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MAKI NG EMBRYO D BODI ES FROM PRI MATE EMBRYONI C STEM CELLS CROSS REFERENCES
TO RELATED APPLI CATI ONSIIRK yapbl e. 5 STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH Thewmmummwmme non- human prinmate cells descri bed

bel ow was supported by a gighi.W th United States gover ngeinSEBUpOr t
awarded by the follow ng agency: NIH RR11571. The United States has certain
rights in this 1% invention. No U S. government funds were used for the
work with hufBh"¢8°'s described herein. BAGKGROUND OF TRETPRVENTI on

Undi fferentiated prinmate e nj (oES, a cul tured
indefinitely and yet nai ntg?fn%t%hggl@hﬁggt %@YQFB%Aﬁgng erenti at ed
cells of the body. See U.S. pafRWATE BUBRYPHIC ILEMTEBIEDLN, et al ., 282

Sci ence 1145-1147 (1998) ;crasd HerERRROEOMTO @ELAYED ABBLRIAiregy 133165 (1998).
The di scl osure of the publis tons and of all other publications referred
to herein are 20 inco?é&r%%é&%%gie?’eference as if fully set forth herein.

Primate ES cells thusSHRHHEYE %#WENFW@E%WW@NSQW RREBARGHNdi ng t he
differentiation and f whetéearx efithwmNnbh9aan pirichabf €811 WestFaiagi es for

drug di scovery and testing.. Th l.so_prom.se.new thergpi es _based on 25 the
transpl antation gk?ellfg %5?%“5@?%%% i &s %asn.t i‘-%‘p‘ \gfég}% Zs%{a%ﬁﬁan and rhesus
monkey ES cel | s i%peeenaggnt MupPprinavdedas ionitbe dfatileeitmagebent ghtl er at omas

with advanced di fenenti atef deitafisiess RARr esAlihNgi ghlkk LRr egi£mbryonic
germ | ayers. Ea5|il¥v|genrt1| fied 39 differenti gte% cells in human ES cell
terat omay’ i ncl ude™ TSR nud'@l B: ° sV EFEE USRI YBERS S PF | , gut and
respiratory epit hedikumitkedrmannceldlsy degerihedshexsinhel i um hair, neural
epi thelium and ganglia. Human gapResksukphyFeuer rkvEiaoRS cell 1ines provide
a 35 particularly powerful_new rmde! f or under st andi ng nornmal. human
devel opnent and t hus\,\@f‘gb%’?e(ﬁgnﬁh Pﬁh‘ﬂ?ﬁ?gembr@“icsﬁ%ﬁdoggd 585899
PCT/ USQl / 05252 2 edmbenmabl twrednintefdhnépeiantend Bedamséntdin hbepot enti al ri sk
to the resul ting gdidndiaEXRERDLIR M3 reBM Ritkat éON s0bs tdi BOSY: | NReantati on
human enbryo is eéhg cal #ébu%a s bl 2ﬂ€ as_a result fgnctlonal st udi es
on human 5 enbryos Hr B2FEki né. Se§U oPrgon ekt afs IGFGWHSERHSR hunan
devel opnent in thEl4eally? pdons) npirehUat Themsper igld als, bis@dodbgpsit3dentirel y
on static h: st(r)ﬁlD ogsslcallgssp.tl RS @ﬂ;scqﬁéeﬂé Ri#meRe RTBLY LA M@0y t O
experimental e r¥fy %%Kegtﬁgylggaéﬁogg ge£g¥#%8'to herein are
20 - incorporated by reference as if fully set forth herein.
Primate ES cells thus provide an exciting new model
for understanding the differentiation and function of
human tissue, and offer new strategies for drug discovery
and testing. They also promise new therapies based on
25 the transplantation of ES cell-derived tissues. For
-example, human and rhesus monkey ES cells injected into
immunocompromised mice form benign teratomds with
advanced differentiated derivatives representing all
three embryonic germ layers. Easily identified
30 differentiated cells in human ES cell teratomas include
smooth muscle, striated muscle, bone, cartilage, gut and
respiratory epithelium, keratinizing squamous epithelium,
hair, neural epithelium, -and ganglia.
Human and non-human primate ES cell lines provide a
35 _particularly powerful new model for understanding normal

human development and thus also for understanding
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10 However, early nouse and prinmate devel opnent differ significantly. For
exanpl e, human and nouse enbryos differ in the timng of enbryonic genone
expression, in the formation, structure, and function of the fetal
menbranes and placenta and in the formation of an 15 enbryonic disc instead
of an egg cylinder. The earliest events of hunman develqﬁpgg? 2@5 critically
involved in human infertility, pregnancy |oss, and birt Primate
ES cells offer a new wi ndow for understandi ng these early human
devel opnent a"oMNE#P: and for 20 understanding the pathoﬁ%%@@”?”Bf
devel opnmental failures. Primate ES cells so provide a potentially
unlimted source of differentiated, euploid, nontransforned cells for

investigators intaRshed Hmﬁlahheemwﬁénﬁ ungbiNise2Re O fyb‘tggvlé)ﬂ specific

differentiated. 25 pri r[_rat%cel | s, ,Such P]ngl fied pogg ﬁtl ons ecific ES

cel | -derived cel TS PP GiSsePRkeny Ballk o PHrorBFntr PN BaLoEtap. Sfoxi ci ty
screens, and wi | |ther pestteimplgotattionohunral lesbfyr itsr eblsiptadidyat i on. For

tissues such as t\h}ea&aeefabltéﬁaadml ebQlt Ak Bnd0 L4 (AR SROGInC Stem
cell, prlgmte ES S | 1s wll&ggg e even nore %/];bug’l . Primate ES cells also

of fer the’ prom seTBFYREW T it at PUHITVRB At I &ROHP R resul ts
fromthe destr ucthmnodem&slfmnct iian theé @rllwnpcp@d'lnghmatdbncm#iqdypes such

as in Parkinson' Slsdlb‘é@aé&aﬁ%séd&ﬂﬁ%mﬁr&i %tQ@ikE Qﬁ%lol&jldaliVE&Edi%n%nset
r sol | itus (pancreatic

di abet es 21 P%((? VQH’H’E 99 rc~ r iy

13-islet cells), F&p 3PSt #Y é’nsﬁ‘e?ﬁcﬁyc Be?’fpetr)’rﬁﬁgt"’l}y ES cel |
derivatives coul demddriyelogiotsentiies lof the anduseg treatnent. To acconplish
these gogys, it is defbydfe L& IPHBude eafn | L adeY adbd fphent | @l LS cells

to specific lineages. -Consi derabl’e progress in causing non-primate ES cell
differentiation t %G?%"I‘“tlﬁerra‘f‘&pﬁ?‘%’f‘? + AT ANGi BRYRS SEREYRAs been made.

See e.g. T. Doet stififem, ietthel timhg Jf @@ypniéménﬁmeeexprlvbsp&n, 21?1— 45

(1985); G Kellerynes f&QmeCMrJnen;uQ%tuw Gl f@.éﬁmn%ﬁ &@9:?&4 U. S.
patent 5,914, 7?,.~8. I n each hese %ﬁ”ﬂl es, I's were |rst f or med

into "enbryoid " pdtfimbzanes i‘?r"é'eph"i“?‘?é’l’@l E@%eqqr"‘ébg‘i“eé’ét 88 that
facilitat® subsecpmnyodid fdseninstteadnot bR kggwesdipdanal @heusaxipsii ments on
primate ES cells dgppasts %ﬁ,qnt&@;felsgm}@b@eb&%itgif@ nqelﬁfs%nven“ onal

murine protocols fail. In sy ﬁatconventl onal protocol are

di spersed to si ndlEe@efiPertifity PREFnafaYLIRTF Snggﬁ’r’etd‘afi@f??ﬁso enbr yoi d
bodi es under conditimehs Ehaelld qfifevemtneweiindwt afohrmrderebamdltemgsubst rate,

or the ES cells axgsal Loved hmagr&welggngnegprmnqsb% g3, fromsingle cells
or cl ust%;s suspended |n \él ceII | ose. ., have | earned_that primte ES
Aten g

celI's di € rapidl y*4%& B 5135 ‘i"?{tﬂséscﬁ |9 VE R eh bR L g S -
prevented, so they doP2Hnatst E§uedldssélid pragifegavetentridlihey t herefore do

not grow out fromgligResd iddbuBt o aektddepsatdd, eaprder ghpre be seen that
uci ng .prinmate epbryoi d bodi es,

a need exists for inproved, ne for d
and differentiat efcfaérr‘gif?ﬁ‘“?i’el’:faggsd ft%ﬁe?"e‘fq%ﬁ?a%‘br%ﬁﬁﬁ?—rﬁmﬁ( THE
| NVENTI ON The pr esemeli fwertticommpt petiddogy obtdpedifibx difdduentrigtpdi mat e

enbryoi dydodi es f;;xtheelémles %d%@éﬁean% a{fm&‘o&g%@ Qsééefltch% are
adhering to a substrate. erin co oni.es of the 35

;
enbryoni ¢ stem cefd™ F’?B’rﬁet%ge%{%é'ﬂiﬁtaelspn tkehple wgRFul for drug

discovery, toxicity screens, and w111 provide a source of

cells for transplantation.
For tissues such as the heart that completely lack a
30 tissue-specific stem cell, primate ES cells will prove
even more valuable. Primate ES cells also offer the
promise of new transplantation therapies. When disease
~ results from the destruction or dysfunction of a limited
number of cell types, such as in Parkinson's disease
35 (dopaminergic.neurons), or juvenile onset diabetes



21 SfP 2004 WO 01/62899 PCT/USO /05252 4 then incubates the clunps, in a
contai ner under conditions in which the clunps are essentially inhibited
fromattaching to the contai ner and coal esce into enbryoid bodies. For

pur poses of this application, a clunp is a 5 grouping. of two or nore stem
cells, preferably a clunp |arge enough to be visible t@ {I$§Pn2fked eye. In
one di scl osed enbodi nent of said nethod, the renoval step may be conducted

in the preseqpce n agent that pronotes disassociatio e clunps from
t he substrat g%a‘gg%' unps. A purely chemi cal 10 agent sucECi)’LS'{l)g‘r“'é'ene'

cal ci um di sodi um 1DT. ~ chel ati ng agent may be used. However, nore preferred
is a proteinase that preferentially acts on the extra cellular matrix such
as di spase, col| agenises (pahatrasdc feivlani eéllage, thansspakefentpancreati c

el astase of 15 {¥BSLkoddh ef LYASNESediBg0nd N1NCHDY A 1LER LYSH, De
t relat ow

conduct ed qui ckly and fat1vel oncentrations in order to prevent
the trypsin frome&fes rRpESPESYI G 1ihe tangnpseatmerfme EDTA ni xes may al so be
used to advant age. | nranrricbaplibtschesedoarbpditrast desixdld sethad, the

removal step may _i v | scl.api e tom 20 the
substraté as cl uefg?{?J[er?ec&gg?ger r%?g%‘:.%eseﬁ g%w%%d}tgeﬁ%é%frﬂ%a?ﬁg%ﬁeﬁéd, t he
i ncubation step siderablgurTareny Wyiceaeing nopePELMtE B6rcgkl g. by
gent Ly rocki ng, sﬂak%f@tietwﬁ bfoah%ﬁlﬁli,}o hemét{rtg)ocieeiajd ngvd lf:@fdiétel 25

i ncubation step e.a non-attachi acteri rade culture plastic,
and/ or the i ncub?tilgg‘ﬁe shtaespgrerﬁ?l ng%el‘ ﬁ%%ﬁfi’e?@gg%% anée?%rraf‘-ﬁr’e qrredi um
whi ch | acks ser uwi-aEneshmédng Expewor¥ornm dhothdd988hbedd. KRdlémvdnt i on

provi degopri mat e c3@rembromi dn hdliresishatgehaysp haenspery wedpheddiect |y or

indirectly) usin ove.net hods. In still anoth aspect the invention
provi des differ e%ﬁ%gg cel IS GRS ORAHEER, %ﬁ“fp?egr ?%ﬁeﬁggt Y99€ from t he

enbryoi d bodi es. f38stnfaaedr drtir & emprypidhbogiesienthienwlitennionmnli Bt e ES

2 1 SEP ~00~ WO Qthh289R-Bett9hhi0b25A 18a€6! ibskRatnthave been cul tured
under standard cgﬂgifti o&/slaﬁee e.g. US patent 5,6843,780) may be permtted

. eremn Q . . .
to overgrow, pil e up anaror dtherwi se cl osely associate iin clunps on a

substratl® (e. g. a plRexdvertiamlegous taxperiments on primate ES cells
' demonstrated that embryoid body formation by conventional

murine protocols fail. 1In such conventional protocols ES
cells are dispersed to single célls, and either allowed
to aggregate into embryoid bodies under conditions that
20 _ prevent cell attachment to the substrate, or the ES cells

are allowed to grow into embryoid bodies from single
cells or clusters suspended in methylcellulose. We have
learned that primate ES cells die rapidly when dispersed
to single cells if attachment is prevented, so they do

- 25 not successfully aggregate, and they therefore do not

' grow out from clones in methylcellulose,

It can therefore be seen that a need exists for
improved methods for producing primate embryoid bodies,
and differentiated cells derived therefrom.

30 BRIEF SUMMARY OF THE INVENTION

The present invention provides a method for
producing primate embryoid bodies from colonies of
primate embryonic stem cells that are adhering to a
substrate. One removes the adhering colonies of the

35 embryonic stem cells from the substrate in clumps. One



plate wth standard feeder |ayer). They may then be renoved as clunps from
the substrate (e.g. by incubating the colonies with an enzyne whi ch attacks
the ES cell colony's attachnment to the substrate nore strongly than ES cell
attachments with ES cells). In such ~ case the 10~ .enzyne may bedi. spase
at a concentration of about 10 .._ ng/m . Alternatively, the clunps may be
renoved as clunps by nmechanically scraping with a mcropj geptag cell
scraper, or the like. 15 The essentially intact colonies may then be
i ncubat ed WoaQdeksson-attachi ng conditions (preferably peiidossdss rocking of
the culture dish, culture on non-attaching bacterial grade culture plastic,
and/or continuous culture in the presenae of serumfree nedi um which | acks.
20 serum attachnment factors). The col onies may then quickly coal esce into
conpact enbr yoitehothiaubatepitdie Fhymphdineaf cantainen| prsiperdcondidiibher enti at e
ei ther in contijRUQHECE tHREORInY3 a0é dfdeBbisErAtihAChMRI fiema substrate.
Such enbryoid b%,id-i es. m¥8b€h sed, to deri ec2 ifferentiated derivatives of
c

u diff
endoder m ~ mesod&F AT FaSPHT AN £8F © %Slﬁsﬁian B REPE¥ES red | neages.
It is an advantegdéesf tfee preppess ¢hHvdvisi applivatipn, pr glhimes seff ective

met hods; of for rBgpiHd BBt ewe By wekd e 8s1id,0p-préFANG £rday@ni ¢ stem cel |
|l i nes. Anot her .30 advant ag i nv;{é; on is to provide primte
f

a engu oq; the'lg)fe%ce)n}: na
enbryoi d bodi es 80P LAt b HLELE SIBJAtaR b {AYBERRS ] MBI 1CRbbal yPES.
Q her featuressggg r&dv%rét %ggguggeé he esent invention Wl1 becone apparent
- BBemile Gl b ddcnl BhuE

after study of rohgBe M1 §Bs £ Qila@¥bn ofY the SEP 200 VO
011 62899 PCTI USQ1105252 6 DESS%LED DESCRI fTI ON Géz THE .PREFERRED ENMBCDI MENTS
t

Formation OF EfBSFPEPRiTFoBolreSUBPLRAtS 28nGi Yl c StR¥RSIY| FRemigad | hesus or
human 10. S. pat erqent, 843 I8 Werkendh@ad oiym etisafliym FPPAScicdnténd 1145- 1147

(1998)) are cubbuhed.n va Lokl Caldokevaact hyad edoF3PP0; TS 0-T adi ation)

nouse enbryoni c fibroblasts, prepared at 5x10 cells/cnR on tissue culture

plastic previ oEPyeinasst ER2H\PT6YBF AR g LY RietiFa P o Svisthrd. LR at i n. E.
Robert son, EnmbmabritersucbdaStidimp@et) ddlidegends®,| natdlersat ocar ci nomas And

Enbryoni ¢ St emycalkbRinifase, Aekbedin APRhOACH LR 14¥@S8: oMashi ngton, D. C.,

- 1 0 ]
71-112 (1987). QuLLpre TRl Umqonsl SldaClnd PADULPREY Sust be

conducted quickly and at relatively low concentrations in

order to prevent the trypsin from also destroying the
clumps. Enzyme EDTA mixes may also be used to advantage.

_ In another disclosed embodiment of said method, the
20 removal step may involve mechanically scraping the clumps from
the substrate as clumps.
In another disclosed embodiment of said method, the

incubation step may be
conducted by agitating the container (e.g. by dgently

rocking, shaking, or vibrating it), the container for the
25 incubation step may be a non-attaching bacterial grade
- culture plastic, and/or the incubation step may be in the
presence of a serum—free medium which lacks serum
attachment factors.

In another aspect the invention provides primate

30 embryoid bodies that have been derived (directly or
indirectly) using the above methods.

In still another aspect the invention provides
differentiated cells derived (directly or indirectly)
from the embryoid bodies.

35 In accordance with the present invention, primate ES



nodi fi ed Eagl e nmedi um (DVEM 4500 ng of gl ucose per liter; w thout sodium
pyruvate), 20%fetal bovine serum1l5 (FBS), 0.1 nmM 2-nercaptoethanol, 1 mM
L-glutam ne and 1% nonessential am no acid stock (G BCO. One all ows
colonies to formclunps over a period of hours. ES cell colonies can then
be removed fromthe tissue culture plate using physical or chem cal nethods
20 that keep the ES cells in clunps. For dispase or Cﬁ%ba%]%g renoval of
ES cell colonies fromthe culture plate, the culture i i'S renoved from

the ES cells. Dispase (10 ng/m in ES culture nmedium genase (1
nmg/ m sol uW?’é’H%s?s? DMEM 25 or ot her basal nediun) is a%‘glréudc‘g'?%ks?he cul ture

plate. The culture plates are returried-téj the i ncubator for 10-15 m nutes.
After dispase treatnent the col onies can.either be washed off the culture

di shes or vvi:cl dﬁ&@flﬂﬁﬁ’ Q@v@fbééﬁecaﬂtﬁﬂeﬂst,iﬁd&r:stﬂﬁ&ﬁb%bﬁ‘di/ﬂimggem|eh
agi tation. Aft ollag se; t cells. can be scraped off the
cul ture dish vm?t%ﬁé . %ﬂgl'agésé%%gﬁ%?” o%)e "}i‘iys}é’SC?eaﬁr‘ilt?fEegf The col oni es
occurs, but thiayergret pddefiriagdyor ethediviselsdbpely @ssockdties inAf t er

chem cal renovaiugbsthe a3subsdatel (88 .t ReplifSidet Caddalicg1lal e, the cell

suspen s;‘,' on 2 'gtllﬁggpw%_qp s\é\%g%{cfs #8231 qgggls.p 1 131?%?2&92 eicﬁleﬁegé I ﬁl]%gg(q gently

for 5 m nutes, e supernatani 1s renobved and S ] the cells are
ri nsed, and thescelimpyfaopethss sohdteatien (euy + bveinguhafingithe or wit hout

sler um 5 NEChaerl@hié@%‘tﬁ' a&)felnltzbﬂ?cﬁl{i'& hstaaﬂdal ieu@mlsbxéem.si ngl a loul | ed

gl ass pipette to.scrape.the ce omthe cylture plate. cl unps can
be i medi ately Croé‘gﬂ%p%r?&é‘:&?hwr}th%ﬁt{]&eeﬁfl F?ﬁ%&t ['3he ﬁtﬁo??]e‘écﬁhfapssue culture
medi um 10 OncéEScokbhiattaghrentenwibll BS oplidle t Inssuchcal ¢cage tpeate, the ES

cel I's ghoul d r euBife ik PHePaDsH AL Q¥ bNGoncant rakYbhheF shtyehd body
formation. This c/aE be "achi eved by, for exanple, gently and conti nuously
rocking the cel™¥/8aspensi on. Cel | suspensions are aliquoted into wells of -
15 6-wel | tissue ciltgroativeies, theacbdmphdiadebs seuaved agued Wids ed

i solation chamify meSRssi@d 10 t b 2% £ R%01 BV 6 2 dp 20902, ansh ol aced on a

rocker (Red Rocker, Hoefer ci'.q(ntlflc Tnstruments). The rocker is housed
i nsi de an scraper, or the like.

15 The essentially intact colonies may then be incubated
under non-attaching conditions (preferably continuous
rocking of the culture dish, culture on non-attaching
bacterial grade culture plastic, and/or continuous
culture in the presence of serum-free medium which iacks_

20 serum attachment factors). The colonies may then quickly
coalesce into compact embryoid bodies, which may
thereafter be allowed to differentiate either in
continuous suspension, or after re-attachment to a
substrate. Such embryoid bodies may be used to derive

25 differentiated derivatives of endoderm, mesoderm, and
ectoderm, and for obtaining other desired lineages.

' It is an advantage .of the present invention that it
provides effective methods of forming primate embryoid
bodies from primate embryonic stem cell lines. Another

30 advantage of the present invention is to provide primate
embryoid bodies suitable for differentiation into other
primate cell types. Other features and advantages of the
present invention will become apparent after study of the

specification and claims which follow.



i ncubat or mai ntained at 37C. The culture plates can be 20 rocked
continuously for at |least 48 hours and up to 14 days. - Every 2 days the
pl ates are renmoved fromthe rocking device, the culture mediumis renoved,
and fresh culture mediumis added to the cells. The culture dishes are then
25 returned to the rocking environnent. Cells will also ne » OOk N

suspensi on when cultured in suspension culture dishes (Nunc) w thout
rocking, or when cultured in the absence of serum which OVI des
attachnent Y808 A11 cells nust be cultured at 37C ¥ MR di fi ed, 30
controll ed gas atnosphere (either 5% CO2, 5% OZ and 90% N2 or 5% CQOZ in
air) . Followng culture in suspension for.up to 11 days, enbryoid bodies
are di spensed by neclpanhteip OESCREFMITOR! oFMEMRES PREVERRRD EMBoVIMENES t O
reattach to tissue culture 35 It‘_:l str d wi.t.h Iat|n or matrix, in ES
medi um 2 1 SEP 200 WO 011 628%¢ g . pl aced, pl at ed
embryoi d bodies will Poimate] amlpramdcnﬁrﬁm &‘yél% (#nd- celresvs emihvmanned by

Beﬂ aci n? nfd'd UmtﬁFer%at?erﬂ:aﬁsuﬁf\%lostls q%mmr%é@l %BOQ'BQSS&BEt ce o 7
eren at e muno uor cen ant | stal nin up to
days aftet plati 4t§’o %&f(%gﬁg%@r&%{%ﬁ? %‘f W&PF%C%T?LWEE?F&JF g

phenot ype. Cel|s qseoe fadse@l-narauaa%mnabh@mdmbw&ﬁacetbﬁomcalsdsbef ore

i ncubation with antlbo ib es that ,were us are.as J‘oIIovvs 10
aob e et “bovi TReRRe Gharefd BRE TRy 4B 1IFHE SREERE BaRSc Ll
St udi es- Hy~ri e~sreBAARILY &ﬁ?ﬁt%\hmevwgﬁt(Rwheylorar\)tllthh%rién NCAM CD56

(DAKO) and ant i - Ge16ero:-" iileflobtktSont B%M?QTd%i&lv\éfﬂrsiﬂénVae:ilp \Wigeansinj . ALL
primary i bodi use onoc exce nti econdary
Pt T bodiBh. | PYTC T A T Bt ARTLE VPR SRASIden. Bon ugat od goat -
ant i -rabblt as vRFthcalARBAroatl} UGSt Brksstr Bpttavigtiom, ibCe, plkciddsed from
Jackson ImmnoRes(nggeh ha theé sReal vanddradys r&C 9 BaHeRBOSPNaCAN, a

brai n20 specific ¢ Oﬁg cﬁgata sul%%te Qg@/c%n q?‘]tsucbl nds neural cell
adhesi on nol ecul &% A The3E & df 19§ 278 ¥dents. K

Al | endorfer et alliteg: NMpithophds@hium prewade) 3F0395L{11 PP5jne Serfol e et al .,
1|5 J. dNe%HO ?57 @@g)ilc?&f}nu bk hpasddraady, 'ﬂ%\ﬂttidﬁ&gﬂiﬂe %5.01' 13 "

ol i godendrocytes present fromda mouse brain cul tures.
Schachner et al. “pgﬁsf’%?/tlaél 8?‘9“%%%8“(0?88{3?{&%) "Sommer, et al., 83 Dev.
Biol. 311-327 (1981) OneNallprstinleeiday §brplcdiumpg, ovdyeanpuriald pfecursors,

30 stai ned byFOf%u%san%solgel!\/e&ﬂoﬂ@égrdé%dthgrh%eFQérﬁcﬁfelsl fr&mttihl@ody st ai ned
numer ous rounded cel | s, er eas Verﬁff flatter]ed ce th ext ensi ve

proj ections were BEEPRHNER RIS éﬁ{?aolo&'y" Filial were
det ect eck0 3 days that keerethg5SESfeeddspimtdlugps by positive st ai ni ng of neural

cel 2:~ SEP ! s~~~ roMQiBpa5LEAO collagenase removal of ES cell
colonies from the culture plate, the culture medium is

removed from the ES cells. Dispase (10 mg/ml in ES
culture medium) or collagenase (1 mg/ml solution in DMEM
25 or other basal medium) is added to the culture plate. The
culture plates are returned-to the incubator for 10-15
minutes.
After dispase treatment the colonies can either be
washed off the culture dishes or will become free of the
30 tissue culture plate with geﬁtle agltation. After
collagenase treatment the cells can be scraped off the
culture dish with a 5 ml glass pipette. Some dissociation
. of the colonies occurs, but this is not sufficient to
individualize the cells. After chemical removal of the

35 cells from the tissue culture plate, the cell suspension



PCT/USQ / 1a4; -, 9 adhesion nol ecule (NCAM/CD56 (Figure 3),

m cr ot ubuaeassoci ated protein-2 (MAP-2)(Figure 3), J~lIIl-tubulin and glial
fibrillary acidic protein (GFAP). NCAMis a cell adhesion nol ecul e t hought
to be inportant -in cell-cell 5 interactions within the neuroepithelium B.
Cunni ngham et ale, 236 Science 799-806 (1987); J. Rtz _1e%E§Im,0 42 Adv.

| muno. 181-211 (1988). MAP-2 plays an inportant role i 3 brai n-m crotubul e

assenbly. t3ill- ulin is a neuron-specific marker, an ial _fibrillary
acidic 10 pr Oe?lz?%?’bzAP) is an astrocyte marker. -- - -!qc'g{’@??%zrenti ation

Into Lineacres Enbryoid bodies can be differentiated into a variety of
desired |ineages. For exanple the ~enbryoid bodies could be used to derive
henat opoi eti c cel 1§ daitR@fdded gehtiguRs BMilnRgess the thesmattagd {or nouse

in M wies et al o dlb Dexe! ARTENe£59neoleial o9 -rihled Nl EREM d One could
pl ate the enbryoi d bodies T n serumcontai Ni'hg medium I n’ the presence of 2
i.u./m erythropofetlmase yesmspepded imgruligwel reingewith cordedthewt one coul d

use techni ques angéagnus to T. Doetschman et al., 87 J. Enbry. Exper.

Mor ph. 27:45 (1985). e. coul late . th odi i n_serum.cont ai ning nmedi um
Wt h mo” st ves. To HepEriisT BeRifar BE BRCLETL Lo SATREAET, (R
enbryoi d bodi es i & BHdedr gbasfc pipet xR tagredarki bholsedds fravwithef act or pl us

20 ng/ m epi der mabughwt priact ekl Thivkpk Scanakogpeaihetechni ques descri bed
in B. Reynolds et_al

., 285 Sci.ence, 505 992). The present invention thus
provi des an effecfﬁ/‘%gpfﬁgﬁ%‘t W&gﬂ?% cr?é’%lr%éugﬁr%%ﬂ%‘t g“eﬁﬁ?@biquﬁgﬁi es from
primate ES cell s. cyivre mediwdbove wor k was focused on rhesus and
human. empgyoni ¢ st em eRkbScdindebea¥dlrefbids rdoh itnRdt i arekiuopuyd a these

o Y0, 4 01 £9) nhi | SRRILINED, HSREL AeChll L By e Bhad v o
01/ 62899 2 1 SEP £urtp@F e€ouvi(382Bodv (Foxhationspelhifs candehrsichdexed or cl unp
removal have beenyg] Seus 8@shp1id)e gb RN bh@NdrE s ARuslyMs @Firigo thbasa 1al one.
Rat her, other techni u%sofor erﬁm)vén t.he cele! sljn %I SJrQ t he o
Substrate shoul d SETRERSRORm e Ll RUCHIAVARET Giter S ARPEPH mtted “EhLt RE speci f i c
enbodi nedfs descr pbegllhéiesye cRithee dishesclrdpnedlioglide b seedkeéd to in
100, Lo}, b et b il ot s 1,1
bogi g;egﬁint albl e f%lr)ﬁ‘?zeg%arpclﬁ??g.9nrr€8?8élferpd?%%§lg’§?e5’ng{°& ?fgr enti ation ?/nt 0
| i neages. 2 i sspiaeddfic Instruments). The rocker is housed inside an
incubator maintained at 37°C. The culture plates can be
20 rocked continuously for at least 48 hours and up to 14
days.
Every 2 days the plates are removed from the rocking
device, the culture medium is removed, and fresh culture
medium is added to the cells. The culture dishes are then
25 ' returned to the rocking environment. Cells will also
remain in suspension when cultured in suspension culture
dishes (Nunc) without rocking, or when cultured in the
absence of serum, which provides attachment factors. All
‘cells must be cultured at 37°C, in a humidified,
30 controlled gas atmosphere (either 5% CO,, 5% O, and 90% N,
or 5% CO, in air).
Following culture in suspension for up to 11 days,
embryoid bodies are dispensed by mechanical or chemical
means and can be allowed to reattach to tissue culture

35 plates treated with gelatin or matrix, in ES medium.



WO 011 62899 PCTNSO1/ 05252 11 CLAIMS W claim 1. A nethod for producing
primate enbryoid bodies fromcol onies of primte enbryonic stemcells that
ng: renoving the adhering
substrate in clunps; and

conditiogﬁ éEPWﬂhCh the
t

are adhering to a substrate, the method conpri si
col onies of the-.enbryonic stem5 cells fromthe
then incubating the clunps in a contai ner under
clunps are essentially inhibited from attaching
coal esce int oi d bodies. 2. The nethod of
removal stepapﬁggé%hucted in the presence of. an
di sassoci ation of the clunps as clunps frgmthe

met hod of claiml erein_the reppval. ste np
the clunps from mg\é\ga Str ate. ©b. g%’h"éalﬁg?ho%&%?

to the ¢

cl

ner and

enoyme THRREHAL oo

substrate. 3. The nethod of
claim2, wherein the enzyne is dispase. 4.. The nethod of claim1, wherein

the removal step pigpLadll)chedtdd) ehbeydiesemes Qfla el aiit@nagent. 5. The

r

cf

es .mechapi cal |y scraping
SRS WE 1 { he

renoval step is cvetducl? elpyism t he presence of trypsin, calciumand

magnesi um 7. The ngtdediaf of IMibFvdid WBei&d mnhihsi f#fckhel iy skeps conpri ses
agitatin he contalnﬁé. 3. rreLn the 1 ncubation

% t
step is conducted in

T 1 .
LT e5EoRf ARELBOYY LRI (HodO0f o\ ai m 1,

Wher ei n t he i ncublaysoaftsreplatima dndemifédni thet kaiprteawenocé oflls eérumfree
medi um 10. The npkhpdifi phehdlybe. VAANEI Reldd1iREH MBI §ogMbryonic stemcells

are hurman enbryonic ste l1s and the' prinate e
enbryoi d bodi es. me%i‘a’lmgl%éng‘iﬁt- 6@6’%5@’@3 BEFH

ryoi d bodi es are hunman
FoEED 12 11. A primate

enbryoi d body derantédodiesm t hetibothes thatcverienuged are as follows:
10 rabbit anti-bovine GFAP (DAKO), anti-Forse-1l
(Dévelopmental Studies -Hybxidema Bank), anti-bovine MAP-2
(Roche), anti-human NCAM/CD56 (DAKO) and anti-O1
(provided by S.-C. Zhang, University of Wisconsin}. All

primary antibodies are mouse monoclonals except anti-

15 GFAP. Secondary antibodies, FITC-conjugated goat anti-

mouse IgG and biotin-conjugated goat anti-rabbit, as well

as AMCA-conjugated streptavidin were purchased from

Jackson ImmunoResearch.

The Forse-1 antibody recognizes phosphacan, a brain-

20 specific chondroitin sulfate proteoglycan that binds

neural cell adhesion molecules in the embryonic CNS of
both humans and rodents. K. Allendorfer et al., 6 Mol.
And Cell. Neuro. 381-395 (1995); S. Tole et al., 15 J.
Neuro. 957-969 (1995). The 01 antibody identifies pro-
- 25 oligodendrocytes present from day 3 in embryonic mouse

brain cultures. M. Schachner et al.,

8

3 Dev. Biol. 328-

338 (1981); I. Sommer, et al., 83 Dev. Biol. 311-327

(1981).

Within three days of plating, the neural precursors,

30 stained by Forse-1 and 01, were observed. The Forse-1l

antibody stained numerous rounded cells, whereas very

sparse, flattened cells with extensive projections were

stained with the anti-0l antibody.

Neurons and glial were detected, 3 days and later

35 after plating, by positive staining of neural cell



12. The primate enbryoid body of claim1l, wherein the enbryoid body is a
human enbryoi d body. wo oli62sv9 13 2 1 SEP ppp~ PCINS01/05252 13. A
differentiated primate cell derived fromthe enbryoid body of claim1l. 14.
The differentiated primate cell of claim 13, wherein the cell is a hunman
cell. 15. The differentiated primate cell of claim 14, wherein the cell is
a human neural cell. .A& A& A, . A . AF. AaS?. AL. AHf . A. A&&. 2\3’(?354?@‘5%& ,
-DESe&()*,/x&9 =1 Ud
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could be used to derive hematopoietic cells using

LA 2L

15 techniques analogous to those used for mouse in M. Wiles
et al. 111 Development 259-267 (1991). 1In this regard
one could plate the embryoid bodies in serum-containing
medium in the presence of 2 i.u./ml erythropoietin or IL-
3.

20 If cardiac lineages are desired one could use
techniques analogous to T. Doetschman et al., 87 J.
Embry. Exper. Morph. 27-45 (1985). One could plate the
‘bodies in serum-containing medium with no additives.

To develop neural lineages one could plate the

25 embryoid bodies in the presence of 20 ng/ml fibroblast
growth factor plus 20 ng/ml epidermal growth factor.

This is analogous to techniques described in B. Reynolds
et al., 255 Science 5052 (1992).
The present invention thus provides an effective

30 method for making primate embryoid bodies from primate ES
cells. While the above work was focused on rhesus and
human embryonic stem cells (and neural cells derived
therefrom via these embryoid bodies), the techniques
described herein should work broadly for primate

35 embryonic stem cells and other cell types. Further,
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while specific techniques for clump removal have been

discussed, the invention is not limited to those alone.

Rather, other techniques for removing the cells in clumps

from the substrate should work.

5 Thus, the invention is not limited to the specific
embodiments described herein. Rather, the claim should

be looked to in order to judge the full scope of the

invention.
Industrial Applicability
10 The present invention provides a supply of human and

other primate embryoid bodies suitable for research, . - -
medical purposes, and differentiation into lineages.
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cells from

then incubating the clumps in a container under
conditions in which the clumps are essentially inhibited
from attaching to the container and coalesce into
embryoid bodies.

2. The method of claim 1, wherein the removal step
is conducted in the presence of an enzyme that promotes

disassociation of the clumps as clumps from the

substrate.

3. The method of claim 2, wherein the enzyme is
dispase.

4. The method of claim 1, wherein the removal step

is conducted in the presence of a chelating agent.

5. The method of claim 1, wherein the removal step
comprises mechanically scraping the clumps from the
substrate.

6. The method of claim 1, wherein the removal step
is conducted in the presence of trypsin, calcium and
magnesium.

7. The method of claim 1, wherein the incubation
step comprises agitating the container.

8. The method of claim 1, wherein the incubation
step is conducted in a container made of plastic.

9. The method of claim 1, wherein the incubation
step is conducted in the presence of a serum-free medium.
10. The method of claim 1, whereln the primate

embryonic stem cells are human embryonic stem cells and

the primate embryoid bodies are human embryoid bodies.
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12. The primate embryoid body of claim 11, wherein
the embryoid body 1s a human embryoid body.
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14. The differentiated primate cell of claim 13,

wherein the cell is a human cell.

15. The differentiated primate cell of claim 14,

wherein the cell is a human neural cell.



