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SPONSORED RESEARCH DEVELOPMENT [00021 To be determined.

BACKG F%%‘f%@@ﬁ ARMER YA AQ963 s Bppgch dipiosies is an

autoimmune disease of humans caused by destruction of pancreatic islet
[0001]  betaBaisppligréseiaimesjivesidy fomaverdmmazhnpisntrrrE RHABRTRPer
50/559,205ﬁ£%t@“ﬁd28@5@e admlnlstrat!on of exogenous |_nsuI|n. Type | dlapetes

Is"one ‘of the’most common autoimmune diseases in human populations

and is a major public health concern. [0004] It has previously been found

t {en-ofsanhol GReiseRied isteheg B PRLOPMENT
sTATEMER RISHRDAEHSIO0T FORoRs -

r Type | diabetes to restore insulin independence,
10002]  whe odorlstesdingth immunosuppressive therapy. The success of

existing therapies with isolated islets from human cadaver donors is a

proof in principle that a cell-based therapy for human diabetes can be
successful. HowSACKKEReBeP HEiEHR BYyARGANet cells has

[0oo3] restig 9%@&5@?&9@@9&%&?&&%@8&%&&@9 Salieniss The-amopnt ahisttin of

cells which can be harvested from human cadavers is extremely limited.
pancreaticTiststdfoirecdlse ohhprosgntithe disemsaptd ot Yol il anyshds o gniomtiee
controllec?bISNGL SRS MQUI RS RioRly desiaiamithragardinpelantialdbeampiasdor

this disease. [00051 Primate and human embryonic stem cells have been
common AREEERSHIeRNRS AR MAR BRDPREDRS ARSHE STAHPEBIS i S eqlim oafig™-
[ooo4; [hat Gr@ﬂa'g anRIDeddndsfinieh:tuaugihaeliie BN REUHRIAHONE isolated

in culture, but which also retain the ability to differentiate spontaneously
islet cellsifnerceffeasivmiagtenser&nt Trpa g disholdde mevier aatiandananmiens e hylen

combined &R ﬁfﬁwﬂgﬁ%ﬁ%thﬁ@ Widearely atsiencolles wieidilgied islets

mouse and human embryonic stem cells, will differentiate spgntaneous

from humapocedeeatinneny Frieafnod iRaTEMBla A sesbiReflREgRY 3 tabotes

can be suPEEMAHS Y shavg that pueh fifleteniaiadaalls-Gavtmess hetpaat Ratiberapy
duodenal homeobox 1 (PDX 1) gene, a transcription factor spetgg)y%n gman

only to verarrelesind Taiteale Ame aRPWNO BIgsTLSE iy T AT AERES ,
cadavers W BAHSSP GINR-LoNHIANS S8 R cRRIS M/ (BRORIGRRBUSHE Gibarentigtieni ficant

Into a wide variety of different lineages and only a small proportion of the,
quantitieseffésivlicobsaradmbighiy dariratblaypth regsd ineatetial &5, 19T thus
disease. unselected stem cell populations are tumorigenic, meaning that they will

generate non-malignant . . .
[0005] Primate and human embryonic stem cells have been isolated and proliferated in

culture. Fmbryonic stem cells are stem cells that can be maintained indeﬁniteif; through self-

renewal and proliferation in culture, but which also retain the ability to differentiate
spontaneously into cells of many different lineages. Under nonselective conditions, it has been
previously demonstrated that a wide variety of stem 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 salective 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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tumors, known as teratomas, in immunodeficient animals in that same
way that undifferentiated cells ES cells will. BRIEF SUMMARY OF THE
INVENTION [00054] In a first aspect, there is provided a method to enrich
a cylture derived from human embryonic stem cells for cells of endoderm
unseieéFﬁ;‘J piiere H:‘)Rﬁéé‘g?é‘é,Wﬁéﬂﬁ@‘i\%ﬂ“&oﬂ?ﬁ‘r‘i’%ﬁﬁ‘&%ﬁﬁ%‘ﬁfg@)"%ﬁ&r‘?ﬁaﬂahgna‘“
tumorBUhawem beyapisstamisetatodaifewholen intastemkiricvbodias undifferentiated
surrqunded by visceral yolk sac (VYS) cells, wherein the human
cells Fe%ﬁ‘?(i W@'stem cells express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell adhesion molecule (EpCAM);

(b) culturing the embryoi dies of st nder conditions that permit
the embryoid bodﬁ%ﬁ%ﬁ&%%ﬁ%it@%méﬁmﬁ%n containing
[60065a¢lls of theehdoglgrst, angdprnsreadicllnerdes) (6)xdispessiogikealetled from
population of step (b) into single cells, (d) selecting against the expression
R BRI IV IR TR RIS ARt GBI Hbradfe TEBethod
cofgiegng)hieyaaletting against the expression of SSEA-1 positive cells to
remoye VYS cells from the remaining, cells gf step (d); and (0 selecti . .
from inond Ak ST ABH BTGl 1o 107 b R P bodics
supsitived dslisitocesricl fohc eV 6 esllodeioncaanchpanaigatmbrgagestem cells
0005h] In,a second aspect, there is provided.a meth rich a culture,.
AR T RO AT AT A TICEENG B S OB P il cel
adbarioreaiidcintadas; e )method comprising the steps of (a) culturing
human embryonic stem cells to form whale, intact embryoid bodies .
SrroUHded By ST SO0 KA QAP EUATRGH & B T it the
crabrasybbic plasiisaell flexpidss Qot-4 cstirfapalatageespedffitearaldy ydnie endoderm
ntiacjan-B/A @SEA 3/4) and epithelial cell adhesion molecule (EpCAM);

? 1%3?#109 tféa%?ﬁ;oryoid bodies of step (a) under conditions that permit
the dmbryaidirosyceils delidiferdnimieintem belhpoguldat@alzontaining

cole Fie S s penceaielnenece A DKl
urkDfe&i A8 antid fob(d }idispdrsiigttpg ©ell population of step (c) into

Singl%ecjells s% é(lz Ql%dafg%gt%%uﬁeogx%ggs%gg{ Al SSEA-1 positive cells to remove VYS cells
from the remaining cells of step (d); and

(H) selecting from among the remaining cells of step (e) for the expression of
EpCAM positive cells to enrich for cells of endoderm and pancreatic lineages.

[0005b] In a second aspect, there is provided a method to enrich a culture derived from
human embrvonic stem cells
for cells of endoderm and pancreatic lineages, the method comprising the steps of

(a)  culturing human embryonic stem cells to form whole, intact embryoid bodies
surrounded by visceral volk sac (VYS) cells, wherein the human embryonic stem cells
express Oct-4, surface stage-specific embryonic antigen-3/4 (SSEA 3/4) and epithelial celi
adhesion molecule (EpCAM);

(b)  culturing the embryoid bodies of step {(a) under conditions that permit the
embryoid body cells to differentiate into a cell population containing cells of the endoderm
and pancreatic lineages;

(c)  treating the cell population of step (b) with an effective amount of

fibroblast growth factor 10 (FGF10); and



and pancreatic lineages. 10005e¢] In a third aspect, there is provided an
enrichment method for the creation of a stem cell derived cell population
which does not have tumorigenic capability comprising the steps of (a)
culturing human embryonic stem cells to form whole, intact embryoid
bodié8 surtEBiTead B Sriseapaiask L atepyay By canela sk e thes fenfilly of endoderm

anémibeyenic gtempecells express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell adhesion molecule (EpCAM);

[0005gh) cultuting thedarrissiolBchdHi@sORded prayiriaememstiod s thiatrptienief a

stdheanabryeic-nedy talls: tariferaptiate 400 e Al AQUARIIOR-COMMRRG the
) cellsfof the endoderm and pancreatic lineages; (c) dispersing the cell

s e|{5’<.§>8ulation of step (b) into single cells; (d) selecting against the expression
of SSEA 3/4upositvewelistbramevecurdifdreittiatedolseligaromiheddiisties

abeteri(@) isdeselaating aofd eﬁ'ik‘?\%@?éﬁﬁﬁi@ﬂuﬂ;}f §§5ﬁy‘$xﬂ@§@£¥%e@@'&§ Oct-4,
Suremove(gl))YS ceellslﬁfggom t_ﬁg ?ésl(lgs of st%tgé' and a‘) selecting from _amon}%ss “

SUFRSG SRSIARIG Se e B R RERTB ALY SIGRIGPEREAGFT bR e

(Eeanesulting cells not forming teratomas when injected in

im mU%EPCO”ééB{QJH 1589 IRIGSid 809R0140.4 fay Eﬂh&sc%ﬁ&r&i éﬁﬁ%ﬂ%&?&%ﬁﬂ% Gnbryoid

a method to enrich a culture derived from human embryonic stem cells for ~~
bod s oY teifGaettiyaitopaistearidaiivasgaeiniie mbltinbdre SApATIHGHA@ancreatic
liteps, of (a) culturing the human embryonic stem cells to form whole,

intact gmbryoid bodies sHToMded By yisceral yallcgac GYS) cells
Whel‘él the hamaﬁ%emﬁrygnﬁ: stein cellsTe éress &tﬁ surface . _
stage@pecifitceinpagoiit tatiyaiesssn (S SNV ) rartvepihetajcausive undifferentiated

cefdhesian-malestie (ERCAM); (b) culturing the embryoid bodies of step (a)
under conditions that permit the embryéﬁid body cells to ifferentiatevi

nto
cell plpulatiBCBAEEHIRG CERPEFHY Shadtter P SHH BARLY SalfE fifeh %§? Is from the
celt) dfemfirig)thedcell population of step (b) with an effective amount of

fibrohlgst 9%9\@&911&?&91%&&5@5%4&%‘&@& fareslts) of andedermandy epcam

pancreatic lineages; (d) dispersing the cell population of step () into _ _
PSRBT £ B KIRR R ATET RS BRSO LS SRS M SR /BRERpsod mice.
{00056 remokealfvditfe septialehkistanposlisctiam e cellsatistepid)e Brived from human
€1 Cer: es(,g:té'% %eai %éﬂ%%,h ge . sX Qf g}%&i}%gﬂ(})}f a%t? I:I)Ea'%éile %ﬁiit!%\e/gggse, uﬁet%éﬁ]@é) <\:/0em\;41§i(s$ng the steps
of

(a) culturing the human embryonic stem cells to form whole, intact embryoid bodies
surrounded by visceral yolk sac {VYS) cells, wherein the human embryonic stem cells express Oct-4,
surface stage-specific embryonic antigen-3/4 (SSEA 3/4) and epithelial cell adhesion molecule
(EpCAM);

(b) culturing the embryoid bodies of step (a) under conditions that permit the embrvoid
body cells to differentiate into a cell population containing cells of the endoderm and pancreatic
lineages;

(c) treating the cell population of step (b) with an effective amount of fibroblast growth
factor 10 (FGF10) to enrich for cells of endoderm and pancreatic lincages;

(d) dispersing the cell population of step (c) into single cells;

(e) selecting against the expression of SSEA-3/4 positive cells to remove undifferentiated
stermn celis from the cells of step (d);

() selecting against the expression of SSEA-1 positive cells to remove VYS cells from the

cells of step (¢); and
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cells of step (e); and -2a (g) selecting from among the remaining cells of

step (f) for the expression of EpCAM positive cells to enrich for cells of

endoderm and pancreatic lineages. [00061 Disclosed are methods for

directing the differentiation of human embryonic stem cells to the lineage

ofepariereatitrislehcekdshd 0OMIdiAl selidistiepgd aretmetipodsidaroderiving
EpCAf?/P%%ﬂ%I&e‘?”@&hﬁ%ﬁ%‘?%@ﬂ%@%ﬁoﬁ‘éﬂﬁ He.00% fram eratomas when

splantedinto hosts. 100081 Also disclosed are cultures of cells that

have committed to the endoderm lineage, can differentiate further into
[0006bancreatisdietedelts, rasttially ot dometitey shordbtgpdntiransphantan@009jonic stem
cells tﬂt}? q ﬁga%guqe ag(r:%n {g, {Q%{c?vﬁq to be the first demonstration that cell

ased Sefection can be Used in cell cultures derived from human
[0007Embryomdsstdircheitd, 4 rontvds the demvorigerdodsote stiskhrahpapelations of cells
inserted into the cells.

that dg%\égﬁfgﬁaﬁﬁ&%i\g%%% ng§{r%(aq etg t%g%roductlon of endoderm and

pancreatic cells in large numbers while overcoming one of the largest

0008 urdles EQIP(? Iﬁ&t gééﬂsgrgf:%%?%scgy c%ﬁg\fﬁéj[ 1%3»:8 f(%l[)g%ll] On% tg’?dodenn lineage,

umorigenic character of u erentiated stem cel er object
can diffeieresiafidthavaayesroftise ebsdht, distibsune Withbetvmeasaypareatsplant.

from the following specification. BRIEF DESCRIPTION OF THE

SEVERAL VIEWS OF THE DRAWINGS 1000121 Fig. | is a graphical
[0009iIlustratiohheswheeuos teectede foslicons tivebetheniplegibelonstrshowthet ¢l based
sel.ectﬁnlaéﬁﬁ { 'ﬁ&%iﬁ %ﬁ%ﬁﬂﬁ&t@@{% ﬂ%ﬁ%\%&%@@%fg ol {, to remove the

graphical presentation of some of the results from the examples below
tumorggrudmyigroebrtiondlsf ceigewiciene tho sitk/elfor@pXLs [000s Als@igd 3nitp the
cells. @nother graphical illustration of results illustrating the effect of the use of

FGF10 on PDXI expression in cell cultures. [00015] Fig. 4 is another
[0001§iaphical Mudtsalivhroheaesa shabligloPORvugHalyeisbigigrn and pancreatic cells in
large H%E%Fmﬂe L@x%@ér%ﬁé%r% S R é%?hﬂll&%"sa&ﬁ%{%‘}m& ﬁ@égﬁtem cell derived

obtained characterizing sorted cells. [00017] Fig. 6'is a graphical
cells fiffuswasidansHowmg eniesnin chganiercipapiifipshteiésteslisell-2b WO
2005/097977 PCT/US200 5/0 10 766 [00018] Fig. 7 is a chart and table

showing the characteristics of islet precursors from murine ES cells
[0001ddrted uditeptindisaticamentgdadsasgesdribe satsivisclosure will become

apparent from the following specification.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[00612] Fig. 1 is a graphical illustration of some of the results from the examples below
showing the characteristics of sorted embryoid bodies.
[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.

[00615] Fig. 4 is another graphical illustration of data showing QPCR analysis of Pdx]1
transcription.

[06016] Fig. 5 is a graphical illustration of the results obtained characterizing sorted cells.

100017] Fig. 6 is a graphical illustration showing the tumorigenic capability of sorted cells.
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DETAILED DESCRIPTION OF THE INVENTION [00019] Techniques are
WO 208®e81@d here for guiding the differentiation of primate an&H{fa#5/616766
embryonic stem cells such that the population of cells is enriched for cells
- which arg .commijted.t dode ' ng.c '
ooo1e) 2 G T R e S SR U AR R fom
murine BSomlis thatai esngitieochfivhineny ercenssge dsspabeddatiowprogenitor cells.
Three separate techniques are described here, each of which acts
independently to enrich the percentage of pancreatic progenitor cells
produced bpRIACLUEDEBSCRAP THO M (OB ThdiAdOSHNIAEINt the best

techpjgyes known so far, to.enrich differentiated cell cultures
1000191 ARG 5 S LB AL o REEE DL B PMGEE ana
human embopdiibusiem eklpanckettit throgemiletioslls ¢elts atsotingidtfioe nsliih athich are

committed R M SET A0 BIOVS Puqﬁﬁéega@éiaé%ﬂcﬁsﬁ%@x {}é?x@{%%eﬁf%gécﬁi other words,
antigens, using rethods that do not involve inserted exogenous genes, is
the processffentlteiwitmmxinie ofkgbphlition toretisthits te aonmimeniomeseatic

progenitorhti:%ﬁlsy i.tﬂggrtant aEtri c%{%ég&e% e‘?&é!g@%@&‘ﬂ&%,%ﬁﬁl‘o%%ﬁ%‘?&dﬁpéndenuy

intfoduced tothuman patients. It'is believed that this might be the firs

to enrich itlepenstiatontpabthentiorpoogpeiiorcagbishiiodused hyitles eulfared 3aialdhe three
can be effectiv emaved fr dj i i

methods R hE DS RIS, oo R R0 W res

produced fethbus:for gbdrasiigspamcritstio progehrdrgs tosblupeaibinyolic

pancreatiés 150 ﬂeilégr#?igr% iy ﬂﬂ% ﬁ@@%@%ﬁgﬁi&&gﬂ&gmm&nﬁatéd
sPngI% undifferentiated ES c€lls into suspension cultures. In the

cells by baubpenrsibructicsrayigns Ssirtisnelhgrisdhnt dnagbinvelys iayered exogenous

. Structures.called.em i ies (EBsS [ = [
s, S USSR S s W B
attribute famdry @slt pgpniatiagerbichaestglié semedmterintinduead deterhnosacedionty Itis
. tudy .of no | em . earl Gy ive. interacti
e LT LSRR A ST IO el e
undifferedéatelb B entisanlyeof febecinponaviedisss Folaetiviiisreniiaiehpregspy by

intelligen?%ﬁgfc%t g%l@éﬁ@rf c@ﬂ(?rlg embryoid bodies. After 7-14 days of suspension

culture; EBs are plated onto a tissue culture substrate and are allowed to

[00020] prolifdrecaanficuidradtederhnds DrdeefsainenmsieturineaAtfdlirom

human eﬁg erabls Qéii&r%tﬁ&‘? 9 0mGRewL-and Mmesenchymal gRltyRREing single
appens spontaneously at this stage, requiring little further intervention.

undiffereTiHateh BSarelitciaiofsespenyion slhiietie imthe i gonficnsatampethe ES cells

aggregatP 8% rt%%tﬂctl%eﬁrgu t QUEVRLBRREATS IR ITOES SRATRISY; WNRIN 'RGemble pre-

numerous and i?aceted Interactions which have been only partially

implantatiefistgbyrohyorcandedubrmesnes exliginatisyeypoytmbteghy three embryonic
B
embryonic inductive interactions that promote diverse tissue differentiation events begin at this
stage of development. Many of these important tissue inductive interactions may ocour at this
stage and in embryoid bodies. After 7-14 days of suspension culture, EBs are plated onto a tissue
culture substrate and are allowed to proliferate and differentiate further under routine tissue
culture conditions. Considerable differentiation of some neural and mesenchymal 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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lineage cells in-a stem cell culture undergoing differentiation. The first
WO 2f96(#1387hvolves a selection of EBs that have greater poterftfafig2005/010766
developing into definitive endoderm cells, the lineage from which
100021 pancrﬁ%tﬁa%e"dseg%‘é%dm%es %8&%%&%%@@&%@&%9%&%&%%{J?&creaﬁc
use of a medium using a growth-enhancing factor which promotes the

lineage cghivirth steprodicatbrelindapeingidéiihirn tationiqTbefrshasting mduren
seiecﬁon%ﬁéaﬁ%f) f1 b\%%%%%é?}%iiar al! ?&aﬁ%ﬁﬁiﬁggﬂ%tgewﬂﬁi'%@@ﬁ@m cells, the
S to selec e e SICC

unwanted ce or cells of t Ineage. The three

lineage ftenhwitjtlepaneneiicusil dogetheFlor snoupbrudobipeot m@@ﬁ@w involves the
use of a RISSR 8608 ISR Sl ALRADNRIT AN 106 RERERR DN PERDEatic ocl

€ proce S descri Slow were flfst perfor )
types. ThvtthinlowshrizfedelolTsdbe hrocdiurnpraarhofbatlilpetaytagdncggeve

selectienvrég %?%m&gﬂé’g\%e llsgfé??? eaﬂﬁ@’@&%@t g?ﬂc%?fpgf%mfeﬁﬁdsﬁﬁa €. The three

arkers of mous om that uman ES cells, the ce

techniquseelidn nsethiodsthies eribuitnrademitydebisanssa throsmeniasa mhspls & 2 culture
. cells, wi ignificapt change being that the markers used for
d;iferen%%:ex m&@tﬁgga%%%ﬁﬁg&ﬁ L

tion mu fo be those appropriate for human cells as _
[00022] opposBehto oftkinproshduresdeserihplebeitrswiersibrriorenamst wekaiyise ES

o Undifferont g . .
eels. TR R S B AL A TR, he

derivati@irithsiyptoofirocelsycies perkune {wegsedaiisbndifie Snmribabed buman ES
cells, thS SRCIR ARINShEMRIESTIAN BEP BHAR ﬁgg@n%gom&%&é AREhAQENSs, with

expression of SSEA-1 in human cell cult thelial cells of both

the onlyrwigniicanic IatReing brbrae sgskeepiselidprenlseiiraomrshinatigred to be those
appropn%@ %’%‘/MQ? SRESHNLANDIShFRE BBsUSes BLRGNEBSRIRCHRR iteria for

identify murine or human cells which are committed to the endothelial

selectiofingaiget 1O LR HERD Aellidthesel sockiorall s fktrdHER? S35Hink n mouse
ES ceﬂsﬁ%ﬁ(ﬁ%%&%%ﬁ%@r ficlesnin eaneial, andwheled BsdnRaricar ysik sac (VYS)

ne such instrument is the COPAS instrument (Union
celis froBidheanitarelrony; sokechs oparatasBRsCASi SSEifmidnmense s} guitures and

against Q&éﬁ!&%&%ﬁﬁ%&&é‘m falhseuen (HAG). MarinriutARIsh BR6aREYse and
cellular particles of larger size. Any instrument capable of sorting cellular
human wiiesgeeestbhenithetialaahdhesion %&ﬁﬁ#ﬁéﬁ@(i@éﬁ: AREtFRRRSRSIRR of which can

be used3ANElis A%y ted-call:sating MMALS) Rasalsedns susacsaldbrasiaRet the
for use in this kind of cell sorfing procedures as well, [000241 Another
endothedtfibineagst the processes described here is the finding that the

{60023 Umori%@%f&?ﬂﬁﬁﬁ%}?@%%ﬁﬁﬂ&? UHrescamas BRRYearalReinYarger particles
olely by selection. en injected into immunocompromised mice, ES

in gencralllsndinhormEBEID MRS OWRATeH SRS TFSHEm SIRSHEIMD SRS R ROIOTAS
ins @ﬁ@&hi@mgﬁﬁaﬂm BAReSHR GuNRenSEgaRTe Srugiues a

While the generation of teratomas is not thou%glt to be Ilfe-tq[e tenin
fluoresgracRost tAsdeiaioinder dhAbe) machine, but w
size. Any instrument capabie of sorting cellular aggregates shouid be adapteble for use in the
present methodology. Magnetic activated cell sorting (MACS) has also be successfully adapted

for use in this kind of cell sorting procedures as well.

ch accepts cellular part?o{gs of larger

[60024] 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

A4



WO 2005/097977 PCT/US2005/010766 large, unsi{:;htly and wasteful of
WO 203E8PBHTc energy to the host. A characterization of the teraffrfAdS G766
by human ES cells is found in Gertow et al., Stem Cells and Development,

e, A 00 SN 5601505 e UEEHMUBASHR e o o

cells ortissues’l uman patients, the cells which are
formed byshuimio difcedt liufoupresuiirabiyise DrefBers Cdlb oo/ ammetigdAid21-435

(2004). Igﬁﬁr%%%»ﬁéncﬁﬁ Al %&H@H ﬁefﬁgg%ﬁ??o\?@m%?a{ﬁﬁ QUG %issues into

Inate this capability are bas inserting exogenous gene
human patienistriistsshtoviiS b elts smibtvahnewl svanly forcaifrahinbstarpaneddadediies of
. __0on expression gharacteristi fthe i g Qﬁ%%ééﬁ% "t’tﬁ‘gﬂﬁ?ﬁa?éthj
tumongenexg:(ga %%ﬁrs ggr%%a%ﬁééﬁ e%ﬁgeﬁﬁlr‘%%% gg‘%{gﬁ; cultures carr%‘ﬁs another set :
capabilityofrs dfedydennieertinthet apenbes avoicetitete intis ESueits pedribgrs feedtiag for

) first time, that.cell selection based.on cell _ ff'ﬁ' é@ér
aifferentgled SIS LAIR0 () SORCHRR BREROEASIEL CHARIR AN U ENbAL, the use
of exogertonn @egenivsartddingés monforEStecitonitmes\catmesishotheeerindsatsty asgoerns

that are b%gt'%\{rg-ﬁe@ i%k'é‘rg 8 %é%é%%}%t o gé{c(?:fféi’{ 1he RRIASE LUMONAANEIS YL BISH on coll

0 apply to the teratoma’ aracteristics of undifferentiated human _
surface mEGwells sufficientetntpragéidadéma et yiomenyl dandedreall egture that is

not emofSURSRACIPLORER MAIGANCIEs When MiReleddain i The e

y selection’is another impoitant step in the
misunderprogiiegsibn wistdthecplirtervetfigrmiabomitged buapptydedhs tematrapa-forming

cnarscexJELERY JOPREELEAMELES 100026) GoNeral LR Lo R ol990RR:y o any

ndifferen murine were grown in DMEM-Hig cose

kind sincenBlicstis Soppitpiednes meheRs9siFTEhendRissishEIN EUGS. (Fb-Esaaerrinf the
tumorigeHOIRRAGISSy E‘é?&%l??g%tﬁ%éﬂ ! e & 5]%%%@15%@ stem cell

feeder cells as described previously (Kahan et al., 2003). To produce
derived fromslgberalemnioeiahifersslisbupaatéacidily- 2mM EDTA with 2% chicken

serum for 15 min. Cells were resuspended in MES medium and filtered

though a 20 pm Nitex filter to obtain a single cell suspension. 2 x 106
[00625] cells WerdMBEES in a siliconized non-tissue culture P60 dish in 5 ml MES

{00026] mediu&@gﬁ%ﬁ%. c%uﬁyé-gﬁégere_ renewed daily and split into larger
dishes to prevent medium acidification. 7-day EBs were collected,

[00027] countblnéisieismideadmamnrnERycsiisnmsn FRymin PNEMk el tontensmyedium
supplemdrt I WiE1a53 QRIEENTCORBChERY AUHIRA fRToATUNNG RISRGHS HUR) Sadrtagioethanol

or in proportionately larger numbers in gelatinized tissue culture dishes

(MES megivsmand 4k sosiirdinbddendsnaelines Beseribnd oreyipesbi B abataka wm003)-
To prodidMERL HYN.BIUEARADET WANHE APt SV Y R [80P%hicken serum for

Conditions for the cultdring of human ES cells were similar, except that

15 min. el Weikarshspeadeddnd\iisanpdivitaipretiititered daousina 29 pmeiaxmiter to
obtain a wpae HQ&}JS&EEJ?EGQ withs di¥omeeuiRaniReemeii{irRhdiEAe culture P60

L-gf utamine, mercaptoethanol and bFGF (4nd/ml). ) . i
dish in 5 ml MES medium in 10% CO,. Culiures were renewed daily and split into larger dishes

to prevent medium acidification. 7-day EBs were collected, counted and placed at a density of
30-50 EBs in 24 well plates containing 13 mm glass gelatin-coated coverslips for
immunohistochemical staining, or in proportionately larger numbers in gelatinized tissue culture

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

[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/mi).

5.



-5 WO 2005/097977 PCT/US2005/010766 Human EBs were initiated
WO 26059974ct colonies of ES cells, rather that from single cell€ &Y/ Urfffs/010766
treating cultures with dipase and collagenase just until the colonies

s TS Tl ol deror AL ol by

) a
lightly trestiighowls taokitigdirss grmesn jushursil shepelwsing lepagRsdhdhe EBs

were max%%%%fﬁ%%%&hf%%%ﬁ?@ﬁimﬁ%g@ o éﬂtég/ Wit 45% fetal

. Sélection for intact EBs expressing a ce antigen,

calf serurB €§es Bpetifibidimbsylackinaiitieh- 3 BsEavsrendapsoisnmearmsculture, the

EBs wereg%@@ﬁ} '#{&%9&%&1 i gﬁd%lﬁlé% gygs}ge;ggjl layer of fully

erentiated visceral yolk sac (VYS) cells, which express SSEA-3. After
[60029] briefl.iSalectimyfivéEsy WRlS exprassiuiarmref s igbea apiaamodiagenbpecific

fluogescentl, @%‘iﬁﬂ econdary antibody, high-expressers.ig#he L
Emhryo%‘c?p%flg%eﬁlvée e sepgiéted using a COPAS ir]strument (Union Biometrics,
{00630] Inc.), Woichl Gifcrageesateprirepsieliinnanns tabe EBS aithomsutside cell layer of
fully m&%ﬁﬁ@%ﬁ %Eééé%f%fé@@ﬁ%@ﬁ@ «J;temgrés@s@@ﬁés natiugRaly

can be thought of as a large particle cell sorter, has a much larger

incubatingpléve ¥Samdtbarmuaedns Banrbediordblupgemseradictrased
secondax?frﬁ%%%ﬁ &L@L%Q%%Es\é@rﬁ% seleoted by Lp pachingnyer e P Anstrument
nto tissue cufture

ells, cultured further to allow differentiation and
(Union Binaigizied,fbre oxphick eproighpie ik phrerRER 000D 0p s RAIBOSEARARRE-
. 0 ena | ted.f [ '
S i A G A e U
of as 2 lafijatpatticEool BMENhwithmooh IRES; aytiesnmheer SRt PRIRESEEN size order
ofwhme%?&%aﬁfoqgi IMEM Wi 10% BCS Mgt thaERfer sinaEhalediMithere

secondary antibody (Alexa-fluor 488 goat anti-rat IgM (1:1000) (Molecular
sorted infydisey ciHtov ERilsy iRl gl Ruibaoiols e differrntiation Aed dur wsefbar
expressigEBﬁ%c‘%éﬁgﬁi%@amed EBs were suspended in c.:olld PBS gontaining

Ca++, Mg++ and 1% FCS and sorted into wells containing medium
[00031] syppl@ﬁmminigéhtgmycin. [000331 Results: [000341 After
r00032] differentiating, fop 21 additional.day a,fofl o Wing S MO s HISSBRIe thti-SSEA-3

] using the highést 5-10% SSEA-3 EB expressers showed many more cells
ascites (Rextpiearantd irdiesHyhrg ssraBankhhivss fdgi ;%a?fbi’ééﬁm{s‘:"ﬁh 10%
FCS, antl @ ith s rgch 20ls1g8 18NN BYNNYMEHE AvitheBatES: Beext, the EBs
. Figure 1 illustrates that the SSEA-3 high cells, sorted by the large parti(c:ﬂl\efl tecul

were inqlbipisdrveite serandany maBoSY ddder ‘é?r%&oeéa&“x%%’b‘gx%?%% olecular

Probes)) "8 L {/ale T (dif Rt HRtENHINGN (RO s vida sh bETar diBop SORAS sorting,
negative or low cells. These results | .
stained EBs were suspended in cold PBS containing Ca++, Mg+ and 1% FCS and sorted into

wells containing medium supplemented with gentamycin.

(66833} Results:

{60034} After differentiating for 21 additional days following sorting, cultures initiated
using the highest 5-10% SSEA-3 EB expressers 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 franscripts {(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.



indicate successful enrichment of the culture for cells of the endoderm and
WO 2gaiérddtic lineage. -6 WO 2005/097977 PCTIUS2005/010 266G/ {3063} 18766
Treatment of differentiating cells with medium supplemented with FGFIO.

[000361 Fibroblast growth fagtor 10 (FGFIQ) has been reported in the,
100035] v ao RSB LGy AR PR EAT e LR SRRBIFEF AR FTL0.
[00036] may Byl prareiingfacalife MIPCRIOR Aty nangriit-0ectkshitcesiise (o be
fhusharh éﬂ?‘é’ 2001.) FgFIO IS eﬁresﬁsed in thE mesenchyme fiferal
necessary St ot § CBREPHSHHIE RABERAH SR M AGL DY PHRaiH RFpliferation of
early panBaiypeclirvaeeeci@nibae qlare 200 ffautpi this grmwibe st eh®©mesenchyme
.differentiation of ES cell ultures. 00037] Culture in medium cided
surtoundigg, e et DTFANE S 07 [OBOAEIOTRE BV e dages decided to
explore thdegtsived taboye-atid fatate dodidayen iiadoM bVER ighl ghtwese with 10%
FCS. Two days later, this medium was repl DMEM-High glucose
(000371 \yith gbﬁ%@%ﬁ%ﬁdmﬁ?ﬁﬁ M‘Sg@?&f#f%@%g Medium containing
[60038] FGFIhwEByerewéehdRihedors BekOradditboat dayisuizd sheieglisial®MEM-High
a ncreatic.markers by immunofluorescenc My .
eiucose v R S LB R B T HEE oo R et ggpose with
1% FCS heineaudtimgifiigr §Scenthait3PPEC RviedisrevestiadingsitRfidants renewed daily for
.enhancement.ofPDXI expressi creatic progenitors. Table 1 below
5-19 add G e E e B B R SR G B SR 3 IS B Moroscence
and/or quedfybitbd vealPSBr ipisiiatds 4Q@ TR )ays after plating, as compared respectively
[00039] to unﬁ%gti: cells. Similarly, there was a 2.5 fold increase of insulin

»
x

transcrlpf‘s y 14 days after plating compared to cells grown in the
[060040] abseromlybiz GFR. résGiEDLg {Isockstemcant EREAR desiavtakst 56ipgfichnt

wa ive. Figure 2 illustrates an increased n r.of cells staining.....
enhancen e B B B RO Wbitine
QPCR dataeudicatiTab|® dndiibivéodd ppochinme@RE RidataarksgiBd|histrand d ORFRafter
. data_exhibiting enhanced pdx| transeriptabundance in EGFl Odreated
plting, o R i L R e g e o

ures. ve'to undifferenti uma ce fentiate

insulin tratexiviplivey b4 gdagedfterFlatghnida@atal exdiegordfotidhmebspobd of FGF10.
transcript mRNA. The FGF1 ect was mo ronounced n.cells
FGF10 o S o S B e DR MR an
increased2006/69 19 ¢7 IR €FihiSL IGFNINY 6B texpiassioor ¢ kiiueld daydiferetitintd3F10
IS Lsj ntitatve fi - = ggﬂ

supplcmeggfl:g)}ﬁ%% 1 gﬂ?m? dfé%\arﬁ éfpﬂgﬁhg'liﬂ(ﬁi %.'ﬁa, %@f\g il t@o( E‘%ﬁ{ data
exhibiting enhanced pdx! trapscript abundance in FGF10 treated cell cultures. Relative to

undifferentiated human ES cells, differentiated derivatives exposed to 50 ng/ml FGF10 exhibited

70 fold more pdx! transcript mRNA., The FGF10 effect was more pronounced when cells were.
exposed to the FGF10 in the phase following EB culture.




R37-7 2.06 625,99 -9.45 13.00 2.38 14.12 -2.66 ~B +7 FOF,10,
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FGF10=60ng/ml; AP--Adult Pancreas; number are reported as the mean
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) e@ggc‘)n inderatogenigity using Magnedfic Activaied
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co-expressed EpCAM. Significantly, many of the other cell types within
these cultures, including neural and mesenchymal cells, did not stain for

(00041} EPCAMETbeiaioue: wepmaasenad fathysspleaingder-&nicAbh PR ogenicity
cells, it might be possible to enhance the relative proportion of the PDXI

using MpgretitcAsdinated frelitostnt(YhofAe) SRRAIEEIRS cells and visceral yolk
100042] SaC (\BYRAARHS, Y30 RSancf o BOAM fhpstiplegy-deesinpstr

first remove undifferentiated ES cells, based. on their exclusive

duodenabhomestion G JBF S cesEige RASSEAS WARSTRTGPBastaE) df Hippw roported

here thatIREARAHYLWBRNES SRS) FibR (0e-y el reaie BRvRd: RAsedthin the
on their exclusive expression of SSEA-3 in mouse cultures and SSEA-1
ES cell difigtrpiigficnicgl ey ammpsshstobihyshlis aﬁikiﬁ?&% fpell

surface WAL GG isalpiaddring R REsII\ESEIRRIR VG RNEL N PESHBFEPCAM
cells. The MACS method used is based on attaching magnetic beads to a
expressiag g EHgFe ARBA Ay EAHAHA SARERY S CENSTHAE & S AFERTossed

EpCAMCOMRIEEIa Rlaspd i sHRpe-Reypanpihhagnecliva s aasRIGanheural and

labeled cells were retained in the column and separated from the

mesenchypabarla didachHiiR frisErfrolyh! AsteforReBbirRgIpReAdRAM P RSIRCtRS for
EpCAMPRERRUG Q|G thpnetripadsinstioninas eliiedeBaik pagritveaotthe PDX1

.. positive selection strategjes are, possible, depending o v‘\é@ather
positvelgilp HHE PR OIE AU O RAEY fn GGUR CASISE TR o 67510 S 50
co-stainddREr PSRN0 PA0 sHhie S0 B0 ShsTheiMAfeh SrPAMAIN ARIRAESclls, based

_ detailed protocol described helow, outlining .

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.



the steps involved in the process for mouse ES cells using two negative
WO 288887917 columns (using SSEAI and then SSEA3 primary aatiinorhiensydoi766
remove ES and VYS cells, and finally a third positive column selection for

EpCAM expression. Far human ES cell culfures, the three separation . .
100043] 5o e RN PRaaR FERRE At RGO DA e Celeth gytining
the steps ii@vflﬁ‘ﬁgﬂﬁsﬁstgﬂ%fﬁeéwﬂﬂ{ﬁfbﬁlm_ éﬁﬁﬂfgf%mﬁ%gm,w ¢ Ens (using

cells negative _selection, and then e ositive .
SSEAT e R S E(o PSR INES S DS Bromoy B 4L A ialy a third
positive cBreRArsieRiia bir siiiegativerenetatins [HR4a ESheipratedy ategan:

. with rinsing 3 P60 plates EB7+n with PBS, 2X. Then we incu the
separation plyalesy 19 Bmifan, PCaRT iRt g %B%%eﬁ??WSéﬁIF&F&&lﬂ%é"ﬁ%gmﬁg femove
undifferegicied 1/111155&1&@5%, tf&ﬂsﬂa&@bdﬁ faodal Gdf Wﬁvﬁeﬂsﬂw;ﬁﬂ’ﬁm ﬁé_gﬁﬁIVe

. DM HEPES. + 10% FCS .and resuspending cells gently..\Ae then _
Selecmmé’&’&gégleé’n%'t%ﬁ QMQ%%% Fl—e&?quBrﬁgﬁPe ?otal ofg 10-{5 ml. The cells
[00044] were {IRTRIBypaHHeH IR -6¢4Ebn filter into a 50 ml tube and re-filtered

with 20 m_Nitex filter. The filtrate was diluted 1:5 with Toluidine Blue (TB)
[00045] ong thellSnsnpaiionRrdiasidisgalye gepaah ¥B). We added 2 x 107
1000456] cells tth2 dhspktubesandantiivaedtie phes PRiniekhEpy|R2Ee fted we

) in, speed.#5. We then resyspe h pellet.in 10Q | /l S
incubated EBIREE o7 LA L P AN AR AEUBRELNT e o Ten addod
1.5 ml 0.04%3 ©yphon & minin] BEhG MiksldObyERNEMER BSrx IMVEEGEIRES + 10% FCS
add ?periube d ntrifug%lB mjn, 210 %@Tﬁ?\%th 3y atantwas
and resuspEr SRR PR A ETUSREEL RN 167 B mmsigal of
10-15 mi+ TH%EGSHbehandide-teahanibiwusqdoNiMagneiisbenadsbyarr! addtred

to each tube. This mixture was mixed well and incubated in refrigeration

with 20 v Qlibgditees e ftlraisisvvadibietd 5 mithola!BilienineER) pubiby cells were
counted @@ ﬁ’ithlbﬁé?ﬁoéﬂlﬁﬂsz MEHUGHIGAY 3 (MRl G- 15hBISHPSY DAY ged the

removed completely. The each pellet was resuspended in 0.5 ml cold do
tubes in clingpédDMEANHEPESH: $99IFES Wo BienhisuapouiedGeph pellet in 100 pl

pMEM/RREYH Eﬁ*x’%%ﬁ%%ﬁ@ Vgﬁ%ﬁﬁg O%@%@@U&%BM&Q eration (4-8° C)

vacuum followe e mixture. irst Negative Selection
for 15 m{80048E ¥ onprophiMEBVMASERRSt IRYEGRevvasidadmitaulio ahe eratitfuged 3

. sahd.the column. w. laced.in | ' i din 160
min, 21° %5 HE e SNSRI ILIRANEI VAR "R WBE resueponded in
ul DMEBDHERES S DRMNMBERES vithrb0 e -GG wed gdftiMg ghetiniediawean added to
thr h each column. The di was transferred to steril .
each: g R L Bl T S IS SR Bl & tor 15 min. To
this was addadgs Imht.ckl BIGHNYBHRDERS -and ‘éofieStidpeHelffiad ity wetthfeging for 3 min,
21° c. YRYRSISPmAIn 20l degaseed medlipLar ool eRiedeRatiGh 0.5 mi

cold degassed DMEM/HEPES + 10% FCS. To do this, about 40 m! DMEM/HEPES + 10% FCS

[ & A RS
VA
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(E]

was degassed for 10 min at RT using vacuum followed by chilling the mixture.
[00047] First Negative Selection

1000481 To prepare the instrument the magnet was attached to the stand and the LD
column was placed in magnet with coliection tube undemeath. Bach 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 stexile 15 ml collection tube
in ice. Then cells were added to medium followed by adding 1 il cells to 1.I) column and

collecting the effluent. We then washed the column with 2x1 mi degassed mediwm and collected



total effluent as the depleted fraction. We then removed 10 | cells and
WO 200fuee®iem 1:10 to count (10 | + 40 | + 50 | TB), followed RETUS2005/610766
centrifugation at 3 min, 21 C. 1000491 Cell Preparation for Second

ot o e RIS 802240 5 ENERAIIEP G b R e o o

count (1068l A1Ra0Ng aEsled HORE B g@ﬁimgatamg& mﬁgmﬂc:beads
0I/107 cells) ThIS comblnatlon Was mlxed well and incubated in
{00049} refrlg Breparation fg FSRIES IGBRIBATHEPES + 10 % FCS

j000s0] W3S %Qf?%? Sfﬁ“eﬁs'ﬂBﬂPEﬁe mme&éewé asfaHaves 190-240 ul

remova e supernatant completely The pellet was resuspended-in 1

DMEM/HHRESHI 4S8 SMENE DS Tol tiss resdibdoi P et snat idant G

mawm%%@s 2382"&83? ?glféod%%“;sl%z%’%ﬁﬁg’%q&pﬁsﬂ%@ 10% cham% fgﬁﬁ?

refrigeration (48Ugh férmﬁ bl st T BRREIMATERES e MY RIGD W esidediand the

in |ce T q lls t
e TR SR AROT e s
ellet waQQ’fL@&:ipelmﬁmitmtalreffmwﬂagaﬂsed MBI BMAHZESN: T E&lfs were then
p

countgd and diluted 1.4 20 pl TB. The mixture was then
{00051} GeaT g} e Preparation for Positive

.‘.‘_ 2 . Fasl
centriftefedto i 000 =

[00052] Separﬁheme[ﬂﬁmmmpﬂilmaﬁmsm@rﬁemylp&)%@dmégg&degassed
esyspe I 0 E / t
DMEM/HEFES éj 385} Etabé) ﬁﬁar?gﬂﬁc %%?ﬁﬁu%ﬁ%g Ceds RN nsferred to sterile 15

igeration (4- 8 C) for 15 min. To
ml collecthmvimimaddeﬂ emnmmepﬁsem@%&m%%ﬁmmﬂmﬂt

we RS sl o

depleteda@gleibR 0-TR: | glintantitanl gGrmad mod dibdedis: 4 relGaehbin&idri @@st TB. The

] mixed well anch} 5:Eat din égbgératlon (4-8 C) for 15 min. The we
mixture xpgdheR H7793 THBPES +10 % FCS and centrifuged 3 min, 21 C,

{00053] followetkh\preymetiah dbt o sriverBatanitipmpletely. The cells were
resuspended, jn |.ml ¢ Id de ssed (I_\D#EM/HEPES + 1 ?0 055]

[OGWIPOSHN%@;?%M ‘I’Lﬁﬁ% g8%886] IS av@arsﬁesé)?ﬁe n by
Dmmmmﬁlwcp@‘sdmmﬁfg AMEMEIEREG tHbdBP eGSR snddd ting ftigenation (4-

through. The medium was {ransfe i
8°C) f"’ééél@lﬁth@‘b@ﬁé g &g é@ﬁ?@%ﬁf? ueﬁ%ﬁﬁva %t%et mbipation
was cenf@idpa Withis 23°r. PAMEW/HBRED WW&MdGéﬂS&%I res&apd:nded in 80~

pass through before addlng mar The as rema
16001 TRYARMHEHR B0 R LTI AD S A A o By ppesneti
beads. @M%%@E&w@%f@&aneﬁmﬁyﬁmmwm@ermw° )sitiy @S min. The

e sioLSSeal S BREHERISE R OB DI IR ¢, o

removal of the supernatant completely. The cells were resuspended in 1 mi cold degassed
DMEM/HEPES + 10% FCS.

[60055] Positive Separation Column

{00056] We first washed the LS column by applying 3 ml cold degassed DMBM’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 efifluent. We washed the column with 3 x3 ml
DMEM/HEPES + 10% FCS and let the entire 3 m] pass through before adding more. The LS
column was removed and placed in a sterile 15 ml cenirifuge tube. To the column we added 5 ml
DMEM/HEPES + 10% ECS 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 mi

-10-



-10 WO 2005/097977 PCTIUS2005/010766 MES/HEPES medium +
WO 20086297/ cin. We then performed a cell count on collected E€NEEEIG0 TN &
the cells 1:2 with TB. The cells were plate at 1-2 x 105 ceIIs/weII in 24 well

ates. 1000571 The antibod Iutl ere oIIows 581
MES/HEP S o elo bSO EA N AU DS503R Dot e Sl

using asci es-

diluted the W3l4Q 2 Yol Q‘Blthiﬁ&ﬁellﬁ&e&?;&ﬁelaﬂdﬂ Q0420 1D IntdAatbl deto
dilute a stock of 500 g/mlto a f 10 g/ml. [000591 For positive

in
{00057}  seledfigintipedingil R%P%W%elﬁoﬁ?l}f Fa dilution of 1:50 to dilute a stock

[00058] Of SYOOATLIRVEAL IR AV GRAOA Fo rest whethertend Aiee! 5§00 g ascites-
pure) selected by the MACS sortin strate were enhanced fqr
unk to a fisabidderionarid ﬁ&w&&&#ehné‘é%feig gher ﬁwgéglwérlesps}fé#mg& ek of

ells 4 | lowing sorting and also after 4 days of growth in
500 pg/mi R/@ﬁ]@%ﬁ% and FGF 10 (post sort, day 4; Figure 5)=#t this time, -
[60059] furthEnmﬁmﬁcemmhpW At Rentitn 68 0otpbsesbiusionefd ado

achiev witchj res to conditions representing a modification
dilute 2 stogkd i 5&%‘%#@3@?@; differentiation protocol of Bonner-Weir et al;
[00060] (200%h t@%lﬁtﬁ&@%@%ﬂiﬂ@eﬂsmm©wlw DMAEM/F{ thenboh@E sorting
containing BSA, ITS, beta- merca nol, NE utami ne..
sateey WS ATARAER kMO IS o LTS AR Taggsy performed

were
on cells nﬂﬂ@ﬂéﬁl}bﬁmaﬂﬂdﬁ@iﬂfﬁﬁo?dfdﬁ%dm}dlﬁﬁmﬁhmmm 15 % SR and

(post-sort day _25, Figur 00061 test hether the rti frategy
FGFIO GFURAs YA Tt MBS MU O £ SETE R e o/
mﬁerenni@is@f@macb@uthe celicifterecitiated hpmé@&g@mmmemmw representing

unsorteqd ES ce erlved cells iff tiat d
amodxﬁcﬁtrlga ﬁt?)aﬁﬁ %%lrélﬁ g{é A e |ce 5%3)&5@:‘%&%& al, (2001),

numbers of

consistingelts mg&ﬁagi?ﬁﬁami&fdtfmmmfpmkhm smhfautmg@&élyﬁ&'n ibstds
{ t
M S T e

ays Sy SHd At ogy was performed on
were fuﬁhhﬂm@émmmmaﬁqeﬁﬁﬁm Eewits ﬁ@ﬁa@ﬁajaﬁwmmdmbﬁeﬂ day
how enrichment of PDXI-expressing cells insorted populations as
ayed by QPCR. In Figure 4, mouse ES cells were cultured to different
[00061] StageSoasdneinsted the $hﬂ;1ﬁ@s¢wtagy th@msstm@tmﬂifpmmqnc@@ ggowth of ES
noted above. Pdx e SSI sa
cels in Y58 PG A e S e o it umsorted

ES cell-disighsAdtlata aiﬁaaﬁimmﬁhﬁﬂg toxfa&mibpto@et@vm@mmeﬁciem
(NOD-SERS i v SO s G e B S T B Pl BRI S:

subcutaneously. Animals were momtored for tumor formation for up to 10 weeks, subcutaneous

25, Fl,gurg

tumors were measured every 3 days, and histology was performed on kidneys of injected

animals.
[0006Z] Resulis:
[000663] 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. Pdxl 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, pdx
transcripts increase only slightly over time as the cells differentiate in culture and eventually

pdx] expression plateaus, indicating the absence of further relative increase in pdx1 transcription
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transcripts increase only slightly over time as the cells differentiate in
WO 2096168F87and eventually pdxl expression plateaus, indicatingPhie/BrienEe0aso
further relative increase in pdxl| transcription -11 WO 2005/097977

. PCTIUS2005/010766 in later stage cultures. In contrast, pdx| transcripts
in later stags TR, L0 COMEASH0T b AR T R RRE Sa ROCURI ARy L fae
EpCAM-+eslls. demdm&ggaﬁaﬁb&wmdﬁgm?mdeﬂﬁdfbfm Id '@nneﬁsh eioprix1 gene
. _compared to undjfferentiate, S 4- enrichment _

expression-gomnaRed 18 WU HRsgEate @&?ﬁ* #ud; v@&@%&a@w&h%&%%%ﬂg
unsorted c%n@.img@%' d wlblﬁtm7 dqmqraﬁd mtammlgf iﬁs&&tg'r_lﬁ{p@m_ éﬁtg.ﬂhi@ﬁerd&ml?nstrates a
L. markers Sox17, and reduction In Qct 4,.an undifferentiat stem,. .
signiioant GRS LGRS B A =L?sﬁ*ﬁ‘gf?ﬁ%°§8ﬁi% ?&ﬂ%ﬂ%ﬁ%ﬁeﬁaﬁw stem
cell mark@g(messé@ma ma]EMMﬁooo csdniehig&il\}lis mmmgmr&al i 0 s@zsztigatnjgmwé Txga;;sion in

unsorie opuins. + cells that wer rOXH& tey 0.
STV b R e e R G L e i L
[00064] (say:ﬂp%&?&lﬁﬁ&%@ﬁm@kﬂay?@%%@bym&@m'mrcuiture medium

. ... adaitiona ays re in seru reem taini )
as indicat AR FIA A LT PR SEIE P EAS lh , foioved by
culture fofi'tﬁﬂ&afa&aim p}gfm@ﬁ@bmmd ”iacmﬁinc&d f bs mm@?mw grg sdtetiteenide,
. awa u Iffereptlated cells a e O_. towards mare

exendind, i B e T AR P P Ly AR BraRl g post-sorted
cells rcsumeMiY@Ylp‘ic@taﬁflmﬂfdn_ ( dsontipdr (;i&ﬁuﬂt&iiﬁ&a@a!ﬁdm’ jiaik Aﬂﬂhmg; ' éﬁ_ﬂm‘fxpﬂlwlrFGFloards more
. .ang., transcripts t-sort VS unsort . er ays In
differentig 18 BNORG R RO LG A0S & SRS AAE BRreoun Ggthent,

sorting rebidasgriptiyhificaitsarticayedtv pbdt-modtidag@hsthigtaipeshcoundpriied

by,a -4-5 fold .in in tatal cell numbher over.4 days without a . :
wmsorted), A Y L RY NI R T DA ey AT 200 fld inerase
in Sox17 prakfeiption (Setisequént it esoithisdexpandbds populatiompamsed iy a ~4-5 fold
. free, medjum for 21 days,(up t0,25 days post-sorting) as indicated | .
increaso LS LG RS Al R AR R e TR Mtin
was likelyddiffer pntlafechiitem Stkenarkecs (Gt 4 flitcicatmdcdgopninton in serum free

. ifferentiation of ifferentiated. cel il WAS Red
medium g%ra% rg% Sn% %On%%%g‘r”rﬁn? %%gggl%%trﬁse lr?é&g%%:%gr?r? %&%@%scriptioﬁ?
dramatic Stnretsmiotis)\expreoise pfetdi feorrdistedtsterd sihifisdwriileade indisating
... levels of pancreatic er ession . [ .
f1 f
commite 13- B R SRS SAER” R i, A naturtion o
endoders}bkig amaiccediestingrafut é7draustisoomirtiusidesivsiyr vaobireed 2
. tructures..Overall, compajed.to_unsorte I rj
wnswteﬂcu ér‘qél%}lof 8%16% %ﬁrﬁaﬂ%gnfﬁﬁretﬁ%‘?e(%ﬁa g}%ﬁ% %1% [ e?% 5‘%%?&%5%%1 irﬂix 1:’ YY
and Insubin)inthedsdhnspatifieaticaieotrsditaelscln dstirdtbdinonigifieyn a striking
.07 % of the total ulation 9% of t lation.
n%ﬁ{? ) L . FeiMBpared ¢
Wy, CORE: %étee%g%%?l%zgopro ché%t'%eng%%ggéﬁs) ullékgr%%ggté%&w- fold patecto
unsortedinelieAbe rvitisglsrieoipreasinyloatspoietol chandessi figbaesappresicmd
different RS TIOERNRIPGY MIOLMAN P10 SR HIRL AN NAIAE AR SNANIES 12  fold from

0.07 % of the total population 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 melecular 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 teratoinas. Therefore, we designed an experiment to

test this hypothesis. First, we fransplanted 0.5 x 10% undifferentiated murine BS cells or unsorted
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that occur in t'he ‘embryo during pancreaticogenesis.’i [000651 Based on
WO 20898%9Hificant reduction in Oct4 expression, we hypothesiZ&dRf&2065/010766
_ EpCAM+ cells would be less likely to form teratomas. Therefore, we
ulation 87 9RRCAN:CEPEHINGR'HS JARl RIRPYROIIAREY Bt HBNTRIANIER e 8
POP 1 106 undi grentl%%ggﬁmu%r?e %S cells or unsofte -12' WO 2005/097977_
week-old QDES2008¢61 BYidec popuistivnyesteliferesdistefaniniertps édlisughdarmals

S . i o Liorrice. _
developed %@#&@ v%lgr%%\%%tgg § Wegé%%%%jgﬂ tlolt:legﬂ? l\g{hqc%}mfr%a S Al negative,
SSEA3 neMQpEHiE@]IGM pisitieconibrdid mobdeveoratomtatadsjeitted glwzssbz. B

. - 106 n v SEA3 v E M itiv. '
e e R
injected unfiee fbfdrEpRING SSebrindwatiengdaiici teiraiate Femsmichwienpijiee@eperiment
in which cBﬁQWe@%‘&ﬂ%&%&ﬁ%WWﬂﬁ'&@%ﬁ% QYR BSEPWR ther control

another experiment in which cells were inoculated subcutaneously. This

cell popm@i@brﬁﬁﬁmla%%ﬁméadaﬁbmm gall p@p@lﬁﬁi@ﬁzﬁ guexpmined growth for
up to 10 weaks R R0 EREAMsRoies el MM@@E%@@@'M@@M%&?&S mice

up to 10 weeks. In the subcutanéous location, undifferentiated ES ce

rapidly gremogvitaladdrnesahnsiCe] taploly e WiRtscnrtigedsorshaslisaomipaibntprmed
! ; Ay . _
tumors (F %'n%)%c:ﬁj; r%%%%%#%? ﬁﬁ&%&%ﬁt‘iﬁ%ﬁ' b dorpnedidy a'géﬁérgﬁ'ﬂ #heBleratomas in

entiated ES cells also generally forni teratomas in

immuno-ciprneise! soiepeteirmaicheata Seisiain EstdidvigiviEeremiated cells that had
been prcvgm% ggﬁigstﬂ}%@%e%&%gﬁﬂﬁ%%%ﬁﬁmm é%?é%ﬁg&able

strategy failed to form tumors (Figufe 6). Stable nodules less than'3 mm

nodules lfs Shge fommetnipizl foased i1 EhAM 5BREDEH igeed et vomssipmsgremaining
unchange% g%gﬁarls%ggeggst(gia%é} e ﬁa&&%r Fﬁ?%%&g?l 5 ?Q%@%Xﬂgﬂ?@@m a

owe prevalence of glan structures, suggestive o

prevalencendgtiadniaterivetivess, Pheenstitiphd vadedeme dva*ma_@isf@ﬁ- olwerrgeliinle varied
derivativelfﬁfﬁ Bﬁ%@%ﬁ%ﬁ% g%ptl%ur it AR %%’&;{*8{;&&%8{@ H?)E??e@g% ?hl\i-, nodules,

oug > _p ons did not form teratomas In VI}/O, cells . )
Although sorisdegibpeppiatitamdid Hot Hiro iratempedifid corngliomedepdified makisrated in

vitro und2RBUEEIOD ARHEAURELINA: dER A ARARIASEC MHQ%PQMPQ?OPmSiS of

was not the reason for lack of teratoma formation. It also indicates tha

the sortedanpmtpsion M5rexpiisisrrennferdent of (ors rmg dosaation ik edsqmiicates that
condition$! QuRIredueing e merdeniciyofitiag wesulingeineously reducing

populations. [000661 All of the three methodologies recited above resulted
the tumonigspisida siriganesplops adhperdatisnsirected to endoderm and the
[o006e] Panclenls ineaee o inibrlbandiiece alaRtesema s iaUiiesy We proportion

particular, the MACS sorting strategy both enhanced pancreatic

of cells digpraditeiandedsra arditheernsrretigbinengeoi omdniiniiyamgiaentiated stem cell
cultures. %Bﬂ%&b&mﬁﬂ%&?@@@fﬁ@ fesantateddesalitedivigifetiion and
S

positive celis selected by the MACS sorting scheme, in addition to

reduced tymapgpRjoie AiffFsinkdh Hor bR srRby dRRIeRRE Fe8idYek, are
undifferci®Ped ES cells. Thus, EcCAM positive cells selected by the MACS sorting scheme, in

addition to providing the ability to enrich for endoderm and pancreatic lineages, are less
tumorigenic, an important attribute for eventual clinical therapentic applications. This is believed
to be the first demonstration or reduced or eliminated fumorigenic capacity for ES cell progeny

that does not mvolve the introduction of exogenous genes into the ES cells,
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tumorigenic, an important attribute for eventual clinical therapeutic
applications. This is believed to be the first demonstration or reduced or
eliminated tumorigenic capacity for ES cell progeny that does not involve
the introduction of exogenous genes into the ES cells. -13 CLAIMS 1. A
method to enrich a culture derived from human embryonic stem cells for
cells of endoderm and pancreatic Iin&@g‘@éthe method comprising the
steps of (a) culturing human embryoni ?n cells to form whole, intact
embryoid bodies surrounded by visceral yolk sac (VYS) cells, wherein the
human .emb#yorikostairnoells eXpreskrdet-fosunfaee stabe spesific cells

RIRIKUHEANIGRNTH Ddrortadt ﬁ(@@@gh@m%@&ﬁyrf&m.@ﬂe&@?cule

(EpCAM); (b) culturing the embryoid bodies of step (a) under conditions

that p&tnit tRECERBRISIA TR CaIG IS HE PR GAR Mol BErbapmtion
lealitaingcédstefthesrendddermniarth pahcrdaticilineagesin(ehtispacsing

| ion. of step.(b).inte si , lecti inst th
ischeeolaiaatn C) el by saricspopne

pre: > t0 remove  undifferentiated cells
frofisinkcelbndhsristepqeruieliiédtig against the expression of SSEA-1

positive)cellg ieuginaves V¥ Soiaalaifnimsthe &g maning eels ahsteg (e
a d?(f lecting from.among the remaining, cells of step (e).for the
AR 1 T R R AR BRI, e
pakdeeatiodipratrayc 2inFisesmethod of claim | wherein the selecting is

perforpaed byitagngtis. aqtiyaiercelLsoring 2ésmethagido enrich a

culture derived from human embryonic stem cells for cells of er]doderm
and p&Hcreatfe iR aEE HES ARSI bt feing tRESUEpEls (R) M Sring
e eimtdyatictstentheedstof forpr{akhole, intact embryoid bodies

surrounded by vigeeral ¥ol 'ﬁé@%@é@@ SR WHeISIR DAV Anove vy's

embryonic stem_ cells express Oct-4, surface stage-specific embryonic
sbtidemnabg e s ) st ithand cell adhesion molecule (EpCAM);
(b) cultpring ikiecamirryaidbadies oéaiapnEddRdesepditianscthairpelmibr
| bryoid b cells to.differentiate into a cell population containing
R e e
population of step (b) with an effective amount of fibroblast growth factor

10 (FGF10);r@0hethod of claim 1 wherein the selecting is performed by magnetic

activated cell sorting.

3. A method to enrich a culture derived from human embryonic stem cells
for cells of endoderm and pancreatic lineages, the method comprising the steps of

(a) culturing human embryonic stem cells to form whole, intact embryoid
bodies surrounded by visceral volk sac (VYS) cells, wherein the human embryonic stem
cells express Oct-4, surface stage-specific embryonic antigen-3/4 (SSEA 3/4) and
epithelial cell adhesion molecule (EpCAM);

{b) culturing the embryoid bodies of step (a) under conditions that permit the
embryoid body cells to differentiate into a cell population containing cells of the
endoderm and pancreatic lineages;

{<) treating the cell population of step (b) with an effective amount of
fibroblast growth factor 10 (FGF10); and

(d) dispersing the cell population of step (¢} into single cells enriched for cells

of endoderm and pancreatic lineages.
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(d) dispersing the cell population of step (c) into single cells enriched for
cells of endoderm and pancreatic lineages. -14 4. The method of claim 3
further comprising the steps of (e) selecting against the expression of
SSEA-3/4 positive cells to remove undifferentiated stem cells from the

~ cells of step (B 1te1s8|eEflrgab BiReAETKisiES BB AP SEEA-1 positive
cells tggemave MY Shaalls fromphecalls of step /e wng (gliselecting from
among the.remaining cells of step (f) for the expression of EpCAM

rﬁglgl R/qg]}égﬁg lgldéﬁ#(%”?%?eé%@&ﬂé%a@&e‘}rrﬁtg)n%%ancreatic lineages. 5.
The mébhod sieclaigngeinvtidhe rxpresssaiottivdg fs berfotraedbonsampveicy S

aslveiedieell gortingy AR Enrichment method for the creation of a stern
cell derived cell population which does not %?ve tumarigenic capability

compriihg tha°sHS< BR (AT bR HNHG UM EIMBHRIE SRR ENETES AT
byiioid mtsctemby yoidribb e sciurburdédbyndgeeratyolkisagefVYS)
cells, wherein the human embryonic stem cells express Oct-4, surface
stage-specific embryonic antigen-3/4 (SSEA 3/4) and epithelial cell
adheston molbtiEhErE AR oyt ftg s BnBRBII B R S BEES (a)
sidegondidens that permit the embryoid body cells to differentiate into a
cell population containing cells of the endoderm and pancreatic lineages;
(c) dispersing the cell population of step (b) into single cells; (d) selecting

againg the exprgsaiaRAhRBE Y hoasiiNg cellSdanQmaMeved cell
undifferentjated cells from the cells of steﬁ%%);cgez selecting a air}st the
e

RIRYALLIoH P S &E A1 BRI BT L6 SEaIRHEH e cells of
step (d3) and:{0wselebtimgfrorrgeneng:thechsmdimingvbelts ofstem teyddr

D& EXRIRRSIRA B &Q&ﬁ%ﬁ&%@iw'E%HEP%S%HAWIQ]GE!L% %BJ?&H?&Q%m

teratomas when’injected’in immunocompromised mice. 7. The method of
HHRBGR Sl tHE S HRRFIEPRS B ABRRER B G S SEMVA B a kIl
Saftinpl &1kdnetbachtoeenitchp adture derived from human embryonic

stem %’%}'S for cells of sndaderm and pangr %"L%Hé‘rec%%%’o%‘%h%%%@ﬁ%ﬁ the
comprising the steps of (a u1tur|ng the human embryonic stem cells to
?WW%F@;WH&?@H&S?@W@ into a cell population containing cells of the

endoderm and pancreatic lineages;

{c) dispersing the cell population of step (b) into single cells;

(dy  selecting against the expression of SSEA 3/4 positive cells to remove
undifferentiated cells from the cells of step (c);

(e) selecting against the expression of SSEA-1 positive cells to remove VY'S
cells from the cells of step (d); and

(fH selecting from among the remaining cells of step (e) for the expression of
EpCAM positive cells, the resulting cells not forming teratomas when injected in

immunocompromised mice.

7. The method of claim 6 wherein the selecting is performed by magnetic

activated cell sorting.

8. A method to enrich a culture derived from human embryonic stem cells
for cells of endoderm and pancreatic lineages, the method comprising the steps of

{a) culturing the human embryonic stem cells to form whole, intact embryoid
bodies surrounded by visceral yolk sac {(VY'S) cells, wherein the human embryonic stem
cells express Oct-4, surface stage-specific embryonic antigen-3/4 (SSEA 3/4) and
epithelial cell adhesion molecule (EpCAM)
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bodies surrounded by visceral yolk sac (VYS) cells, wherein the human
embryonic stem cells express Oct-4, surface stage-specific embryonic
antigen-3/4 (SSEA 3/4) and epithelial cell adhesion molecule (EpCAM);
-15 (b) culturing the embryoid bodies of step (a) under conditions that

~ permiithe embeidibedwsellsseidifferantiateunier asmellpenulationit the
co tairH'n cﬁell?lgg‘otgi% endoderm anchpanclreatic lineages; QFS) c?fe;hating the

emipryos ce i1ate mto a opulation contanihe ¢ ne
ce opuiation of Stepfﬁ) WIth an eﬁ%cﬁv% amount o IETO% as bl‘OWth

fadedertOa(R G @pto Brmdgksfor cells of endoderm and pancreatic
lineages; (d)dig rﬁ@&tﬂ%ﬁﬁﬁt%mﬁé’ﬁp& e @ripioesinglg cafls; (€)

selecting against the exgoression of SSEA-3/4 positive cells to remove

{iahaenaatb it dEHE HBA BELs Bl rdydtrand Bt ealainst

Hneagxpression of SSEA-1 positive cells to remove VYS cells from the

cells of step e%j' and. }s ecting from among the remaining cells of step
(0 for 1 xS S R B R e o
endod&¥m aselqshnreinel veagesssiopgf SSEA-3/4 positive cells to remove

undifferentiated stem cells from the cells of step (d);

) selecting against the expression of SSEA-1 positive cells to remove VYS
cells from the cells of step (e}; and

(g) selecting from among the remaining cells of step (f) for the expression of

EpCAM positive cells to enrich for cells of endoderm and pancreatic lineages.
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