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the pancreatic lineage. It has been previously shown
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previoiiély deighsratddi thet&gmdelwana‘(ycbftstann cells, including mouse and human

embryonic stem cells, will differentiate spontaneously into cells of many lineages including the
pancreatic lineage. It has been previously shown that such differentiated cells can express the
pancreatic duodenal homeobox 1 (PDX 1) gene, a transcription factor specifying the pancreatic
lineage and can also express the insulin hormone. However, without selective conditions, stem
cells will spontaneously differentiate into a wide variety of different lineages and only a small

proportion of the cells will be differentiated towards any particular lineage. In addition,
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data showi ng QPCR anal ysis of Pdxl transcription.

[ OOBRBIF PE§%MPTE31‘& Ot BigRiSE ER AL MSHEVES (Q3HTIIE R WINGS
[0001i] esul t]ﬁslgo gsaalt gr%ghlcﬂaflus%ra%{)h oF (e 8F tthg ges%ﬁL kr%m the examples below

showing the characteristics of sorted embryoid bodies.

cells.

[00013] Fig. 2 is another graphical presentation of some of the results from the examples
below showing proportions of cells which are positive for PDX1.

[00014] Fig. 3 is another graphical illustration of results illustrating the effect of the use of
FGF10 on PDX1 expression in cell cultures.

[00015] Fig. 4 is another graphical illustration of data showing QPCR analysis of Pdx1
transcription.

[00016] Fig. 5 is a graphical illustration of the results obtained characterizing sorted cells.
[00017] Fig. 6 is a graphical illustration showing the tumorigenic capability of sorted cells.
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tunorigenic capability of sorted cells. -2 WO
wWQR®SHA997D77 PCT/ US2005/ 010766 [00018] Fig. 7PCHUS2005/010766
chart and table showi ng the characteristics of islet
recursors from nurine ES cells sorted using the
[00018knr i cHhgrit isprobed sué sableshomitgthe shigoferisics Aif fikey precursors from

murine i Tl5heR ke AenpaR P LR BRI of

primate and hunman enbryonic stemcells such that the
popul ation of cells is enriched for cells which are

commi tted tOERAIHASRSIRIPAI@N QR dFHINYENEION
di . eatic ld .af her .
o0015F" 5Bl Sl AREHRR b R BB ULl pgimate and

humanenibredrgd stennr cellb sughethatethé pomilatfonpefivell e mtancichqat fog eclistvalrich are
cells. Thr

commiigd fp ¥ eqmggrﬁ‘? p?a} r'r?c%lﬁfgtgg gﬁqgiéﬂafcétegitg a%ﬁﬁc&%ﬁ? el%gggg. elin other words,
the prote s‘?@s‘ﬁ?t@%a BfixRANGH QAL izt AeQARBAINor AR Jepcchiaad 8¢ Bahbatic

e culture. Intotal, the three nethods represent.
progenithecdblss fThreectepirgtesschuimes asalcsaibet dieem eadhof which acts independently

.differentjated cell .cultures r oduced, .f r om hunman
to cnrigh it EPEiag Bhp RIS PIo Y e PGREsEY (R chfiiee Intotal, the three
methodsA@hrebdii theBbsPlech 8N k@B Wh Go FirQE @A EIDHi feedrtited|dkll icBltures

al so taught here that sorting cells to renpve

producgd fiioff eyraan embe@nicetdm sellsyio baygiihe fighest possiblegoatribution of

ntigens, Uusing. netho ' ' .
pancregg{co%xgﬁ%rﬂgor céfésn g% ’1s eltlsso te?lgl{et Ig[%%e Vtggt V\AS%?[%}%&!]% :tésl Fe(t:lléq]\%%hﬁ’ﬁerentlated
cells bpBiidirdt delinsut facehitiPend ueing efaliaizahdtaonmt irvolvedndirgt kyogenous

I mportant _attribute for any cell popul atjon which, i
genes, i effrctive ity thisecollmopslatier i ¢lnBate raiPiiorBAtQn. 2ihighly important
T L
believddShatahisanightnbdthedirtaletrionstationahantkettuinaripehis capdtility of

. differentiated progen intelli t ol.ce of
undiffesentiaéed B celfs qa@?ﬁneé%eef%wg%tﬂmq"ﬁs et BB ol e Gppiscprozeny by
intelli {%@&%ﬁ@leg{i&g%ﬁﬂg pancreatic progenitor cells from

uman enbryonic stemcells, we first differentiate
[000208 rbr y dini anesif enr stehdagd metheds far pogdysintg pangrestiagragenitor cells from

undi fferenti ated E LI.s i.nto suspensi on | tures, ln,. .
humany GRPra R SIReT GIRONF L S s Lo RN BER M oGl iy blkting single
undifférOitRdes bayemessushéddtonbutres Al 8¢ sespenyioh uieds 88 ES cells

(EBs), which resenble pre- inplantation stage enbryos
aggregatechndtipioh tpo dayersd stmttuzesisalied emhbryoishadiast(EEs), avhigheresemble pre-

. t hree enbryonic r.mlayers, : I .
mptn RS o R b S RS B8 0 R embrvonie
germ 18Y4RE, Yidabgeri) @Uolbme ahdéribaérni. OBssell bata sudynaftmerdaMtitggos, early
tissue differentiation events be%_i n at, this . stage &)f@ . .
embryejeig dpdusHEn interpetians dhat premaete diyseettispie diffssgiiationricnisegin at this

i Lan I- [ . ap i N.: i .
s AR Sy AR S i
stage daldadh eshboyvidbadits. sAfter 7-t4days of sasgeatioaiceltaedEBs ere plated onto a tissue

allowed to proliferate_and differentiate further under,
i ot L AlonEE S Aol B e e
culturétjcildglfggc{o%g.t CohiibaRle SATERIOhF s nBRILHIMERhcifRhAI cell types

happens spontaneously at this stage, requiring little further intervention. The appearance of

embryonic endoderm cells giving rise to the pancreatic lineage, however, appears to be more
complex, involving numerous and multifaceted interactions which have been only partially

defined by classical developmental studies.
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[00024] Another attribute of the processes described here is the finding that the

tumorigenic tendency of stem cell cultures can be removed effectively solely by selection. When
injected into immunocompromised mice, ES cells will form teratomas, which are non-malignant
growths or tumors made up of many different tissue types in a poorly organized structure. While

the generation of teratomas is not thought to be life-threatening to the host, the teratomas can be
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. t oided. Here it is
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] 2003). To_ produce EBs, ES cel] nonol ayers. were. . .
immunahshegmygal Hapwg; ED*BGPrﬁP‘PIFF‘)Q@I@]Ié'H?réE’éW Rers i gedptinized tissue culture

dishes for other analyses including quantitative PCR (QPCR). EBs were plated in DMEM-high
glucose medium with 10% FCS in 5% CO,.

[00028] Conditions for the culturing of human ES cells were similar, except that the
undifferentiated cells were maintained on feeder cells in DMEM/F12 medium supplemented with

15 % Serum Replacement (SR), NEAA, L-glutamine, mercaptoethanol and bFGF (4nd/ml).
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ascites rﬂ)ghelempﬁletg dies Hybhidopa Bahlatl/ &rwa&ehlelt@ielpé@ mtRNMEMiwith 10%

res, oy SRR IRH ALk ALAR, BLOIFERD Ry e & o

were lﬂdub@te@ SGBNeCondap dntidbay (ARkA-IHOF 18 %ddféﬁﬁ}aﬂl@lvﬂlnﬂ)%) (Molecular
However, the COPAS instrument, which can be tho

Probespy uBVEEMaNge L JatiCRbe L6 8 a0 <Cernd thassd as hefory. ITar GEIPAS sorting
stamedﬁjg &V@fee'su%é%dg@ﬂl cso(f(? i’?g rgohE 131?1% Iergﬁ-,g@l g%— afid ?2 dl\sj\(gsr] halgé sorted into

san egan

wells cEﬁsmﬁg asetth syppldneenmmiohitin gememecinsort ed into tissue
culture wells, cultured further to allow
[00033&“ ffer%?ﬂulltétl on and anal yzed for expression of

ancre s
om0 AL 4090 SRR P O
using th@hxghbsj |5al 0% SSEASBEB— &pressers showed many more cells (estimated 10 fold)
staining for Y'Y, a marker of early pancreatic cells, than did unsorted cultures containing mainly

SSEA-3 negative EBs. Figure 1 illustrates that the SSEA-3 high cells, sorted by the large particle

cell sorter contained more endoderm transcripts (Sox17 and Pdx1) and indicators of islet
differentiation (NGN3 and insulin(Ins1)) than did SSEA-3 negative or low cells. These results

indicate successful enrichment of the culture for cells of the endoderm and pancreatic lineage.



ascites (Devel opnental Studies Hybridonma Bank, U |Iowa)
diluted 1:50 in DMEMW th 10% FCS, and then rinsed
wowaok/ogr920- 50 fol d excess of cold DVEM wi t h 10P6€TFCTR005/010766
Next, the EBs were incubated with secondary anti body
(Alexa fluor 488 goat anti-rat IgM (1:1000) (Ml ecular
[00035Pr obey )Trpatnmmf differendatiposlls gyith mediym supplewentrd with FGF10.

N TR
necess&@ @oﬁ%ﬁﬁﬂdé@l@méﬁﬁbf the ?&ﬁﬁré&s%ﬂ%a@&dﬂt B?})ﬁd}‘ﬂ(ﬁit@’ﬁiﬁﬁi&fﬁtlon of

wth gentanmycin. [00033] Results: After
early paoreatic dmequator sglls @thushang efls 280a) 9 15 graresspd i the mesenchyme

sl W AIEE 1 S ARD RO, il
explorelfbe feffect)of tlsik grdwnhg‘ad‘tmr onvdiffeeentiatidrest B$ cahclljures.

1000378 o arCah koA mSRBRIem e TG GBI F gur e 1

[0003s;|' | ustyRtEss &/E‘&tdebaspe‘&sa%ﬁde%rmea*&b&% b 1§@Hfoﬁqaw ih PMEM-High

arge particle cel sorter contai ned rmre endoder m
glucos¢ withd604 BES. [Swoxdeps ia’ocr thibanpdiamdwasigpbacdby DMEMsHigh glucose with

ifferentiati.on in(ln i d :
1% FCSapiR fon RrnitesOpoPi a0y Sedeenpabhs FEHp S espeyed daily for
5-19 adilifesifa$ 85%' uil'thé BERHre SlalyAR@ f6ruddnereatié flarle®d bpirhuhduorescence
endoder m and pancreatic |1neage. -6 WO 2005/ 097977
and/or pEMtitEPEIRIR 1eHesls (RBOBIS] 2: Treatnent of
[mNB9i'ffeﬁfnt ating cells with nmedi um suppl enented with
GFl O 036] Fi broblast growh factor 10 (FGF10)

[0004(?‘ as beginl sﬁ@@f the desuRingfRiokdst &t ahd QP QRO remmsiﬁ@gtﬁﬁcant
or norna devel gpnent of the pancreas and_ may ac

enhanosmmﬁ X @zsplieﬁ%%rmrﬁaaﬁ proggiterspdabled frelew &W@B?rtmg
QPCR?% 2 1%%1%%%%%{5 Ond 85 Bl | o (]:?th of Dt ﬁ'ahs%n S 9%&q4'dgys after

surrou e‘ear Crea
platmge@é ¢digpdredidspectivelyeo antdedied@ilse Simﬂmiy thdre was a décfodiianhcrease of

explore the effect, of this h factor o
insulingTpGHEnbY idafﬁ Stor patg ePTEHRA LS G4l s grevp & he@gpange af FGF10.
FGF10 ﬁbegﬁgé U&T} t féést@dr%/rﬁ%@eff@&%sﬂgﬁ@ﬁ il&Bfrates an

vel ope as 7

wer e escri bed above and pl ated on day
increased nMM of gftls S‘glinmg)ﬁ!f RRXh(2110% fé@noﬂ'ﬁb@ﬁdlay%da}awmh in FGF10

supple@g[n)tse Tediam ﬁ]&r ﬁ#}ﬂg(s: g%)p%ét}r}%@ggl%ta %@gcﬁﬂﬁls%%tes QP%I@ data

exlnbﬂ‘iq?érﬂmﬁdzé@l%dfc@fﬂaﬁsd@% al BIIBHENN GTH1Y thdated detl l:@ltures Relatlve to

di ti onal g until the cells are analyzed
undiffqyentiatasbhuncami keltss differentiatedsterivatives cspesed tehQ) ng/rml FGF10 exhibited

70 fol anzﬂfﬁx{-]xt Ly Pwkhﬁ%%@%fec‘[‘g%%&e 5}5 (%‘ﬂn %%w&ngflls were

exposddas tige F@Fﬁﬁirﬁtﬂe phadedBlldviagHB ctﬁﬁiﬁ@nCerTEﬂt of PDX1
expressi ng pancreatic progenitors. Table 1 bel ow shows

supporting QPCR data indicating a 5 and 2.5 fold
enrichment of pdxl transcripts at 7 and 14 days after




plating, as conpared respectively to untreated cells.
Simlarly, there was a 2.5 fold increase of insulin

W e@seedrpts by 14 days after plating conpar edP€DUSEDH/610766
grown in the absence of FGF10. FGF10 used at a
conrggatdict rolivead uadifdreasled DB s ¢dils weisy efdimatb veal-
Fi gieee@R il lustrates an increased nunber of cells
staining for PDX1 (2 to 3 fold nore) after 12 days

Weige exposefhgt o t 15@'05@1@2% e phasvae folzla@w ng &3

usEElmg-mE{:tﬂ)aﬂmlhrIoaiﬁ:chﬁ ri glals it digpensiPCR=Ey OAlyeldling®X | 0E0ng Ol pd
| APESduE Peyerpasi ngebeyarg repaigd gs the mpangihrgiechg gl reeales 13, 00
2.38 14.12 -2.66 EBB+, EB, _1.11 294.75 7 21 83.48
1.60 15,17 1.71 ,+r FGFI O EB7+14 1.11 256.59 12.52

[0004140. 13 3 lﬁﬁ'l&ﬁﬂ&ﬂ& ﬁcreﬁﬁzgl&'ﬁ%&eﬁs 4fld 33ductdir ik tddatogenicity
10,41 2.49 -0. 5.11 EB++ 1 1.09 1024.00 739. 29

using mg!qtusAeevgsdﬂlelllSomng@MAQS) sepayationy 73 170. 86 -8, 24

[0004ZA 19 3 q’re&lmgﬁﬁ,s Z hz§s4bee§ sﬁgxﬁn gﬁp%§ iy gx?q g%\q? E)Y}ﬁeésthﬁﬂ%reatm

pensi

duoderﬁﬂﬁﬁdﬁemlf’lﬂ}{l WBMubﬂseﬂmm pamm&,‘ac mmhxqstmmrfectbe plb list v reported
s the nean of three technjcal

a t 0Q041] 3:. ...
here tHGHES AT R 1ccl AU EHTECP DI b ST G 6 Tes s ARG FcopigHtin the
5 cl By MLl 5 DO P 0 O g e
surfachaeizes hapihelidi atll EShesin mpleage (E/p@éfM)eéﬁﬂuid‘\tbe paxjrmtg alf EpCAM

an essenti

duod | PDX F
expresRA ErIBaY P HEBh SFH Pl 954RT BPX1reor Soe e Tty pasgrpressed
EpCA?f3 & ﬁéﬁn‘cgsnféﬁ& brdRrdiNgdene *ﬂe?r Wt 88 AttuXihcWRir®: neural and

tor de’in discrete 1oci within the ES cell
mesendhl}fnﬁad celts, idat nadstagw far Hp§AMndhgreftrecve regsoned that by selecting for

eocASERLEH 5 5 b R G e b
positiviitell® HbReVER] ihd WndaffereREAdd ES cells and visceral yolk sac (VYS) cells also
co-stained for EpCAM. The strategy devised was to first remove undifferentiated ES cells, based
on their exclusive expression of the cell surface antigen SSEA-1 (in mouse ES cells) and
SSEA3/4 (in human ES cells). Then the VYS cells were removed, based on their exclusive
expression of SSEA-3 in mouse cultures and SSEA-1 in human cultures. Finally, an endoderm
population expressing EpCAM was selectively isolated using a positive selection for EpCAM
positive cells. The MACS method used is based on attaching magnetic beads to a secondary
antibody, and then passing the cells through a separation column that is placed in a strong
permanent magnet. The magnetically labeled cells were retained in the column and separated
from the unlabeled cells, which pass through. After removing the column from the magnetic
field, the retained fraction was eluted. Both negative and positive selection strategies are

possible, depending on whether one keeps the retained cells or the pass-through cells.



expressing cells were PDX1 negative, all of the
PDX1- expressing cells al so co-expressed EpCAM
w@e@aiodiocant | y, many of the other cell types wWeTiUs2005/010766
t hese cultures, including neural and nesenchyna
cells, did not stain for EpCAM Therefore, we reasoned
[000431 hat Hyleé\éA@StSepgratlon Prctp@Aiig @dcstalﬂackmot@@pll dgscriheddaeltyy, outlining

th eSS SRRl B bRoBRIRLO i Lol BBl BReflp Lfmms s
SSEA1ERdGRéd SSEAS pmrﬁ@emibouf&yto&aﬁo{zwsma atYS$cdlss and ﬁnally a third

co-stai ned for CAM The strategy devi sed was
positive pelymnselegtien i@ﬁ&ﬁrﬂﬂﬂ@ﬁﬂ%&l% Fx ffd]s‘é@tur??nthe three

separat%%eé%a&e%?% é'iﬁ’lll\éf S?é%rt o nﬁr(g{ dééﬁ@g%%@éc&%tf i @ fi S@ﬁl\é@?fb remove

undlffe@@itiafeh huﬂihtﬁrESt MIS\/ftSBoweﬂ Iby rm«n@l &N Seak]ls basSeSdEAdmegatlve
ir exclusive expression of SSEA-3 in nouse

SeleCtl% Iaﬂ‘élﬂ’@g byile EREAM DOSIYR SRESUERFERr es. Finally, an

4§ndod Qﬁbﬁ’ ppiessi ng EpCAM was sel ectively
[0004 ?sol at glcu& r oglrﬁ)sve sel ection for EpCAM

[00045posi t iGedl Rzebzirstloanme FMthtSdnﬂsmn i's based on

ooose TG, FRANELLS PR 0, BEFERSEY, STLBRS cHon e

incubatel @he fglﬁte@ lf&q%%irﬂnq Sl 2REM PO RBE RkpifRe e EDL. We then added
magnet | cal | a eled cells were retained in the col

1.5 ml @rﬁﬁ%ﬁpmlafceé min; 371 €hllowedberddingd i DMEM{HEA’& +10% FCS

hro fter r I N h
and e BER bl SRRSO PO ¢ B ARESE! bt of
10-15 & dTE@@élfS'vVe@e afh enictNheduph e |86 fidlefint®@S6 ntlltébe and re- ﬁltered
dependi ng on whet her one keeps the retained cells or

with 20 hm Nissfiltérr dihgHiloatelves dildted0:3odB/Tpdwding Blue (TB) and the cells were

countop(3R BEb S8 S WerEP) Sl BRI B0 el i Hod Nty and contrifuged the
tubes 1%§1181§ig]1 ngﬁg]{‘%e for 33 gﬂ%‘ég I#gec‘i,v‘% ?&upﬂe @c?éacil‘(ﬂ 1195‘1}1%0 ul

mo né Ve se |on col ums

DMEI@@@QESMQOWMS S&Ee;ﬁntgrssmm @ﬂbb@}oﬂkﬁﬁizuﬁa@edrlﬁﬂeﬂgeﬁﬁon (4-8° C)
and VYS cells, and final athird positive colu rgw
for 15 g@neTheoh il @pf@w@@@@ 181% FESrwan AdglRd pes tulg fnd centrifuged 3

min, 2fubt '1‘;1181? f etsnf%rhgkhﬁtf\g% Wm%%cﬁt AcdS V\%'réT}ésﬁ‘srpended in 160

excep selectionis wt

nl DMENEAGIPES 0 10%m$tubléraddf4f)€pﬂ eattantitrechish mngME@eueluesds were added to
foll owed by renoval of VYS cells by SSEAL ne%atlve

each tihs) dis wixtirarerspizad piplland imybates Hb@m%l gtt()dar 15 min. To

t1inQ
uis w3l R4 71000 AR S 8B4k g or 3 i
21°C. pme:a@unﬁtahe@ammmd compleangly.3 TRE Bachl peetletswisBesyspemdeltin 0.5 ml

cold dagasiedi DUEMEBER AR wides bp 88 tibabemrid TYRMRATERES 4 10% FCs
was degggﬁe?é’or(l)l. (%’ﬁlrﬁ &t%ﬁﬁlﬁ&(f&fuuﬁl HBwed Y cﬁill1r§é3t.|hle WREArLY

PES + 10% FCS® and Tesuspendi ng
[0004Tel | s Emtﬁ\lagauw&ﬂbrﬁwnadded addi ti onal DVEM + 10% FCS
t ot al . 10-15 The

0 mak re then
(00043, ter Boubieinis. G instiere: (e mahch et G 54 i apdgne LD
columh Svakipldcll BFmagnet with collection tube underneath. Each column was thoroughly
washed, by applying 2 ml of cold degassed DMEM/HEPES with 10% FCS and letting the

medium run through each column. The medium was transferred to sterile 15 ml collection tube

in ice. Then cells were added to medium followed by adding 1 ml cells to LD column and

collecting the effluent. We then washed the column with 2x1 ml degassed medium and collected



with 20 mNitex filter. The filtrate was diluted 1:5
with Toluidine Blue (TB) and the cells were counted

w@ 2®s50971501 + 501 TB). We added 2 x 107 cel | BCT/OSD03&10766
m tubes and centrifuged the tubes in clinical

centrifuge for 3 mn, speed #5. W then resuspended
total effaait apéid depldter frgnion. VDMENH HEREGH Omi%enwct@&tad fieayl:10 to

count (fgpl iéodﬂ POnm%# %w%&ed@lﬁ}g%}%fég er.at é/be_Q:SA' 8 Q)
[0004920'0'60' RS Pk alﬁ{%réswx{d'lﬁ 69 Sepdhtihn 210 C. Then the
uper Was Cco enove e cells were

[00050] es us pﬁelitgmth aficellGoml thE)[yE\ddﬂE@E&e&unb&%rE@&penm iaddO&@O ul
rat anti - nous neti c beads were adde

DMEN&(Hc,HPEtSub OPTRIS ST Gir el  pibeulevded 40 Hh o Jnat TG

fr for. 15 mn.
magneliEintels K)o AR ebehion s ffeed B M4 BrelBRegin,
refrigef@@Bh (4-8U @) Rt 150hin3 THeR 5 mPOMEM/HIPEES $10r% FCHWasaRled and the
renmoved conpl etely, The each pellet was resuspended in

mixturg cantrifuged §orcB mrgaé SEdfobivmmen h&rvgsoval p@%eﬁagemwmo@_um letely. The

this, about R gassed
pellet W%srreilﬁp?ﬁl edé? ﬁﬁ%’a\%&‘% owed E) Ting the
[000511 XthS%coﬁ@N@éeZive@eb@rhﬁbi@@Iume Sel ection [00048] To

are the instrument the nagnet was ched .to the
(0005231 and Ehsseeond 1L coRgMLivAs Washed by GeRving %@3 Egold;degassed

DMEI\}[:\AlgiSE]hﬁ% 1 Qﬁ%tlkt‘?? §1;[H]ngﬁg{é§rf{'%#th}§g]%§. gﬂ% ggggg@%ag Prgﬁé?é&gé%i 16 sterile 15

ml collettidh ﬂlﬁ%ﬂzﬁi&; ﬁheh wetappliegl thi eellsnie dhaibDreolumrarsleiileetad ithe effluent.

We Waggclpqu@ pp&%}%\gﬁgbg q‘ﬁnvfcfeggsrsgﬂﬁ r ed J ; t%rgiﬁllaee@%a? g%uent as the
A Qe

depletégﬁéﬁ ik gﬁﬂdw?r%élt At d%atea amg dﬁﬁjcehsl 4 tdqlpph@m 80'fll TB. The

ecting t en washed the colum
mixturéiwiald tl%nlceﬁtnfd@jiaﬁasﬁmmpm lﬁn and collected -9 WO
2005/ 097?77 PCT/ 205/ 01766 tot al effluent as the
[00053de}ol et el Prepatajign, forgyo 4a8%d 10 | cells and
il ut T,
100054l gl %3%%& 1 BBkt ghentcpy o7
DMENGEIEPHY eataFC® noﬁtamuﬁ,eamnﬂp@hgmnubedﬁapramubamd in refrigeration (4-

5 C) ik Smths b BB Ao mhentd DABGRFIREERS £U%3gRiPes e Combination

was ceiigr%é ofify glsﬁjﬁgﬁ%t Sltll?él%leeﬁt R59Reh 4046l ceHQWere resuspended in 80-

(1 =T at (20U107 cells). This
160ul D(MTEWHEPEI WES/6 FCSed wigth wamaklded@()bﬁ)t }dcgoahantl-rat IgG magnetic

f t 4-8 Q) f
e A e 05t U B2 i o
we adci?édrg ﬁ[l.ld %_e_é%l\gfl? ‘S’eldl@% FEeguMg EerRﬁfug@@ 3§Mﬁeﬁ vat, efﬂﬁowed by

pel'l et was resuspended in 1’ co
removailecg’ahs mj)eﬁlﬂ&ﬂt @My 1DBe G&B.WQr@%B&jen&bmridmNe@dtdﬁ%SGd

i Q mm [ 00052] The second LD col unmm was
DME FS)}%?&/Cﬁ: ing 2 M of cold degassed
[00055] Positive Separation Column
[00056] We first washed the LS column by applying 3 ml cold degassed DMEM/HEPES +

10% FCS and letting it run through. The medium was transferred to 15 ml collection tube. We
applied the cells to LS column and collected the effluent. We washed the column with 3 x3 ml
DMEM/HEPES + 10% FCS and let the entire 3 ml pass through before adding more. The LS
column was removed and placed in a sterile 15 ml centrifuge tube. To the column we added 5 ml
DMEM/HEPES + 10% FCS and firmly flushed out the attached, positive fraction using plunger

supplied with the column. The cells were centrifuged for 3 min, 21° C and resuspended in 1-2 ml
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DMEM HEPES + 10% FCS and letting it run through. The
medi um was transferred to sterile 15 m collection

WO owe/0971971 ce. Then we applied the cells to thePd@DUS2005/010766
colum and collected the effluent. W washed the

colum with .2x 1 m degassed nedium and col |l ected the
MES/HHERERN medifinre gentamy@lhe Wea@pn eederniadzcesllountiorecalleried cells and

aiuted 5 S I i A0 et e o 172,00 s o 2 Pl pges

[00057f [ OQ@é%hns‘&iy d1RIt©ﬁ§lbv@fd @rofiews:Posi ti ve Separation
00054] The pellet fromthe previous 8@rocedure was

[00058t esus ﬂ@ndeghﬁefn sgloctian: SSEABHARES 1 ta 890 KR dibir BPAURGS ascites-

anc 9@1 S SRR AERP g T 1 B ko
}—{EF FCS and th nmbi nat
500 HEgentr gedT%ﬁ%}l ZlgnC Tﬁecgupe:}ﬁalt gﬂt vvas renoved.

[00059T e Celdr povitive sdledisap@pdadvi MdAQ pIl6000 DIVENM AERESH-bf 1:50 to
10% FCS to which was added 20-40 | goat anti-rat 19gG
dilute nsiorkeefl WO tgfedito 10ngmlonbi nati on was mi xed wel | and

ncub d f t :
oooso oo il o G Rl (O Glel il B IRES ol
strateg? Wl dlenhdhcdd fol @hddA8RA ahy paricesie dineies | QBCRLanelye@tmé performed
conpletely. The cells were resuspended in

on cellglimasdiettly folpnipErEtng andmsrdtr 4 Gos Ségrof“ﬁ% in P%EM *+15% SR and
FGFlO%%B%r at | 8aya§%%1 qnng g&gjﬁ‘@ tn¥|\g %i‘tflg‘lten%%én en Eégggreitlc

differeA@3dnG? pasidsoret tckgwid achisved by @nghmg'heltuu'esitmnd&ibns representing

a modiiemiian aing BssrlnRressa e BienBaaheoiacp] g Emepd i : al, (2001),
conswt‘ﬁ%&fadlkdtaprﬁgee‘f Qﬁ%f@te HMMEXBFT mePMaM- iR BIANTECSeta-

ent | m pass through before addi ng
merca;ftﬁéthanoTJNEA& Ie glhtarmncwmcoﬂaamubdemdlrm arckldGF A 0 Post-sorted cells

were ferti anghygnt PERECR Andgb st 35 ory i Gty B Gt sort day

25, F1%&éﬁfhed positive fraction using plunger suppli ed
the columm. The cells were centrifuged for 3

[00061]1 C afdtastwhstbertiiegorting strategy redmcpsmammmvaﬂer growth of ES

el N YR R —

ES celﬂﬂér‘ﬁe%d:ell@ 8r &ﬁ'fekéiltl&ﬁea Réshity soBed BSecetigirbgenyeint® ipinaimdeficient
X 105 cells/well in 24 well pl at es. 00057] The
(N ODﬁ&ﬁID;) @dye d&aﬂed@n@b@@@ cgl;l,s w@]ep@@gted P@@ﬁ; repalccapsule or

b SAGM yLBEY EionTE 3 M lh 700  yS enamcos

tumorssﬁglféﬂeasﬁbd ABryl 3 d4ys 241 Histblogdlivay perfdrnted an didheysefanjected
stock of 500 g/m to a final of 10 g/m . [00059] For
anlmabosnlve selection: EpCAM Add 2 | to 100 | for a

[0006ﬂ' [ uti ﬁ@mﬁi s 1:50 to
[00063] Figure 4 and Figure 7 show enrichment of PDX1-expressing cells in sorted

populations as assayed by QPCR. In Figure 4, mouse ES cells were cultured to different stages
as indicated on the x-axis and then sorted for EpCAM-+ cells as noted above. Pdx/ gene
expression was assessed by QPCR and compared to undifferentiated ES cells (column 1 and
normalized to 1.0 fold). All data are also normalized to GAPDH control levels and data points
represent biological duplicate or triplicate samples. These data show that without sorting, pdxI
transcripts increase only slightly over time as the cells differentiate in culture and eventually

pdxl] expression plateaus, indicating the absence of further relative increase in pdx1 transcription
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dilute a stock of 500 g/m to 10 g/m . [00060] To test
whet her EpCAMF+ cells (-98% pure) sel ected by the MACS
W@ 005i097977 st r at egy were enhanced for endoder m BemMUS2005/010766
pancreatic |ineages, QPCR anal yses were perforned on
cells imedi ately followi ng sorting and also after 4
in later(saigs culturgs. ol ¢pnimastDMINI trans Gipls SRtiake to soEIElate oEqr time in

ercaniFg, St SR8l gon o B g et o pst s

expresi@béonstré B Gl ffereM@ieBES cellesdhyd-S bldctioment dbtnfpefed to
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was Tikgi5oRus tomlpfe@@ﬁg SBRssALe Pk hiS SRR aiT RPISCR in feyum free

mediufh 3PP { &8s éﬁ]? 3 1# gé;}fs (H%gg éo@%@? aE &St Sin(thohiembdd résﬂﬂed ina

nor ma data are al so normali zed
dramaﬁ@déé@@@b—hmthntexpﬂesdiew ef endaffictentited geomreel markess éQei), indicating
i cal .dupl.ic te_sa These
commigisd g neatafion RS LA SRy FRALRpFRatF 25 gl fation of
endodé?ﬁf Yasthiodthé Yedt¥@dn fnl SR 1a%rahbiiptioh! Sidikdebedly,ivaé ebsefved a
cul'ture and eventually pdxl expression plateaus,
consistenthindzsi gnifjcant éncagase m:téne develsafiprBerenti markgeeenecpEssEon Pdxl, YY

and In.E;%rzi) Ugﬂg fl@ﬁ?fg\gtgren 1 ctogéq gﬁé Ogﬁ lg r%dr tehelr nl'lorphology in a striking

way, c681Bcidsdnd Fxially %ﬁiﬁﬁg fubgleclilid dridet-like @artred. abeerall,eompared to
time in EpCAMt cells. Uti rmteliqtlO sorted cells
1

unsortetbemissthe sewing sshmme pgl epliars pretosehio ipducsdintheyexpansion and
dlffereﬁf( %{ foreh d)ﬂﬂ:dcig ‘Mc? sE nfé%@i‘efg gf‘éaﬁfsa{sec%llggnce%{lhﬁteﬁqg -Ffold from

enri
0.07 % of the total populat1on to 0. 9% of the total population. Furthermore, it is estimated that

the protocol can successfully produce a 50- fold increase in insulin expressing cells. Such
changes in gene expression and morphology mirror many of the cellular and molecular changes
that occur in the embryo during pancreaticogenesis.

[00065] Based on the significant reduction in Oct4 expression, we hypothesized that
EpCAM+ cells would be less likely to form teratomas. Therefore, we designed an experiment to

test this hypothesis. First, we transplanted 0.5 x 10° undifferentiated murine ES cells or unsorted
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unsorted cells. Figure 7 shows the results of another
sorting experinent which denonstrates a significant

WO pseeree7 i n endoder m mar kers Sox17, and reduck¢DOS1005/010766
Cct 4, an undifferentiated stem cell narker, over
time that is enhanced using this sortlng strateg

populatignsiof differentiassdimusine BS cells umscikidrnytcapswe pf sm%%odeﬁcwnt 8

e o BSERASEIDTAL Kyl A YRS OB AR i
developedr goglypeieibld uumwé t Inr contredd) animala $njectad evathedds al:lOQ/ SSEAI negative,

cont ai ni n‘? 15%6R (serum.r gol acec{ggﬁ and FGF10 f g
SSEAZngpative: apd e d M positiyp eelisaliq Bpt deNclgn drpiokg F1BY %%ﬁféy or
mstologﬂccalgpé()t S Ea 11'ﬁaf§?r by J{efo‘?ce ME S%i‘t@@ BLIR dY A generate teratomas when
exendi n4, an . Figure™
injected and:em sher latlnsy ¢dpatle i 1mmdncbc‘feﬁmnt mateL dngype 6tsbowb amiher experiment

in whidhgls St FPenERareteer BHA cERROREr A ud PG B contol

cell pofimaﬂicﬁf @@EAqt K E£3-ShinPBSORNLREed S Sopubfivnt bed@btatmined growth for
as sh ovvn in a previ ous excgerlment sortln

up to 1oemqks slnj the alts:ngmwsdamtloenmn fierentiated Ep¢grll 1ra-malate¢ into the mice

transcr | Qst - SO
rapis R kP el b e EREH bikoclls G iy ormed
tumorsdFigdd6 Y. hfottastlE aneiffdréhtDRMES ¢dlle Ials@rgenéﬂalm form teratomas in
(post-sort day 4 vs. post-sort dayO Th| S
immungceoBHAStant éucquaﬁt o} S Sirikingy + digfepntiaisr cells that had
been p%légglgl{yts:ggtgé lgﬁ} It}getatl}ﬁgeﬁ t%%%ﬂja‘%ﬁgg ?aﬁfégcf% T&g‘luﬁlﬂ%ogg ﬁi igllk 6). Stable
nodulep IIeQb tHa@ Bahinoin. s1leIbﬁﬁ<€ﬂJﬁrﬁll casdstaf I%CO’EM% fsoﬂeda(xq:ihmmtions remaining

popul ation in serumfree nediumfor u
unchaltgawp (40 Wegks afﬁﬁg)ln%%ﬂ%ﬂﬁm FRtlgeeH b afﬁ‘if‘dé fidsSndwed a
prevalén%g ld#“ %ﬁﬂdﬁlgr ﬁrucg,[r ere"ﬁagdérﬂl &e'i‘i%aﬁ%@r 32 ntiple varied
erenti ate ste markers (Cct 4), indicating

derivaifasmwif bthed gelinf fagems rnyplaallyoseemfn Mrammzﬁsewenmoapmdersm the nodules.
I1s.. In addgﬁgon re was . a maturati

Althougﬁégraeéir ci;ﬁll ppulagiogs d{dhtg) lf‘érﬁh@fﬁt%‘ﬂaﬁ VB0, cc—%i;s surv1ved and proliferated in

vitro uh&&@?@dlﬁ@&bﬂlf‘ﬂorﬁ' At FRASR U ¥pplioBtiSh sRfivRihgahat death or apoptosis of
consistent and significant increase in the |evels of

the sorpmlrpnpahttlpn waamkethegeasen éoqda@is(sf tenatonmafermation. 1 algo indicates that

diff
condltlcggfs ch egf)%rgpélooef[th% f:?elf’sre% P’Igﬁ 3}6&'31? 8%\7?8 %ﬂﬁfg stulnﬁﬁéneously reducing

the turﬁ&ageﬁ wtwsﬁuﬁ@wabépmz&mm ng tubul e- Ilke or
duct-li ke structures. Overall, conmpared to, .unsorte

[0006Qel | s, All Ioé theghreempetBedniogiesiseitad Aboye éesléli%f% Bdpprepging e proportion

of cellh 89&%&1 tfoué’nhgc?é’rmeﬁﬂacﬁé P%ﬂ:r?aﬁg llng%% of 100 Mitid Fﬂﬂlﬂ@r%ﬂjuét@&j stem cell
ncreas ursors cel

cultureds Th patiedlad Zhe MA'ﬂJSi sérhﬁglstrﬁe@?b&ﬁh efhdnbed pacadatic differentiation and

popul ation to 0.9% of the total population.,
reduced fymprgenirity, of differengiaed Stcel derhanves RIFRHBE EIsiah
undlfférgﬁt‘fa%ééﬁg obiXs, lﬁgu% %Nplg% sithdl i1 BEERABEy 1R NARW doting scheme, in
ressi ng ceI anges I n gene ‘expression and
addltlomb gnlmhdngg thid abribity toengictofor ehéodeah land pancxeaticrivicegas) ave less
changes, that oc th r. uring. o .. .
tamorig gy B IOBgR A Tte {oB BB BREL DRt gppfisaiops s is believed

to be tﬁ@ﬁf&@ Hérﬁ@nétﬁu@? Bﬂre%ﬁ@é@&séllﬁﬁnatwuﬁi(&fgeﬁﬁsda 84ty f0AES cell progeny
EpCAl I's woul | ess |keytoformteratorms

that doeh ap*emoler@ tlmnueémcgmd)f grogenpey gemesinte the Eeedllst hi s
hypot hesis. First, we transplanted 0.5 x 106
undi fferentiated murine ES cells or unsorted -12
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WO 2005/ 097977 PCT/ US2005/ 010766 popul ati ons of
differentiated nmurine ES cells under the kidney
weapsd®7of | mmunodeficient 8 week-old NOD SGrOI/OE65/010766
Ki dneys were harvested 3 weeks after injection. Al
such aninals devel oped grossly visible tunors. In
contrast, animals i nj(éleét%di AIMS x 106 SSEA1
ive, SSEA3 negative, and EpCAM positive cells
UVVECE#%ﬁ%ot devel op teratonmas either grossly or
hi stologically (0 of 5 animals). Therefore,
MACS-sorted cells do not generate teratg
ilnj ectfeiciheddp cnrch %?@Wé‘%/ @hyed droa ptemy Q?Hﬁnﬁﬁd’glF ef efederm and
riment in which
pancreag}cclfns?a%\é ?%eg%u({l %)t@g{étae gegﬁsl y. This experi ment
@h&ﬁhﬁgmd:m @elts mtmmbe"bmmmhro@ lembeylid bodipslaadi on,
SSEAl-, SSEA3-, q) IE:I O%M sorted, celﬁ g u 1
A TG IR Pig POTES 1 GBI o HE Fgied apBroprdte e
= i68khich do not express
st R D R R arich donot
cell sutfareatapempedifid Gntigen, fondidferhinfifidoreintd endedersn pndppnsegatig cells.
also readily fornmed tunors (Figure 6). Inportantly,
undi fferentiated ES cells also generally form
ter at NBRtHIA asiclHBE £ S1BRET SMerdth G s(ahatélls @t htmanvembryonic stem
Strikingly, EpCAM+ differentiated cells that had been
cells anst theispessdsyapproprists suyfaghantionn éscstageAgecitie eRPBERAIG #tissar1-
to formtunors (Figure 6). Stable nodules less than 3
mmin size formed in all cases of EpCAMt sorted cell
19)] eCtA efithod RIkiifhicd gn cldine D dngied cumptising Geleatirigsagainstthe
i nocul ati on. Hi stol ogi cal analysis of the nodul e%E AM
expressi WA i aF it bR 2hGRIsh Aol A (BpCAM),
suggestive of endoderm derivatives. The multiple
varied derivatives of other germlayers typically
seen i A nidhidal sreisimetie clanh 3priesenthe selacting moptufosmed by magnetic
Al't hough sorted cell populations did not form
activated el 89H8E-i n vi vo, cells survived and proliferated in
vitro under specific conditions identified in this
application, indicating that death or apoptosis of
the s oAtmazdhcpbmﬂnarbh amuvm degved fremrhwaporenthyyonig slempgells into cells

teratoma fornmatj. al s ndi cat.es ondi ti ons
of endpdgrmeand nIueTsAIGH netaﬁ%s‘ i‘lﬂ rflgt%f’?l\ COPPE, g\?esz&i?ee% devi sed
V‘ﬁ.{ljcu‘?in WMok %ﬁﬁ%}#}ﬁé’ stERdend diker tHRlifi buxorhige perghit theatem cells to

uIt| ng ce popul ations. [000661 Al of the
begin dififeeantingoyaud| ogl es recited above resulted in

Ieﬁllr}f{(i% eﬁ? gfégh Iﬁétrs{e cel :{ Iltﬁ.géa\lv@h ?P%o%?%sﬁﬁoit\xgp Fz;/ctor 10 (FGF10).
undi fferenti at ed stem cel I cultures. In particular,

the MACS sorting strate bot h enhance ncr eat%c ) ;
déf f er Armethed @ﬁhc aimepd m@gﬁh@ tﬁ? stgps o selecting against

difhere | 41 5K selecting for th
A i
expresidfi dfiephdlRl tell sefaee botibdnyEpCAMACS sortl ng schene, in

addition to providing the ability to enrich for

endoderm and pancreatic |ineages, are |ess

t ’I7'.m).r ' %erﬂétﬁod A0 AR th ¥im® WhirbiitRe §éléct§1‘g3§‘béi%rmed by magnetic

clinical therapeutic applications. This is believed
activated deH soitiagf i r st denonstration or reduced or elimnated

tunorigenic capacity for ES cell progeny that does

not involve the introduction of exogenous genes into
the ES cells.
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-13 WD 2005/ 097977 PCT/ US2005/ 010766 CLAI M OR CLAI M5
I/WE CLAIM 1. A nethod to enrich a culture derived

wo csgtoem cel s for cells of endoderm and paPCT/E82008010766
| i neages, the nethod conprising the steps of culturing
stemcells into the formation of enbryoid bodi es; and

s@| ectArmget%ﬁ@g;nélﬁb pysltareisistvedstrowysterh eelisdpioesils 9f crgoderm and
face stage-specific
pancreé?rg}u;%%gé ?Ee% It% éfrn?hgng%é St?lﬁse%r ferrbr yoi d bodi es which
denltnaihg etepr edls undﬁi donélﬁbﬁawm(ﬁt;ﬁgﬁrt sipegérhicellatot begandifferentiation;
for differentiation into endoderm and pancreatic
cells. 2. Anmethod as clainmed in claim1 wherein the
S§e‘?é&iﬁ§ tleSstcth Bell %?[hcﬁ'g? E)‘(ﬂ'@ésfon%ﬁ'ﬁge%ﬁéélﬁc af: #oﬁﬁz a,ntlgen-
speci es appropriate surface antigenis stage s
(SSE e i}y fardadketoa nXprgmmof stageApeafit entbgoni a:-l]tllgElﬂ-3l (SSEAa?o)nmﬁi for
furt i ng sel ecti inst the expression
expfesélf’%g@lﬂf iahGe lfs%li‘ t&?ﬁﬂﬂ@@ -of epithelial cell
surface antigen (EpCANb 4. A method as clained in
claim3 wherein the selecting is perfornmed by nagnetic
a%t i vabaaetbed ¢s daimednig clan 8avimseindhe sebecsioniicperfpormed by magnetic
e..derived from human enbryonic stemcells into
vam@é %gsm%?gendodern1and pancreatic |ineages, the nethod
conprising the steps of culturing human enbryonic stem
cells under conditions which permit the stemcells tq
by n Airegthodas ¢laimedrn claig %%lﬁﬁ?@ﬁ%%tﬁmgeﬂﬁ aredygiapsribEyonic stem
stemcell culture with fibroblast growth factor 10
(FGF10). 6. A nethod as clainmed in claim5 further
corrpri sing the steps of selecting against the

IDr oS on Y gélp'@étlp ﬁgl et Qq%@m%g %?}tégégg exprtﬁes sstlerg%ells which
perm1t§ @l‘lé #&h 'c &%eg nsdiffgl%ﬁaﬁt?dﬂ 1h91ﬁﬂes(c%@t§ﬁ% the’sterf BB 3 courage the

alnre a|m erein the selecting Is
formamwﬁmmt&gtoﬁ;bodwgnetl c activated cell sorting. -14 WO
2005/ 097977 PCT/ US2005/ 010766 8. A nethod to enrich a
culture derived fromstemcells into cells of endoderm
apgl  PANRSBAEL ok thd ABAMWISof of ién BN D& AR Hopiladon %lch does not
steps of culturing stemcells under conditions which
have twapriganic prpabiligneeaprising theistaps 0 di f f erenti ati on; and

culturing stem cells under conditions which permit the stem cells to begin differentiation;

and

cells.

and

selecting the stem cells for lack of expression of cell surface markers associated with an
undifferentiated state, and for expression of a cell surface marker indicative of a commitment to a
particular differentiated lineage, the resulting cell culture not forming teratomas when injected in

immunocompromised mice.

13. A method as claimed in claim 12 wherein the stem cells are human embryonic

stem cells.

14. A method as claimed in claim 13 wherein the cell surface markers associated with
an undifferentiated state are SSEA-1 and SSEA-3.
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selecting the stemcells for |ack of expression of
stage specific enbryonic antigen-1 (SSEA-1), for |ack
wo ensexpressi on of stage specific enbryoni ¢ aneCTyES2085/010766
(SSEA-3), and for expression of epithelial cel
surface antigen (EpCAM. 9. A nethod as clainmed in

diSai m/smethedes slaimed setlais 1 dhersinbe el sudagsymarkgiadicative of a
.actiyate rting.:q i |

conm NP 4 R U e s PRI, 281 SLALTBAAA cpcane)
stem cells. 11. A nethod as clainmed in claim38
wherein the steﬁﬁof culturing.the stemcells wh

i ch .
pér i tAs methodas siaimed psclaign b Fihgrep ?hpéﬁléﬁ%%ﬁpsffomed by magnetic
- ulturing the stemcells to encourage the
Ewuvm#%?%%%?%%£of enbryoi d bodies. 12. A nethod for the
creation of a stemcell derived cell popul ation which
does not have tunorigenic capability conprising the
steps of culturing stemcells under conditions which
permt the stemcells to begin differentiation; and
selecting the stemcells for |ack of expression of
cel'l surface markers associated with an
undi fferentiated state, and for expression of a cel
surface marker indicative of a commtnment to a
particular differentiated |lineage, the resulting cel
culture not formng teratomas when injected in
i mmunoconprom sed mce. 13. A nmethod as clained in
claim 12 wherein the stemcells are human enbryonic
stemcells. 14. A nmethod as clained in claim13
wherein the cell surface markers associated with an
undi fferentiated state are SSEA-1 and SSEA-3. -15 WO
2005/ 097977 PCT/ US2005/ 010766 15. A nethod as cl ai ned
in claim13 wherein the cell surface marker indicative
of a conmitnment to a particular differentiated |ineage
is epithelial cell surface antigen (EpCAM. 16. A
method as clainmed in claim13 wherein the selecting is
perfornmed by magnetic activated cell sorting. -16
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