; ~e3eoL"| [, 46TLFN- SOVATI C PLURI POTENT CELLS RELATED CATI ON Thi s
application clains priority to U.S. Provision W\\\ﬂ%\“n Serial No.

60/ 398,883, filed July 26, 2002, the contentsw\m € i ncorporated
herein by reference. BACKGROUND Pl uri potent enbryondses*stem (ES) cells are
derived fromearly manmal i an enbryos. They can differentiate in vivo into
all cell lineages, and, when induced in vitro, differentiate into nost cell
types. Due to their pluripotenc ES cells are believed to hold a great
pronise 1 o for treatiS@ﬁi@éﬂ[éBLUMBMEN& QEskdsSs. Ethi cal

consi derati ons have hanpered the use of human ES cells in research and
therapy. Pluripotent cells of a non-enbryonic origin (e.g., somatic cells)
woul d circunvent this obstacl e.pgtATES APPEICATIONt €d that some somatic
cells can develop into cells of unrelated tissue types. However, their
devel opmental p bnpplwan%clmmﬁioﬂ@aytqﬂéraromwaalmﬁcaﬂemSwﬂmti c cells i5
that have uqyishhbessdfralionTenionh, OLARMERE whith MRS pofonRraspPCt . the
present invention features a cultured somatic aninal cell tFlat as a nornal
karyot yPe asfdren¢snen i nduced in vitro, develops into an enbryoid body, i.e.,
a cellular mass that can further-dgyeh&Probi® structures having features of
an organ. Exanpl es of such 20 structures include a prinordial gut,

exhi bi ting reguPhwripeisntambeyanissteandES) edllsreptdenyed fiue cagly|mamrasliag embryos somat i ¢

since 1t 1 Sru0f o BROAMY N ORoSmE n BATTRESD ot o RTA DS in YiroR B RR a8 SPoCt
t he invention fea Ures @ cultured somatie animal cell that has & Rof mal
kar yot ype amtd mostasH types.r Bueiodheii pleripoteney ES cells are betioveddd holdhmgraatipbingse ent
(SC1D) u i . ! I.Ni ng
{1 soubsdort A SARRhReg: RpL REALORES, Akl AdHRad e fole b B T
mesoder m & HumaniBSi eglinin Ereargh|and thefapy.hRluripateny eellsiof g herdembryenieorigie (msg-and
devel opi ng ¢ %E@@Jefﬂ;ﬁvc(u?ﬁiﬁgﬁ(r mg@,;s{ah%.age and striated muscle (nesoderm)
and |iver and gastrointestinal tracts (endoderm). In one enbodinment, the
cul tured somati & hasbeenireported thatgoma stmatigcelds dan develapdnto celts afguxelated tissweo an

enbryoid b . I ‘ Jur || . ress
ot age specitfies HRwA, hr GRROBHARRbosh B herER's nglPRP ol TR

I n yet wnottha haveampbinited §dvelopmergatpotentidleat ures a net hod of produci ng

pl uripotent aninmal cells, such as tt&q_ﬁ‘?@ri bed above. The net hod
includes (1) isolating somatic cells 0 tissue of an animal; (2)

cul turing the i &odretagutct; elpsesemt deentiondtamres nepltoeddomataranimal del] Bt has a
identifyin i.ching ! A The
enri ched preiid kEBRLBILRPuRLHbRE) et Bhichol HROM ity AbON] £E, £RUR: 10
t er at onas. niasethgom firtherddvelop inmsthistures bhing features of aroerga. Examples ofisunly a

human. An i | SSk I .G Cel for use in
this nme héé&‘@‘gpn%ﬁé‘éé %ﬁgﬁgﬁﬁﬁt’%gwﬁglﬁgﬁ%ﬁgb%g%l i%ga %:x%truggb’l:h%od, bone
marrow, anwhlbiredcdlisisaiatiasingois & of B sentembrybmic erman; geandinperigipher al bl ood. To
produce pl ur i pot et cele Sy, byl Ahfitks S ichnafl biaPbuyRg Bs 2 Starving
condition to untavora of cellTs 10 grow, e.g., In a starving nedium

cont ai ni ng nomidkeryot3hé ey wherfintrodicdiinwayssverely combipedrimgunadeficien (86ID)

cont al Nl 10 ldd WRBIAEE RIAL A o floiisASorlohARie KRROALAR, kB P01 um A

regul ar medrum’'contains nutrients an actors that pronote
25 three embryonic gem layers, i.e., ectoderm, mesoderm, and endoderm. Examples of the

tissues include cornea lens and developing epidermis (ectoderm), cartilage and striated

muscle (rﬁesoderm), and liver and gastrointestinal tracts (endoderm). In on; embodiment,

the cultured somatic animal cell, when induced in vitro, can develop into an embryoid body.

In anther embodiment, the cultured cell does not express stage-specific embryonic antigen-1
30 (SSEA-1),i.e, SSEA-1 negative.
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proliferation. A starving mediumis lowin nutrients/and factors f.or cell
proliferation. The nutrients include serumand serum repl acenents, and the
factors include insulin, epidermal gromh factors {EG-), acidic fibrobl ast
grow h factors (aFGF), and basic fibroblast growh factors (bFGF). Anmong
the cells cultured in a starving condition, pluripotent cells can be
identified and enriched based on, for exanple t hei r nor phol ogy and
cell-surface markers (e SSEA-1 negative). It was unexpect ed that the
pl uri potent somefivet %@IhFEaSB?C"t‘WemY"rW%fCPtHFFS 8 #51h9d o ProgirangPIuTEpotERtmal
starving copdistsubias thbdaQeschisad 666S e nitthoa McR@eS(19fsolaitty RERBERIIsHAMENt | on
w il be apparent fromthe followi ng detailed description, and also fromthe
cl ai ms. DETHssREDS DERSTRIAZ) @llurm&thgrseb@ﬁ@elisnmémaﬁWI!p&qoaﬂ@gn,ta@d ) tured
somatic ani I S y devel op
into enbr yoﬁgﬁ%%gkgﬁ d ﬁ%ﬂﬁﬁlgﬁ@%@tﬁm?gﬁvﬁp or R"ﬁ%‘@@%p}{ﬁﬁh{@r at omas when
i nt roduced jalntipotéi(tlcé)lsnwbm mfﬁbrbiccxbhlosSGtimcamd_vebip 1ntheeraibtn@rni§mm:)t1cvm| ch are
characteri std t.h n ation.
oot her oyt A b ORE o M, Ghiabe o Blinah S RpILTEEAN Be ek 60 0,
characteri stsplatecsbmamjwﬂlﬁ 6 et indtiecieth&l. c&&amples bfisuoin BssBes nml@dtpiné:,xhdah@yd
spont aneous L [ m | ar
col oni es ha{)/]}el)o %en %’%ﬁél‘%l’esiqﬁlg%t%g] ﬁgorsgg%) Qpﬁg Y?{]gﬁ&# %@a"‘@g cells. See,
e.g., Thonson J. Tteproawce,plunpmnt@n&se thea@latedice s alqmﬂturcﬂglgeer aFhevisgtdnditionn al so
ShOW ant, § geﬁ‘ﬁtﬁvo?{b‘i’é’ﬁ%élﬁ%o J&W é‘ ‘?nra's a%%ﬁ cdxﬂrﬂ%o t g%(éosﬁ{g})ﬂ/‘, Eeﬁuﬁ‘? 53

e.g., hot expressing speC| %on|c an I ge
expr essi ng BBEds3r ilssSieguldy m&'d%&ntelﬁ&nmgm%les(l/}sm f@ct o) daystwitteuta fanmi |y
of transcription fa oFs that ’um for .t he dev
o1 ur | pot ent Pieapne MG AStaft fefhitFoRins Sttt ond B B Ok s m 11 ne
cells and spmhfemiohsAstsvmgmdmmaé loﬁvon nuteients atdrfarngs fdreell prphferatxpmt@hu:y (see,
e.g., N chols..J 8 . can have
hi gh-1evel PEFgiE feiufl serurt w‘{“’“”A”P“F%“rfé‘%a%“é’%?es‘)a‘é‘°‘-?[| il ‘+3§’"‘ sipemal |0
adds tel® rregmthlefaetatss(EGG),tahldxcd”rbdﬂalasf growthdamere (AFSFY and bglcd'dirdablamgn‘owdat i on,

t her eby nai pt ai ni enat hs, of .t el .es and chr sones.. Hi gh-| eyel
expressi on gaf%{sg(llbgﬁgia%go%tge f)eéléﬁ ‘ﬁ%ﬁi&“ﬁ”&%ﬁﬁﬁ%eﬁ‘???%{“ C%% cc?g;é?s, and
enbr yonic tldeﬁttm and eiiriched based & Mo iekanple thelr. modghotogyasd téll-sukfateanmkas ( and
chrormsorresg w shorter in somatic cells after each cell division.

Fi nal 'y, & “hP?89Yt e span, somatic cells enter senescence due to

| oss of ChrOrTDSOIltTPJhs&Mpedkﬂtﬁ#&k@ltﬁiﬁokﬁdsﬁﬂiﬁﬁ@&ﬂs&&hﬁﬁsaﬁbﬁciﬂbmm&& cells

extends their,life s eve activit |I's of the
Trvent | dh 1amde T Do | b o pee g T e gt s The
pl uri pot ent agpatensfrah thefdliowiug détailed destiption, prdadbodeh thy claimgsl at i ng sonati c
cells froma tissue of an animal, culturing the isolated cells under a
starving condition, and identifying and enriching the cultured cells. The
pluri potent cells can be pr oducnmmmmemnym stemcells isolated
from e.g., unbilical card rro a adi pose 20
tissue, placental ed’fesﬁxétrlp‘ffﬂg?raregwg i @“"{l ﬁ%ﬂshﬂ‘ﬁ%g{iescrl bed in
Exanpl e 22 bphdpotent samatbgdmlomthenlbrymﬂlbbdxlenwm inductdin vitrd, or Sovelop éntg. |

Erices A e , QR,”P e M et
al ., Sci encém%lg’%f ‘%[Afbt"}tff’?“&fé‘ggg@ ?}?ce (ﬁ‘ %ge"%?' §V°I2aﬁ20fg% &Eés’ Qﬂﬁﬁ

Resear ch Coamnchar2@etisg7 of 832, in Q03] celimnéhavelne antigable altexition. Bl@hd;re’mrdSBl ophy.
Research Co 290: 7 2002. The mesenchynal stem cells can be 25

mai nt ai ned mg%veaalmﬁggirlr(o |g %d MEM cont ai ni ng 10- 20% ES-screened fetal
bovi ne serum ( FBBje whﬂhd&Eﬁﬁno@pemhhﬁactemdmloﬂdmlffaemiaad\EiSmglls:dndmt| on

S b%gl ab)E)a\r/n%le h!n%y spontaneous y f{)nn htfened spheroid colonies in cultures. Similar colonies

have been found in the culture of undifferentiated ES cells. See, e.g., Thomson J. et al.,
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nor nucl.eus transferring is required in converting the nesenchymal stem
cells to pluripotent cells under the starving condition. After the starving
process, pluripotent somatic cells can be identified according to their

nor phol ogy (e.g., cell size and shape), enzymatic activity 30 (e.g

al kal i ne phosphat ase and tel onerase), and surface makers (e.g., SSEA-1
negative, SSEA-3 positive, and SSEA-4 positive). The identified cells can
be enriched usin% anY suitabl e cel|l separation_techniques known in the
art. For ex¥ifgre 28%d10el |4 1 ¥d Thecdls£in 2t BAV estizepisereanictrhersterisiqafck up

the col oni agdlifkdibard Esceempe Feﬁ&‘%x&&,‘gﬁfg sﬁecmccsugﬁ Eﬁ@@oma— @ntipeh ESSEADI19bt
enrich a |l arge anount of one can use | uor escence- acti vated cel |

sorting (Fm@esﬁl@:ﬁﬁﬁée@smﬁﬂ%ﬁdr@l ERAL8, 318‘5@&43 Qebisadamiiue! ant i bodi es,
t i - SSEA- ti bodi

ot SSE 4 RSPy AR Pk APl 1 D0 o

SSEA- 3 posi speaificall g8Epesseqinghd mamnalingeSSline linaystanvells, ihesatiekbt s can be

further exam.ned Qt i pot ency of
the col 1 o dorRgatPat Py GehlehaiE Mo L Ayl S AT P T U v
teratoma-form ng’haselh;}camslsdwemlgbed/el mloﬁemphcewﬁy bﬁltmmerm i|a t er at ona

of a col | ooroRePiotp R Bids Homtrt e Pk A br ARk BBty (e e Y
Al t er nat i veduplicatins, thexrebyrs@ntainagilengths of wlmﬁnsymd chmobpmerhhghgeva!ssay as
the. cel 101 <ApfeRAETemB s bic A Pord R Je RS ¥l BBl kg Pt
vari ety of waps. m@lmtmannmsﬂes atrbsaltcteloingres ¢and -ehfomipsanads) tegorde sjorteriat | ve or

i nherited dj S i hic ngi derat i of hu o]
mani pul at i oﬁ%%'?’c 8"3‘ a ca%{n%ggg‘;rl\s‘?ns ?I‘%atﬁg’ a%g%ﬁ%l °>}89?pa'sl’tsglr?13(1:°e el“§ gt{?%m a
patient, e. sgnqscémeamertg lass bficheémasnmk] DAL As sEendd telbmbmase qxprepsion id sgreat@pnent

O ooy el o8 i Shn RHATHELDG (LHERRALRA G Ebls3r B Tiuale can

i ntroduce ifito tHe cal R expr eSSt on- Aucraic aci'a véct of "EReoa; ng a
functi omal sn_ggestsohntdfexrtliiespgmmxalsTdnéxam(EScnells:an be introduced into the cells
Co-prect pi tat 1 onto PO ST TRt b5 Rl B AR PG bt g rom

el ect r opor af tissi, oﬂmcammmjcemtringme isolated cells windesla Stadving comdition, apdddentifidods not

Fechal quas 2asanetindif Gl 2ais, The iR fuf o bipite: RpmoBichiRan,, ° "
Geliver in ﬁ“ﬁ%@ﬁﬁ?ﬁ‘?ﬁﬁm e oo szmeﬂaﬁ‘?a"&““’eiite "t he

ol 1 bR sieoP Brtata St euiRtert dgg crlst 1198 D ned drshes el RO | o ar e
EJF] gglrjce(rjof remmo‘gdns niedtidde well kindven x”hrtl&adrgtrﬁa‘ee decg),ﬁcaoAaaaumtusngnunemmj ection.
funct i gnaIO {OIQ (s\zggg%rz(ag(?d)é%mgeféﬁ feé Sf“teﬁ"te 2§4h4 h‘@v&ggp%g?f eI’iélopatl ent may

be adm ni stEﬁbﬁdniNBid’phi' Research Conrh.N204c371t379, 2002 2ind Briekson Gf ettahgBioelehs. Such

Exampi os | TPONGReHEN LB DO P Ldoth TIEREE BT AGTSE M Pact o B bone

nmor phogeni Cmﬂm@inedl nSan alphd-nivaified l\gEMWbiitaiﬁaﬁigtIOJ-’ZO% ESFageened fel U&vxﬁehermnve ntion
Z:ﬂir 31):0 us&.ﬁg g?é :J?é(lh{é%% g)? elle% %grrern%f,clcag&l opg ncnbeﬁ%l';ogg ﬁelﬁiela Qélff{l?l?

pl uri pot entnog eixdlsls lmanafcrans peequ‘irednntqosmmphe mmgaafhyuel sign scjtsho pletipgerds a
devel opront ool idet ek iitohfiod D0AGE AFEFplnbaL MciichClolBncHil Db |7
e.g., Shen HVhdaatxﬁed accorlamged) ﬂpnmwghollogﬁ (&2 ecellZjze m%aptﬁ}}@zmatncpampa'r e a cDNA

I|brary mth t u | op, e.qg.,
nto 18 ety aRatsbhb BB gt RordrlesDond ARet ARl B0 SEEATRRNE, °P 1.8t o
of replica SSEA-2 pesitivensdsSSEAcs pdsutivbpr’ﬁxe(xmhﬁé\) cells carhee:en@ddmmgla@DNA made
fromuni nduced cells. The other set of filters (set B) is screened with a
conpar abl e anount of cDNA made from 1o induced cells. The cDNA used for
screening the library can be | abel ed and vi sualized using nethods wel |
known in the art. One can then select, fromthe |library, cDNA cl ones

di spl ayi ng stronger hybridization signals on set B than on set A These
cDNAs encodes gene that are over-expressed in the induced cells. Vice
versa, genes aver-expressed in the uninduced pluripotent cells can be

i sol ated. By the sane token, one can al so isolate genes is over-expressed
in cells before and after the above-described starving process. Al of

t hese isolated genes can be further studied to define their roles in
respective processes.




The pluripotent cells. produced from non-hunman aninmals can he used to
devel op into organs or clones of the aninmals using the nmethods as descri bed
in, e.g.) Canpbell K et al., Nature, 380: 64-66, 1996. Accordingly, these
cells are valuable for the pet and livestock 20 industries) and can be used
to preserve endangered ani mals. A nunber of enbodi nents of the invention
have been descri bed. Nevertheless) it wll be understood that-various

nodi fications e W thout de romthe spirit and scope of
the invent i3 gﬁgﬁgﬂgﬁ&“ﬁem@ﬂﬂ@kﬂ%ﬁ t}’ £°'§F@“R?f’taﬁpwrsfﬁr‘?8 ‘%g’é‘ﬂe of the
foll ow ng cdotdniss, ondad. Bheecﬂpﬁﬁ:kilp theexniak ﬁﬁngxednﬁmpﬂie&c blﬁiebemi‘dﬁdikﬁﬁp’cuﬁﬁ as
merely |IIustrat| not limtative of t r of. the ﬂlsclosure
in any way Wf%‘ﬁ%@?ﬂc}wlﬁﬁﬁﬁ?‘%'ﬁ P? &p» °Bf ﬁﬂb‘?sﬁf}iegiﬁfrgrefcten‘ie'a%@t?decﬂf d that one

skilled in %h%giFhCSﬁﬁchrﬁ?ﬁQdF@@xinﬂﬂc ,ARS-SBE AL3 Adhoblefia iaftibodiek, lahd-SSEAEY
present invention to jt | I est,_extent. ALl publ lcatl ons Cij ‘ted herein are

her eby |ﬁ1cdf‘9'éﬂcl§lné'c?nb9°¢°éf ?é\d@ﬁaésﬁﬁ ltrn@rqcloaﬂtaml&dgﬁs lineed mr%ff@erm

| mmunocyt oc{“ﬁm e For
stai ning ce ssgér{t?gg&?rgﬂsggg%iceh%g;%‘Eﬁsﬁl}%&eg)ﬁﬁ% %%/I?%gr gfagr na&fddehyde at

20C for 10 $8EAd @sgatlﬂarTf@quﬁiﬁﬁ@hﬁfu@}ﬁr exaruned:fon theipplutippiencyel | s were fi xed
wi th met hanol atOne%Qx?tegt%e &u%dﬁ&fc?ﬁfﬁ@gelﬂ%mgﬁn@ Juh?o%jm\éﬂmBJ} @ofc@aﬂ:l el ON

X-100 for 10 minutes. For 'staining other tracel | ul ar l'ecu cells
were fixed euetuses4bs ivaivarteratomacfarminRassay ag@eserlbvd m@xmwaﬁésloynd\spém@mbu li zed

with 0. 396 Té&nta%tﬁscﬂematfveg ofla@l B bthBSonid E&n;lh%‘?éjtlﬁ%hﬂa&tﬁfcell?&mtﬁd fax

30 mnutes in a ki ng sol ution containing phosp ate fered saline
(PBS), | %tb@mmaen@lea A thseell is Hlmmeient. ohliprnatively.cang gan(SE §igan viBe. Loui s, M)
from speci e .~ ! r ai sed.
The cells wer g{»‘(ﬂ; fg@ﬁg%ﬁ%ﬁ&é‘sédgu@rﬂé@gfﬂab?ﬁ Med%?npr?gf}gis&gg%ﬁ W i?{apri mary

ant i bodi es llodunpmmﬁhaythewlhtwh:ﬁpnte@he bl ocki ng sol ution, biotinylated
anti - nouse Seconﬁ@wnsaamehmmm bst,geamwmefy mmygg@ﬁ@gn hey mecad 'f&fh

per oxi dase. Between each step, s were washed with PBS contalning 0.3%
BSA for 190 §aHng degenerpive ﬁbV@mtadjﬁlwqﬁe#veﬁmcaéectqsxsiﬂayow§ hyman gmbryed by

i ncubating M’aﬂ:ﬁhlﬂid%mre‘a%@%hgbﬁ(iscﬁﬁé %&ﬂ&ﬁnﬁa\@%@élls'ﬁﬁ% ptieht, £8., 1aBiGing CA)
After the visualization, the cells were exam ned under a m croscope, and

pi ctures we Binetigralgeng essqniiakfir proper Mpvelopsieniafia tissusior exgrn. sAfigsipeodugiog at ed f r om
bone marro sed from
Bi oWi tt aker aﬂ;ﬂ) %](Mfeker swafJ 1‘91109%% thB{FBc@‘ls%’%Jﬁpfégéri%@ﬁc gsi&/aws%&o t ai ned

f rom subj ectnsoding hﬁmgtnqnele@rmehetgener ollies/isttat ean De intodened ingotk celisea el | s,
nmononuclear &R al

T o B B A0 P NERRTSE Qb

Pi scat anay, trmsijectdmmmfgstlgm amc@mrmnmuroaseﬁewr visescmeditated teghmqtm ces A et
al.) Briti Slblcr% m@%ﬂ%ﬂw ?,s % the ceife Pefekd. tﬁ%ﬂéu&{lof ?&thal

Sci ence, 284: 147, 19 ate nononuc e r cel e seeded at a
concent r at i teghnigfuesican bg@ugé in, €/ fdmitpdh States Patent Application No. 5,591,625 and United

States Patent Application NO. 20020127715. After delivering the functional gene into the

25  cells, one can transplant the cells back into the patient using method known in the art. As the

cells are produced from the patient, the treatment does not cause immune rejection. Under
proper conditions, the transplanted cells can develop into a functional tissue or organ. To
facilitate this development, the patient may be administered with factors to induce the —
development of the cells. Such factors can be small molecule compounds, peptides, and

30 nucleic acids. Examples include, but are not limited to, transforming growth factor §, bone

morphogenic proteins, and nerve growth factor.
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2s tissue culture dishes containing a regular medium an al pha-nodified

m ni mum essential nmedium (MEM with 20% ES cel | -screened FBS (Hycl one)
Logan, UT)) 4 ng/m b-FG- 100 U m penicillin and 100ug/ mM streptonycin

(1 nvitrogen) Carlsbad, CA). After two weeks of culturing, many cells
adhered to the culture dishes. These norphol ogi cally honogenous cells were
self renewing with a doubling ti rre of 32- 36 hours 30 The adherent cells

were further ch act ed u3|n (o] st ai as. descrlbed
above. Anti bodi E é’t" ’815%‘2? %&1" =8§‘°%m't"l‘@§f enfjptio

heamat opoeirhécﬁamsxhs df&ﬁ@ﬁ})os \Aehecandmhge@ddmbxﬁrfbmmcm th dekelopReht pount ai n
View, CA). he st ali resul.ts reveal ed the <g}el hs wer e gﬁgatlg: Bor CD34
and CD45, Lot S{ ¢ SREREC DEUP O B 1ie SHE SRR ershigieBp dar

| i neage. Fuwnt laaflsolhtb@exceehﬂasplaptdla dbﬁng mdue@d;pmntdiféﬁxeﬂyemmgtcﬁﬂerbxmao

ost eocytes, chondrocyte d adlpo usi n pr o ate nedi g _accordi ng
the net Hod<SDINA 879 °S°nb°&‘“ A EﬂeP“ﬂng%‘t" apment, %@ﬁ 16037 Ong 43, 147,
1999. Diff Q:raﬁ’BFebﬁ'E%@D@@\I RREY em tH@ﬁl%nﬁ’dié’dt!a%Qha'ﬂﬁéd&%eé&ﬂﬂddﬁ@&ﬁﬁde%l ni ng

met hod. Differentiated chondocytes were stained by Safranin O Adi pocytes

were st ai neB-bptodthe emirypidbodiesclesgsibodabeone. h%lbtaéhlswtqdcﬂ!?mOlsﬁs ef rgplicacol t er
D. et al., fifac oddatdor ﬁ'ﬁ@x@gset b, fs screbned w%ﬁcDm%adZ%ﬁl ur%%t]:ed c-Ehf’sﬁwr esults

i ndi cated that the isolate s were the nesenc %/ stemcells (Prockop
D. et al., otberestef ﬂwe(svtlB)?ascrfyediwathaW%w qfﬁ@Nafemédeofrﬂ'f%nt al

potenti @l QhddchesslsCh DN A ubddTort Rftemhgme hm%ycaﬁ Bk kflele@indQMBLi AR ik O
teratomas when introduced in SCID mce or into enbryoi d bodi es when

i nduced. Seetiodarsil&sown iythe 8t fanean then aslpatrom theé'b"FWeC?%'élféﬁnéﬂ nmesenchymal
stemcells g Qﬁ%@bqﬁdw&l Sitafs0h 8¢t wmgx%n &t Al m@'e RONAQRAlEORNL O

generate pluripotent cel he nesenchymal stemcells were cultured in the
regul ar nedhatareqvseexpprssediimtheinduptdecells. f \Gice msraeaenps)ovm-v@rqzsagbag@s The cells

wer e then ace =
absence of b- é%d ﬂhr@;ﬁﬁ?ﬁ%ﬂ@cﬁ%ﬁ iso %f 05 E&%ﬂ% Qﬂsat%eorl%%t%g'{e t he
cells wre qvaﬁ- sﬁswédn palls b reraegaﬁqrthe abem-dnwweti h@mngcmmgq gl Qﬂ1hespred| um
for two "Ve%éate&gnh{'&n%%xrﬁa@xoéﬁ% &f 18 u¥iel tRer B0 fEeSRSIve phReGEd. | S vere
noni t ored under m croscope daily) and no cell fusion was found. At the
end of the star J&?P’@ﬁ%f‘ﬁé@@@foqu % Aep-hyraantagiqeals qap be Hicd S0 dyBlORIEA i n t he
cul tures. '%ﬁ‘ga{hs of clbris of Ak AnGR uéing {HRInfettRAds BSdeBdived 1H, QQOQhrHﬁSeﬁl‘-k 34,

maintained in an undifferenti ated state on nouse feeder 2s cells) e.g.

m t onmyci n- taterec¥0ntiré® 1890 Acsprdinglythess it are 3alggblefor thepsteand divesjeski ¢

fibrobl gst co's medium (IMDM with 20
% ES sc?(’zeneﬁJ k%% ah@cﬁ%eﬁ&ﬁéggéeropg'{d%ﬁg%genadi ?rscer captoethanol . Cells from
each col ony couIAdmmbW embadiments iofithe fnventinai eyehesn desarited. Mexerthelepsalitoviht i nue
to proli fertﬁ"uﬂdér%o&)ﬁﬁrvaﬁ&ﬂrmm{?ém Ry bERaRe WitASht dchaRBBITRBEHE spirit manpl e 4
Mor phol ogy, cell marker expression, ﬁ%maltl C act|V|t‘}/¥'e and kar yot ypes of
the cel | s fseenpafthe ivesntion: e‘s:cqcémslyfa%bme gdimepis axeayithin the peope obthe ned under a
light nicrgggQiRGg QhinR. SCaNNi ng el ectron mcroscope. For a scanning el ectron
m croscopi c exam nation, the cells were cultured on a Melinex film (DuPont,
Hopewel ¥, VA), {Theenscifip examptesibiclom aretorbgcorstruedgsypercly ilugirgivssp ape buf fer pH
7.4 for 16 houkSe @fmé‘&%%&?@é%é%&&ﬁﬁ‘&@% vhalb&AL AVt iR AtherS e | €S.

After critical-point drying usin carbon di oxi de and sputter coating
wi t h chr onielabpratipn itdgbelisveddhat °é§<§ﬂﬂ9¢eﬂthmﬁéﬁn tawed pp ghelegariptien bieins g
scanni ng el\gigté @e m&sm&ﬁﬁﬁr&me&a&eﬁ%u h{ﬁ@a@rﬁ'ﬁté&fé@éﬁﬂﬂéh@é@pl e GrbH,
Ger many) oper at ed at 2 kV. See, e.g., Bozzo et al., 1992. Speci nen
prepar at i oringomoraed:hy fefersnes ‘éél?er"cﬁ’nmfﬁ%roscopy I n: Electron M croscopy:
Princi piges and Techni ques for Biologists. pp. 40-62. Jones and Bartlett
Publ i sher SEx%‘ih?IeQn As the m croscopi c photographs indicated, the

nor phol ogy 0 € cells was simlar to that of undifferenti ated ES cells,
such as those d&BERIISKQChENTHOPRIRHNG Wasperformed tgexampipecelapkery4s ~ 5 1147,
1998. The cells were al so characterizedsusing i mmunocyt ochem stry stai ning
as descri bed above. Antibodi es agai nst SSEA-1 (MC-480) 1:50), SSEA-3
(MC-631, 1:50) and SSEA-4




(‘MC-813-70, 1:.50) were obtained from Devel opnental Studies Hybridoma Bank,
University o lowa (lowa city, IA). Anti-TRA-1-60 and anti-TRA-1-81

anti bodi es were obtained from 2o Santa Cruz Biotechnol ogy) Inc. (Santa
Cruz, CA). The results indicated that the cells were negative for SSEA-1
and positive for SSEA-3, SSEA-4, TRA-1-60) and TRA-1-81. The expression of
transcription factor COct-4 was al so detected by reverse transcri pti on- PCR

as described i 0 rRPUBLAGELY Birl mhed, OALHES FRERLBEM ey 5888 402000

The al kal i ne phos & activi b cell's was ng a %I gma
86-R kit 25folftﬂmmmteagF‘brmainingwffcatosknimlzprqmw, ca]lswcmrﬁ)(e$mghmeﬂﬁholduﬁ0?@ MO) .

The cells etXh#T{nlnteze%fandg eglyF ed%xll}ﬁ%l IW%nBQ?(SVI 0 mmutte% \#'or%amgl&ot EEUSISA

were al so exa & F%e Onrer a8e™ac FUsSTh
t el omer ase idedcelhilaranoles:ledosetis wbledlxpchwm n%maraétrmalldcl)dean 20AC dqr 126n@es1 1- 2015,

1994. Tere ults d rase activity in the cells.
30 Karyo yp &€ PGS %2‘ ‘1’?“ e*gp%koﬁtégmgnsql?eﬁg the nmet hod described in

e.g., |SCN 1995 Théfixtddetis mdlmahteﬂosfs@mrfums 1ﬂma¢kl@§obgeme¢nmmh@nencl ature

F. Mtelnm d. Kar ger, se| 1995) . i ef the IIs

gubcul tur eoPhafp?’ate)T“ﬁf“&?F% 6??@2&18&?%‘3 ﬁé%%&“'ﬁ’ﬁt‘%%‘% T‘Ff@m 1gf"§’ wer e
]g:o: : ect gdbvstltltbtﬁd’ M(sytﬁbnE@h 3 E&EMelt@Kwaﬁc&ﬂ%wml?l m@bﬁxﬁmy(inﬂ;l?fdlyiuaﬁrdl“ﬁé&lrs

ol | owe V.. IYSLS W otoni c | Xatl on, 1 n, acl acoo

Met aphases WSS ‘%‘H%YFWE&Y ﬁeat?fﬁsewmﬂ@fa@ THRRLLES Fash yith primarygntibgdiesshney, R

in "Culfur q,rgieﬂgmnﬁm 1rCtﬁJ: boclng@Nitidh, BidtingAtd Anfi-aR0d sdétddars atidy tan@n. A
John Wley & Soﬁfi w Yor, é1994 ‘R{DIWEOSZ 9. Theﬁ result reveal ed
that the cesl"l"%a" ‘Hc%{’ll‘?ga ChF3 f- ePe TSSO BECh Y no

noti ceabl e FHS @naidicN0.3% Bsmtwn@dummssnmhmrsdmdtﬁamemhrdmsm@s;vasExarrpl e 5 To
test the pluyripoteng f.the cells ar ed t he
ter at o T ORGPy ey BHinE B RO B P DR R AT G155 LEOr6E Bl ¢ ver e

i npl ant ed | Ak@ theh@sudiittioh, @Bk FBUS Gore @k Athifedind@@thlcis€dpe, ah@ pREMERSer¥VRkeh.
observed 6-8 weeks after injection. The teratonmas were harvested and

subj ect 8 to histol ogi cal exanination using the method as descri bed Thonson
J. et al., pxampfec ence, 282:1145-1147) 1998. All tunors exam ned cont ai ned:
ti ssues deri veg from al'(]'] three enbryonic germlayers: d

J
gast r oi nt est i nafMesrehymlstraertls wyre itolated frotg koneppagew aé‘ﬂ(‘:l'e“é’c A Eg’l?ﬂi’scl e

(mesoderm ; and mﬁfm%omﬂ&}ow wagsReHagd floRt BioWnhittaRet, ﬁﬂvwmwmm?mﬂer m s
{ectodernm). As_a control) the nesenchynmal stem cel I's descrjbed in Exanpl e 2

di d not dev‘é’PB‘bca}l oY b@%’lde‘ﬁaé HE@‘“F%ﬁQBfE?J?ﬁt%‘é‘th psicedconsemt T HMateenbr yoi d

body- f oggni r}gesmgmawm &%frﬁéri%ﬁﬁi:léa&?célﬁ%ré f16palldUFonDBE YA Wine idBowRk | S
prepared Exanple 3. The cells were cultured in non-coated bacteri ol ogi c
Petri di shaunbiligal gp_r@b{ga?gsmgﬂéol-paque (d=1.077 g/ml, Amersham Biosciences, Piscataway,

N7J) density gradient method as described in, e.g., Erices A. et al,, British J. Haematol.,
109:235-242, 2000 or Pittenger M. et al., Science, 284:143-147, 1999.
Isolated mononuclear cells were seeded at a concentration of 1 x 10° cells/cm? in
25  tissue culture dishes containing a regular medium, an alpha-modified minimum essential
medium (MEM) with 20% ES cell-screened FBS (Hyclone, Logan, UT), 4 ng/ml b-FGF, 100
U/ml penicillin and 100ug/ml streptomycin (Invitrogen, Carlsbad, CA). After two weeks of
culturing, many cells adhered iv ihe culture dishes. These morphologically homogenous -
cells were self-renewing with a doubling time of 32-36 hours.
30 The adherent cells were further characterized using immunocytochemistry staining as

described above. Antibodies against CD34 or CD45 (cell surface antigens of heamatopoeitic
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z5 cells multiplied and forned spheroids (enbryoid bodies) in suspension.
The enbryoi d bodies were transferred and seeded onto chanber-slides coated
with 0.1%gelatin. After one week in culture, nultiple clusters energed
f.rom outgrowt h of the spheroids. Each of the clusters displayed regul ar
contraction and rGC axation at 5-7 seconds per cycle for nore than 12 hours.
Thi s nechani cal activity was simlar to that of a gut-Ilike organ
(prinordial ,.gut) 30 devel o om ES. cel |l s, as, d Yanada

8" "ot em st ke e Bim hRh b e PRl O L CRE LR oS st
cells coul dr@eilewlmveélﬁmdrmegaw&ibwnm :hﬂcttms WEgésnh@&w memlsldmadongnder

t he sane condl tion. OTHER EMBOD| MENTS @ ag i feaél#r es.disclosed in this
speci fi cat | $hhsamptoperiGlinsagre eraths cdlssBpifhe | Hcedli_%l efeRUalet1Bto4i sl osed in

this specif ioaiaddyRs, JRBydr&Etds aRd a&wy@yum @biogﬁmameuﬁ atRadini Be BRM6HNT t he
sanme, equival ent or simlar

? unl ess_expr.es st at ed

ot herwi sé&, &ESCAP§ddR S P1HFnEET Mol 1%""6‘&? 984;191 XA PP d?’ffﬁreﬁéﬁ@rqsl‘?o%‘?si es of
equi val ent  QlercSdnalyb e usfr@dbn K%§sa stathirg REMId DigbreNtuddnbidobytbOere SBReSky | | €d
in the art can easily ascertain the essential characteristics of the

present i nvSAFHHO- M&PWF%U%IF stawshby PH& et Oorhibe govemethods eandedounddn t her eof |

can nmake VakigO¢gueanggs predNaR A chi &Rf mﬁs99f783ﬁ¢845nf(ﬁﬂt TR&etQuRdapt it to
vari ous usages and condi'tions. Thus, other enbodinents are also within the

scope of t hendiesteddiyat the iscllasedpslls wereti mesvm:rmplstmsmllwﬁwoqksp Dj et ah, Nathxeur ed
somati c @ni BRE: 78] 1dohgt NQ@&he@esE‘ %mbelgﬁ'ﬁéﬁ% g\&c BntidfOfthesbRAR i¢ RAKEAGhdED

vitro, develops into an enb ul tured somatic aninal cell
that has a Hsysesld natr%ﬂyxp@to taw@mam%pn 1nﬁp¢1tsewe$§mmlee of iIBeEmbRvik )

devel ops | ntbgd,@s\gﬁernqﬁ(gggd @cEmgplggg Lndcgbeqdval m 2, when induced in vitro,
devel ops into an enbryoid body. 4, The cell of cI aim3 is a mamualian cell.

S. The cell of claim4 is a human cell. ~5 6. The cell of claim5 is

st age- speci fgy6m ﬁgigryoni c antigen-1 negative. 7. The cell of claim4 is
st age-speci fTC enbryoni c antigen-1 negative. 8. The cell of claim3 is

st age- spéci fi c ek ijelard mesenclyal stemeeflardescsibedaboge were galfuresunger ¥tauigi ng

pluri potent .atHikeH to geletate lhgﬁotémwgd conprising: isolating somatic cells
froma tissue of ~n-ani ma? culturing the isolated cells under _a starving

condition: and i déeimepenshymelgteargelle W gulpires ip Se regilar anadium deserihgd ihe
cul tured cell gxample 2 for three to five passages. The cells were then placed in an alpha-modified

MEM containing 0.5% FBS in the absence of b-FGF (a starving medium) for 5-7 days.
20 Alternatively, the cells were maintained in the regular medium without changing the
medium for two weeks. During the above starvation processes, the cells were monitored
under a microscope daily, and no cell fusion was found. At the end of the starvation
process, round and flattened colonies appeared in the cultures. Each of the colonies was
picked using a micropipette and maintained in an undiﬁ'ex:entiated state on mouse feeder
25 cells, e.g., mitomycin-treated mouse STO cells (ATCC CRL-1503) or mouse embryonic
fibroblast cells, in an Iscove’s modified Dulbecco’s medium (IMDM) with 20 % ES-
screened FBS, 4 ng/ml bFGF, and 0.1 mM 2-mercaptoethanol. Cells from each colony
could be maintained in the undi{icrentiated state and continue to proliferate for over four -

months (or more than 15 passages).



25 wherein the pluripotent cells, when introduced in a SCm nouse) devel op
into a teratoma. 10. The nethod of claim9, wherein the plur:y~tent cells
are stage-specific enbryonic antigen-1 negative. 30 11. The method of claim
9, wherein the animal is a mammal . 12. The met hod of claim 11, wherein
the manmal is a human. 13. The nethod of claim 12, wherein the pluripotent
cells are stage-specific 5 enbryonic antigen-1 negative. 14. The net hod of
claim 12, wherein the tissue is unbilical cord bl ood, bone marrow, amiotic
fluid, adi f@@8pki4ssue, placenta, or peripheral blood. 10 15. The nmethod of
claim 14, VmereMbrﬁﬁlﬁo()g@' éé'[l'nﬁl@ﬁ&@ipr@s@lloh%ni’ﬁ&t@taé\gﬁzsﬂgﬁhrfyb QP4 QAISC
antlgenlnegatlv . The nethod of claim14 erein‘the tissue is

unbi I'i cal demitheceleties nesexsaintbw, or amiotic fluid. 15 17. The nethod of
claim 16, whereige Eéiﬁ x&#&%ﬂaﬁ%@ﬂﬁd&@hlkﬁ naerssc%g@aed SR eu&tr&m[cm .
antigen-1 negative. . The net hod claim1l erel N the culturi'ng step
i s perf 6r md@r bycaphiag phgtrozldm@&scrom Wialamm» ereelisnvezs wltnegd on 8ddaliseBlnmser um

for 5to 1 o 21
days O w tgogt chlgérfewnavﬂgg*r#gg%g% 1 O%QJ\{{g)dag%%ﬁa#ﬂ gﬁervﬁger ein the
cul turing s7t4sforﬂ@htpm #tdf’(&@dd dehydrated ﬂmglgbslgrasleq’! ﬁh@ompumt@@nmmahpmgt 0.5%
serum f or | I | g 00 . I weeks

wi t hout char‘?é gg%?%ﬁ‘{uﬁ%%r%r% %&%ﬁ g‘;htrtrtgllt %%@%o‘%%cqhg?%#%bﬁgmﬁgrwee%n t he

pl uri pot entexmailnbd;ulaieeths tfialjenspeniof k scapmibg glection nacbsaypnSEM)dgatOBY¥E.EAL2  21.
The met hod (0f ur I S b aci ng
cells |ﬂ a];“(r?reek Pﬂr”"g]g% P arni ngg%r}%ﬁ?%}’ggwsé‘?ﬁ%‘%?%% t%’%ﬁlggﬁ%p%lr){?ér?

medi um contSpeciineny piePatatian fﬁﬂ%usmrg,mmon m?crmsooﬂrllrdﬁgestrm Mhmstop@hhmg:lm t he
medi um 5 .226 gc;lt_:tl]uel rrgstfhlpglopo sI g nqg%} Jom%gbgﬁlghsv.\tﬁls ers sCt%I Is are

st age-spemaf1 yoni c a nega cfai m 21,
wherein t hemcmbdoprclphgtogtaplps indicget, themmepholngy pf thelcciy vmlsilmlartmthatrwédl um

2 wooks. w RATEBRARDES St s QschSecn TR A TP AT RRC

t he pl umsi pdiéntioesl | s are stage-specific enbryonic antigen-1 negative.

The cells were also characterized using immunocytochemistry staining as described
above. Antibodies against SSEA-1 (MC-480, 1:50), SSEA-3 (MC-631, 1:50) and SSEA-4
(MC-813-70, 1:50) were obtained from Developmental Studies Hybridoma Bank, University
o Iowa (Iowa city, 1A). Anti-TRA-1-60 and anti-TRA-1-81 antibodies were obtained from

20 Santa Cruz Biotechnology, Inc. (Santa Cruz, CA.). The results indicated that the cells were
negative for SSEA-1 and positive for SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81. The
expression of transcription factor Oct-4 was also detected by reverse transcription-PCR as
described in Reubinoff B. et al., Nature Biotechnol., 18:399-404, 2000.

The alkaline phosphatase activity of the cells was detected using a Sigma 86-R kit

25 following the manufacture’s instruction (Sigma, St. Louis, MO). The cells exhibited high
level alkaline phosphatase activity. The cells were also examined for their telomerase
activity using the TRAPeze ELSIA telomerase detection as described in Kim N. et al.,
Science, 266:2011-2015, 1994. The results revealed a high-level telomerase activity in the
cells.

30 Karyotypes of the cells were determined using the method described in e.g., ISCN
1995: An International System for Human Cytogenetic Nomenclature (F. Mitelman, ed.)
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is 25. The method of cl.aim 12, wherein the culturing step is, perfornmed by
placing cells in a nmediumcontaining 0.5%to 2% serumfor 5 to 10 days or
in a nediumcontaining 10%to 20% serumfor 7 to 21 days w t hout changi ng
t-he nmedium 26. The nethod of claim25, wherein the pluripotent cells are
stage-specific 2o enbryonic antigen-1 negative. 27. The method of claim 11)
wherein the tissue is unbilical cord blood, bone marrow) amiotic fluid,

adi pose tis cen HeR r al bIo 2 8...The t ho f claim
11, wher ei nﬁ{laﬁé &%ﬂ:‘ﬂfr] %& Q’P%@ clf:))grvf%?ﬂ'@ edpﬁ%gii%r‘lj&“%"é] %ﬁpﬁ%dl um
cont ai ni ng (haﬁ%ttntg Z%serswna‘mtle&edmm@ypamym)m and‘lmalbmdllmtmcGlGﬂhﬂldeH g 10%
to 20% seru ay.s W thou the um 29. The net hod
of cl a(|) m 9) rf%lIWcﬂ?é{JIYSi' ‘éé/‘abhyipgmﬁ‘ﬁ%ﬁcﬁ Xaé’ sk %f‘g%??ﬁmlb%eéap\?@eﬁﬁﬂ‘ow

ami otic fl uingl eadismgsﬁeutddmm;;crﬂbb@sﬁ@tga Fré@hne R if?taitade P hfif@l cefis—A 30. The
met hod of claim 29, wherein th &Jat uripotent cells are_stage-specific

embr yoni & arbanyakpf basietsahmians” 3"3qditions & Jehn Waley &Saus.dnoNey Yok E1984)npn PRS-

tissue is unippl Thedes@lPiededtiRA theROMNaR allBE CRBnoined BT ahC The irénosdmes The
met hod of claim 31, wherein the pluri potent cells are stage-specific

enbryoni ¢ arhef geAoticelealferajion a3 epmpared o poral G SHOBIAMAS31, wher ei n t he
culturing step is perfornmed by placing cells in a nediumcontaining 0.5%to
2% serumfor_5 to 10 days or in a nediumcontaining 10%to 20% serum for 7
to 21 days XmBles changi ng the medium 34. The method of claim29, wherein
the cul tyyring st qp tésethRPFPSIERSY oPheRERGr&firedas QkHSediiERaniPié!s, W eARNAL NI Ng
0.5%to 2% serumfor 5 ?o ? Eﬁ'{gys gr ?S?Eam:rfedl um contlal ning 10%to 20%
serum f or 7@’6‘“2&“6@)5/%%%68?‘ changi ng the nmedium 35. The nmethod of claim
9) wherein the cuy ;;wxhﬂaelﬂﬁnotc%np@é&% cbmt&h@ﬁ;n@&g%ﬁtstﬁamﬂa oftsERsli um
contai ning O. 5%to 2% serum f or to 10 days or in a medium contai ning 20
10% t 0 20% dJeicenT Fralpmas Yeje ohseryss §- S\quhw’ter EbREHE- nretoreomativerphargestedThe

met hod of clagj eab}&«edvt@ﬁrsaldgmtmaﬁwﬁamtr%%e rﬁahtcﬁasafefmﬁemnge@%t hIG

enbryoni c antigen-1 negative
/wWaU: & 15  Science, 282:1145-1147, 1998. All tumors examined contamed tlssues denved from all

> I
S]JBC/a] [C({a }’ga]!Jgiu]%% gﬂﬂé{gﬁ}ﬁ@}r@g}ﬁgg o @]@%ﬁ%té‘sﬁhﬁ%&%ﬁ@&&ﬁ} CahitkaRhe 2y cal
a] cZa! j $5%6"anq Maakd mugtle Gpopdean); apd-eoresa]lens] eagmented kretin and|devdlepifieca) ca) ca] ca
] ((3?% c fl]Rg fL?ﬁﬁ?ﬂnﬁ@%&%hﬁa\ﬂ A3k ERHNOR TRl AhGRIGEIT 1S Béstrited in HkAAMISP laYVEF
233} xsni d Z]I]Dt@ﬁ\’e@]ﬂmi? teéqt@aqselaf‘&a] ®ieca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cq) ca] ca] ca] cal ca] caj] ca] ca] ca! 33 4u45696677 8y88884999*::";

I <<=g==@AAAA* BSBzupkf " [ V] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c&xemples ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

~a! SBBGCCCENF * .
LRJ]ECR| \% mhc™X] | c"a]rg%Fca ca][bé ﬁjﬁjmga]lascg% cajc N}ﬁ cai ca]?{%h ]“E‘ST‘E% 83 gg 1(I:Sa] cajc
a] ca] ca] ca] @agneredExamelsPca) ca] ca] ca] ca! ERRR
SCSSTs TTHUKUUUUUWM%%W&XZ:M&LM La%\elnwogzqie%i digrRVrealedl s aheal cal cal

ca] ca] ca] ca] ca] cul] ca] cal ca] ca] ca] ca] ca] cal cal c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca! 7\ 9\35] | Jeshpgmultiplied-and formed, spbprojstribmbryeid &9 aé&fqyﬁﬂepwmh bryoi ca] ca] ca]

ca] ca] ca] Calypaiks #hedhstilaahe sdesal Gid mamlmmmmed sdimalagRt 6@ Ca] ca
] ca] ca] ca] ca! ff gbggj hhh% I i i“ééi]s?k ] kk2l mn[ o”oeed&f Df f | wr nhc’\Y]f]é] cal ca] ca]ca

] ca] ca] ca] cajeehirctums peltiple s caeessf dementeaythof thesehereidy Effkaf 8] ca] cal ¢
a] ca] ca] ca] GhsidtisplayBdbedultn conPdin ind ShR3MoR af 3-75echRdd pir EycieTor hoPditsan( ) -

12 hours. This mechanical activity was similar to that of a gut-like organ (primordial gut)
30 developed from ES cells as described in Yamada T. et al., Stem Cells, 20:41-49, 2002. In
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10% & ()-L10% & ()-s3U:cD S 10% &@0% & ()-F 10% & () -z

10% & ()-S'"10%t& ()-fS110% 7& ()-F -10% & ()-& dE-S 10% & s10% & () -, &,
10% & ()-@ 10% & ()-SF 110% & ()-f 10% & ()-10% & ()- QuvwaB7

10t:10% & ()-5 10% & ()-3S 10% & ()-!'-mM10%r& ()-S* 10% & ()-T3

, ) Y10% & () -wxy>LnlV sF10% & ()-10% & ()- "10% & ()- 10% & ()-Lf 10% & ()-
10% & ()- 10t 10t[j aBm\N/ sF10% "10% & () -

sl 10% &' () - A& ()-° A& ()-1.1100 "(VY<10% & () - oUR () - .
10% & ()9 cé%?%@gérées&%%%l%&e&%ﬁ&%c% _%é%da(.\)elo]pQr& (g‘mgl)yoﬁzb[oéﬂl\vwﬁgn t:lli(e)y/& ()-.1
10% & () - ! “viird Diifded\uBddr thef shint #@f80Cws 10% & () -1 ml0% & () -

109% & ()-10\V10\10\1"10% & ()-!1"10%& () - %6' ~aBbCsl

LI0% & ()-10% & ()- "10% & ()-T

10% & ()-! 3"10%EE& ()-10% & () OTHEREDMBODIMENTY - L' 10% & ()-! $2" 10%EE& ()

-S"Z10% & ()- " '10% & ()-10%.& () - B7C 10:410% & ()-3. ..
10% & ()°- 1210% q‘(‘)f%?eéﬁ'tbf% %ﬁf(“jg-e%?‘l:tg’féb @’&’n(fﬁ‘a-‘/%f&ﬁb'%dgz“(ajly&" 2" " 3##j KC
10: S109V&' (chmbattéiY/@uéh featureld1@ied th-thib Gelitviion may bd ABed Dy an alinative
10: ##3$f $3% %9@BKC 10: & 10%VE' ()-10%VE' ()-!" 109N& () -f
910%VE’ () - fiqjumer(y)gghelsemq(u)vgl%{;or-smelga}' purRese. Thus, unless expressly stated
10: . 10%VE' (okhrepite, bRORefure)disPioddd%@Bnl{ hn éxbmple of a generic series of equivalent or
10%v&' () - %409%V&' ()-S!I""10%hMWhé& ()-SI)) *OPPQ*R*0o-~ @10: &@10% & ()-zY
10% & ()- FOWMA Bwv410%v&' ()-"11 "10%v& ()-T!I1
" 109% f &ig( ) - TO- - Fhdnl BRADEVEded@Riplion, XAk (n) the 40 Ban&adily-ascertain the essential
109 ()-! 3" 10%ApA& (t) -S 10% & ()-293"10% & () -0 %{ 11&2; 23dB~ @
10: | +$1004 yRerpstensiigs fghg preyentipygntion. pnd Witheys flegarting from the Spirit and Scape
thereof, can make various changes and modifications of the invention to adapt it to various
usages and conditions. Thus, other embodiments are also within the scope of the following
claims.
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2. A cultured somatic animal cell that has a normal karyotype, and, when

introduced into a SCID mouse, develops into a teratoma.

3. The cell of claim 2, when induced in vitro, develops into an embryoid body.
10
4, The cell of claim 3 is a mammalian cell.
5. The cell of claim 4 is a human cell.
15 6. The cell of claim 5 is stage-specific embryonic antigen-1 negative.
7. The cell of claim 4 is stage-specific embryonic antigen-1 negative.
8. The cell of claim 3 is stage-specific embryonic antigen-1 negative.
20
9. A method of producing pluripotent animal cells, the method comprising:
isolating somatic cells from a tissue of an animal;
culturing the isolated cells under a starving condition; and
identifying and enriching pluripotent cells among the cultured cells,
25 wherein the pluripotent cells, when introduced in a SCID mouse, develop into a
teratoma.
10.  The method of claim 9, wherein the pluripoient cells are stage-specific
embryonic antigen-1 negative,
30

11, The method of claim 9, wherein the animal is a mammal.
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14. The method of claim 12, wherein the tissue is umbilical cord blood, bone

marrow, amniotic fluid, adipose tissue, placenta, or peripheral blood.

10 15.  The method of claim 14, wherein the pluripotent cells are stage-specific

embryoni€ antigen-1 negative,

16. The method of claim 14, wherein the tissue is umbilical cord blood, bone
marrow, or amniotic fluid.
15
17.  The method of claim 16, wherein the pluripotent cells are stage-specific

embryonic antigen-1 negative.

18.  The method of claim 16, wherein the culturing step is performed by placing
20  cells in a medium containing 0.5% to 2% serum for 5 to 10 days or in a medium containing

10% to 20% serum for 7 to 21 days 0 without changing the medium.
19.  The method of claim 18, wherein the culturing step is performed by placing
cells in a medium containing 0.5% serum for 5-7 days or in a medium containing 20% serum

25  for 2 weeks without changing the medium.

20. The method of claim 19, wherein the pluripotent cells are stage-specific

embryonic antigen-1 negative.
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5 22.  The method of claim 21, wherein the pluripotent cells are stage-specific

embryonic antigen-1 negative.

23.  The method of claim 21, wherein the culturing step is performed by placing
cells in a medium containing 0.5% serum for 5-7 days or in a medium containing 20% serum

10 for 2 weeks without changing the medjum.

24,  The method of claim 23, wherein the pluripotent cells are stage-specific

embryonic autigen-1 negative.

15 25.  The method of claim 12, wherein the culturing step is performed by placing
cells in a medium containing 0.5% to 2% serum for 5 to 10 days or in a medium containing

10% to 20% serum for 7 to 21 days without changing the medium.

26.  The method of claim 25, wherein the pluripotent cells are stage-specific

20 embryonic antigen-1 negative.

27. The method of claim 11, wherein the tissue is umbilical cord blood, bone

marrow, amniotic fluid, adipose tissue, placenta, or peripheral blood.

25 28.  The method of claim 11, wherein the culturing step is performed by placing
cells in a medium containing 0.5% to 2% serum for 5 to 10 days or in a medium containing

10% to 20% serum for 7 to 21 days without changing the medium.

29. The method of claim 9, wherein the tissue is umbilical cord blood, bone

30 marrow, amniotic fluid, adipose tissue, placenta, or peripheral blood.
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32.  The method of claim 31, wherein the pluripotent cells are stage-specific

embryonic antigen-1 negative.

10 33.  The method of claim 31, wherein the culturing step is performed by placing
cells in a medium containing 0.5% to 2% serum for 5 to 10 days or in a medium containing

10% to 20% serum for 7 to 21 days without changing the medium.

34.  The method of claim 29, wherein the culturing step is performed by placing
15  cells in 2 medium containing 0.5% to 2% serum for 5 to 10 days or in 2 medium containing

10% to 20% serum for 7 to 21 days without changing the medium.

35.  The method of claim 9, wherein the culturing step is performed by placing
cells in a medium containing 0.5% to 2% serum for 5 to 10 days or in a medium containing

20  10% to 20% serum for 7 to 21 days without changing the medium.

36.  The method of claim 35, wherein the pluripotent cells are stage-specific

embryonic antigen-1 negative.
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