﬁd

‘the cells derived therefrom had the capability of forming the embryoid body (EB)
and derivatives of all three embryonic germ layers, including ectoderm,

20 mesoderm, and endoderm.

Wakéyama, et al. (Science, 292 (6517). 740-743, 2001) reported the
successful isolation of the mouse ES cells from the blastocyst by somatic cell
huclear 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 fully pluripotency, capable of developing into an
integral adult énd 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.

21



' i npl antation stages; and 10 IV. isolating enbryonic stemcells, enbryo
stemlike cells, or other types of enbryo-derived stemcells fromnt-units
at a devel opnental stage a greater than the 2-cell stage. 2. The method of
Claim1l1, wherein said the donor cell is human somatic cell 15 3. The net hod
of daim1, wherein said the oocyte is frommanmalian or anPhl bi ans. 4. The
met hod of O ai m 3; wherein said the oocyte is in the ni ddPET/&NOHI1EBE onal
period, preferable in netaphase Il stage. 5. The nethod of Claim3 or 4,

ted 20 thin 24 hours after the
'y eot  onSePRRlT ARGt FarhenC NS S TS asfime o EvRgRIY desiinai WE
wher ei n t badodsrhi-t-arinticttypsi, bSfetdRofkft Mo &thr 3% r?déla? b‘ééit“gé) roomtenperature

or by using an activating agent. 7. The netho wherein the
activating agenfh Pé"\@é‘lt'@@tpéwl@ea)mrwtgﬂrwmltmssfosMdngmgfhumanilIntEﬂ; cells

f 5| on,25 sol sor bi t ol
ol ect 1 of utg Bffefidtd, M1udS RGN SahiS e o Zvie: the bdeprenifan)
sucrosk etatbestpaiated itd (A) sef-inBuctidie wiiéH PYoREs %@Hr{au%tlo%ﬁrf‘é Rt
acti vated ";‘]Eifl e@z&ransfer ynits are cultured in a nedium sel ect e rom a

group con$ kerrelis puipmatigally waderthe S@ﬁllflmmmmndltlm eand
pr ef er abl iB)tthe biIhEREAI rdecﬂ?ﬁvaﬁfcn ,ﬁmvﬁgagngw gg@s;'f)fo% ells,

re-inplantation stages, including e
EI ast ggys'f‘ to Hirimegiuns rﬁgmraﬁlgo@mblcsaugas b(iiﬁa meﬁ@ﬁto@#lﬁ&dcﬂ”(@%@n%r erT he
thod ofp e ctlvate nuc r transfer units
(r:rﬁl tlcj)red | @ rBrlH%P\%ﬁ%;rs{é‘Pth%gﬁ d1 FBJﬁp g the mEympmthethem M99
nmedi ull  aspeciNVEMdiwdito proraots therdéilé hﬁfe@%tféﬁbhur e systemw th the multiple

[ 1 tyl e, tanul ar. cell, oviduct cells, uterine cells and STO
((:rGrDugeSSyf i br oblg'ggfg‘joncé" |\dvo dpvelyrs:invting. dhe thuraan atESo eellprdireictipl emt at i on

stages, iinalractiynafter BeinghfddedinChirb, $ o of and
hat ghl ng IbI erlst (%,cystr s?igges e n é n@&ﬁ? &eé@%ﬁ 1° %ﬁ@\ﬁ@oﬁ%}{pa{}m ts at
the great@id mﬁuﬁngih@mto dlfferentlate

15 The prospects of ntES cell; _

The human ntES cells, embryonic stem-like cells or other types of
embryo-derived stem cells obtained from the nt-units in the present invention
could be used in the therapy of many diseases/ many therépeutic usages.

In principle, the ntES cells may be used to obtain any desired

20  differentiated cell type. Therapeutic usages of such differentiated human cells are
unparalleled. For example, human hematopoietic stem cells may be used in
medical treatments requiring bone marrow transplantation, and human neural
stem cells may be used in regenerative medicine for spinal cord injuries and
Parkinson’s disease.

25 ~ Other diseases and conditions treatable by isogenic cell therapy include,
by way of example, multiple scleroses, muscular dystrophy, diabetes, liver
diseases, heart diseases, cartilage replacement, burns, foot ulcers,
gastrointestinal diseases, vascular diseases, 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 invention may be used as cell carriers to transport all kinds of

22



nt stage are cultured to isolate ntES cells, enbryonic stemlike
gg?/?alsog;rem her '?ypes of enbryo-derived stem cel I s under appropriate
conditions. 10 11. The nethod of Claim1, wherein the mediumused to
culture the ntES cells, enbryonic stemlike cells or other types
enbryo-derived stem ceI | s could be) but not limted to, DI\(/:EI_M me;d|1ur2 or
knockout medi um preferably DVEM nedium 12. The net hod JICTEENA1/A1536
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ntES cells, and the cells will differentiate into needed cell types, eg.
hematopoietic cells, neural cells, pancreatic cells, cartilage cells, etc, and then
the resultant cells or the cells derived therefrom can be used in the therapy.

Genes which may be introduced into the subject ntES cells include, by

20 way of example, epidermal growth factor, basic fibroblast growth factor, glial
derived neurotrophic growth factor, insulin-like growth factor (I and 1),
neurotrophin-3, neurotropphin-4/5, ciliary neurotrophic factor, AFT-1, cytokine
genes (interleukins, interferons, colony stimulating factors, tumor necrosis factors
(alpha and beta), etc.), genes encoding enzymes etc.

25 The subject ntES cells also may be used as the controlling genes and for
the study of genes, which are involved in the regulation of early development to
find out the important factors in the process of cell differentiation. Abnormity
differentiation and division of cells caused many serious diseases and congenital
malformationare. Therefore, in-depth studies on the process of differentiation,

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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direct current pulse of HV 120V for 60 usec. After stimulation, the nt-units were
20 incubated in RD medium, consistin'g 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 ng/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 medlum 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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6l #19% %ip(e)tt_ed! u6pI a#nltg) éqc%wn 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 (Gibco), 10ng/mi
10 LIF (R&.D), 10 ng/ml bFGF (R&D), 10puM 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, colonies were observed (Fig.12). The colonies were
dispersed by enzyme or mechanical -and passed onto a plate containihg‘ fresh

15 feeder la"yer. After 20 baSsages, 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
20  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 1U penicillin-
streptomycin (Gibco), plated and incubated at 37°C, 5% CO,. After passage 3
25 times, a feeder layer was treated with 10 mM Mitomycin C (Sigma) for 3-4 hours
and passed on 4-well 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.

30  Charicterization of ntES cells
ZNaricterization 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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igoz@ é 0 i\/\@ghgqm%(ﬁBS‘forSiﬂﬁi&'s( Theh, - Q¥d&d(the sdbstrate 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 (available from Developmental Hybridoma Bank, lowa City,
IA) to the wells respectively, stayed at room temperature for 1 hour, washed with
PBS 2 times, add second antibody-FITC, stay at RT for 30 minutes, washed with

15 PBS for 2 times, added the second antibody labeled with FITC and cultured for
30 mins, and examined by a laser confocal microscope.

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

Antibody | SSEA1T | SSEAS SSEA-4 |TRA-1-10 | TRA-T-81

Result - + + + +

20  Karyotyping
Put 10 pg/ml Colchicine in cell cultures. After 37°C for 4 hours, the cells
were removed out from the plate and centrifuged cells at 1000 rpm for 8 minutes.
Discard 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, rée-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 minutés, 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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Culture the EB or EB-like cell mass in the RA medium containing DMEM
(Gibco), 0.5 pm retinoic acid (Sigma), 10% FBS (Hyclone) for 5 days. After
replacing' the medium with the muscle cell culture medium containing 79%
DMEM (Gich), 10% FBS (Hyclone), 10% Horse Serum (Sigma), 1% chick
10 embfyo extract (Gibco), culture further 7-10 days, can become muscle-like cell.
The cells arrange in parallel, some of which have several nucleus (Fig. 15).

Example4
Inducution of neuron differentiation:

15 - CultUre the EB or EB-like cell mass in the RA medium
containing DMEM (Gibco), 0.5 um retinoic acid (S.igma), 10% FBS (Hyclone) for
5 days. Aftér replacing the medi'urﬁ with the neuron culture medium which
containing DMEM-F12 (Gibco), 1% ITS (Gibco), culture further for 7-10 days, the

EB or EB-like cell can become into neuron cells with some filamentous
20  projections stretching out from the cell body (Fig. 16).

Example 5
Induction of fibroblasts-like differentiation:
Culture 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 7
Preparation of EB:
Culture ntES cells in the ES cell medium containing 79% DMEM (Gibco),
15 20% FBS (Hyélone), 1% non-essentiai amino acid stock (Gibco), 0.1mM B-
- mercaptoethanol (Gibco), 10 ng/ml LIF (R&D), 10 ng/ml bFGF (R&D), 10 uM

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

20 Example 8
Identification of three germ layers:

Identify the EB or EB-like cell mass by an immunohistochemical method.
Ectoderm marker éntibody: positive for nestin (Chemicon).
Mesoderm marker: positive for myoglobin (Dako) and KDR (Sigma).
25  Endoderm marker: 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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obtain nt-units;

Il. activating the obtained nt-units;

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

10 ' IV. isolating embryonic stem cells, embryo stem-like cells, or other types
of embryo_-dérived stém 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. _

15 ‘3. The method of Claim 1, wherein said the oocyté is from mammalian or
amphibians,

4. The method of Claim 3, wherein said the oocyte is in the middle of
divisional period, preferable in metaphase Il stage.

5. The method of Claim 3 or 4, wherein the said oocyte is enucleated

20  within 24 hours after the injectidn of human chorionic gonadotropin.

6. The method of Claim 1, wherein the resultant nt-units are activated by
culture at room temperature or by using an activating agent.

7. The method of Claim 6, wherein the activating agent is selected from
a group consisting of mannitol electrofusion solution, sucrose electrofusion

25  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-

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

blastocyst, and hatching blastocyst stages.
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12. The method of Claim 11, wherein the medium contains one or more

15  other factors.

13. The method of Claim 1 2, wherein the other factor is selected from
Leukemia 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 ény method(s) of Claims 1-13.

15. A method of producing differentiated cells derived from nuclear
transfer em'bryonic stem cells or embryonic stem-like cells or other types embryo-
derived stém cells, comprising the following steps:

25 |. obtaining nuclear transfer embryonic stem cells or embryonic stem-like
cells or other types embryo-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

32



x! ~<9% 109%@& ()- pc|[:bC0! Y7 109%6#& ()- 5 10%#& ()- 4 109%6#& () -
2#10%6#& ()- 0 10%6#& ()- @ 10%#& ()-XbvU40! 10%"g& ()- F 10%g"g& ()-
10%g" g& () - s!10%y" g& ()- 106#106#106# " <10%6#& ()-b&J [: vU40!

YMLO%g" g& ()- Y#10%g"g& ()- 10%"g& ()- 10%g"g& ()- fgl0vg" g& (0)-
s10%g"g& ()- Q"|[:vWi0!  Y(10%g"g& ()- #!'10%"g& ()- Y' 10%g" é:?s YS
#10%g" g& ()- 910%"g& ()-3 @0%"g& ()- ",[|[:vwo!l L6 P&HK &3
10%g" g& ()- Y1#10%g"g& ()- /S10%g! g& ()- --10%"g& ()- +@0%" g& ()

V1096 o - phidige S saphat efebierdih b sppsSid e Rey GASO. gy and
10% c" - & (ﬁ)—mecéﬁ&iethan&]() 10% c"- & ()- 3 S10%!-& ()-
F10% c" - 1010[7 vUAO! $ 10%c"-& ()- " 10%c"-& ()- L!#10%c"-& ()- 3

10% o & ( ) dhegnethiod of Ciaig:15,.awherein embrypaicstemelismrembrgonis-

P10 b o, Sl o B g g

<10% c'5- & WithouBihdiL@tien "or Safter- sponfiariddfidscind 8con dthe&laéIG?'@ct@n)(ére
| 10%@" @ (}-101 101 10] <10%1 @0 t 109%) ﬁ L10% & ()-_ IWT : vUso!
3 10%@" EHHHY iy BhRy® (Bgdg acoor GBS sReim@eler: ()- 1 lo0v@ @ ()- 3

10% W 0 ( % S AR
ovier @ 8 101!3[@%%th°d ﬁfy?(%%@s@h’(hf % [@\//u"%q'&r)'\ C%%tl’%ﬁ@f@z &$
109q@E () Growth fagtagy regpectively Todimir gambjnationliod@e @ohryenic stem cells or

0 0% " &' -
< a10uar QYN Stk el ) S (st bipnyd B Bistils o Tova au (-
7@10%®" @& () - 195 The@tham®.of Llaid 18) Whet«iR the nt(ES‘tligll@%m( Onic stén-like

9 109%" & - 2109
o ¢ el B oo bPes crsmcballs] BaleREP HSIGS Jua Enimabaad hyman's

109" & 0 vU4O0!
mlof/e: &( % )spécf ?b%@ﬂ:r@ ébe; t_:elia (ﬁdu?ee@to dlﬂel%(ﬁ%ﬁte‘gﬁn?t% yaneL%éo)/Gc:/@& fy(;{els inGhé:

#10%" & ( PNY Qf[memlzm'the oc_!m% & () | )gl0%=" & ()- | (10%"& ()-

Y%+10% & () - Z " 2330K9E|C§éat)tragster em@r@nf& s(tem'@e%[ ePﬁWOnlc %telrg (‘fe cetlg or

5" 109%DG' () -
15 other types embryo-derived stem cells, obtamed by the method of any one of

claims 15 to 19 _

21. The differentiated 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 differenti_ated 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 differentiated cells of any one of Claims 20-22, wherein any part
of the cells, e.g. nuclear DNA, mitochondrion, RNA, organelles,. membrane etc.

25  can be modified or changed artificially. |

24. The cells of any one of Claims 20 to 23 used as a carrier to bring
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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