06 MAR 2007 SOMATI.C PLURI POTENT CELLS RELATED APPLI CATI ON This application

. claims ptiority to U.S. Provisional Application Serial No. OSoNMAR 2697

filed July 26, 2002, the contents of which are incorporated herein by 5
reference. BACKGROUND Pl uripotent enbryonic stem (ES) cells are derived
fromearly manmal i an enbryos. They can differentiate in vivo into all cel

| i neages, and, when induced in vitro, differentiate into nmost cell types.
Due to their pluripotency, ES cells are believed to hold a great prom se 10
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Pluripotent cells of a non-enbryonic origin (e.g., somatic cells) would
circunvent this obstacle. It _has been re orted that sonme somatic cells can
devel op into cells of unrel aREGATEILABPLIGARION Hoyeyer, their devel opnental
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kar yotypesaaghe. When induced in vitro, develops into an enbryoid body, i.e.,
a cellular mass that can further. develop into structures having features
of an organ. Exanples of such 20BA€ W‘gg include a prinordial gut,
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. develop i nto an enbr yoi d
types. However, their developmcntal potential is imited. There is a need for somatic cells

15  that have unlimited developmental potential.
SUMMARY

In one aspect, the present invention features a cultured somatic animal cell that has a
normal karyotype and, when induced in vitro, develops into an embryoid body, i.¢., a cellular
mass that can further. develop into structures having features of an organ. Examples of such

20  structures include a primordial gut, exhibiting regular contraction and relaxation. - The
" cultured cell is somatic since it is of a non-embryonic or non-germ-line origin.

In another asbect, the invention features a cultured somatic animal cell that has a
normal karyotype and, when introduced into a severely combined immunodeficient (SCID)
mouse, develops into a teratoma. A teratoma is a tumor containing tissues derived from all

25  three embryonic germ layers, i.e., ectoderm, mesoderm, and endoderm. Examples of the
tissues include comea lens and developing epidermis (ectoderm), cartilage and striated
muscle (mesode:m), and liver and gastrointestinal tracts (endoderm). In one embodiment,
the cultured somatic animal cell, when induced in vitro, can develop into an embryoid body.
In anther embodiment, the cultured ceil does not express stage-specific embryonic antigen-1

30 (SSEA-1), i.e., SSEA-1 negative. ' | ' '



. I'n anther enbodi nent, the cultured cell does not express S%ﬁ% Ee0|f|c
enbryonic antigen-1 30 (SSEA-1), i.e., SSEA-1 negative.

yet anot her aspect, the invention features a nethod of producing

- pluripotent animal cells, such as those described above. The net hod

I ncludes (1) isolating somatic cells froma tissue of an animal; (2)

culturing the isolated cells under a starving condition; and (3)

identifying and enriching pluripotent cells anmong the cultured cells. The
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identified and enriched based on, for example, their morphology and cell-surface markers
(e.g., SSEA-1 negative).

It was unexpected that the pluripotent somatic cells of the invention can be produced

_ 20 under a starving condition. Other features or advantages of the present invention will be

apparent from the following detailed description, and aiso from the claims.

DETAILED DESCRIPTION
The present invention relates to cultured somatic animal cells. These cells are
25  pluripotent since they develop into embryoid bodies when induced in vitro, or develop into
teratomas when introduced into SCID mice. The cells have all of the chromosomes, which
are characteristic of those in normal cells, and have no noticeable alteration. In other words,
they have a normal karyotype.
The cells have phenotypes characteristic of undifferentiated ES cells. In one
30  example, they spontaneously form flattened spheroid colonies in cuitures. Similar colonies

- have been found in the culture of undifferentiated ES cells. See, e.g., Thomson J.etal,
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are characteristic of those in normal cells, and have no nagticeabl e
“alteration. In other words, they have a nornmal karyotype. 06, MAR 12007have.
phenot ypes characteristic of undifferentiated ES cells. In one 30 exanple,
t hey spontaneously formflattened spheroid colonies in cultures. Simlar
col onies have been found in the culture of undifferentiated. ES cells. See,
e.g., Thonmson J. et al., 2 06 MAR 2007 Science, 282:1145-1147, 1998. The
cell's can al so show anti genic properties characteristic of
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bl ood cel TEEGSiH descri I'n Exanpl e 2 bel ow or anal ogous
net hods vvel I I&'ﬂneplmpmemtmellmﬂthe ifSemtiorecag be pﬁdu@dsby,&solasng sidmatic Bellstfrosh J.

nggﬁ t glafart&#lgag al?f %Eu%]% cul%un g'the 1sotl tﬂdﬂl c%ﬁs urll\(/iler a starvmg cor%tlon an 1den§%q 143- 147,
and enriching the cultured cells. The pluripotent cells can be produced from mesenchymat
stem celis isolated from, e.g., umbilical cord blood, bone marrow, amniotic fluid, adipose

20  tissue, placenta, or peripheral blood cells using the method described in Example 2 below or
analogous methods well known in the art. See, e.g., Erices A. et al., British J. Haematol.,
109:235-242, 2000, Pittenger M. et al., Science, 284:143-147, 1999, Safford K. et al.,
Biochem. Biophy. Research Comm., 294:371-379, 2002, and Erickson G. et al., Biochem.
Biophy. Research Comm., 290:763-769, 2002. The mesenchymal stem cells can be

25  maintained in an alpha-modified MEM containing 10-20% ES-screened fetal bovine serum
(FBS) and bFGF, or cultured under a starving condition described above. Neither cell fusion
nor nucleus transferring is required in converting the mesenchymal stem cells to pluripotent
cells under the starving condition. After the starving process, pluripotent somatic cells can
be identified according to their morphology (e.g., cell size and shape), enzymatic activity

a0 (e.g., alkaline phosphatase and telomerase), and surface makers (e.g., SSEA-1 negative,
SSEA-3 positive, and SSEA-4 positive). The identified cells can be enriched using any
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'\  Biochem Biophy. Research Comm , 294:371-379, 2002, and Erickson G et al.,
* Biochem Biophy. Research Comm, 290:763-769, 2002. The: m®eMARRA07st em
cells can be 25 nmintained in an al pha-nodified MEM cont ai ni ng 10-20%
ES-screened fetal bovine serum (FBS) and bFG-, or cultured under a
starving condition described above. Neither cell fusion nor nucleus
transferring is required in converting the nesenchynmal stemcells to

pl uri potent cells under the starving condition. After the starving
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| abel s ar e usébhetan esttheiugeitdngy tbihm cedlp w@&;&-sﬁltqb@smﬂmﬂe F@3EAmgleposi ti ve,
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Formati on 0O cates that the cell is pluripotent. The'
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pI urlpotent ce n |nt ceintot an expressi on
nucl ei ¢ gdwgpotepttedls, he or she can introduce into the cells an expression nucleic acid vector

encoding a functional version of the gene. The vector can be introduced into the cells viaa

20  variety of techniques, including calcium phosphate co-precipitation, DEAE-dextran-mediated
traﬁsfection, lipofection, electroporation, microinjection, or virus-meditated teqhniques.
Methods not 'affecting the pluripotency of the cells are preferred. Description of such

20 techniques can be found in, e.g., United 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 8, bone

morphogenic proteins, and nerve growth factor.
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encodi ng a functional version of the gene. The vector can be introduced
“into the cells via a 20 variety of techni ques, including cd éﬁﬁgbhate
co-precipitation, DEAE-dextran-mediated transfection, |ipofection,

el ectroporation, mcroinjection, or virus-nmeditated techni ques. Methods
not affecting the pluripotency of the cells are preferred. Description of
such techniques can be found in, e.g., United States Patent Application
No. 5,591,625 and United States Patent Application NO 20020127715. After

del i vering t herpkWngtdr dRHvedtar QE@uJeﬂﬁf&@tu@ﬁhé&veB em&f&&m%' ant the
cells back into the patient using nethod known in t art. As the cells
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cells.g St&mfjé@&eaﬁxfg aga&cased%wé JIRASEU R B @@@tdzdﬁfw hd. 30
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devel oprre Iatli on nechani sns e can |
condi t i orfgtefnrOnerseundifilters (feeA)iis serkapdwith cONA mhdnrﬁopoﬂrmnhlc@hiells TRt o a

specific . S Jurt her, one
can isol a:ﬂ(l]ae? §ée{%g§rt?rggstgp%l 'g&r %gqgﬁ?o%%bﬁee”@)ev e‘ﬁ%%lrﬁe%yn%&%rﬁ enbryos using
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Devel opeRlinadk kAt nd 2 londF e AR EREAE 1Bl KL ¥ fromthe -

pluri pot en ave been I'n to de , 1nto the
enbr yoi d dspliiyew sttenger hibedizatimesignalflos setul?bman 9n. setsAp [Thé¢se dDDAs emvdexgdese of

1 om uni el B PRl fL R it EF (RS el QRLBSRRNAI, OO0, T
conpar ablupinsineadnfuripbtentokils candbe isolatadh By thﬂsimeedcen,einb san aT&mesatﬁ&\lgenes ed for
Sor Cen MovhlSpkds B3 Yorlf Bllofind BAG A yB0L bR itk AISCR0 aTARES vel |
Y, Tones
di spl ayi nigplated gangegan by Biriheli shulidddn defingrtbdisrolen irsrespcBMe lpengesses. set A These
CDNAs encodes THE Bfnripotent cells produced from non-human animals can be used to develop into
organs or clones of the animals using the methods as described in, e.g.; Campbell 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 animals.
A number of embodiments of the invention have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit and
T scope of the invention. Accordingly, other embodiments are within the scope of the
following claims.
25 The specific examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
elaboration, it is believed that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. All pﬁblications cited herein are hereby
incorporated by reference in their entirety. ’

30
Example 1

Immunocytochemistry staining was performed to examine cell markers.



that are over-expressed in the induced cells. Vice versa, gene

- over-expressed in the wuninduced pluripotent cells can be i MB(?Oqu t he
sanme token, one can al so isolate genes 15 over-expressed in cells before
and after the above-described starving process. Al of these isolated
genes can be further studied to define their roles .in respective processes.
The pluripotent cells produced from non-human ani mal's can be used to
develop into organs or clones of the animls using the nethods as

descri bed i n, Fer stainingedtipdnefate tarkat, calls were Hledduvieh 493 &rafoffalBéhydd 896°C

Accor di ngl these cells, ar e val u bIe for t pet_ a tock . 20
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description herein, utilize the present invention to its fuIIest extent.
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exam ne cell markers. For staining cell=surface markers,
cel | s'0wePEcpeflydidgpted mﬂle@e%\géﬁwwmbw@nxﬂaed anti-mose ﬁ%ﬁonq@y Pitivadwend For

-st ai ni ng sRépatidinOsiRighbdhorbdrati c}ﬂﬁ))ucﬁt?é |B%tv\ﬁé:éﬁ%acfh|sié§<,%em LB Blshanal, at - 20C
for 2 mnutes and perneabilized with 0.1% Triton for 10 m nutes. For

st ai ni ng @@wemammtor%éﬁﬁdpaw Fgres uThedorserdisk perpidase potivitywias h 4%
par af or nRiglQbeg By Akutdflfe Wk dbRidbhbuids c‘ﬁnﬁﬁh@erpsfeez%ﬁmaok&&%s%é Jch), 1% Triton

X-100 for 10 m nutes. e fixed cells were i’'ncubated for 30 mnutes in a
bl ocki ng Aflsr thevisnalizatiqnathsicells Wesh exsplivad ander RiRiprasroR® IailChElC'Q-‘FES)ETC ®Benbovi ne
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Exampie 2
Mesenchymal stem cells were isolated from bone marrow and umbilical cord blood.

Human bone marrow was purchased from BioWhittaker, Inc. (Walkersville, MD).

Umbsilical cord blood was obtained from subjects with noticed consent. To isolate

20  mesenchymal stem cells, mononuclear cells were prepared from the human bone marrow or
umbilical cord blood using Ficol-paque (d= 1.077 g/ml, Amersham Biosciences, Piscataway,
NJ) density gradient method as described in, e.g., Erices A. et al., British J. Haematol.,

o ) 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° ce:lls/crr.x2 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, Carisbad, CA). After two weeks of
culturing, many cells adhered to the 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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St. Louis, MO from species sane to the species in which the &IITB.I’
~antibody was raised. The cellis were then incubated sequen {364 %RQ&WGO
m nutes each with primary anti bodies 10 properly diluted in the bl ocking
solution, biotinylated anti-nmouse secondary anti body, and

st repavi di n- conj ugat ed horseradi sh peroxi dase. Between each step, cells
were washed with PBS containing 0.3%BSA for 10 m nutes. The horseradi sh
per oxi dase activity was visualized by incubating wi th di am nobenzi di ne

chr omagen 1i6ddge) Wére hiabigkat Rérh BactbDickinséd (MoualiEVieWNEAY. Bhtdidiad leliks t he
cells were exam neﬂhunder a.m cr oscope, and pictures were taken. 15

Exanpl e 2TNEYehtgeEvest Ragpiow PsCligd @d.%IeﬂSa%l@aesr%mab@ﬁedhmw%\m

unbi | i cal t&ﬁaﬂlagk&éﬁ% linelETBrRQ NRe BB O YRR S @&enfiii@f OWhi Tt aker,
Inc. (Wl kersvi MD). Unbilical cord blood was obtained from subjects

with noti CEECIsHSBERArOCYEs padadipasyisusEAPRIORY ¢ media apsosding the methadnucl ear

cel I's wer ﬂeé&ﬂﬁ&ﬁﬁ%dg fm@éagem QUITEi RAOD 93 TR T O4Y, 9500, UdtielehGila SRE mgné%' Ood
usi ng Fi col - paque ( /m”, " Anersham Bi osci ences, Piscata

density gM&EH W%{sw&doa@eﬁw@@wmw Differentiagad; chandopytesswera ptaineddpy ¢ i sh J.
Haemat ol . g, AfdP02 33 rs)%é)iaes @QQ Qtaﬁlléd 5 Ol K288 él%la afidve HethodPEAnHGEnd 84 143 147,

1999. IsoI ated nopno ear vier e seed at a concentration of x 10"
cel | s/ cn ¢eign Coltg: E|GS%1uEI‘Q§uN@tbp‘@ﬂd}ll&hé@&%ﬁ‘lﬁ&ﬂﬁ?&f’g W0 edbesgresnitedi um an

e, o L O ) R0 e g o,
st r ept@ny @747 {H7AVE9PT-d gdenetheless, Wmvelmentwwtemlat vﬁhwe ctlls 1s)ﬁm1t@umcg ring,

Y |

Arany ce ?he?%\?& &t d%l%#ﬁtoqwaEMag Sﬂ%rfi?ﬁgdﬁcg%%%@] ,ﬁ&'e&%l-ju 0 m) 9 e n.o us

cells were Se renew ours

adher ent bedigssvhgaindupesk tslﬁeﬁxmpsa%wrﬁl@w usi ng i Mmunocyt ocheni st ry
staining as described above. Antibodies agai nst CD34 or CD45 (cell surface
antigens of heamatopoeitic 6 ff 06 MAR 2007 |ineage) were purchased from
Bact on Di Eampled (Mountain View, CA). The staining results revealed the

cel |5 ger e O subdhelehifml e PAR doRHOAFRLI Wl UBturl B8 bl O O

bel ong

condition to generate pluripotent cells.
The mesenchymal stem cells were cultured in the regular medium described in
Example 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 niediu_m) 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 undifferentiated state on mouse feeder
25 cells, e.g., mitomycin-treated mouse STO cells (ATCC CI.{L-I 503) 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 undifferentiated state and continue to proliferate for over four

months (or more than 15 passages).



to heamatopoeitic |lineage. Further, the cells could be induyced to
“differentiated into osteocytes, chondrecytes and adi pocyt@@Mﬁ%&OOT
appropriate nedia according the nethods 5 described in, e.g., Pittenger M
et al., Science, 284:143-147, 1999. Differentiated osteocytes were

anal yzed using von Kossa staining nethod. Differentiated chondocytes were
stained by Safranin O Adipocytes were stained by G Red O The above
nmet hods can be found in e.g., Colter D. et al., Proc. Natl. Acad. Sci.
USA. 98: ¢ 7845, 2001. These results indicated that the isolated cells
wer e the%%ﬁ;‘él;%hyrml stemcells (Prockop D. et al., Nature, 10 276:71-74,
1997.). Nonet Morpwiogyt dedl nabrkez kxpyessiot, 2z ymdtie metivaty, afl kedyetypeso€thesellss i m ted
si nce treher%} ogl gninsot erd%¥e|109d into teratomas when introduced in SCID mce
or into @‘ |%l Bodres*WER i nduced. See Exanples 5 and 6 bel ow. Exanpl e
3 15 The i sol Theckllsweansimin usdee aliglt nicrostepe 61 dxeshnitipeetrwvemizraedpeur ed

under a arvin condition to.generate plurjpotent cells. The senchynal
St em Gol e hispaneF Birn s g aR i MGl ety e s MePes SRbr o 2 f or
three t o (DuPmt,agsaghS/A)lteddeld O terbeide pl/ay; 6dM phogghalbpfferpindi f i ed
MEM cont aji ni n . 5% FEBS i he absence of b-FG- (a stayying.nedium for 5-7
invs 220 74 bl B A and adny R TS o geadh ol s bt PRIFES L o1
wi t hout @ha;mhhm1|t<j|nﬁicaﬂﬁdidi5ﬁ¢etmdkpdmemgdﬁfgwi%_ _ 'muﬁmhmeaémwl&restar\d/at i on .
processes, the ce re nonitqred .under a nicrosc ai nd no ce
fUsi on wakamBehindenhe fld eprizgiopot ¢ Ffémgf*%?leﬁwpwomﬁg‘%&)dlﬁs R |
f | at teneEiekbrbavhirirosioprRasABH,| Gerinbdey) Gptrited &2 KVEXE, f, Boagi£DleOd), e®onas

I pette and maintained in an undifferentiated state on

pi.cked usjing a mcropip : _
‘mjuse fe H‘é‘i‘m%l’f&ﬁ’?‘@’f‘ Ty gganning aleshpt yereseeny By ElepraMisteseapy| Frincplerce

CRL- 1503 an@TechRiged fOMBibMR13tsCpp. #0182 Jbhad Shd BakIk® Publidhets) Bos6R VA the odi f i ed

Dul becco' s 'medi,urrh(l Wt ?dez)ﬁ:‘e%E - scrgened FBS,. 4 ng/mM bFG-, and 0.1
MV 2- mer CHEFPRFEPIG RALPE AR ipdic agEiology ghife ceiburas sidlaR& Bt af ned in t he
undi f f er @Rdiffelefihiél EY eelieMilcie Ahdse UesctiBedif Thorh@hdt & af Beieavwepsd:nys- nont hs

(or rr105r e 15517??9915 passages). 7 06 MAR 2007 Exanple 4 |
The cells were also characterized using immunocytochemistry staining as described
above. Antibodies against SSEA-1 (MC-480, I:-SO), 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, IA). Anti-TRA-1-60 and anti-TRA-1-81 antibodies were obtained from
20 Santa Cruz Biotechnology, Inc. (Santa Cruz, CA.). The resuits 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 transcfiption—PCR as
{ | described in Reubinoff B. et al., Nature Biotechnol., 18:399-404, 2000.
| The alkaline phiosphatase 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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Mor phol ogy, cell marker expression, enzymatic activity, do@imlﬁt es of
"the cells fromthe col onies were exam ned. The cells were Qfnder a
| i ght m croscope or a scanning electron mcroscope. 5 For a scanning

el ectron mcroscopi c exam nation, the cells were cultured on a Melinex film
(DuPont, Hopewell, VA), fixed in 2% Gsmumtetroxide (wv), 0. 1M phosphate
buffer pH 7.4 for 16 hours at 4C and dehydrated through a graded et hanol
series. After critical-point drying using |liquid carbon dioxide and

sputter ceatg'eagaaeélt(mgsmr Biiiéflylihe t4IR vapd dubcHIRIA at £XANIRRA 1UNdaL bbb fiel d
em ssi on ?} a sca mq el ect&%\ m,croscope _JggEQI\Q Leo 982 (LEO 10

El ekt r one ARVRIHEK SF ecligisTg, cotgrtadani{h tryswr ER ineyibpted W@Eé"lc"ém@ forlgozz0l a
J. et al. hodf dioweadn§ GysiBilthHyBaaHia KiCdAnd Sxatiss A WidAGtoRIE SidPRaddl HERSCOPY.
I'n: Electron Mcroscopy: Principles and Techniques for Biologists. pp.

40-62. JoAuayzed asing mefliods asmgseripedess 8.5 Besshnsin, R s Culre ofsnimalse

hot ogia I I hat of
el £ 95eP Bl e G2 epaidie” TOLR0) APIIE LIS, X85 1oibal, fhoakhal
Sci ence, 28%: Themssylgreyepled thagthg celisthad gk 6 shropeesemss efdugianar E’éft@mrlzf@dme%l ng

| munocyt 99&"%&&%%1@51@:&4%&95&%1 d2d & 1Rl mARA ¢ BombRiepOdi €s agai nst SSEA-1
(MC-480, 1:50), SSEA-3 (M6 f5o and SSEA-4 (MC:813-70, 1:50) were

obt ai ned from Devel oprrent al St udi es Hybri doma Bank, University o |owa
(lowa ci tExadnéjlt:-S Anti-TRA-1-60 and anti-TRA-1-81 anti bodi es were obt ai ned
from 20 Santa Cruz Biotechnol 09%9 Inc. (Santa Cruz, CA.). The results

i ndi cdfed thatTe FR§t ‘e pluspeigncy o g@ltslpmafeéras dmeribed inBramiplssd, theveratome- SSEA- 3,

SSEA-4, TE@{njmgG% g‘,@gﬂg,u 81. The expression of transcription factor

Qct-4 was etected by reverse transcription-PCR as described in

Reubi nof f B. ef\pioximaighy Lk 40°miekis werh iroplantedjigto3ipohindleg mpembrurg hESGIK al | ne

phosphat agcactdyhhs wire SEREVEES- h%ve%af@?%-l%@ﬁ&p THe 'té?zgi %&é%@ét kit
oui s

foll.owi ng the manufacture's instruction he ceIIs

exhi bi.t edaml sgﬁJecteé\v@hlstalosmlueﬁ@nwﬁmﬁma@enﬁhqd a3 ﬂ@synbewﬁwmn Js eiws e al so
exami ngd kgendehgidy 1t4@| Q071358 N@ﬁﬁﬁo\fg Lm&g@&&ﬂ&s iibes BE R clhghr el omerase

detection as described in Cl ence 1994. The
results r ﬁvm@mw%ggm-lmxﬁeﬂevpbpmsﬂmt@;unal {ragt yenﬂwdemh cartiige, ong0

IKE;EZKIOt Y PegndPdiriSeBPmbltd EnelbifefimdGidtiofled s UtlchOnct e MRN8 deviftpsly PED 1N €. 9.,
epidermis (ectoderm). As a control, the mesenchymal stem cells described in Example 2 did
not develop into teratomas in SCID mice.

20
Example 6

The embryoid body-forming assay was performed to test the pluripotency of the cells
C prepared Example 3. '
B The celis were cultured in non-coated bacteriologic Petri dishes for 4-6 days. The

25  cells multiplied and formed spheroids (embryoid bodies) in suspension. The embryoid
bodies were transferred and seeded onto chamber-slides coated with 0.1% gelatin. After one
week in culture, multiple clusters emerged from outgrowth of the spheroids. Each of the
clusters displayed reguiar contraction and relaxation at 5-7 seconds per cycle for more th;m
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



1995: An International System for Human Cytogenetic Nonencl ature &gg
" Mtelman, -ed.) 8 06 MAR 2007 Karger, Basel (1995). Brlef@ﬁIW: 1s
were subcultured at a 1:4 dilution 12 hours before harvesting. The cells -
were collected with trypsi n-EDTA and incubated with colcemd for 1.5 hours
followed by lysis with hypotonic KCI and fixation in acid/al cohol.
Met aphases were anal yzed using nethods as described by, e.g., Freshney, R
in "Culture of aninmal cells-A 5 manual of basic technique” 3'd edition. A
John W eyntfasSeRSuestitBymdigtsm¥enKcdukRd ficveldp ind® Smbr26id bodiBewhdashdyt reveal ed
that the cells had all 46 chronosones of human. The chronosones had no
noticeabW@“ﬁpaﬁ?gPW%ﬁﬂﬁ§“@%ﬁﬁ§W@& to normal human chronpsones. Exanple 5 10
To test the pluripotency of the cells prepared -as described in Exanple 3,
the teratoma- form ng assay was carried out. proximately I x 105 cells
were inplanted into the hind QE4E REMBORIMENTS SCID mice. Teratomas were
obseryed 6-8 Whekthedbdnibs didtidiéd inWis spbbicith 19 BB Sonfih ifahyested and
subj ected to histol ogi cal exam nation using e nmet hod as descri bed Thonson
J. et al combipatig éﬁq@*efeatmzhsmwm1msz5pe@n§%0n mav be gnigeed y,eamlteregivéont ai ned
tissues ggpiy ?éi’v;h% s 4thd eq&mz%? o‘?gt}{l glrfosgeﬂﬂs'lﬁ'ﬁ’eﬁé Scprédfly SRRl N9
gastrointestinal Tract Sen oder car bone and Striated nuscle
( mesoder gjervapg) cebripnsne fistlesed iy xé@P‘R@?&S?"ﬁ“‘éﬁﬂ%@\FﬁWﬁﬂPﬁg’f epi dermis
(ect oder Gnilabfeairaontrol, the mesenchymal stemcells described in Exanple 2
did not develop into teratomms in SCID mce. 20 _Exanple 6 The enbryoid
body-"Por ni ng Euste shoye é@mmwﬁe@ets@ilﬂégttthqfﬁtecamemiwmﬁﬁe;he@ﬁsep% cells
. preparedg l: riologic-
“Petri di S%H%HSEG&ME ;gﬁ uil'vﬁgﬁﬁr?%uﬁg:ﬁ}os 3 Egﬁ;qgé)%e% @spher oi ds
(enbr yoi themedican makewvasiougrhprgepand m@ﬁ@#ﬁm Th; mmmretg adapt @t te varioys erred and
seeded oy rﬁeﬁ}fa@aﬁ&ﬁa{sl 965, 6R@'chbouelis Qrela¥o G thélscofl ke REwingeek I 1

cul ture, I'tiple clusters energed from outgrowth of e spheroi ds. Each of
t he claims. :

15
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clusters displayed regular contraction and rel axation at 5- 7 seconds per
cycle for nore than 12 hours. This nmechanical activity wad6MAR 20070 t hat
of a gut-like organ (prinordial gut) 30 devel oped fromES cells as
described in Yamada T. et al., Stem Cells, 20:41-49, 2002. In 9 06 MAR
2007 contrast, the nesenchymal stemcells could not develop into enbryoid
bodi es n we indyced under the sane condition. OTHER EMBCODI MENTS 5
Al'l of %A‘fﬁﬂfmf@i@EFgéed in this specification nmay be conbined in any
conbi nati on. Each feature disclosed in this specification nay be repl aced
by an alternative feature serving the sane, equivalent, or simlar

PUrpoSer TS OSSR RN on AR TRl GRSl oo

is onIy an exanpl e of a generic Sserile

10 Fr ongtigeespa bﬂiéﬁarﬂﬁ?ﬁﬁlbréhtlgéh-l%gat% WReeih thd 41, 81 § wiRh ifdikkd n RBeertain
t he essenti aI characteristics of the present i nventi on, and wi t hout

depart |d¢gehp@mtorag eairy i bodst; QR:(@bthenheﬁretbicedMn D waseuisvelopnges and
nodi fica |0 s of the invention to adapt it to various usages and

condi t i85 FHEW2: ot her embodi nents are also within the scope of the

.foll ow ng ‘claims. 15 10 06 MAR 2007 WHAT IS CLAIMED IS: 1. A cul tured
somati c ani mal non-enbryonic cell that has a normal karyotype and is

st age- sheci fThe @iinfictaiinc] s mgemadianeglt i ve, wherein the cell, (1) when
induced in vitro, develops into an enbryoid body; or (2) when introduced
into a SCID nouse, develops into a teratoma. 2. The cell of claimlis a

manmmal iqan Ce*l“hecelﬁof&@i‘?n?%?hgfeﬁafllc%llm 2 is a human cell. 4. A nmethod of

produci ng pluripotent anim t he net hod conpri sing:

4, 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 that is absent of bEGF; and
identifying and enriching pluripotent celis among the cultured cells,
wherein the pluripotent cells are stage-specific embryonic antigen-1 negative, and’
(1) when, induced in vitro, develops into an embroyoid body, or (ii), when

introduced in a SCID mouse, develop into a teratoma.

5. The method of claim 4, wherein the animal is a mammal.
6. The method of claim 5, wherein the mammal is a huinan.
7. The method of claim 6, wherein the tissue is umbilical cord blood, bone marrow

2

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

3. The method of claim 7, wherein the tissue is umbilical cord blood, bone marrow,

or amniotic fluid.

11



isolating somatic cells froma tissue of an animal; culturing the isolated
cells under a starving condition that is absent of bFG a Mﬂﬁrﬁqoﬂyi ng
and enriching pluripotent cells anong the cultured cells, wherein the
pluripotent cells are stage-specific enbryonic antigen-1 negative, and (i)
when, induced in vitro, develops into an enbroyoid body, or (ii), when
introduced in a SCI D nouse, develop into a teratonma. 5. The nethod of claim

4, whergin the animal .is.a l. .,6. The t hod of clai.m .wher.ei.n t he
el 7o a MERRnoR of ¢ BT HGel thgiey g S B stprfied ol BB PR

unbi | i GahegihflcdtAfthe RITQOTBL 5EMm fAAHHN0 days bHifla nRdRALEnthin$SHE0%

pl acenta, or peripheral blood. 8 The nethod of claim?7, wherein the tissue

i s umbithi20% seremdobl dod] dopne withoudwhangmg themiaskvro. f| ui d. 11 06 MAR 2007
9. The nethod of claim8, wherein the culturing step is perforned by
placing cells in a nmediumcontaining 0.5%to 2% serumfor 5 to 10 days or

in a megyum Nl % gt 9 I : HRY L: :
changi ng&t he e -@tli}ﬁ}li ngl-]aﬂx_éh%, ﬁgf&%ﬁjﬁgf&ﬁéﬁﬁ%{] is\?%%foel n tsb I%\édfl?gélllsnla step
i s per faanadidnbyonpdiamigrigs Yedehamifor 5-4 dagdionin © ortiaing cogtathind@8%rserant for 5- 7
days or. in _a medi um containing, 20% serumfor 2 weeks w thout changing the
medi um? Weekswithowt changieg tha medim. wherein the culturing step is performed
by placing cells in a nediumcontaining 0.5%to 2% serumfor 5 to 10 days
or in a nmedium containing 10%to 20% serumfor 7 to 21 days w t hout

changi rd. t heTheaaéthod of dlainkhE, whélehtthefcultldngnsieb isvierfeinmed bg mattin?ri ng step
is performed by placing cells in_a mediumcontaining 0.5%serumtor 5-7
days orellning mediugnremaming0.Ale odisserym fardy to1Qsays atiip romediiangi ng t he

by bl acPhR NGB Radt U Bt 1 AT Dl bl s ”, 010 ey

or in a nediumcontaining 10%to 20% serumfor 7 to 21 days w t hout

changi ng t he nmedi um
12. The method of claim 11, 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

for 2 weeks without changing the medium.

13.  The method of claim 6, 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.

14. The method of claim 5, wherein the tissue is umbilical cord blood, bone marrow,

amniotic fluid, adipose tissue, placenta, or peripheral blood.
15. The method of claim 5, 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.

16. The method of claim 4, wherein the tissue is umbilical cord blood, bone marrow,

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

12



14. The method of claim5, wherein the tissue is unbilical cord bl ood, bone
marrow, amiotic fluid, adipose tissue, placenta, or peri fHeMARRUM. 15.
The nethod of claimb5, wherein the culturing step is perforned by placing
cells in a nediumcontaining 0.5%to 2% serumfor 5 to 10 days or in a

medi um ¢ont aj.hi ng 10% _tao 20% serumfor, 7 to 21 days w thout changing the
medi um 176, iR Rf chaine |14 veharemybhe tissys is enkihied erd blopdiqriedatrewr d

bl ood, Bozflﬁ']ﬂ amiotic fluid, adipose tissue, placenta, or
peri phera IP@%QQY}%Z 06 MAR 2007 17. The nethod of claim 16, wherein the
tissue is unbilical cord bl ood, bone marrow, or amiotic fluid. 18. The

met hod of claim 17, wherein the culturing step is perfornmed by placing
cells 8 a rhhamathedaf elpim nky, svisoein thexoplgwsing sidpois psrivonadbyiplpsingredlls a

di um i 004 0% for 7 1d i t.h hangi h
redi um 24T i P S DR e R s dp 1Oyl GRIT PIHE R ol eher  or e
by pl acigwg t6 20¥sSserdinFot M t@2 Mgy AtEORICRbAEIAY tek MRt 0 2% serum for 5 to 10

days or in a nmediumcontaining 10%to 20% Serumfor 7 to 21 days w t hout
changi ng the nedium 20. The nethod of claim4, wherein the culturing step

is perfofnmed l.acing .cells i a nmedi um.containing. 0.5%to 2% serum for
5 15 10 ays TBY MG REEIRE KoTarean s CHOOInE S Pun PG BF DIACH BHS days
Wi t houtin GNABELARJnPANTRWY. 598 to B84 serum for 5 to 10 days or in a medium containing

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

20.  The method of claim 4, 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.
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