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DI FFERENTI ATI ON OF HUMAN EMBRYONI C STEM CELLS FI ELD OF

THE | NVENTI ON [ 0001] The present invention provides
woreibotsss o pronote the differentiation of pl uPCpUSHN$/071782

stemcells. In particular, the present invention

provi des an inproved nethod for the formation of

pancreati c endoderm pancreatic hornone expressing

cells and pancreati c hornone secreting cells. The

pres
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use of a feeder cell layer. BACKGROUND [ 0002] Advances

in cell-replacengmEtheRPUE INVENIRON di abet es

mellitus and a shortage of transplantable islets of

Langer hans  have focused interest on_devel opi ng sources
ThegyreseASIN PRI MBRNIESSTYCthady te prejpots thediffsrengptionefnlytiotent stem
coly B pEEDAN TP IR ARAL AR ol i b PETBELBbY 28 ] grmation
of pascredtarendudami, panoemmn)honnmesdwmsmﬁg kcslls e[IﬂQﬁﬁﬂ:rehtlm hormone

verte a enbr ani ¢ dev nment uri otent cel
SRS 1 afe g gpwaowﬁe@ ?Védf‘édﬂfdll&s hgramEdger m
dlff&@m&ﬁm(&%i&qﬁwn StERSQAE Witho@fle BRAFIEEMer b8 yBF, OCESS

known as gastrul ation. Tissues such as, for exanple

thyroid, thynus, pancreas, (%1 and Ilver wi |

devel op fromthe endodBAGKGRQUAD i nt er nedi at e st age.

The internmediate stage in this process is the

[ f, finiti r fi mi
AdeBE(Eh O rGlah b SEFRET Moo RE bl Xy RIRGHEC
tranGdmidble Mleth bf LeGERANE halveSoxused 7ntel[e@tQﬁl4deVEk@pﬁ@tsbmr¢e@6f
t he pancreas, arises fromthe dlfferentlatlon of

1nSld‘@erH‘i1‘tqll%€eceélﬁo‘Hd?eﬁW1 wpEPIsRircior st aftapfo QMCRPPOF & the

B S LTS S Bl e s rsgemle

emtapseastemofellPdx| , the pancreas fails to devel op beyond
the formation of ventral and dorsal buds. Thus, Pdxl

ess n mar Cri e ancreatic
n ERBAFRS LR S8hritent il st eBRT AR Grupgt cels
confrRR tHl%le lgettnY R§Ers (846N ﬁleﬁdc{%ﬁﬁeatﬁ{r@ldﬁﬂ@ﬂﬁ i BBrocess known
tissue. Exocrlne and endocrine tissues arise fromthe
as g@ﬁitﬂﬂ@m@nﬂlwrs@wcmas danexaemle. chyaio therms] pooshs. @t lagd liver,
Wlllbcfseeglog %ro%{] 58&%11% gfan 11’?‘[61%(16 é Ltﬁ J‘ aftfl > infePRs dlgtg s¥age in this
been er|ve3 Fom enb ryoni ¢ celts 6f € nouse

pro&@xafispheformetied 6&6fﬁitl@| end§&eine MEFIn2D2: chdB&rm’2&¥DY kxpress a

report
nurnbegrJ of markers, such as, HNF-3beta, GATA4, Mixll, CXCR4 and Sox-17.

Formation of the pancreas arises from the differentiation of definitive endoderm into
pancreatic endoderm. Cells of the pancreatic endoderm express the pancreatic-duodenal
homeobox gene, Pdx1. In the absence of Pdx1, the pancreas fails to develop beyond the
formation of ventral and dorsal buds. Thus, Pdx1 expression marks a critical step in
pancreatic organogenesis. The mature pancreas contains, among other cell types,
exocrine tissue and endocrine tissue. Exocrine and endocrine tissues arise from the

differentiation of pancreatic endoderm.
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differentiati on of nouse enbryonic stemcells to
insulin-secreting structures simlar to pancreatic
WO 200epss4550ri a et al. (D abetes 49: 157, 2000)PCEPSI008/071782
that insulin-secreting cells derived from nouse
enbryonic stemcells normalize glycema in
streptozotoci n-i nduced di abetic mce. [0006] In one
exanpl e riet.. PNAS 99: 16105, 2002) .di scl ose .
CelfS iR e e o bl DR BHTED DRuicBrt SORT Gt yonic cell
of thdWRbNel ¥o8 cQimMNBASPRANOS 'aV.'(gﬁe&e@%aﬁ}%%(i-@m%dt%gﬁ)
produced cells that resenbled b cells. [0007 n
diffenautidtion ofxzovsé embBlonzsteny kelbstto ansulip BRASINIHONGY8es DHS) to

ts. t ' [ N i | 1s_ f
panci R B e PP Rar 1y RE bR b PO Ry Py s
deriPeX fom[H&B8 lent¥rgstlid &Emekli@hornfaBROElySethiadh str€tbARdEN-induced

acid can regulate the commtnment of enbryonic stem

diabetiF §cq.0 f orm Pdx| positive pancreatic endoderm
Retinoic acid is nost effective at inducing Pdxl

In ogﬁg%ajgﬁib,g@or\f\@ﬁﬂ ) Qﬁq@% i‘)? O 4 Hg ,t wOQ?%i%$18Mat4r&{ment of anouse

stemc ferenti at uring a perio
emtrgomiesponsilngithontibitore o pbdspheiadsitilad-konsé (LY 20e08Nprgduced

i abet e : 301, 2005). [0009] M yazaki et al.
Ceué&%b??§n§€§§6§ S-embryoni ¢ stemcell line
over - expressing Pdxl . Their results show t hat

In aBSACEHAHDI B sZEXR @38 (PRNAS| 198rJoR. 20133 RGRE tHteseneration of
expression of insulin, somatostatin, glucokinase,

insuhigerodsinee]ls g mpusesmbrioniEINES! epbla eenstifutivily expressing Pax4.
resulting differentiated cells (D abetes 53: 1030,

. . . 3 I .
w08 0F PR S Pl b ORRTS AL REH o s
cellexpioaa Pdeh positiex paicidadc padwicant Retigaoesd (Pihdstasfitdctive at
. .anyl ase) and endocrin enes (Pdx|, insulin, and
indypimecBEdriRPISISiAD M@lén addrdyie griturss ahfay e etembrynigempgl]
diffE e e o ARin g FIEHUE CorkpBihEM BEERY b SrulRBY i Ombryo
(DiabRdA Seas® 1 n2105af f ect ed by retinoic acid; however, 3nM

FGF7 treatnent resulted in an increased | evel of the

.transcript for Pdxl i ochem J .379: 749, 2004). )
My S pplih ot Byl BelL U Siegdartsping B 1, Their
resul B Gh&W $hakt BRSgcBORCP dx1GRpysiem BRAGE citliaht &F P bk@téstth &finsulin,

enbryonic stemcells into dely$05|t|ve cell's. They

somgipstaFip.egluedianasTarpmeepinddtith, Bryo, pné BN genps gbe resulting
diff Sﬁtﬁ)ﬂgﬁgée@?:(ﬁfg@gﬁ%é??ﬂﬁbz hyfycel s (Genes Cell's. 2005

Skoudy et al. reports that activin A (a member of the TGF superfamily) upregulates the
expression of exocrine pancreatic genes (p48 and amylase) and endocrine genes (Pdxl1,
insulin, and glucagon) in mouse embryonic stem cells. The maximal effect was observed
using 1nM activin A. They also observed that the expression level of insulin and Pdx1
mRNA was not affected by retinoic acid; however, 3nM FGF7 treatment resulted in an

increased level of the transcript for Pdx1 (Biochem. J. 379: 749, 2004).

Shiraki et al. studied the effects of growth factors that specifically enhance differentiation
of embryonic stem cells into Pdx1 positive cells. They observed that TGFp2
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[0012] Gordon et al. denobnstrated the induction of

brachyury / HNF-3beta + endodermcells from nouse
wepiswptas: stemcells in the absence of serum BETUB2908/071782

the presence of activin along with an inhibitor of Wit

signaling (US 2006/ 0003446A1). [0013] Gordon et al.

(PNAS, Vol 103, page 16806, 2006) states "Wt and

reDIPEIRIPg oo AE* CRECTJERRIEOR BhEaT! RREBE LY (OPepE Fi PGt
ux@ﬁS@ﬁké?_[0014] However, the nouse nodel of enbryonic

stem cell devel opnent nmay not exactly mmc the
devel opmental programin hi gher mamals, such as, for

Gordsmrstlederpnviinisd ticGodwyiomies hesshywsy /HINF-Hlssh andederm cells from

moSE Bt ShER Akl b PR R AR Bk SR G Ry o
witldl@t inibgtoh ufrat sighalpnils 20@6ro00BE@GAI0el | 1ines from
fetal gonadal tissue (Shanblott et al, Proc. Natl.

o585k SN 87 ST T S0y G ORI S0
actitinfsf _raﬁrq% Sighul B8k oRs VRV fe bééw%!i ffdfrtlr}'ﬂ gen\éﬁr?ftfan ¢ H{%eemteﬁior primitive
Inhibitory Factor (LIF), human e yoni ¢ stemcells

stresii'st be nmi ntai ned under very special conditions (U.S.
Pat. No. 6,200,806; WD 99/20741; WD 01/51616). [0016]

D r et al. describes.the production of enrjche ..
HoerapCattr oL EbRgBis PTGl drfhaf ygfol S0EH mimic
the @@fcldpinidn¥e pRIPEAH &f Algh8r hilamRAIsCSRAGS, Bf cdinkilgumans.

concentration of activin and | ow serum (Nature

Bi ot echnol ogy 2005) .. Trans?lanting these cells under
Thopsen gf @nisgl rgomye stepeesllp om) pen Hadeepblenene 353al 14,

ot . o
9K R LR RS KO A 28BS LR Al ST ol
linesl @bmnfictal genaelatiddes (Shaelblet ean., Bevct Natl.haeead. Sci. USA 95:13726,

1998} S TooE GEOIGU U2BEs I ALY POOE it drapititing
simél?'g)?e%glﬁu&hﬁmﬁ HRAkAEY 1nhiBfery B8R (LI GhintQP8 onic stem cells

have devel oped & differentiation process
must hamaggmived tsden wemyrspesrblropoditions (e P4ESY. ©200,80¢; VO

CL | s capabl e of synthesizing the pancreatic
99ﬁ§@gﬁ§ﬁ%28V§§ﬁﬁ3n, gl ucagon, somatostatin, pancreatic
pol ypepti de and ghrelin. This process mmcs in vivo

D’ AWah\GTeal. d6RFBaNDe pRRIBILSoYf diricRed ¢ulGir&&Ifhamah kabgfonic stem
st ages resenbling definitive endoderm gut-tube o
cellglsierbdefinitherrndederneindhipigatnes aha hishdorsqniation atantiysyand

low%gru'iﬁ)&\ti a%ulle%i&%l:ﬂt?olééw%g% PY&nshlanting these cells under the kidney

capsule of mice resulted in differentiation into more mature cells with characteristics of
some endodermal organs. Human embryonic stem cell-derived definitive endoderm cells
can be further differentiated into Pdx1 positive cells after addition of FGF-10 (US
2005/0266554A1).

D’Amour et al. (Nature Biotechnology - 24, 1392 - 1401 (2006)) states: “We have
developed a differentiation process that converts human embryonic stem (hES) cells to
endocrine cells capable of synthesizing the pancreatic hormones insulin, glucagon,

somatostatin, pancreatic polypeptide and ghrelin. This process mimics in vivo pancreatic
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endocri ne hornones". [0018] In another exanple, Fisk
et al. reports a system for producing pancreatic islet

W@ 00081846 m human enbryonic stemcells PCT/US2008/071782
(US2006/ 0040387A1). In this case, the differentiation
pat hway was divided into three stages. Human enbryonic
stemcells were first differentiated to endoderm using

a conbi natj.on .of di um butyrate and actiwvin The

ore g PSP RRURE SR CHIPRH e et TR AaGe S palodfa, mtibe

end QGG Parlchoa®ie BRIGHRIH @Rd WhddrikEhrlirsbeéPfRtd telckms that express
generate Pdx|l positive cells. The term nal

endeirirfcdrosmonest’i on was i nduced by nicot i nami de. [0019] In
one exanpl e, Benveni stry et al. states: "W concl ude

In a}lgt%r &\éﬁlp;l:e )F?s'i( ﬁl %}30%5 a s mﬁnpﬁ%a&q%? 65?1{0?653?10 ?ﬁet cells from

enric genes;
hunfh)ﬁ@hﬁﬁﬁ(btﬁ@ stomycetle qm$1(m)6ald)d03 §70019) Inshigreases tHehhiffer@hation
only present . in vivo" (Benvenistry et al, StemCells

patmswsziwgcteﬁqg@m Staqeeo é@}nairrwalbézr%}l%stemr?@lﬂ%vv§fq first

i
s R e i TR S R
cellewpantededloratidite IGRmtagonissnsuclchd Noggh imeeulsinatidn wigh EGF
r et the p to differenti [

ot bﬁféﬁ@wgﬁ? bR PR haofiyq @18 The 1L i gation was induced

byﬁ&[{fnﬁﬁﬁdeng cells, or pancr eatl ¢ hornone secreting
Vié have taken an alternative approach to
| nprove the efficiency of differentiating human
In caerbxarepic.Bawvensite bl f. stafasir MVpaneseda that eisttoxpriesséon of Pdx1
enh%fnﬁcl?% ﬁ%qi)rgs%%l\MF%Ya ce:rge%tlé %r%cﬁgc? gef‘n%?blgglfcftlglrl eolg nsgf Ex reses{]Otn may

reqlﬁfdﬂdldﬁﬁﬁl@mlglﬁaﬂﬁﬂﬁhtca&b bsly prespr insing (Bbevealsaf%r of, Stetn Cells
Culturing the pluripotent stemcells, b.
200@) 3% b‘??éng?%)()i ng the pluripotent stemcells into cells
expressing markers characteristic of the definitive

The%}gl%,dﬁl%f@ HINERYEs G sionttidahEh&RLD agveg%) é{*ﬁltgﬁ% Iex estabhshlng

expressing markers ¢C haract eri stic initive
plur@tﬂimﬂ etem ¢dlllewy ehait namba:@dﬁasde&inp rddssate wamrkechnical needs,

aracteristic.o t cC en ode mlin e, and
whify 1SRk ot g BT ERL e EREs fadrink SRS Rancie
hor®bA Gk &kinglckls, f pht@cahRMorRetd CcRAHLE8ISMWe have taken an

alternative approach to improve the efficiency of differentiating human embryonic stem

cells toward pancreatic endocrine cells.
SUMMARY

In one embodiment, the present invention provides a method for differentiating

pluripotent stem cells, comprising the steps of:
a. Culturing the pluripotent stem cells,

b. Differentiating the pluripotent stem cells into cells expressing markers characteristic

of the definitive endoderm lincage,



[0022]

i neage into cells expressing markers characteristic
of the pancreatic endocrine |ineage. In one

werivomisrent , cel |l s expressi ng markers char act ePCHUBI08671782
the definitive endodermlineage are differentiated
frompluripotent stemcells by treating pluripotent
stemcells by any one of the follow ng nethods: a .

turing the ur| otent stem cel
c. Bty e PR indeRrbaRe ks wRaHFhiFunendoderm
kol ith gettst@;p%klhg idrkdds Siedrhdtbristit R RBEMMc AMddéhen
culturing the cells with activin A and serum of a
Hndaceramdt concentration, or b. Culturlng t he
pluripotent stemcells in medi um contai ning activin A
c L
d. 1%121%%% %‘ei ellg ﬁr%gsltl{g %%%@%ecgﬁ%éﬁgé% of t?g Bgt?créa%c\@nagderm
ﬁhld:atgH finto @eﬂlsf@cppésslﬂhg peiriedtt cldrasieristiclos thdpal’[éﬁéhthk%ndocrlne
contai ning activin A and a Wit ligand in the absence
BReager um then renoving the Wit |igand and cul turing
the cells with activin Awth serum or d. Culturing
In ohBEmBb&if{cRLLEMN e@?@s%@ &hdrBer® @haﬁ'a{ ft?s%\z'%f oY deinftive endoderm
substrate coated an extracellular matrix, and
lincagd are dlffegettthEdpﬁmn pbmtpetﬁnt sttmmedeby HewItgtplmpqtmt istesn cells by
and . Culturing the pluripotent
any??%ﬁ?@§q%g‘% gémttgéue culture substrate coated with

an extracellular matrix, then culturing the

a. PulidifOthe Plurflorsmt el @1 Meditil donfhirn@Betivan Wit thd 838te of
in a first culture medi um containing serum then

suprmythien guityrengghe e¢llsor i@hectiyinefn and [sprymajandh thes cnlpmngahe gells
%u %88519&%&#1 'S?Q'd n?tﬁ%%)f%e‘ﬂ'trg pepum or f

turing entce ?5°%n a tissue
cul ture substrate coated with an extracellular matri x,
b. Chiwriguiht q»hir'rp@tdnh gtepl astls pomeditmsdoamieg hativia Ahnalet abstmce of

A and a Wt nd jna first culture u )
SShnathsh ﬁ@lﬂg@tg%ﬁ? oglloanitheqtiviy frgth W%ngﬁ?%g%réﬁpgtnéﬁﬂm’ or
cells wwth activin A and a Wit ligand in a second

c. CHlthiiet E?ﬂirif)me‘ﬁ@ QLA RIS th HEdiHA &tlta%lﬂ% Eétaﬁﬁemand a Wnt ligand
concen ion. [0023] In one enbodinen

axipe eb@n%OEm%rthemwammgethﬁ S¥ntdigend @rtdemwaln@g et gedls with

qnnngﬁgﬁﬁlneage are differentiated fromcells
é& ressi ng ST8Pk%rs characteristic of the definitive

endoderntllneage by treating cells expressing nmarkers
d. Chhiiragd @e iphiripotedt stetecctebh Bitikueéulture substrate coated with an

extracellular matrix, and culturing the pluripotent stem cells with activin A and a Wnt

ligand, or

¢. Culturing the pluripotent stem cells on a tissue culture substrate coated with an
extracellular matrix, then culturing the pluripotent stem cells with activin A and a
Wnt ligand in a first culture medium containing serum, then culturing the pluripotent

stem cells with activin A in a second culture medium containing serum, or

f. Culturing the pluripotent stem cells on a tissue culture substrate coated with an
extracellular matrix, then culturing the pluripotent stem cells with activin A and a

Whnt ligand in a first culture medium containing serum, then culturing the pluripotent



[0023]

[0024]

endoderm | i neage by any one of the follow ng nethods:
a . Treating the cells expressing markers

W@b@pati4ss i stic of the definitive endoder m | i NRETES2408/6171782
a fibroblast growth factor and a hedgehog signaling
pat hway i nhi bitor, then renoving the nedi um cont ai ni ng
the fibroblast growh factor and the hedgehog

si gnal,i ng. pat.h i nhibitor and subs ently culturin
HE Ut PENRRUREAY b O SehbB BT RO N BLd o contamie
§drmQlaagticOhQohbert@6bpr and the hedgehog signal i ng
pat hway i nhibitor, or b. Treating the cells expressing

mar kers characteristic of the definitive endoderm
In opg pebgdiment, lsclseexpirssiag ardrkera lepragtenissig of thomneichiiogndgderm
. 0 . Ir i th I nr [ "
ine Y DFBGLBLet B0 S SRR R L T BB E e
endbddr@dgrayd bhtréginigreilceaeeingtrhekers ehmudtadstichd tieddfimitive
acid and subsequently treating the cells with at | east
endegramslingpgmpaty @m&tf{? fodergte Mehedst] 1 n one
enbodi nent, cells expressing markers characteristic of
a. tr%ﬁﬁ%ﬁférc%ﬁé bprERfRGhi e schAigaggstR! & il fdrrent én%ﬁ&m
fromcells expressing markers characteristic of the
peeage @athi cfilobestegrowth factagendy hedpebog signamiglpgthway inhibitor,

BB SGBPYine FRann G By SaRy e sP e fisT E TG Rchbblechos
?ﬁﬂ&ll@é' PatfYdnhiBRoCAld sBb&YRERESIUMriAREHEEI s in medium

aracteristic of the pancreatic endodermlineage in
perdiiomegaoiicad adidg Mnphlastraiowtheadionant the hedgohegsighaling
tq nedi,um cont ai ni ng DAPT and exendin 4 and
belfwel

a or, or . . . ..
éﬁue y culturing the cells in medi um contai ni ng

exendin 1, 1G~~1 and HGF, or b. Culturing the cells
b. Exqarties dengllsratpeessthgahakas tchimetttistioadf thdhéefpatings @dbiam

endoderm | i neage .in nmedi um cqnt ai ni ng exendin 4, then
HegRse A retoinaelf and eblsesions %B@%&%ngﬁ“ﬁh EWPPL or
subsequently culturing the cells in nmedi um containing

c. ¢¥aNAL heloelld SEpreski®Harkdl chAbcristicC MGG d6fdrhS
expressi ng markers characteristic of the pancreatic
bnehgd evith efimeagadi themauavingiha tretinoinapi OARTSubseuexténteating

,of d. tyring.t el | xpressing markers
ﬁﬁé?giwgpggkﬁgc@?Q@Hggﬁgﬁ%V§%$F%Hendodern1Iineage in
medi um cont ai ni ng exendin 4, or

In one embodiment, cells expressing markers characteristic of the pancreatic endocrine

lineage are differentiated from cells expressing markers characteristic of the pancreatic
endoderm lineage by treating cells expressing markers characteristic of the pancreatic

endoderm lineage by any one of the following methods:

a. Culturing the cells expressing markers characteristic of the pancreatic endoderm
lineage in medium containing DAPT and exendin 4, then removing the medium
containing DAPT and exendin 4 and subsequently culturing the cells in medium

containing exendin 1, IGF-1 and HGF, or

b. Culturing the cells expressing markers characteristic of the pancreatic endoderm

lineage in medium containing exendin 4, then removing the medium containing
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e . Treating the cells expressing markers

characteristic of the pancreatic endodermlineage with
W@ 2§09018363 t hat i nhibits the Notch signaling pak¢iEg2008671782

f . Culturing the cells expressing markers

characteristic of the pancreatic endodermlineage in

nediun1containing fromabout 10 nMto about 20TM

d.exendi n ln one_ enbodinment, the presen
PoaR T R oAy sithep ot US T MediT e B RETRAT 1, 1GF-
suhd erdmer f rom di abetes, conprising the steps of: a .
Cul turing pluripotent stemcells, b. Differentiating
the pluripotent stemcells into cells expressi ng
c. faltwengsthe fellexpesshion mrbﬁfrs thrsaieristiniof theepaapigaidesoderm
cells expressin
r%%%gf%gmg lélFla‘g earnl%él iC ﬁhlp(ﬁ%}gegg |L§| kl ve gndoder?n
lineage into cells expressing markers characteristic
d. Gtttz tharelivaipreasiap dediesrarhdragageic of thePahtentntidotiemg
he cells expressing markers characteristic of the
BGHEF ERPCAIUEHBHRRIRE oK &9nto cells of a b-cel
| ineage, and e . Inplanting the cells of a b-cel

c. |Tr@z§ 8hd BUIR kPRsfRS nalers &Blra%{:er@gcsgﬂhg hidhedde chtbderm

[ 0026] Figure 1 panel a shows the expression
bﬁealgh @fltihsf lfannOt thae mélrhjts dles Notehsigapkn}ORI2y, GATA4,
HNF- 3beta, MxIl, Sox- 17 in the human enbryonic stem

f. !(turm% tlillg cgl?s exigresg ?xgar%eirg glgar}gctér \{\fc ol?t eop%.?lglle?.tlc gﬁ:cfod

pression o

ﬁﬁéalge it ¢ ivanetaeeaning lfﬁihkﬁjcﬁlt WM 36 alyd 26inM pricof3NAd

| evel and nornmalized to expression levels in untreated
i %enbryonic stemcells. Panel b shows the

expression of the anterior endoderm markers Cerberus,

inft ExbaStaL I EOSE L Aoy R TR,
suffériigfromhtigetancbmiprisengithy stepf 0027] Fi gure 2 shows the

expression of definitive endoderm markers in the human
oni.c .stem eII ine HO followng treatnent with

a. 8 Wé‘)%ﬁluﬂe?te% FA§llSy five days. Expression of the

definitive endoderm nmarkers was detected by

b. Diffire@iitisl QeI pd et stdi@Bells ih@)ceh expessiemdkers characteristic
expressi on. Pane ﬂb) shows HNF- 3beta expression.

phihe |de@1@1;w§ piefpslerm lincage,

c. Differentiating the cells expressing markers characteristic of the definitive endoderm
lineage into cells expressing markers characteristic of the pancreatic endoderm

lineage,

d. Differentiating the cells expressing markers characteristic of the pancreatic endoderm

lineage into cells of a B-cell lineage, and
e. Implanting the cells of a B-cell lineage into the patient.

BRIEF DESCRIPTION OF THE DRAWINGS
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Oct 3/ 4 expression. [0028] Figure 3 shows the

expression of definitive endodermmarkers in the human
wepdoposdst stemcell [ine H9 foll owing a step-REBES2008/071782

differentiation protocol. Expression of the definitive

endoder m mar kers was assayed at the nRNA | evel and

normal i zed to expression |levels in untreated human

t | | | _sh TA4
i el O P rrssion e dhhiRE Piodiatirksrs XGRS
GATR)Y, ARGV, ENMiZRSEEx-87 B 82 Huffan cRdfdnid mRA e Modollowing

expression. Data points marked ' AA~ denote activin A

treatmggmn’éln]tOOﬁg/ml@n‘@w(tlﬁdjor twhy fnes e(n@d:)ghtfdayse ]i)@(tjgssm@pf definitive
en d

end GO R ctofiabssy ST TP B T REnerdyiz R Rhrepsiqy tovets
in uhir¥Red Bthhan @hbryenieRteaaysis( Pl blsBORE thFdx@tissiod o theWhterior

t he expression of extra-enbryonic endoderm nmarkers in
endedrEmAn#REErs KiPphayen (xd taftse) dengy indhe-bume) eraliiyagicgtem cell line

ten-wW iLff t he

Ho USRI Be B0 FRE I S0 O RANIE A for R SRS ANDN,

MRNA | eveI and nornmalized to expression I eveI s in
Figunrshatve thehuxpeassiembf yefniitvesdrelniarel ingrkeRanehe I(tar)atsémiwyonic

sterpfslefing B raftouiEe tnatient wif 1Bndlmbudiini BELTy 1 <A LgRression
of tIROXFINRIR BASE QR mBRER vpaeloréte%tea%;yliﬁﬁhun%sto@ﬁaﬁtsey Panel ()

activin A treatnment for one (Id hree (3d), fi
shoy58px- 1@ exprevseon. dRans! (b7 dhow TANE-otatxprassiok e Banadl(e) shows
Oct? ote untreated controls cultured for one (1d), three
(5d) or seven days (7d).[0030] Figure 5
shows the expressi on of nesoderm and ect oder m mar kers

Figird 3tshewh tHegxpaiskioy oNd b iiveneeldrnl inBetddn filgd hiedn@nigryonic
w se differentiation protocol. Expression of the

Sten?rté@lgtula,fr HY follpvane agspnviva fifisrentighen Bosospb dEsressins oA
deﬁhﬁtrgg lren%rrﬂ%a{mérk ) ftfﬁrt@an'&%]} te)%‘éﬁéh% o Héeg];‘% ted

ryoni c stemce owWs t e ect
exprksidi) [bvaghmhnmttéd\/huma@t anbrBom@c kg gellex paes $4)showPaAdl A4

hows h ff f 100. ng/ t
expéeﬁ%?lisﬁwh ) shipu S { SxpraTIY i a%béﬂﬁb?sﬁﬁﬁgbetaﬁxwesswn
PanElr(ﬁ?Ethfx@f e;@ﬁ@ss(dnd)l)atﬁ psiag n(lé;:}fﬁ%d AAV@engghda)ctlvﬁer treatment

seven days ( ta points marked ' UT" denote
for omet (1 dattlede (f@i)t ﬁt\cﬂ (§ di; oF savcedayof7dbnRat@ipdints mhrked U3 ddignote

untS 8&&%&%@%&9%@%8%@@3&?7d2<%<t)[e9 éi]éi& Pl as R

Brachyury (panel a) CXCR4 (panel MxII (panel c¢),

Fige X kRotp aieedxpebssioibFe3Redmbiypaio %hd&)erm@ﬁatrﬂeré pamelhufan
in the human enbryonic stemcell |ine H7 follow n
embry@ng piemtcolliling %%ngmg Heten-wiys dafferentiation protocol. Expression

of the extraembryonic endoderm markers was assayed at the mRNA level and normalized
to expression levels in untreated human embryonic stem cells. Panel (a) shows the effect
of 100 ng/ml activin A on AFP expression. Panel (b) shows the effect of 100 ng/ml
activin A on Sox7 expression. Data points marked ‘AA’ denote activin A treatment for
one (1d), three (3d), five (5d), or seven days (7d). Data points marked ‘UT’ denote
untreated controls cultured for one (1d), three (3d), five (5d), or seven days (7d).



[0030]

[0031]

[0032]

[0033]

[0034]

for one, three, five and seven days. Expression of
definitive endoderm markers was assayed at the nmRNA

wo ewelo1sasdl normal i zed to expression | evel s i n RPCE/DEADE071782
human enbryonic stemcells. [0032] Figure 7 shows the
expression of definitive endoderm markers in the human
enbryonic stemcell line HO foll ow ng application of a

. differentiation.protocol,. Expression of the definitive

Figylh dolap i RESODALRdSER A4 B9 OFHRMABPSUB i y

emﬂgr?&ﬁ& Stefnfeellad HPbISRAW S0%p-wlse BRBIREf]RADrotdaseIExpf&dion

nd (d) show FI NF- 3beta expression. Panels (e) and (f?‘
of thshowsodamaanesqiodsei arkeiParielassayp] at thel R 1qve) arghswmalized
count er, st.ai ni f..the nuclei .with Pl The,col ums
to e RUGT TSl ol n SR < o L S et
of 100hghhvRtifiays on BrechgohyUipsesiivh KRshel Wishewt @' ef#enst 1®0 ng/ml
untreated controls. [0033] Figure 8 shows the

actigigk g8 GJrexprespanc Paitnodnts fasesr Avirierete gctiivin Phgcaigaptfor

; | . Lo cati

one g B F P TPt o OE R (1 T PaBEA P iRl

untrpatnd cedtdlcodnadabior oneralidiahse \Bd), AssdedbriByvdiCRya ).
normal i zed to expression levels in activin A treated

. h i c st | Ls.. Panel h Pdx|
Figgl rBaSh iy CxBieasis POy S e s e st B Bte g (apncl o)
CXCRY (5Rvs), Kkl 1apsadd t§ Sok PN(pah OB ANFL IetS pEnd Qﬁ\é@ctx Qfinel f)

~ expression of pancreatic endoderm nmarkers in t human
in thenthmyemrdnebrgommstew dellllingd 1 Hb loplinointatig catppith Eeinigonl astivan A

secqgnd di fferentiatio r ot ocol.. pression of the
for G0 B, vk B0 Sah At v R R dg ks B ks was
assdyBlHN@B in’ 0 eVl sid HornRBHERE] to(cpERaus |dveN|lin BMxipELEShMln
in the untreated control, and panel (b) shows Pdxl

em iestemoigllpn the culture treated by the stepw se
differentiation protocol. [0035] Figure 10 shows the

i 2L B0 O AL R o oo
sterapgll lwalp dollefing applicatoof 4 éiferdntiatidroproproot. dExqiression of the

[ f th ' d [ k
cefig s aapdsym pesmkaind on PR PEdTTGTOKEPELT S | BYERLe) i ()
sho?casgokyl' TexPrdsEiBAL BehdMITRIn LI YA ENIS BB GﬂrkﬁionP@%gkls (¢) and

shows NeuroD expression. Panel (b) shows Ng
() sbrpr@sdTidrexpRaned. Raclsghhvd) andgbl showesopntes sthiomg Fahehuclei

) h Hes- 1 ion,,th [ I [
wit AR MO8 odTiEms aARGaT o b AR Bars BefsodaPony iy for
ﬁve?eﬂayéi hPH@cdlﬁﬁn@?ﬁﬁﬂéésﬂuﬁfba&fd’ Paes @atdatdeadesigr m mar ker s

in"the human enbryonic

Figure 8 shows the expression of pancreatic endoderm markers in the human embryonic
stem cell line H9 following application of a second differentiation protocol. Expression
of the pancreatic endoderm markers was assayed by PCR and normalized to expression

levels in activin A treated human embryonic stem cells. Panel (a) shows Pdx1

expression. Panel (b) shows GLUT-2 expression. Panel (c¢) shows PTF1a expression.

Figure 9 shows the expression of pancreatic endoderm markers in the human embryonic
stem cell line H9 following application of a second differentiation protocol. Expression

of the pancreatic endoderm markers was detected by immunohistochemistry. Panel (a)



[0035]

[0036]

[0037]

[0038]

[0039]

stemcell line H9 follow ng application of a
differentiation protocol. Expression of the pancreatic
werwotedns mar kers was assayed by PCR and nor nePCRES2008071782
expression levels in activin A treated human enbryonic

stemcells. Panel (a) shows Nkx2.2 expression. Pane
(b) shows Pdxl expression. [0037] Figure 12 shows the

expression of .PDX-1 in cells with eac ass (PO, PI
shoyh BOBB PGS g if e&ntféﬁtﬁﬁ@g%tr%an&fpapﬁle@b SO lyid expression in
the SFRAY BEatBY bR P i TBlchARbnl RoRYHI €ssion evel s in
activin A treated human enbryonic stemcells HO.
- [0038] Figure 13 shows the expression of hepatocyte '
FigyrarlRehews Hierchpreptiomel ramporopte prdostiagrimaeiers injthehyygan embryonic
. i . ‘ hi T Lt Ciatino ‘
wer 84| G109 ARG BRI o SR agrssion o
the paRayad chyoddeRnainicbr § aasadshyeithyt RCR X Ad asishadized fvalpscskion
activin A treated human enbryonic stemcells. Pane

levelsip agHB MEBCERIYPES SPBRYON PP o¢l) PeReha) dopigdigyroD]
exp%’éagéﬁsﬁé&;‘ (blg lls%’x?a?kgg% g)gfrlgssilot%h ?&ﬁ%ﬁg} !h%w%%i?sfuﬁﬁ%kgﬁt%%s‘r?én. Panel

ers o uri po n n enbryonic
(d) seis Hdsnlecxp@essiaxpthe ssprossiaf levélas namnmtedired ©f pancreatic endoderm
| uripotency was assayed by i munohi stochem stry.
Cellganel (a) shows Cct-4 expression. Panel (b) shows
al kal i ne phosphat ase expression.[0040] Figure 15 shows

FighrBq 1 KREW O RRpREsibMES fuATRAL € BiioNemh fafl&d inl th&Buki®s erhBSonic
KarY?tyge was determ ned on cells at passage nunber
1

stenpgg 9 eltaavisg kprlrcetomaf adifsecnsiptienypretasof. | Brnseiswatof the
feeder cells. [[0041] Figun epi cts t.he .outline o .
pang S g Tt B bl oPh Tl By KA PR FiDalio R higsdfulevets n

actiid R e £8P hir@ M embBity@AicGednh el Paddlf(hpshentsiNixed dxpiddsion.
definitive endodermin a feeder free system [0042]

Pang; () shovwsPdyd gxprcssiohe FACS profile of human enbryonic
stemcell line HO at passage nunber 44, cultured on

Figh@"1¥ A SARS RIS AL OPEDRL 1 MAERL G cand 86, $Cand P2) i
lg¥%.592§3 ﬁBM/Q%run1anJD§igﬁﬁactgﬁ%ﬁ A‘?%%ggﬁgghgsm}or)ln
cultbred &3xpresibe o€ shprP¥X lomasafssayedl bpiPCGR anldosher hzade kepression
XCR4 .(CD, 184) s shown on.the Y-axis and the
v B oh Tof CETHER REPAERS T4 SIS on e X- axi s.
[0043] Figure 18 shows the real-time PCR results for
Figute!1B 8h&wOthcdRpichidd ¥EhPRHOHR Miarkérk @Mhe thuindh @mbBfonidi&em cell
~human enbryonic stemcell line H9 at passage 44
linedH{f}l follewangapphicationef a third differentiation protocol. Expression of the
hepatocyte markers was assayed by PCR and normalized to expression levels in activin A
treated human embryonic stem cells. Panel (a) shows AFP expression. Panel (b) shows

albumin expression.

Figure 14 shows the expression of markers of pluripotency in the human embryonic stem
cell line H9. Expression of the markers of pluripotency was assayed by
immunohistochemistry. Panel (a) shows Oct-4 expression. Panel (b) shows alkaline

phosphatase expression.
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[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

dilution of MATRIGEL ( ), a 1:20 dilution of MATRI GEL

("), or a 1:30 dilution of MATRIGEL (D) and exposed to
W@ b@odigsser enti ati on protocol disclosed in Exapgl/gS248/071782

The fold induction is relative to undifferenti ated

cells of the human enbryonic stemcell |ine H9, at

passage nunber 44, cul tured in medi um condi ti oned

. _usi e . .enbr on| flbrobl 44
FigdR daah o e AGRORPe i rabaic Gahaneir S5 Rapatype was
detdamecfoRr@nd hidjagh Bhﬁﬁ%@@ﬁﬁﬁ&aﬁ&@ﬂ%ﬁ@&k§oﬁ%ﬁm@@&hﬁb&h&ﬁ
endoderm cel I's obtained fromdifferentiating
fibrphlastifpeticeedllsst em cel |'s. Data shown is fromcul tures of
the human enbryonic stemcell line H cell line at

Fig r?ﬁé%%&g%ﬁ%% é}luthﬂé 89 a 8@&%1{%@011 ﬁ;{% &Icgp h{s %ﬁp%ﬁ%ﬁere human

and passage

emtry@fit stpmnell} are[(ﬂﬂélr’éiltlﬁbcgmlt(edé&ﬁnﬁ&mrﬁbéerhhﬂi Efspded $&k QPstem.
of CXCR4 by FACS at day 5 for the human enbryonic stem

cell |Iine nel t he human enbryonj m cel |
Figyre {d dPﬂlctsﬁgl%E{&%%)Pm@ﬁ&f PHRaR G WO@W% Gl ﬁg? ag ppysage
nunh;ep 84 hl%uﬁlréa%ﬁlva@mg g+&c9ﬁt?£1095‘ o RUSER RTAYY ¥R %osed to (0.5-2%)

fibroblast feeder tells exposed to the definitive
lowendoderdhigdh hétene At (160 ng/ﬁmlp)fomﬁatatyls ths clposswniof dEfainp| e

endgdmdneker SERAUE T AT RARal Gatiay A dnd o sarion of £

marlRB KBY $s dhBwalnitH ®Sax@d. the human enbryonic stem cell
l'ine H7 (panel a) and the human enbryonic stem cel

line HO (panel Db) cultured on nouse enbryonic
Figyre 48 shewsthemreddisne BeR resultRéaymarkers oé defipiies srtgdan. fieng

cublyS pERE T AU ptpRlly SHECH BRER - Bnes Mgy 81} §116°
dllutlhﬁ oNNYETR KJRIL gk d X)X dhatios lof MATRIGEL (Paoeh 1&5)0 dllultlen of
hunman gﬁgryonlc stem cel

MAJRAG R L b dpg skposse é(?ﬁh@éiﬂéfemm&?élomrqta%ﬂéivscgﬂe%m E&ﬁtwgﬁe 14.
ThegH dWlEéltl(éﬁlrs &éangg t@hﬁac}"#ﬂgt%ﬂ‘)lat@@ gelﬁ%@ﬁ{lﬁﬁl yonic stem cell

|n|t|ve en erm erentiation protoco scl osed
lineiHP, Bk parpd ge ndimble0 @4,8julthicgun encABins bonstidried usiegmduseremPGRnic
fbrlﬁsults of the expression of the indicated definitive
orat8¥er m markers in cultures of the human enbryonic
stemcell line H7 (panel a) and the human enbryonic

Fig®t @MsE&kd mlelsaﬁteH?lo&m@ globh) g @xpiassiHmaM dEFRREMRIIIC
stemcell line anel c). Results are expressed as

pluripsitent isigar edls end d@ﬁnlumﬁﬂfdbé?@h e¢llarobtrinas) fram dd&rentiajieg e
pluriﬂo?e%tt %%rn &HRf ga{llgsh% tlpﬁroﬁﬁecuﬂﬁ%é 09 lthecﬂu%?a%%rﬂﬁ}ygfﬁg W@ln cell
line HI cell line at passage 44 cultured on mouse embryonic fibroblasts (right panel) and

passage 83 cultured on MATRIGEL (left panel).

Figure 20 depicts the expression of CXCR4 by FACS at day 5 for the human embryonic
stem cell line H1 (panel a), the human embryonic stem cell line H7 (panel b), and the
human embryonic stem cell line H9 (panel c) cultured on mouse embryonic fibroblast
feeder cells exposed to the definitive endoderm differentiation protocol disclosed in

Example 4.
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[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[ 0049] Figure 24 depicts phase contrast images of

cultures of the human enbryonic stemcell line H9 at
w@a®eawas3e in the presence of 100 ng/nml of ackCWUR2088/071782

(panel a) or 100 ng/m of activin A + 20 ng/nl Wht-3a

(panel b). Cells were treated for five days. [0050]

Fi gure 25 depi cts the expression of CXCR4 by FACS in

Figh o) ShEvs e o PO g5t HhauTeSian 4t desRgisnies oF il s

end6dcmharkéRlih OYIESs $iMtBAhIRAL cABSOhR s0Gn QI iREHTRpHRAS) and the
di scl osed in Exanple 4. Panels b and d show the effect

hungin ez@rﬂgﬂmtemfceil\mew (@andtXCRAlterp pe swuENeMPRYRBicdibgoblast

CXCR th b f -~ 3a.
reeiRERIR, OGSV R B e Posb v PR Eenp sy
Figure 26 displays the real-tine PCR data for

Flgms, PLespicanhoExprigiogTEX TR by BAES a'tt [lag §lfotithe $1u@1ﬁn bhrbryomc
man enbryon c stemcell line H7 (panel

Stene 5%lhh_=me Hy (bangl %)urhéémmpénxbr&%ﬁ% CFH ling J_ﬂ) (panel b) and the

e s SIS U IRA T
and rgpased t(aﬂnd definive eq@@erng/diffdremtieation algocdl dstleded iaSExarnple 4.
indicated in the panels. Cells were treated for 5

. days. . R f ol d

il shay et e e B RESRBE S5 e Bisuon st GE ST goginicive

end SERMEARSKER @Eul%gs% th&@h&mha é'ﬂhs oﬁfc stéhecaunﬁ@ﬂe PP dad the
stemcell line passage FACS at five days

hunposmbry eue ﬁﬁemtcellmaméﬂ (Papel pnd:thg h@(@R&Hémmmcs@ﬁmrceY Ihine H1
(panee)li:ﬁ)r aIQeSsﬁﬂsC & Of r\égste as tfolgp 21?c(1er|eal§§: blfe ?gerentﬁfﬁ%Rc\%l% gglls were

SRR OI’]arTE

treaf®dneboring tdﬁ@lrﬁ&tﬁo@QﬁR‘los%&m ES&hplB 4f. ol | owi ng treat ment
with 20 ng/ml Wit-3a, and panel (d) depicts CXCR4

expressmnfollovvlngtreatrre 0 ng/m WAt - 3a.
Flglﬁreééﬁrplﬁtsgﬁlﬁ ¥ opptigedinages qf galt @ﬁbpé@g%&ﬁlaaﬁﬂ@@fqn&ﬁ figpeell

hne'm 4& a%g@g h}%%rés n&%f{lléf) g/n"?l]c a@ﬁwﬁ lo¥ @?@ fig/ml of

m Co 'l ne treat t esu
actmune% $ROvag/rabWinoi3d (pamek le)as(é:l]ls iweex peasdfonihivodeys.
untreated cells, as determ ned by real-tinme PCR Panel

. ho! he eff 2 t-3 .
FighR2s BB b Soroner LRy b EARHB I RES REC upE Hbryonic
stenh 6@11 s Bd at RRRRe 4QparsdoNg: B)fhﬂd efd eﬁ%ss@ée 4—6 (p'inelrs cl®d),

m Wht-3a (x-axis |abels

ng/
foll@xingdregineit a¢rogdips &xibe einqthqu 1 P(aD}PléﬁpPé%@iS band d
Panel
aoyhla il AFu Ry LD PRE AT PRI
CXCR4expression in the absence of Wnt- 3a. Results were obtained 5 days post

treatment.

Figure 26 displays the real-time PCR data for expression of the genes indicated in
cultures of the human embryonic stem cell line H7 (panel a) and H9 (panel b). Cultures
were treated with the differentiation protocol disclosed in Example 4. The effects of Wnt
agonists Wnt-3a (20 ng/ml), Wnt-5a (20 ng/ml) and Wnt—7a (20 ng/ml) were also tested,
as indicated in the panels. Cells were treated for 5 days. Results are expressed as fold

increase over undifferentiated cells.
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[0052]

[0053]

[0054]

[0055]

nunber, at 2 days ( ) or 5 days (D). [0054] Figure 29

depicts the expression of CXCR4 in cultures of the
woeovan1saabryonic stemcell |ine HO by FACS, foPCDUR2008/671782

5 day treatnent with the differentiation protocol

di sclosed in Exanple 4. Cells were cultured in the

absence of Wht-3a or GSK-3B inhibitor (panel a), 20

Fie g0 AR SETTRPB CorC R S o438 g FeGeghy e stem cell
lincR§y ét%ssfa@é‘ ne b}ﬁﬁAC§Qpﬁ%V&la§§gD§t3rdaﬁﬁétﬁ' Paficl g% deplctst RCR4
entire 5 day period (panel 100 nM GSK- i nhi bitor

expexsipom thhebent¢ oleWst-day Pyl ﬂt)dieppﬁr@XCB}l expi@sson fabknadr

hi. b h d
ol Sfvetg ! Mintr PEP eIt B Ry PRl R g o
treaﬁﬁétﬁﬁ}fth% gl WiitSa, 4nd faa6l (@.?M@ldts ZXarnetpréssion[00&HIng

Fi gure 30 depicts t he gene expression of definitive
trea@ﬁ@@é‘éﬂlrﬁwlklé}\@t’éﬁ real -time PCR Results are
expressed as fold increase over untreated cells. Panel

FlglF@bS %Eg\eﬁ tgéa&g)r&mozﬁid? ﬁ]fnrﬁgg‘mtalﬂ?erp teﬁrﬁﬁ) %ﬁfl@tﬂbscoﬁﬁé human

sage n U treat e
embgtedria me\mllehmd dtbeafor prday o obireatinstl (Meuits are Exewrphsefolt] increase

. containing the t-3a or GSK- nhi bi t a
in eXRyResatt 9%?? %ﬁﬁ%ﬁt%ﬁ%?ﬂtw d[er 35@{ reaﬂttg%e 19@% iﬁn{%) shows the
effe%ﬂﬁwfé) dehiRd SPh@hN 89 T00R thb exeEBsh SMRENARIcen8&ddm!hiRer

at passage nunmber 46, treated to the definitive
genmddxstenedpl’meéé@l shivs tlectedt ofnl, BxeartPing/ml, WabAe &i- nm@abels: 10,

s bR @t or B S L A bR BT SRR P e e

(5dpdeRk postitRBtnRint PAGEA cPshokAGR EfBdct 8D &M (CnSin@ Wik Salon cell
| ines used in the present invention. Panels (a-d) show

numbgt. #t dewni MPrirdsys {He human enbryonic stemcell 1ine
HO at passage nunber 49. Panels (e-f) show data

Flgﬁggggg 1cts tﬁ%&r&r%loﬁm% ﬁ% él?er?egf‘:t‘lgé kgﬁ’heln éﬂﬂﬂ?m}ff% st cell

linetH%®by Rﬁﬁ]S folleling avedey trbﬁﬁteﬁdwmh tie dlffereﬁﬂdttidmvprm@col disclosed
Panel five

d [ 1
in ng%&g p4 N eslboweﬁ@ Fmtursg "\/91?? a n%?fa\%ﬁég? P¥ é\tsfﬁ% ?IH%‘%}EOY (panel
a), mrg%lnl N 3a]f910th@ Qﬁme SG&Jy'ﬁéth fodnef b)ahd)O(f ﬁMQ}ﬁéﬁﬁ 1Bth§tor IX

20 ng/m of Wit-3a for the first two days; panel
for til@(entm@/mdlaymlpd i(panal ¢)pp0hM G5k Blampsbitor 1 farGbe ﬂmroﬁ day

perig I ST PV oo 1Y 78 ey pebfent. 10

nM G338 ihRibiteyixbiok éfe dndike $ 'a@y ?ér[o‘éit(pﬁm faye nVP@BEL3 K Bhibitor
100 ng/m activin A for all |vedasplus 20n81/m of

IX fw\tia}@al -2 Granch), 1§ pik GBlod Bimebitos hY feradeed 1¢X (pandl®)ng/ m

activin Afor all five days plus 20
Figure 30 depicts the gene expression of definitive endoderm markers by real-time PCR.

Results are expressed as fold increase over untreated cells. Panel (a) shows data obtained
from the human embryonic cell line H9 at passage number 48, treated to the definitive
endoderm protocol disclosed in Example 4, containing the Wnt-3a or GSK-3B inhibitor
at the concentrations and the times indicated. Panel (b) shows data obtained from the

human embryonic cell line H9 at passage number 46, treated to the definitive endoderm
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[0056]

[0057]

[0058]

ng/m of Wit-3a for the first two days. [0057] Figure

32 depicts the gene expression of definitive endoderm
WOorerretsEs3 as determ ned by real -tinme PCR for cRCT/US288/071782

of the human enbryonic stemcell line HO at passage

49, treated with 10, 50, or 100 ng/m of activin A

pl us 20 ng/m of Wht-3a: panel (a): expression of AFP,

Bry,,. C CHNF3 -4) _a .pan
protpis)isRed in AR pop B T WP ge b5 ke SRR B the
conédMerhBESCanAMBSE tiBS AalhRd. cel I's. [0058] Figure 33

depi cts the expression of CXCR4 by FACS for the

enmbryonic stemcell line HY at passage 53. Data was

Flg@‘gﬁé|dﬁ@@t55h@aygesrw@toft(?r>é%%’eﬁ FAGSeor smisioaict steraceld lines used
h f
in tHY¥ Cp%reseglp Slxelguonovﬁa?&fs %29 H% to'w%‘a%? a@%}%gh I’%ﬁ) njr]he ilgg\?ﬁ t%(_ngbromc

rve ays P

sterih o¢11 HleH? iat pdssetgmludﬂ))éﬁ 4anPanhs (89 silovBiARa bfatiicd iy the human
3-5;. panel &d 100 ng/mM activin A for all five days

embgyqpc stgmpfg)line §f1 Wsssae Pynbendd. atavay Qhfainsys; daié%lp@rf

l
sy GO MR 6 b gbachlof®, B3 (L KO0 i
for ﬂﬁﬁve aysipidsrd0 Myitnd 3B Whnt-35 fmgmﬁrsama 4a§fsopamll (b)f .me ng/ml
actigi e os3 e ludd SN EABE B s sied 100
ng/thPictiviiea frbr At ﬁw@a/ﬂ Y 10871 emgk . lnhlﬂ&g m%fdhe first two

activin A + BMP-4 for all fivedays. For all
days;pengdde| K) ng/mé aotnan( Asfor e@ﬁes dmtssplex fi0e8di @K -G8 I3D@hibitor

for By By pend T T2 M RpTRPL AR ST o B e of

Wnel&f forithd fSt ﬁw@g@rdﬁurpaﬁ&qf)sm @BSmi gétRAMANBHalPYive days plus 20
real -time PCR for cultures of the human enbryonic stem

ng/raeof] Wini-g faqthefirshtyesdays. 46, treated with 10 or 100
ng/m of activin A plus 20 ng/m of Wit-3a or 100 NM

Flgl@@é&?@pl gh@ gén resgﬁgﬁgé é?gﬁﬁlw%ﬁggénﬂ 'm?{%c)eé':%d;g@%med by
realHidre BBR fanchl@AKA4 thdlasndrt anlmyeme xtenesdidtheddo ﬁtqiadsage 49,
ase rountre d cel 6 Figur
treat?@ yigh 10,6 eorg]éﬁ E?&c 6t usaigf g%ﬁ{ TR G s RS
expf@&&%ﬁAFPSBHﬁt?(GR@ O INLak: EﬁdTFO Hét)@tr 4RO b):
t he hunan “énbryonic stemcell 1ine at ‘passage

SOX9,7 and €23 BA4 wWRe$ulB @raexpt@deday/ fnld inéreasstdaver mntrgapidueslld.0

or 100 nM GSK-3B inhibitor: panel (a): expression of

Fis Ak Gy ST oAby RRES) PCEsa i b udine o
at phahgk 33D AASAs O¥RIncHHd298h6d t@eincmt. Cells were treated with the
following conditions: Panel (a): 100 ng/ml activin A for all five days plus 20 ng/ml of
Wnt-3a for the first two days and 25 ng/ml BMP-4 for days 3-5; panel (b): 100 ng/ml
activin A for all five days plus 20 ng/ml of Wnt-3a for the first two days; panel (c): 100
ng/ml activin A for all five days plus 100 nM of GSK-3B inhibitor IX for the first two
days; panel (d): 20 ng/ml Wnt-3a + 25 ng/ml BMP-4 for all five days; panel (¢): 100
ng/ml activin A for all five days plus 20 ng/ml of Wnt-3a + 100 nm GSK-3B inhibitor IX
for the first two days, and panel (f): 100 ng/ml activin A + 25 ng/ml BMP-4 for all five
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0061] Figure 36 depicts the gene expression of
definitive endoderm markers, as determ ned by

wo eabA1848e PCR for cultures of the human enbr yRCI/TSHDEM1782
cell line HO at passage 53, treated with conbi nations
of activin A, Wit-3a, GSK-3 inhibitor, and BMP-4, for
five days: panel (a): expression of AFP, Bry, CXCR4,

CM? and neI b) : -17,. HNE- 3B
dayspgp éﬂNﬁﬁpm}%@Q I %flgnpﬁ_gﬁﬁearnéém'\g'gaéﬂsof
ropiXERABIALBE ST OXCHPC e by FACS, in cultures of

the human enbryonic stemcell line H9, treated with
the conditions listed in Exanple 22. [0063] Figure 38
Figye gt sleictsiibe esqsreapristion of defutive endoéeranaaderspindatiariaed by

realﬂﬁ%éj ﬁ&ﬁrfn} p qglré)syo | ?Aé?umaﬂl eﬁg&r&lgﬁl? %te%{ %Flﬂ?nemllfrgt assage 46,

oni ¢ s em ce tured on fbro
trea(ddaﬂ&i 1@9r 100 dghhRb Gkt p(usadoelg/) of %@64br F(D(DNMEGSK-3B
depi cts the expression of definitive endode

mhlhgord atasl i @apw%%ﬁ AFP.RrypeRGRE: 658G a%EOBIfSFt(Qét-“) and
pan%} nSGbe y gﬂlﬁ 3Et ﬁﬁ@ qjgll“éﬂ RE‘ﬁﬂth'%re &gtés% é% 181y 1£crease over

ronectin [ution of growth fact
Lmnﬁadmcdﬁ.NATRlGEL ( ) .[0065] Figure 40 depicts the
effect of various concentrations of MATRIGEL in the

FigfEBRcoR o 5F SRt 8 SrERAr son iR Re: Yo mned by

real HHBAPCRI b Scul k@ FFehd ﬁurﬁanV&nﬁgQﬁd &l clelidcSHIRY Rissage 49,
treated accordln? to the nethods disclosed in Exanple

treated vREs 30 o151 heaim af@tlb’ﬁleA@kprlé)sm 18A nMe (s8Ks 3B finhtibigor: panel (a):
{
xofGORRp! A BuBh SR SRC LTSS, B PGPSTbBA i pancl o

SOXigf7iand IG AEA @nHes g ayd @{pmtmms foyd iR BRDHeAtE @ilem
cells maintai ned on MATRI GEL, but differentiated on

nouse enbryoni c fibrabl asts Panels (a-d) ;show
Figyrg A depiis tRopengraroptien phdegutiesen ﬁ%?rela%%mp%@t@mmed by

(
G RIRIL AR REL ) O AL A s
treatedbyiytocuinebisdtens o€ hdte/ic A, Wittéd, G8Kt3 sdhuletoc,uintl BMP-4, for five

deySiRBLE PSR Ao dP e ' o nE Nkt T R ppnd el

(b): BsixL17, HRESUBtbLad $homy are the expression of the genes
indi cafed, as determined by real-time PCRin H9 cells

treated accordlng to the nmethods disclosed in Exanple
Figure 37 depistsghepaaesagsfof AKX QR grprefsion detgmniped 8y YOG Sngy erltures

of tl?e hu% en(ﬂpEomc stem cell line H9, treated with the conditions listed in Example
22.

Figure 38 depicts the expression of definitive endoderm markers as determined by FACS
in cultures of the human embryonic stem cell line H9, cultured on fibronectin (panel a) or

MATRIGEL™ (panel b).

Figure 39 depicts the expression of definitive endoderm markers as determined by real-
time PCR in cultures of the human embryonic stem cell line H9, cultured on fibronectin

(O) or a 1:10 dilution of growth factor reduced MATRIGEL ().
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[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

DKKI'), or in the absence of DKKI (DE). [0068] Figure

43 shows i mmunof | uoresence staining of definitive
wWepwotedns mar kers in cultures of the human enbPEDOB2908/071782

stemcell line H9 cultured on tissue culture substrate

coated with MATRICGEL and differentiated in | ow serum

plus 100 ng/mm of activin-A without (panel a), or with

Fig ﬁ/‘%kplgé&ﬁ%?f? /t 0 W&lﬁ%éﬁl(‘%ﬁﬁ@&éﬁ of %&Eﬁf(ﬁ]hf rnll the presence of
1ow%1fuh€ NeOhi Al &racmmtphsnw apmma%n%ﬁﬁg&ﬁ&.{dnglhhﬁﬁn
0

002 at passage 38 into definitive endoderm Ce
emhmrec stematclel infto deﬁmvﬁe cralpdemi. t Gelisheere disaict iaogpsding to the

d
merp ) GG B RR + DR T B e SRR O Rt e gones
indit&0d,Qk dEicgimed % rédll-@l\ﬁ@e Rt expression of CXCR4 by FACS

in the hunan enbryonic stemcell Iine SA002 at passage
followngtreatmant wi th 100 ng/m activin

Flg‘ifF‘ dAdspists the ik et Wint-33 godsfigitive ade vmfomahozvobm@mn
oYl SRbENEh i F L O T 351 it A oo

fibréblusts. Payels [BOYtowFicglitime 26 Rshamfor thegctics frdicaredi Ruines (e g)
n. enbryonic stemcell line H at passage 55
ShoWrFt%gﬁg?tP tp?léo tb%’dé?(ﬁ? gat i ssue culture substrate

coated with human serum Cells were treated with the

Fig© Adishb W he difilére i £1dn 30 HuMERN EmBXRLRSHER e\l tured on tissue
determined by real tine PCR, for the genes indicated

cultulfq: wh@rapgmn@i w{tl@(yizﬁg]"R]ﬂl@quwetomﬁgm%ndqd@rm following treatment
ff uI t S of t uman_e
it PR ERhRb B2 RO R or MR RPI T B ipciewec

as d@t@ﬁhﬁl@d Wytr&alMﬁTﬁ@Ehﬁ H@ceﬂ@trét&éd #dcbidigy ®NHedRHYds dik€losed in
effects of various GSK-B inhibitors were tested

Examplq il g Peeseiarel dyson! ¢rWnbédplustifl neanl Pkl L EBK- 38

at 100 nMfor the first two
DKW P ﬁ%?%%@%gﬂfﬁ%%@é VITT, IX, X, and X 1.
[0073] Fi gure 48 shows the expression of AFP (panel

Figa} 43 BH(xwﬂ_irmpmntdluobt)s;en@cbtaiﬁing 1od d@initiv@et((bdnteﬂl ma)ke&miai cultures

oF (TGP0 SR TGVt SOHIT S BRUE G st cgpted with

MAFI?@@EQQmﬂ thfé'rlsllllﬁalﬂ&?lq l@\K}QGﬁhﬁﬁh§ @O@ﬁ%/ﬁﬂ & B&iviR Al WRhout (panel
nmet hods di scl osed Exanpl e in the presence of 20

a), argyith (pehc\mE0 31g/nﬁlc9rf Whie3d. | E@ﬂ =t Busadhmwyio, CANMeNtqadherin,
F0||OWI ng the treatnment, the cells were treated for

Fo SRS RS R PRHE P00

passage 38 into definitive endoderm. Cells were treated for five days with the conditions

indicated and gene expression was determined by real-time PCR, for the genes indicated

in the panels.

Figure 45 shows the expression of CXCR4 by FACS in the human embryonic stem cell
line SA002 at passage 38, following treatment with 100 ng/ml activin A treatment (panel
a), 100 ng/ml activin A + 20 ng/ml Wnt-3a (panel b), or 100 ng/ml activin A + 100 nM
GSK-3B inhibitor IX (panel ¢). Cells were treated for five days.
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[0071]

[0072]

[0073]

[0074]

[0075]

5,5, 8, 8-tetranet hyl - 2- napht hal enyl ) - | - propenyl ] benzoi c
acid Arotinoid acid), or 0.1- I OrM AM 580
W@ 200p08463 7, 8- Tet rahydr o-5, 5, 8, 8-t et r anet hyl - 2PCT/US2008/071782
napht hal enyl ) car boxam do] benzoi c acid). The cells were
next treated for three additional days in 2% FBS pl us
20 ng/mM of bFG-. [0074] Figure 49 shows the real-tine
on of the .defini

Fieh d60BT Y BT ST Bt B P Y € & S e 11 at passage

55 ifitdl de¥in e ¥hdd Rem VAR EAMLYORILStr St 8HAtEEWth IhuRn Kbrum. Cells
treated with activin A and Whit-1 for the tinmes and

werg @n@teqﬁh withtthoemnditingis dediesded §rol0xB} cRprgspian Bas dgrimanasl by real-
ane ucagon (panel b) nMRNA
time p@ e |tk£)e?1genﬁs %E@?Ctaf?ﬁé% g'bfpaﬁglﬁcr eatic endocrine cells,

for msd fromthe treatnent of pancreatic endoderm cel I S

Figird 4DVEM §h2 differBifiivoh @fvcgltuteosfthe Dainan smbwyronﬂ;r stem cell line H1
results observed fromtwy separate exper ! i ments.[0Q76]

at PR ess e Cps Ribstrtaseted ek pYl 84 BIGRLAS %@f@ﬂtmeﬁ@éowm

I {
The ﬂggﬂg%‘g%%%%e I% Ef %B'\l%\/fsg\%é 6@5&%21?011%&&@}%@%@% grotocol
ThetfbﬁowmgtCﬂIﬁ-BBgnbfmtE’@XVdre avadudted afl 1060.nMl 68 7§ fifst guo daysdf
shoms e se concentration on gene
trea@?ﬂteg Lh?;[é%gle%}d%ﬁendocr ine cells deri 8ed from

t he human enbryonic stemcell Iine H3. Genes are

Flgﬂug aRthw etheicRpleBgoPSNKEB (pdn8P/8Pd:EN gpurR] B3 CIROVd Glut-2
-peptide release from pancreatic endocrine cells

(palfe(b e hasgl FINF 23 betroHakd0 mrgqtmﬁse(panﬁéldl) & qudiuges of the human
em%{st%%ec%u]w% 31#95 ssag %tgreg I‘?rg% D%%%Croé dthﬁ gtlethods

disciyscvayEedmplt Aiih ael Iﬁélsentzeh@f Zi)iﬂg’ﬂnﬂ efiwdese forthé Gifst @ffo 18 of
invention is divided into the foll ow ng subsecti ons )
treapmpgqyt. Rpdloprngphe dreaimangdhe eqlls wese tragtpd fosdhige additional days with

20 RS Ti RecipiaRR Rl QIR TN L REFR B0 SRl o
5,5,8 8Hbsardethy nddaghthdl breil)- lqmboﬁenylyb@tzomhad%mghmdmei@ or0.1-

I th I.f-renew dlfferetlateto roduce
10M&f§§%é$8&‘gfﬁ5§ ?gﬂféﬁa@fqﬁ 532%% ?téar‘i%%l o pr ogeni Itoor s,
napmgleﬁﬁ%%digmmcﬂgﬁﬁbfc%%ﬁi) gRd cL1Rrwa e %EJ;ty[reated for three additional

fferentiated cells. Stémcells are al so

days:hla}%lﬁ?érplzeao byntlloébFGEbi ity to differentiate in
vitro into functional cells of various

Figure 49 shows the real-time PCR results of the expression of the definitive endoderm
markers indicated in panels a and b. in cultures of the human embryonic stem cell line H1

treated with activin A and Wnt-1 for the times and concentrations indicated.

Figure 50 depicts insulin (panel a) and glucagon (panel b) mRNA expression in cultures
of pancreatic endocrine cells, formed from the treatment of pancreatic endoderm cells in
DMEM/F12 or DMEM-low glucose. Data shown are results observed from two separate

experiments.
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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

cell lineages fromnmultiple germlayers (endoderm
nmesoder m and ectoderm, as well as to give rise to

wa e@sessdf nultiple germlayers foll ow ng PCT/US2008/071782
transplantation and to contribute substantially to
nost, if not all, tissues followng injection into

blastocysts [0081] Stemcells are classified by their

Pigdfh 55 PBoG b pleseariohy A a R LRy SR

treafe@lih DNMD®Elow g])uc&leL{Pérfé@ﬁﬁ MMENBRN (HEndlY) € Phiel @isHEwS the@o-
to all enbryonic ce types; (3) nultipotent, neaning

staigibg of PDXgl ved misglen.t 0 a subset of cell |ineages, but
all within a particular tissue, organ, or
[ y I i et
Flglﬁre %? sﬁé\i%%l&%%ffea osfirg(f%fgéée &EJnrcgﬁg;tga!r?% t%ﬁ aﬁgﬁgg%qqgsgieo%éaﬁér&mc
endé@rﬁiefd‘eﬂm ésvale)l, frdmh tethueehlentegdnié st@detlling BP0t @dtics are
ogeni tors and all cell types and elenents (e.qg.
1d@ﬁﬁ§%é@ thegpnelhat are normal “conponents of the bIood);
(4) oligopotent, neaning ableto give rise to a nore
[ i t
Fie o R o DR R S IR KA1 0 and
20mM gucose. aCdisngire stmbilatddi wigta M Xeorg 0mM sgheos@at ogeni ¢
stemcells). [0082] Differentiation is the process by
whi ch an unspeci al (o ] *) or less
speci al i zed cel | ?MWM of a
speci ali zed cell such as, for exanple, a nerve cell or
For alafitys6ff disci®duke, ald dof Byew enbdf lahRatiodr, the detailed description of the
dlfferentlatlon i nduced cell is one that has taken on

inveptinp pedizigled ingp Fl)?efaﬂ?wé’@rﬁﬁbﬁi@%@m)thﬁfd’@ﬁ‘frm?r?f\}\hhis?ﬁaﬁ QCHain
feat{uleg e%%d%etﬁs 8@%%13118%- ib?\e s LEEHT pr s%ﬁmn%tﬁ when appl i ed

rocess rentiation, ers to a cel
that has proceeded in the dlfferentlatlon pat hway to a
poi nt where, under nor ndDefaitions1st ances, it will
continue to differentiate into a specific cell type or

subset of under . .nor nal
ste ¢ Rtive et 280 st BV ARG RN eslf fovel to both
selfirYRSy &id die¥Rtiat @ prddessSprdbédyedcdntinatgig Gelf redeRe:
De-differentiation refers to the process by which a

Progeaftprsy pereranswing progeasterss prkicaningyl difrerdigiadioetled§tem cells are

also?%é%altc{egge%é; h}eﬂr atbnﬁ Itd @?@%%tlgtfe 1 Vﬁﬁol 1ht0 dlﬁ‘ﬁct%%?ip%{ﬁ ?bgt‘lous

nea a ce I hes

cell ¢idbkages ifroén mummecgbrﬁﬁhy@s (éndodérm, hre@dfdeamdmvuaaﬁodaﬁi)l & well as
can.give rise_to.. The |ineage of .a cell places the
to gpig|Tise fipups of ekl &e&m;}axseé%%l@wg apelagisienengigrontribute

subgﬁ{tfaﬁg%]hio@; Lot o SF&%E}PF @ﬁg‘ﬂgfe&t?on ohﬁﬁsﬁ&?&ﬁr s toa

aracteristic specifica clate
phenotype of cells of a Ilneage of interest and can be
Stemseldis etro chsgBsd by Heirdief ¢loepmattalbpatemiabhs: al ) totipotent, tmeading able

to glvee rise to aﬁ embl};o?neca%% exgraenr}bryomc cell types; (2) pluripotent, meaning able
to give rise to all embryonic cell types; (3) multipotent, meaning able to give rise to a
subset of cell lineages, but all within a particular tissue, organ, or physiological system
(for example, hematopoietic stem cells (HSC) can produce progeny that include HSC
(selfrenewal), blood cell restricted oligopotent progenitors and all cell types and elements

(e.g., platelets) that are normal components of the blood); (4) oligopotent, meaning able
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[0082]

[0083]

[0084]

[0083] Various terns are used to describe cells in
culture. "M ntenance" refers generally to cells
wW@k@ee4sh a growt h nedi um under conditions t hBE€T/US2008/071782
facilitate cell growth and/or division, which may or
may not result in a larger popul ation of the cells.
Passaging refers to the process of renoving the

f t d pl h
to e§Gatnde b arrersryidhS R Plndir Ran e et 7 e sefszand )
unipofét, BEMMNaAORY %l{ze Hivo @fble Egp%agé\(esé’e%bérhﬁtogenlc stem

popul ation of ce or a cell line, is sonetines
cells)ef erred to or characterized by the nunber of tines it
has been passaged. For exanple, a cultured cel

lef%f')%ﬁr t%eﬂ dﬁ { %et Q%Eeslg %? 691?(9{'% T eﬁ&%ﬁ%eh ?‘ un%bﬁﬁﬁtte}?%oﬁ%ss

spedialézed ctheacduites thedhtiines of b opdoiutizod célh&hch&@ﬂ fat d:)(blih}ﬂé anerve
cells fromtissue, i.s designated PO Follomnn

cellior pgpuselgiselli Afilicreptigod er fi e@?ﬂéa@%e}d%@oce&és ane {ht has taken
on azrgl % rk;g@&é(hi:eldl(Eé&lﬁn(t{e)h”)g)'gsﬁ@ﬁ SR8 thh- lln&ﬁeed‘f %?E)g&gl

ture he ce cone a tertiary culture
“comnpasiagbeiRIpplieddo e poocesd df diffetenbationn cfers t@adelbthat has
t hgose. o J in the art that there be n )
prodsagei Bt R et Ror SRy (0 pie! MBS ooty MmeL Al pytances. i
w1lltclﬁﬁf1§1feot6 QU8 tHERES a SfechRPLHIAYHOS WBsthbE E‘&Qﬁt_?ﬁés @nd cannot,

culture is greater than the paSsage nunb
undesapame| @rcuofstapetd, diffdrergiate intven didiictyat caf typ@ puteatit ¢ma less

it S LY P MIoe AT PSS Ba e e overs f

a le$petiNlgzed €515 dnymit@H P sitasnewithie dhdlcags O el ORglideld Bl fein, the
and tinme between passaging. [0085] "b-cell |ineage"

linepgsr @fra qedl defingssthaihengdipp f thiewe g@newkés‘(fpwékﬁst @nef femapé what

C
ot LRASEERA 7 LRCHRA ELP LIRS0 0l e o
develbpmbiﬁunhd D;ffdrsﬂttaltlpnHNFl-n&a@evtspamMEé’rkelP&Ms toad dlaBﬁXfﬁlstlc
S expreSS|ng mar ker s characterlstlc of the

Speqlﬁ??éagaésq%%‘dé gheghienatyps obedl of edinpageedt prtarsst aﬁlé can be used
to aFE%Eé‘tﬁE ﬁlffé?@}{tﬁﬁg)gﬁiefﬁ h&oﬁfrm#t@@cg?{o' tﬁf: ng cordpdeLm

neage” as used herein refer to ce Xpressi ng at
| east one of the follow ng narkers:‘SCK-17, GATA- 4,
VarldNFt@mb etcayscE8GiesOabé ¢eliNad alllfurEGRglainBmanényueiers ddngitaill o

cell%%%e eo 1?_1@;@ W l&%&u]glg:ré%&%jl%it@%&rﬁa% ?adégég‘ge%gﬁ % ahd/or

diviieh! whigk ﬁ{a@sﬁ inRg HHREKEI $n & NRE@PoBlilaBdh 6f @ cte “Passaging”
definitive endoderm | i neage 1nclude primtive streaé

refepytodhs proecss of r%nomg iccpefremmag kultekvesschansiaraae them in a
secon%I u%tur%ns%sge? cchﬁtlg&dtﬂgt%mlga% ée%l growth and/or division.

A specific population of cells, or a cell line, is sometimes referred to or characterized by
the number of times it has been passaged. For example, a cultured cell population that
has been passaged ten times may be referred to as a P10 culture. The primary culture,
1.e., the first culture following the isolation of cells from tissue, is designated PO.
Following the first subculture, the cells are described as a secondary culture (P1 or

passage 1). After the second subculture, the cells become a tertiary culture (P2 or
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[0085]

[0086]

[0087]

[0088]

[0087] "Cells expressing markers characteristic of the
pancreati c endoderm | i neage" as used herein refer to
w@2ihe183xpr essi ng at | east one of the foll ow NBCT/US2008/071782
mar kers: PDX-1, FINFl beta, FINF3beta, PTF-1 al pha,
FINF-6, or HB9. Cells expressing markers
characteristic of the pancreatic endodern1|ineage
i nclLude ancr oder | 1s. "Cells
pesies Ll B Ottt SeRARABODh? Shavk g pollib s anahetsig may be
marfParatiBe dbu‘tﬂﬁl%g @.urn@gqth'é%)%ﬁoéﬂ ef ﬁds@a 185 SherérCBb hdmber of
expressing at l'east one of the follow ng markers:
pop@NpBdowdgeOf a felfuae is great@nan the K@ nuPber- 4 he Rgpargion of

celtfigrats; hr ol B poptibuich GRS P LRISRHSd begwogn payoces
depéﬂHSblﬁdﬁaIﬁI&B@tbﬁaiﬂcﬁl ﬁ’gdﬁﬁlhbﬂl@mﬁ@d foSthe pavdtigaRhbicy, BEFsare
expressing cells, pancreati c hornone secreting

medé@m ero“fﬁh@pr@@lqné, Qﬂd b Wew) paspigitge. [ 0089]
"Definitive endodernmt as used hereln refers to cells
" _ I . | i i :
Pt fia PR fef G HATRH SlobifieaBlestibh o B LMDl Otor
PDXdstnd it itastsinic odikhet ﬁoHangrtnhnquﬁnbarfﬁotatsi MEN-3,Delf 1202, Nk . 1,

N SRR IS LR IO 008 T
chal%ct}éhﬁtic QQB@B ceff ﬁnMg’éllﬁclu({eo[pgﬁ " Extraenbryonic

endodernt as used herein refers to a popul ati on of
cells expressing at |east one of the follow ng
“Cettaexuessingsapkers chppetespfis cgph@dpﬁrp@mdodwm legage” gsused

hereiuﬁ rter e er efés ? p?ersgmtgl% l elstcongcélr %e%é%g peﬁk%:rgegp%-?’? LH}E"?AA,

ess a ce

HNFm‘t%IteﬁS}SC Iqert,Nlal; mmxBraodyﬁxfyemﬂikeaion%pbﬁpﬁmﬂ FGF4
means an increased | evel for positive marker and a

CDYe crmasadarmisdEOMES), E’Iﬂ%‘baFGEU e kero, CreRU&i-&dt KR8 or
oTX8VEL ?I 119&&%@1 Rlrs @H&%&b&sﬂ%?df‘?h &efﬁ?x}‘%pe%%déiiﬁl lhﬁa

sufficie er or fower [in the celis of interest
1ncladﬂmahﬁdfetstleai<t ﬂsrecursmrl deHs, psindtivd ftsdak tchlds, aekéndotierm cells and
interest. can pe identified and di stinguished from
defigtiyg endodera cg tng any of a variety of methods known in
the art. [0092] "Mesendodermcell" as used herein

“Ce[l@E%r@ssh% Bark8islch8MBASE ¥dh@pardcRast cRORIch lﬁlgz%e” as used
fol l'ow ng markers: CD48, eonesoderm n (EQOVES), SOX-17,

herdbkrefCr thiPL Sepeesaing @5EastPGE oF thedaliaw g 1 oBos] PDX-1, HNF-

oot AREEETH, PIErT A0 WNED. e BP, PRT G RhTR Waracterisic

of tiEaRambtcati® tnddpirg sisédpd iddludgRstreaficcrfodtmecdlBl | owi ng
hor nones: insulin, glucagon,

“Cells expressing markers characteristic of the pancreatic endocrine lineage” as used
herein refer to cells expressing at least one of the following markers: NGN-3, NeuroD,
Islet-1, PDX-1, NKX6.1, Pax-4, Ngn-3, or PTF-1 alpha. Cells expressing markers
characteristic of the pancreatic endocrine lineage include pancreatic endocrine cells,
pancreatic hormone expressing cells, and pancreatic hormone secreting cells, and cells of

the B-cell lineage.
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

somat ostatin, pancreatic pol ypeptide and ghrelin.

[ 0094] "Pancreatic hornone secreting cell" as used
wherehms4sefers to a cell capable of secreting BET/USW8%8/071782

one of the follow ng hornones: insulin, glucagon,

somat ostatin, and pancreatic pol ypepti de. [0095]

"Pre-primtive streak cell" as used herein refers to a
“ ssLn | east of the f rkers
DG SR8 ISR sosrions ErlromBet Boae MR B

cel I8 GhNFHANMRE SpibRsE Rl ca @XPAERTSINAAY AL FRASthe gasemg{tegtﬂﬂel
follow ng markers: Brachyury, M x-1ike honeo

tracparst igh deriverivesGEEfinjtiys| catdodonm ceNpexrgtsnhatodio®ing markerst

xR IR R oK Th B PRI D ERb b AT Rl bR Ao, and

Mixdne or nore of the stage-specific enbryonic antigens
(SSEA) 3 and 4, and narkers detectabl e using
anti bodi es designated Tra-1-60 and Tra-1- 8 1 (Thonson

“Exgrpergpryonigendegicsm? gpused hgtein fefers Yo a pppylationg |Cﬁ%1$ BHPrePIng at
B bRl ShefyBeL SORAESSIARG, L1 {1 fose o

"1 expression (if
present) and increased expression of SSEA-I
”MdnhdiS'f dsarsetberatng drepiuglei ot padymaptide odectiep il hteydiffareetially

al kal.i ne hat ase_act i V.. -Whi ch can be det ect
exXP Ry P g RGeS0t P Bk apy o e Rgpased
levdll @yl RRItRE iirkd) aMEGtdRErcRRd 18] forsURehfivil Barkd® The detectable
descri bed by the manufacturer (Vector Laboratories,

leveBaf thermagaker nogleid acid onpnlypeptidats Saffeqjetrslydnglmm Frwestiethe cells

ceIIs al so typi.cal L.y expr .and TE
or ififeaoolirifyl B Ege SERUFRIGRIT ARG ity BRuifstspe
dlstmfguighapﬁg@toelebr RE I et ﬁﬁiof%tm@&lﬂrﬁethﬁds&nb%eﬂlheadrt to
differentiate into cells of all three gerninal | ayers:

end der m nesoder and ectodermtissues. Pluripotency
%dsml BEM ettussq BFERIETSES LAl ExBEsATINg ﬁfelsast pps OF the

§
AT PO USRI SIS O 0 o s

Frcient [
FGF I6%, GAISA 469 4@6paraforna|dehyde and then exam ni ng
t hem hi stol ogi cal |y for evi dence of cell types from

Py BBy oF HeErals Forae EShby Rk SR Ee R Fefers

to a@88 eHSbNGtRBreBiTAE ¥Olkbskt BRCL LS FdllowiRe hMRSREC Mslin, glucagon,
mar kers associated with the three germ nal |ayers.

SonpEYRYN. IPmeisagapelipitideiapdebistinst em cel | |ines may be
karyotyped using a standard G bandi ng

“Pancreatic hormone secreting cell” as used herein refers to a cell capable of secreting at
least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic

polypeptide.

“Pre-primitive streak cell” as used herein refers to a cell expressing at least one of the

following markers: Nodal, or FGF8.

“Primitive streak cell” as used herein refers to a cell expressing at least one of the

following markers: Brachyury, Mix-like homeobox protein, or FGF4.

Isolation, Expansion and Culture of Pluripotent Stem Cells
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[0097]

[0098]

[0099]

[0100]

techni que and conpared to published karyotypes of the
corresponding primte species. It is desirable to
wWo@biakrms4sel | s that have a "normal karyotype," »Eii/082008/071782
means that the cells are euploid, wherein all human
chronosones are present and not noticeably altered.
Sources of Pluripotent Stem Cells [0100] The types of

pl uri potent stemcells tha cl ude
establ i shed i ggugngpa4?p%@2%?we %& Pived from
tissue forned after gestation, |nclud|ng pre-enbryonic

PlufipcteitStchB R n@s: cxbRiss BX@oMEre oF th ASLOMEEIRL cndRINOMens

tissue, or fetal tissue taken any tine durin

(Ssgééﬁand dnand mgrikers| dejectabie ussg %m@b@@gadwam@éﬂgﬁé 60 and Tra-1-
mat k o
e e s R I T

vitr€ %s{lﬁs orthel BN o LI X eln iTea-ges0Nafe Ths 1 -83 Uk Predsion flﬁpresent) and
exanpl e the human enbr%on c stemcell lines H

incrggd pepresyaett SSE Al sEn léﬁ?ff‘é‘ﬁ%‘leﬂﬁ’éﬂlﬂ%enﬁ gemgyelly h@lcally have
alka‘fl‘ﬂggg?élphh @ac?i(zltgl hdvﬁlgﬁi I:ﬁ{:ﬂ)é)c?éféc%e A dc gt(tzlkelf' c[e'llg Widhddo,

shment or”’sta lzation o i n which
pardas@lddhgds and clencieivtlepimgwith Yector Redhasya qmibsﬂrétg,ds glngcribed by

e G D R OB eSS, SirHESas g Qurorn
ster B! OBicalf B DU LR ERT. L RcRBBERg R TOPCReeder

So suitable are nmutant human enbryonic stem
cell lines, such as, for exanple, BGv (BresaCen,
Anofhdyelasirabtsayhenptypo of propagated eiitipetentestam célsian petv:btlgzldm C

dlff\?grtﬁ‘[%@tg %1;(% 2l ot a E t@rﬁ%% rg%%l&%a deeé% (r:elrelg%%ﬁr%%{m} ,Eﬁr’]gfecfaoderm

tissasr IPluriB@ﬁbncP@ﬂplqu@ﬂent $3&h £ dah,be LORBEMIY, @cﬁr exhﬁble, by
Acad. Sci U S. A 92:7844, 1995) Cul ture
injeping G En ﬁe@f%?ﬁr@@p%mpre&mﬁpﬁn%@@m ﬁémg the teratomas

that%Hﬁ hﬂﬁé ﬁ? epe géfgﬂ}lﬁﬁ%ﬂﬁe ala tfléﬂpéx%ﬁllhl}ﬂ nlfl Hfs{%@oﬁ%rjl@ for

'ayer o er ce hat” support th ur
ev1c&heer‘m)fb®|lllt$pdsrfrormthe(1h&e\ga1yﬁ layé&st eﬁrlteammmelyyplupbuuengomejn be

sten1 s are cu red in a culture, sy that, i
tc[ﬁyéh gFeptineetsmbrag dpdica pp assaﬁtngﬁgia%m moé@d?es for the

pres%H&O@Ml&k@Js%gofcﬁwavfﬁm&fth&b WEiRRLIG N erst em cel |'s
W t hout undergoi ng substantial differentiation. The

grow h of pluripotent stemcells in feeder- free
Propagiated méunigiotdns sitemdiet i e ntaiy deikeryotyped uping ratsmd@l@u Gr@aladlng

d
e HED SRy DA E i b BRy RCsRRonlnd tfmace specie. 1
is d§¥itdbicRPObBAIn &6 haE hvsa THdrheBdefotyhd, eRhitt Inidah s tHat thRQYLls are

differentiation is supported using a chemcally
euplpid, whseeinral ihpppan chromosomes are present and not noticeably altered.

Sources of Pluripotent Stem Cells

The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any time
during gestation, typically but not necessarily before approximately 10-12 weeks

gestation. Non-limiting examples are established lines of human embryonic stem cells or
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[0101]

[0102]

[0103]

[0104]

[0103] For exanple, Reubinoff et al (Nature
Bi ot echnol ogy 18: 399 - 404 (2000)) and Thonpson et al
W@ wvermass 6 Novenber 1998: Vol . 282. no. 5391, PEPUS08IG71782

- 1147) disclose the culture of pluripotent stemcell

l'ines fromhuman bl astocysts using a nouse enbryonic

fibroblast feeder cell layer. [0104] R chards et al,

(Stem Cel.l s 2 1. 546:55 2003 val uated.a panel of .
hurke SRR R hars SBATIOr PETRTe O ua RRRI T aa cel ines
H1,381 land 8ipeReickny. A1feédnt@Rbibicl Ys 42 oF 4RVt polMidRSof this disclosure

pluripotent stemcell culture. Richards et al, states:

durih tireainitiahbstgtdishmentt asstabdization aesich el iredhish cagiuthe source

skin f.ibrobl ast feeders retain hunan enbryonic ste
collg S s a5 s e g e ORARTHRS pgh st Ao
suitdB3e Q20 tikdd Froth Splup&SntGdrh céll posulitidataliRh@deiderdEiditie

that support the growth of prinmate pluripotent stem
absqnep |o§ faefcrieslyte plsprsudal preypgantipamanambryemie stewrgsildipey such

[ -1 i ke cell lines
as, %E?ﬁ%@%ﬁ?%%ﬁ%&g% ‘tg{htgﬁéégé) or differentiated from
enbryonic stemcells. US200200721 17 al so di scl oses
In ohbembséneht, hihmag ehibrydniegcrascls gr ipnapayedfas elderribee bl Thomson

et ab gV Po oy 5543 P88 i060 285 ATEs oad e (opabet ilag: 133 r.

199K OPge 1eLMALL@W . 0k Amerr4al wggsyot ent stem cell's on
feeder cell layers derived from human enbryonic stem

cells. [0107] In another exanple, Stojkovic et al
(Stem Cel | s 2005 Qaurae62/Bnnotenay (dilscl ose a feeder
cell systemderived fromthe spontaneous

Ut A ¢ ; |
in oSSR paRly SR ETRAPEIS, SHORER Byl o
thatlbgﬁpoﬁrﬂ&g p?ﬁ%)eﬁd btsgl delﬂe imBvaious Ov@yﬂf]Aftaﬁﬁhﬂ‘elﬁ qihllrii)(otent Istem
obt ai ped from hunan centa. [010 Am.t et Bi ol .

Ceﬂw&rcagur@é in 9 gulgure fs%gm%mzﬁesaﬂ?é@f‘bg@g Oﬁf@raé%fcféﬂs’d’é‘fﬂ |

i : L. I er
e R G L TN R S G S T
subdargal dsterentfated eThegblvth afy@oripotom skanmaellspo $tadat-fke culture

. for in fibroblasts. [0111 S6642048 djscl gses medi.a
withob TSN PP aY B RGBSR TP oy Gl BedRviusly
wit BRler 8l bypel AHBRHSELT M8 r&thtofHeuripdRdt &8l cells BeReder-free

useful for production of such nedia.
culture without differentiation is supported using a chemically defined medium.

For example, Reubinoff et al (Nature Biotechnology 18: 399 - 404 (2000)) and
Thompson et al (Science 6 November 1998: Vol. 282. no. 5391, pp. 1145 - 1147)
disclose the culture of pluripotent stem cell lines from human blastocysts using a mouse

embryonic fibroblast feeder cell layer.

Richards et al, (Stem Cells 21: 546-556, 2003) evaluated a panel of 11 different human
adult, fetal and neonatal feeder cell layers for their ability to support human pluripotent
stem cell culture. Richards ef a/, states: “human embryonic stem cell lines cultured on

adult skin fibroblast feeders retain human embryonic stem cell morphology and remain

pluripotent”.
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

US6642048 states: "This invention includes nesenchynal

and fibroblast-like cell |lines obtained from enbryonic
W e@snes463 di fferentiated from enbryoni c st em BEI/US2008/071782

Met hods for deriving such cell |ines, processing

medi a, and growing stemcells using the conditioned

medi a are described and illustrated in this

' " [10112],. I n_anot her ex 50147
us 0BT Sisgiatrocduin® IR e B sy OB e ok
prinmt@giuﬁgb@hi Qemangk @i tdRE-eRE CatireN TRE cORIRE! dnfifloyka! a|r§

WO2005014799 states: "The culture nmedi um produced in

mesgeahynd aeklibioblast hiee ¢olldgenpbiamed rﬁdrmanbsfowrtdsuq @ned

..by the ret.ion ac
airrgp 0 fan SERLEEL AT FRLpBoTA Tt Fetes L vse of e
celllimad&geptitatiapedc oyt Rger. Nnaned MVH (Met Mirine
Hepat ocyte). " [0113] In another exanple, Xu et a
(Stem Cel | s_22: 972-980, 2004) discloses conditioned
In aﬁ@ta%%aamea.‘%% & AbtEIGEHS dAbI37dni22 7 s1 0% diseloses methods for

the g)% -t&%{ %ﬁé@xﬁh BE rm%a]tmgfl GER GG @éﬂsccm #eéfd&%gl'li Iy@l% cfeﬁved from

ver express nMerase reverse transcriptas
hunja@ Etdbfrydmc stamtdeds. exanpl e, US2007001001 1 dlscloses a
chem cally defined culture nediumfor the maintenance

of . pl uri potent. stem | s. An | v
oy B el Sk Stip g S5 6B Gy TRE et L afbhefsiesed
feeddt E811 /s BerhvRatrRMS tHeapamhieodt dITREMIatibg of R@nan embryonic

proliferation of enbryonic stemcells. For exanple,
stenChedn et al (Bi oReprod DO : 10. 1095/ bi ol r epr od.

105. 046870, Cctober 19, 2005) disclose a feeder-free,

c y

In a%ﬁ{t#égegérggle M&agﬁoﬁg %yz?ltn(gu@rr% gﬁtgﬁ%éﬁ Igl%gggb fm)'n,? dREGR a source of
feedee pélzadnmndd fr@Rhumadipluvestppl emented with di fferent

growt h factors capable of triggering enbryonic stem

A ek REBIAR: 1 06k beri D Fnclogen €55 esfipr derived from

hunPn 64958 et hods for the long-termculture of human
enmbryonic stemcells in the absence of fibroblasts or

condi ti oned nmedi um using nmedia suppl enented W th
In dydrr epounly) InpunzamorHSteneLahpt s S44SAO0BWDA8B7I0se a feeder cell

lay JERELASER B TRLAod Of, Gl byring human enbryanic stem

it serum and wi t hout
fibrobl ast feeder cells, the nethod conpri sing:

US&n4D048 divglodel eneﬁiﬁaemmbbsm the gio@tli dfiprindre giuipbtent stem (pPS)
cont ai ni ng al bu amno acid vitamns, mnerals,
cellyin ﬁe%%?étfre@ﬁéltﬁeaﬁsdf &tllings %eftﬂrfahgméwm of yBeh medige,

USé@%mS Qs ARl | hqryﬁ’tﬁoﬂ S ?é%@éégf’ﬁﬁﬁéf%ﬁd ﬁFH)%la%H M{é"EeQI hnes

medl um essent1 a ree o
obtained from embryonic tissue or differentiated from embryonic stem cells. Methods

for deriving such cell lines, processing media, and growing stem cells using the

conditioned media are described and illustrated in this disclosure.”

In another example, W02005014799 discloses conditioned medium for the maintenance,
proliferation and differentiation of mammalian cells. W02005014799 states: “The

culture medium produced in accordance with the present invention is conditioned by the
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[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

serum and containing at | east about 100 ng/m of a
fibroblast growh factor capable of activating a

WO 29048t growm h factor signaling receptor, REDS1008/071782
the growmh factor is supplied froma source other than
just a fibroblast feeder |ayer, the medi um supported
the proliferation of stemcells in an undifferentiated

state without .feeder cells or copditi.oned .nmediu :
cell By SoHVR BF MO ekt o eber s Bop A T R e pa bmgrtalized
tranS@hi eGP atRHed ndaRH WM MUFhOBesdepoel | s,

including undifferentiated primate prinordial stem

cells. In solution, the nedia issubstantially isotonic
In apatheiomrerpéd Xuoer wheStemdralls 821 ¥ 20230 g0@ b displases candlitipned
A BGPTSR S dhesticany

modifiedtoiver agireksihaaasebineta0e SvpRo tansuipaisant i al |y
undi fferentiated growh of the prinordial stemcells.

0119] In angther e e, US6800480 stafes "ln one..
In aé?%%éwme }1%2@&991@@ Pfﬂhs%‘oﬁ-‘é di cgﬁmfcapy g dickgture medium for
the Hfaiﬂ@{aﬁé@@ﬁ%%ﬁ;ﬁot&i’t}g{@%{ dijpl stemcells in a

subst anti al ndifferentiated state is provided which
includes a | ow osnotic pressure, |ow endotoxin basic
An pligatiativetcaureisystemfesutl o xsesetuon-$igp pwdiunt bieppgnasat¢d with growth

ri mat.e-derive rinordial. stemcells. The basic
fact i TR Qb RE D flefiafof oot o SriRe i suerpe
Che®HRPON (Bid Kpr&d DOITH 0909 PhioiRbRAEINS\02ES 10, I0Bas ik &b, H08Miisclose
cells and a substrate selected fromthe group

a feedsiidiost sergmdecfeabuisrsystem i8 wavih embragmie steal ¢alls arc mainfained in
unc QRS U AP0 AT BRARR, Sl I AR o
factamtdapabld ofuniggerdipderabriybmis tstegt @it Jelffrandvadl. sel ected from

the group consisting of nucl eosides and a pyruvate

salt.” [0120] In anot ex l e, 496
In ag?f%?re@%a[*ﬂp_i% %ﬁ@sﬁé‘b@%p [ @%@e?ﬁf ?gﬁgg‘ﬁg’%é@ﬁow%%ds
for @k l&dﬁ-{eﬂﬁ'cﬂ@m@ ol Rin&n @fﬁgfﬁbﬂw Sers OIS i68hd Sosef & f fibroblasts or
cultures the stemcells i'n a culture essentially free
conditionetvmedivem ufieg alcdmeuppheontefl entiiiRGRAl so essential |y
free of any animal serum) and in the presence of

OB B RO i BPRLLTA S cppgei

stenp b€lfsaih definddonedia hiohii RRabbhasvithead®roblay €ader cells, the method
previously required to sustain a stemcell culture, is
compaisder el tuging decdan cplloip & qlfugeapdipmrogtainng albymihmino

i LR s LS o Ay UGS oy o o
insuivl o ris@ lireabstiraté, hiad cilire medium essentially free of mammalian fetal
serum and containing at least about 100 ng/ml of a fibroblast growth factor capable of
activating a fibroblast growth factor signaling receptor, wherein the growth factor is
supplied from a source other than just a fibroblast feeder layer, the medium supported the
proliferation of stem cells in an undifferentiated state without feeder cells or conditioned

medium.

In another example, US20050233446 discloses a defined media useful in culturing stem

cells, including undifferentiated primate primordial stem cells. In solution, the media is
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[0119]

[0120]

[0121]

[0122]

essentially feeder-free and serumfree, conprising: a
. a basal nmedium b. an amount of bFGF sufficient to
WG pots4syrowt h of substantially undi fferenti aP@HUS2008/071782
manmal i an stemcells; ¢ . an anmpbunt of insulin
sufficient to support growth of substantially
undi fferentiated mammal i an stemcells; and d. an

o G o S e USSR BRI 5 e, v
part§@lldr fedifd E8hpifesANRLOBEd %I £ anYRPOPOBRBABFGF, insulin,
di scl oses a nethod for naintenance of an

and @mﬂrblf: ecidmeressan te tenpodteiubstanskilly undiffeoentiowdgrewsihrg the

" ﬁmfte 1stemcell to a nmenber of the transformng

pnéorr H g%r-beta(TGFb) famly of proteins, a nenber
of thefibroblast growh factor (FG) famly of

In apsthtedxamplQUSER0GL80NeNtCHEn OhE Ehbodinnt, anbliRtiture medium for
sufficient to maintajn the cell in an undifferentiated .
growingimsinate-dereadirinegrdist stamgHs o# subsigptiglly wdpffergiiated state is

proﬂﬁéd f\/ﬁféh G2 169 gﬁ%bg Eleesﬁ{réj rlbx@%h& bxmtsalic %Fédluﬁn RHRY is

ate onto a suita t'ure su strate one
effeeﬁmmsnpprtrt tht lyeo wsthiotf @hhfata:d&ﬁwd@rlmmbdmr dtme celis. dhhe basic
such as, .for exann

xtr.acel | .ul trix co ,
mediipdacamEhinyDHith A i TERE T %ﬁmfaﬁ@pmﬂﬁ Ehﬁﬂo‘ﬁt&y) &Pmte-
derlpéd bribrARESH &N1sRH G GHbSrat SRR QI frdrh ARNH o GPMRIsISHES of feeder

In one enbodinent, a the suitable culture substrate is

cellmmml(apélh(l@emtun cDinplizans dex) vedNoPRIF@EEY ¢o)lsi $hamedium

|.ubl f Engel t h- Hol t
rurdifdudos BoR BRI B hyiph A il an iinf nf s AR g B
sclctRE Bvst iheWrQth dASBAMNGS HRIEABEand eg@,ﬁﬁ}at@mgm

extracel lular matrix conponents and conponent m xtures
are suitable as an alternative. Depending on the cell

In apgther grampde. b0 Q4P edstaiesi sinpay aﬁm‘@t thganyeafpmpypvides a
I ,
metfl&% ﬂﬁ’t‘&#hg grlﬁlra 8191@ Qteme&tﬂ@cbng cngﬁgé{h%%te%%{ g g]

and t I'n various co ations
cultimaesmnua]llp oteof mamemhale fdtal somyn Qﬁefpfaht}ea:lscoeﬁsmtiaﬂig free of any

i.n.a swtable distri butlo
amraﬁﬂ eﬁl@@nefm thergefiensh oYY wud e@mt atip mpiued from a
souRE QARG fah Gt afm)goﬂl%tt eRibORyQ! 1h R$rdesid RPhCthe fibroblast feeder

characteristics. All these characteristics benefit
laydryyaviowsle faguirad teesusiagna stomtdell cobhendi ngemlicstdrinpatdseany apthe

addi o5 B eS Bt e ey “be”made from the

foll ow ng conponents, such as, for exanple, Dul becco's
In arfadhdricREmpRINE 205865 35N d(ls@MiM a d&ireaois#toditWRuRIRedium that is

Knockout
essentially feeder-free and serum-free, comprising: a. a basal medium; b. an amount of
bFGF sufficient to support growth of substantially undifferentiated mammalian stem
cells; c. an amount of insulin sufficient to support growth of substantially undifferentiated
mammalian stem cells; and d. an amount of ascorbic acid sufficient to support growth of

substantially undifferentiated mammalian stem cells.

In another example, W0O2005086845 discloses a method for maintenance of an
undifferentiated stem cell, said method comprising exposing a stem cell to a member of

the transforming growth factor-beta (TGFf) family of proteins, a member of the
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[0123]

[0124]

[0125]

[0126]

[0127]

Dul becco's nodified Eagle's nmedium (KO DVEM, G bco

#10829-018; Ham s F12/50% DVEM basal medi um 200 mM
wo2@bo1sand ne, G bco # 15039-027; non-essent i al PEIUMH08/071782

acid solution, G bco 11140-050; b-nercaptoethanol,

Sigma # M/522; human reconbi nant basic fi brobl ast

gr ow h factor (bFGF) G bco # 13256-029.

'ffer ri nt Stem Cel |.5 i 0 Cells
fibr b fondt aPSeRt: P IR dn i amount
suffﬁ"'&f?@d hlﬁﬁlta{-th RARAQE ih 94 AddirRlAtihReE AR fos h MRt Smount of time

suitable for use in the present i nvention include, for

to aghdevepd dgsiredhecshibman enbryonic stemcell line HO (NI H
code: WAQ9), the human enbryonic stemcellline H (NH

C : h i I Line
e Rrouhetok g T RO A AL FURAE syl e
embolditeenBAB0 Buifb8 dudtiutd sibstbwe dem) oxtrbbed il f whdtdb cempeient$ach as,
in the present jpvention are cells that e fpress at

for gxamyle élmaseéfm‘(%ﬂefr@rmbnam% deor dhed mgytiarm gt of gghesion

| trat
molgHE RER Bl coRpli ARG T G Bfng iy apre substrate
is MARIGEIZB PB 2¢toiSBioke850n$ SRATR IGEL&] rs@@plu'ﬁtea;breﬁa‘katic[rﬂﬁ@tﬁ]
rkers characteristi f the definitive endaderm
Eng?’&ﬁ%ﬁﬁ@@%@e@ Seoagefy Ginacha §Bh b@%ﬁ@}l@ﬁ?ﬁ
reco%%hgea'ba%{&ﬂmeﬂmra@ebet a, GSC, Cerl, Nodal, FGF8
Brachyury, M xlike honeobox protein, FG-4 CD48,
eonesoderm n (EOVES), DKK4, FGF17, GATAG6, CXCR4,
Othgr qitracel Db gnatein @ommentsandtcampenﬁﬁ rrmpstsuee& ae sm@bhaesent
enthon i,s a ce re t.least.o
e AEE DntPulodfi tol ORcpEIRERRRRRR 1yERR BB R e
ﬁbrbmd@aﬁ,qeotebgly@ﬁe eﬁlﬁaﬂg thepdrai igfaps, @fé tHe 1ikay£0hd 6in vArious
cel | expressing markers characteristic of the
compaFatiang i ve endoderm lineage is a prinitive streak

precursor cell. In an alternate aspect, a cell
I . B .
The?@ﬁe:ﬂr% @ Irl{r:geglg gﬂasls‘tf‘egﬁér;[e@gé t ée érL%ngIéte ﬁrhg flﬁﬁafgll’]erﬂlgth}ﬂ&tlon and

in thedl firesenedt ef aspéiom that remotes >cp1|1 ewsival pnerakaia, and retention of the

des%ag?e Ca%rzilec\ry%f 5_31 o%& lﬂﬁﬁ@% 8liga[er£cltfnrle)st_t[1jﬁéF r}g&? g]:en;crzl]reﬂlpeﬁ'?e%teloril fc'o t%e
see(ﬁﬂ?ﬂ@ﬁrfb%ﬁbﬁ hh® cf rehd1f RANGEBRIIIDERRAARKIM (hitReage are
ected fromthe group consisting of Pdxl, HNF-Ibeta,

PTFla, HNF-6, HB9 and PROXI. Suitable for use in the
ultpbléﬁhvremﬁemmam e impdg fiom) 1hetf%1éavvlex gpageratsy sudhegstor

f r
o, B TRAHESFSURA SR POV 05, RAERAH Rnocon
Dulbébce'ﬁtm@lﬁ\ﬁedaE@éd medipire&D IBMEM) Gibco #10829-018; Ham's F12/50%
DMEM basal medium; 200 mM L-glutamine, Gibco # 15039-027; non-essential amino
acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma # M7522; human

recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-029.

Differentiation of Pluripotent Stem Cells in to Cells Expressing Markers

Characteristic of the Pancreatic Endocrine Lineage

Pluripotent stem cells suitable for use in the present invention include, for example, the

human embryonic stem cell line H9 (NIH code: WA09), the human embryonic stem cell
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[0128]

[0129]

[0130]

mar kers characteristic of the pancreatic endoderm
lineage is a pancreatic endodermcell. [0130] WMarkers

W@ bapaci4ss i stic of the pancreatic endocrine | i PEHT82088/€71782
selected fromthe group consisting of NG\-3, NeuroD,
Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-1 al pha.
I n one enbodi nent, a pancreatic endocrine cell is

tinefi P A Eetle; RERTIToRE Bih i cbismap SeL e HT ANy €88 waor),

and RROGUTERA! drfbip 6hi¥ RRRE ¢dlielineSIA d(2RICR11A@K, Si8&IchN ARS suitable for use
present invéntion is a cell that expresses at | east

in therpressht nventreardce eellsghatreapreey atdedst ot ofithe fdlamdngapikers
endacr | | i.neage. ;| esent
chaf RS S iPaaR e ARG ARRE U] EoRRAREETERINSS: ¢ o

CorlnBLinPRITt$BdxC, RAERSC hTERT| UTEay ¢ FPE2 aS FAGT 88EAC, Tral-60,
endocrine cell. The pancreatlc endocri ne cel | may be a

Trap&hcreati ¢ hornone expressingcell. Alternatively, the
pancreati c endocrine cell nmay be a pancreatic hornone

MarkEK', ﬁﬁfa@@n& ‘L(l’f thé Qéﬁ‘i‘[llVﬁ! &d&ﬂgﬂa@ﬁﬂ&gg a&fﬁefe:agdgfoglzﬁétgroup

I nvent 1 on, € pancr eati c en rmn
conﬁxtprg&sfsﬂ@ﬁg IMaGldrsst, MS&%E@S@I CerloNoddleFGF & drachyury, Mix-

ke EeRbwap P TOIGC Dpraeeaateptn (LESE HEkL o aTas

cx@ﬁ@ é%{ QDI ahd BTSS! I REGBIR tHAEk Fh e Binvkiea- @a cell that
.1, NeuroD, Isl-I, HNF-3 beta, FA, Pax4, and

GXpﬁascG at leastone oaﬁx@enarkcﬂs Chftrectpm@mfttha dnfamitiveamdodernelineage. In

n ers..characgterist.ic b cell.
one RS Bl RSN A AP g mitier e FEuke pgne
defilvRivk @hgodehanidei @ik &pkieni@be dthak Pefcurbt e TERdademale aspect, a
Li neage [0132] Pluripotent stemcells may be

cell grprreasegmnpekcechrimcsTisds psthedpfivigye arlodaink nepge is a
mesgﬂcsiycﬁ% %El'l an Cht agien%ali]e% asggétl QE%I é’}ﬁorgs?%ggm%{rﬂgrg cﬂaﬁrgcgcgns@% of the

defibhive ehdb(&ﬁhllmnage[l@ﬁ%ﬁnlﬁoe eﬁi@‘ﬂﬂﬁheell pl uri potent stem
cells may be differentiated into cells expressing

mar kers char a ristic of finitive en
Markepses, @@Ctﬁl‘}%“bcr‘bf[tﬁ@p‘lmt?r?alt}é H@ﬂ%&&iﬂ&?@&%é@éﬁct?ﬁg@n ghoup
conﬁgtlr? of P& Uy RFBHQIEaePIFP PA PENVF-23HBH2R4 PRObRA 181(1?a%%590r use in the
[0134] For exanple, pluripotent stemcells may be

pre&dhlf ineergroniine ed| that oxpresbsésat doast @wgifiie markesy dharacteristic of the
racter| sti.c of the defi nlﬁ ve endoderm | ine

pan%f@% ?ﬂdﬁﬂe% REC it HESSP L & h8§é?:§e tn IHB’zaa%ﬁi;illgeé‘&’rQéFmg
marley @hapemRiticlotthe phReatic 88Xt Bdage is a pancreatic endoderm cell.

Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN-3, NeuroD, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-1 alpha.
In one embodiment, a pancreatic endocrine cell is capable of expressing at least one of
the following hormones: insulin, glucagon, somatostatin, and pancreatic polypeptide.
Suitable for use in the present invention is a cell that expresses at least one of the markers
characteristic of the pancreatic endocrine lineage. In one aspect of the present invention,
a cell expressing markers characteristic of the pancreatic endocrine lineage is a pancreatic

endocrine cell. The pancreatic endocrine cell may be a pancreatic hormone expressing
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[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0135] For exanple, pluripotent stemcells may be
differentiated into cells expressing markers
W@ b@pati4ss i stic of the definitive endoderm | i NREEES2008/071782
according to the nethods disclosed in MLean et al,
Stem Cells 25, 29 - 38 (2007). [0136] For exanple,
pluripotent stemcells may be differentiated into
cell s expressi ng markers chargacteristic o e .
cell gy ERIE B DR Bt IO A COb P T e e Pt agereting
celldi scl osed in D Anmour et al, Nature Biotechnol ogy 24,
1392 - 1401 (2006). [0137] For exanple, pluripotent
stemcells my be differentiated into cells expressing
In opg pssesofthapigsens inventien, dhie paneregie prdocripe cdhidedsH pxpressing
rnarketg %g%gCtQMSUC ofttfiler %n&l fr{ﬂeedgg ! grdeﬂ tx?t%‘ésuz%%qtke% é racterlstlc of
m’cont a nce o um

the B hellh lif¢dgt Hkptﬁgseﬁ P&xhﬁid & lost dSheEtiﬂthel fdhloﬁltagitﬂatﬁeﬁptmn facdrs:
t hen culturing the cells with activin A and serumof a
e

NGHr+. PRk NeshdeNewaD: bl Wit Bt MATA e, andifigt Irsone
e ELETR s, e OB B8R 0

linchge diaff@tlenti ated into cells expressing markers
characteristic of the definitive endoderm | i neage by

Fofigatia af BehSExPratiinf e SRRt Tristisiol (i Hifimiting fndoderm

culturing the cells with Eﬁ,@hg@n A wth serum of
anot her concentration. An exanple of this nmethod is
disclosed in D Anour et al, Nature Bi otechnol ogy

Plugiggent sfeon ol niarbeedi EpsnBateg nge Pibtesnicsyng Matkery &a'mferistic
of s Hnieh & ARDARNThc L O G, nPuB BN B 32 o Rihod mygposed in

thisGuntehtion.ng t he pluri potent stemcells in nmedi um
containing activin A and a Wit ligand in the absence

of serum .then rean n t he l.igand a ul turin
For G| MLriUg e S5t PO W ificsaRein @ﬁ*ﬁﬁiﬁ‘émag nilrkers

chaﬁa@ﬂeﬁsﬁﬁe&ﬂﬁg dét?mﬁl{fé&tdda@t% hﬁiea%taé’cro?dlﬁg & B¢ Iﬁ%&ﬁﬂls%%sed in
- 1401 (2006). [0140] In one aspect of

D’ Ppn@genul NatiieanimhnplangiSotiéHt E19Reed)l s may be
differentiated into ceIIs expr essi ng narkers
ct ni.td ve..en ermJinea
For Bi{ 1?1 ,gp Plh%otﬁr;i:t &?einb 8%@ rﬁtaysl%e (?nhlg 1ateg 1nq(()jl cells exBres%Bg tr%arkers
chasigRsibtiadth€ aefiddvaidodain Bxdagaaedordihgko tiiatriidﬂxodstdlfsetbsed in
culturin t he plurhﬂetent stemcells wth activin A

Shl%kléf\%ht qvelgarent 1 1a 165k st662yRPRPe medi um cont ai ni ng
serumfor a period of time, and then culturing the

For @&#ﬁ%l@gﬁlﬁﬁ% otSH&Bnt 81 sstn%? Bdifeenth@d b Belfs & g?égﬂgg n%arkers

I um cont al ni a greater concentration o
characteristic of the definitive endoderrn lineage according to the methods disclosed in

McLean et al, Stem Cells 25, 29 - 38 (2007).

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm lineage according to the methods disclosed in

D’Amour et al, Nature Biotechnology 24, 1392 — 1401 (2006).

For example, pluripotent stem cells may be differentiated into cells expressing markers

characteristic of the definitive endoderm lineage by culturing the pluripotent stem cells in

29



[0138]

[0139]

[0140]

[0141]

[0142]

serum for about another period of tine. [0141] The
concentration of serumin the first culture medi um

waele@elhosssl above may be from about zero to aboR€T/0SZ08/071782
percent, and the culture tinme may be from about one to
about three days. The concentration of serumin the
second culture nediun1disc|osed above may be from

cen about t e and t he :
ol Cap@inm iy b D 0heer e T chlsBiie oGt
actil {314 2dd ddudNaridl th&d Aafu@ing @K@&'ll@%ﬁ{h Lhivine aRd §§8Rtof a different
i nvention, pluripotent stemcells may be

conglintibtiers néh axerdpleof this icthod ax disdlassidrin Nk Bigtechnology 23, 1534
15 Z%(ﬂ)ﬁgeri stic of the definitive endodernlineage by
% the pluripotent stemcells on a tissue culture
substrate coated with an extracellular matrix, then
For emirhple plgrlpdtentrskdﬂm cqBtreant besdieforcnahted intd bhlmbrasslﬁg Markers
gand in a first culture medi um contai ni ng
Cha@é‘ieﬁﬁﬁl‘f %frthﬁ B%fiﬁl“‘ée pnsorderan Wpeagp By culiyring the plusipetcyt stey cells in

rnecfnﬂﬁ B ﬂa{fﬂl I &REn ﬁgﬁ meca%gétﬁe\@ﬁfgg}uﬁc {He}{ 'cﬂlt&lr%qﬂe @elysvuzlth

I gan secon ture nedi um cont ai ni a greater
actigiarn/c a/mﬂhrsatulnoaf aiotlse Conmefl‘ﬂmtlcmn diherangde Df)ﬂlsuhethoahis. disclosed in

1 co ent i on serumin the first culture
"&r‘é‘ﬂ %ﬁagiﬁ%}“@ igteg %gymgﬁ&be from about zero to about
0.5 percent, and the culture tinme may be from about

For @R@npIe, AapteitRi@e &R ay TNEFRRAAGSBY A oy ‘i)re%ﬁhg' Makiers
the second cul ture nedium di scl osed above may be from

chagbigtistioof5hp éﬁ?fé@ﬁt/e @@Oémuhnqa@@ bpenlteing thaphuriphtent stem cells in
mec{; %t!j}ifﬁﬁrlt% ntnll%raﬁcélwe r% | msn{lt 1?%%%8 by gg g cr)lcg1 ﬁg 2:1 rfno lfllen ren¥ov1ng

the W@ Vigahebardl ditufing tHleellﬂwﬁthae&ﬂh IPaWhtﬁgeth rAp eiaaﬂple St &g
cell s expressing markers characteristic of t

methed jsilisciaped B aigEs Biotschealgsy 2bdige i 4Hh(2008)- ste eps of:

a . Plating the pluripotent stemcells on a tissue

In o‘ﬁé‘ g%ﬁE%ﬁF?ﬁﬁeEéﬂt ?mfeﬁf’i‘&f ‘L?]old’f’i Ren E‘teﬁf@eﬂ?ﬁﬁ?'b‘é 'd?ﬂ'fer%%a&écfﬁnto

ring the p otent stem ce
cellacXprmsmgAmaheks ahamattelhst@mfdhe @éﬁmﬁs]e e(ﬁldbd&rm ln‘t@agehby platmg the

plurfagens SRSECRIs iracishir caTFayba B iR agaceltuar R,

ther®¥UIRFHARkRMRLNpotEttlstcus EANB WiklLaddhv i ARAH @' WnSIiRRY ¢:eh Kisst culture
wth activin A and a Wit [igand may be perforned

medepaoataming wrum cﬁ@reet prstodiod timasy, end thgn culrhl@‘ntgl}h@ nhusipatedi siem
turing the i pot
celty BB AT A Topae

élﬁ%l’ngd contatD mng a grea?er conccilation of
serum for about another period of time.

The concentration of serum in the first culture medium disclosed above may be from
about zero to about 0.5 percent, and the culture time may be from about one to about
three days. The concentration of serum in the second culture medium disclosed above
may be from about 0.5 percent to about two percent, and the culture time may be from

about one to about four days.

In an alternate embodiment of the present invention, pluripotent stem cells may be

differentiated into cells expressing markers characteristic of the definitive endoderm
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[0143]

[0144]

[0145]

[0146]

ligand is perfornmed in two culture nedia.

Extracel lular Matrix [0146] In one aspect of the
WEe@sem4s3 nventi on, the pluripotent stem cel | SPEF/ES2008/071782

cultured and differentiated on a tissue culture

substrate coated with an extracellular matrix. The

extracellular matrix may be a sol ubilized basenent

eparation extragcted from nouse rco )
line ] NG A R (o DRt R D <SS B geen B la SR BSRS FEtd wipan
extrﬁ@é?l%lamlﬁll% cultubifl AR AIVEpotent lsfeen &1k rvﬂﬂﬁicltl'\}inaA and a Wnt
matri x nay be growt h factor-reducedMATRI GE

ligapd ireg ﬁmt pwléury metihml eoutatlamglsmlnafor ﬁhwna)@emasi of time, and then

fi.br tin, ter na
cutiftf T strent Bfikesfh bRk G RRLh Tl ieatd i srondulgre
mediiim tcoBaiien wgltewreec@t&ﬁﬁra&aﬁﬁ)f@@@heﬁ)r whdtherdPerBA of Eifiem
[0147] The extracel lular matrix may be di I uted prior

to coating the tlssue cul ture substrate. anpl es, of
Thegapecabiedomet 1w5ua i the firsh quitpisgnediamelisclosed rﬂpqneanaw frpm

r e I
oo R abBRft RercEhC A Y Lt e U AL BB BT Ghout
thre¢ #8936 ) Theanod cdractieny pf ddrim in Eh/e spcohd(fmllthreBnelilumlﬁs‘biolsEd alove
(2985). .[014 n _one, enbodi nent , tracel | ul
st ok Sy PTG 10 FPB AR BRGO %ﬂf?e Sl fisagiey be from
aboﬁtUdnfe% gbsHbsiaye is coated with MATRIGEL at a 1:10
lution. In an” alternate enbodi nent, the tissue

cuI ture substrate is coated with MATRI GEL at a 1:15
In ogg bmbpdiment, theapresgnt Byvertien rrabidds amethodtfprediffierptiating
plurépuqlté s OeH1 & %tegépa{teeﬁnl%érgl%% TS c% n{)&g%}'ljl t%A‘TfF%h%ﬁlgﬁt?l%igeg‘ %Ilécfo:a(e)rm

linegdd, tornprisibP Hersédps of's coated with MATRIGEL at a 1:60
dilution. [0149] In one enbodiment, the extracellular

s growt h factor-reduced MATR| GEL. ne
gﬁﬂ Mvrlpqt% stems eqils oa tssec W yrR SYLsae icgatefgmté&n

%@tfa{ge@ﬁl%gﬁ&agﬁ@r -reduced MATRIGEL at a 1:10

ution. In an alternate enbodi nent, the tissue
culture substrate is coated with grovvth factor-reduced
b. VAFRIGRhe pturgotent Stehi dells wvath.activingharzd 4 B dilgend.
enbodi ment, the tissue culture substrate is coat ed

Cult(ljlrllng (il o{ﬂuﬁﬁ)%er% r§t[ {;elfs r%lt gct%-rg a%l‘ \Q%ltt lh%anfi rnaél be performed in

a sifidlé tulbuge Si¢lRing. ahRerngtiedptcattumhd the ghaidolent aeinadetls adcedvin
MATRIGEL at a 1:60 dilution. D fferentiati on of

A apl y Wigdigard may bperdpined; sspaichl sogstirds 1okythyrore palture
me(ﬁ@. afna&lteee'iﬂb%tdlrﬁen?,fculturing the pluripotent stem cells with activin A and a Wnt

ligand is performed in two culture media.
Extracellular Matrix

In one aspect of the present invention, the pluripotent stem cells are cultured and
differentiated on a tissue culture substrate coated with an extracellular matrix. The
extracellular matrix may be a solubilized basement membrane preparation extracted from
mouse sarcoma cells (which is sold by BD Biosciences under the trade name

MATRIGEL). Alternatively, the extracellular matrix may be growth factor-reduced
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[0147]

[0148]

[0149]

[0150]

the Definitive Endoderm Li neage on an Extracel |l ul ar
Matrix, Using a Single Culture Medium|[0150] Wen a

W@ RWglhe4sul t ure nediumis used, it shoul d contBECTUS2008/071782
sufficiently | ow concentrations of certain factors to
allow the differentiation of pluripotent stemcells to
definitive endoderm such as, for exanple insulin and

VAL R e 060203 iy 6 HE i st

embldiREMatht YRIrpotcRY stbigi c@gs &R %musﬁ%h a8l efrfcn&fiaffadnaiskitedulture

| acks 1 nsulin and | G-. Exanpl es of chem cally defined
subsiratk eoatadewvith Bohassuinn Wles et al (Exp Cell Res. 1999
Feb 25; 247(1): 241-8.). [0151] The culture nedi um may

Theil%%g%ezﬂilgag M 81'39% dllﬁ{ed%q‘]loir ﬂ)o%o ﬁlﬁ%ﬁ}%%?‘%g cu%?eugubgt%tg.o

n an-a ternat

Exagpieifistiaibtlomethays e dilatitihecreangellafar aaoid afifol coadguhe
5% In an alternate enbodi nent, the concentration mm

tissurecyliyre pestFan gy bF fawstin kdotmanabdtn €2ty Biaghggistry 25:312
di ty offiend may be about
(19@90%2}%??%% éFr%rrg o 125 Oﬁufrtﬁngl\}mﬁ%ggct [ zi n A and a

Wit |igand may range from about 1 day to about 7 days.
In oha cahodintet, izt extentlbdarmeaitix ig Me\TRJﬁEIofInmb teobodignamg ythe

sl B ot MR of < T g™ Tagn pernae

embRARHEnt 3hd @Ysie chRdeIlibAatd NicBatéd WY MATRSGHL Ak a aNY dilution. In
concentration suitable to cause differentiation of the

an aﬁﬁmatm@dnmsmeﬂnﬁ élewes:ultmfwub@r%feﬁtcpatpd onthPAPIRIGESmME a 1:30
dilu%bou%l anD g‘ernattehe bo onc tf m(s)ue %tur%suggt%l L %esrﬁ%% eﬁ m/itl% o

MAdIROGELlat agtad dilukidnanot her al t ernat e enbodi nent, the
concentration may be about | pg/m to about 100ng/mn .
I n anot her ter nat errbodl ment, the co ration nay
In oge el meabﬁgﬁ eIk BT GORGPH T foCiop TahGEH A TRIGEL. In

SRS GO, TR ABCESTESRLT 58 NG, A

MAGRIGHLze d 1t1® dilmpioov é&n alhelteeﬁdté embodiyneof, thetgssue culture substrate is
di ff. t Wht

coulg it GE I BRERENGRE SR Rt SRR o Soatemate

embOAtmER, B0 A cuif@re shbstRREs %%@@W’ifﬁ@r@w&ﬁﬁct@?edhb&iand

is Wit-1. In an alternate enbodi ment, the Wit |i gand
MA|T§IGEL aga.1:300diBsipn TheanHterngte gmbodmynb éhqatussae culture substrate is

ntrat.iQn of 0 t.o 1000ng/m In
couf i fitkep Rl FofmeeRlh PRk BRTH T ey be
about 10ng/ m to about 100ng/ m .
Differentiation of Pluripotent Stem Cells into Cells Expressing Markers Characteristic of

the Definitive Endoderm Lineage on an Extracellular Matrix, Using a Single Culture
Medium

When a single culture medium is used, it should contain sufficiently low concentrations
of certain factors to allow the differentiation of pluripotent stem cells to definitive
endoderm, such as, for example insulin and IGF (as disclosed in W02006020919). This

may be achieved by lowing the serum concentration, or alternatively, by using chemically
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[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0156] The single culture nmediummay al so contain a
GSK-3B i nhibitor. The GSK-3B inhibitor may be sel ected
WO e@ai014383 gr oup consi sting of GSK-3B i nhi bi t orPCUS2908/071782
GSK-3B inhibitor XI. In one enbodi nent, the GSK-3B

inhibitor is GSK-3B inhibitor I X [0157] Wen
culturing pluripotent stemcells with a GSK-3B

cerp g is HE RIS ot (G LEBR e DR T P ar
dlsci?dsE@ i RE BPAYERE @feu Rl el b YebPg! mt(lﬁmmgqel I's are

cultured with the GSK-3B inhibitor at a concentration

of about 1OnMto about 100nM [0158] The si n%
Theoyltpigracdiemingy vy asacsion eansertraiioatin fheaengafebent{B6 to about
O"/(?dﬁlll atnI a?t%%latef &ﬁlgoo({lmgﬁa{he %M Hrh@ (?10 I%a%?g nI ﬁfre eoorf‘ af))(gut 0% to

ce ressi hRrkers character

abodtej% nImtaln\aeteﬁfad’miﬁj’dmmd:Iﬁﬂag @oifide@ttutidrhbpbé Sinthe 8dngdof about 0%
ls, Alternatively, the at |east ogne other
to ah@}a@t/? ohiAn FigErags crpRaAiBpNathe SORGFATANHY MEEPALPYH 20¢ t he
el | s expressing nmarkers characteristic of the
Theq{?ﬁé O LdiEnE NIRRT A RERY rftq’lf Hﬁcﬂm‘gy rah%@ 5 DRAE 1 @by to
he present i nventi on. Furt e at |'east one ot her
aboatdbldetylso ihia hn flaornae emhydlerwha mlmetlmh ef aﬂtdrmgynayfrangﬁefrmelalbeut 1
re n rke cterlstlc of e, definitive
oy GRS AT e B o RO (heE el SOl Fo My b Ehgut 3
dayé.nvention to form ot her cell types, or inprove the
effl ciency of any other additional differentiation

steps. [0159] The at |east one additional factor %/
Actiyén Afragy bﬁ(@ﬁ?ﬁ |aéanym0@@@mw&ml deitableiotrepse @fferepsatiogmfishe

plqu n‘@ﬁ%ﬂt ¥terﬂ {é‘l" u Q‘h? 9% as’otn’ nglégbvevt ql‘; i qﬁg/ﬁﬂl % Qt’ycmt M00 ug/ml.
In ap |a&éﬁhl§eteﬂd3©ﬂiﬂdﬁd the Odﬁdanﬁ‘rﬁmqnay% a‘tﬁulild lpgiﬁ,l tqodtmuel @t/ml. In

ano{!p;ef 21&1‘%%? %p%&%ﬂé@e&%&?@ﬁﬁ%ﬁgg %}agrrbe(aé?g;:wf li)@/rnllt?)about IOOQg/rnl.

In agér)]fg&aeﬂ%ﬁla!té &ﬁb&ﬁ@%gtd fhic Ec)?ﬂ&%ll Ih.{_lOI( ﬁa? bk 2BO Sbh%/md%aodut

GLP-2 mneto etinolc
100pginst hyarmtlmbrhhenmawe:mbodsuebntnhe pogasitemonay basgyont il 00ng/ml.
hydrocorti sone, ethanol am ne, beta nercapt oet hanol

id | wt h .f act
ThegBaisE T el at Bhedd oo e wlihisive g ¢REieRGY afibe
diffeenti A18nHeocck O BkOWND hgm BhE b Sl Rtededrh i en%roup consisting of

betacel lulin, ITS, noggi neurite growth factor,

Wi bdnt-3g:3V podd endadingt 7at by @W@éft@@mem the S¥ntdigapditsyWat-&, In an

alte a%egcﬁ%‘wﬂégg%lglssWuppfg%ﬂggsI( gebgo V(E;g:,

steroid al kal oid such as, for exanple, cyclopam ne
The(\EhDiga(ﬁA)rnayMﬁrataicbﬁwltreti@r ofrdblout drgi/mi to( #Gk) 1 0Dngkdopii an

rotein
alterelate embodiment, the concentration may be about 10ng/ml to about 100ng/ml.

The single culture medium may also contain a GSK-3B inhibitor. The GSK-3B inhibitor
may be selected from the group consisting of GSK-3B inhibitor IX and GSK-3B inhibitor
XI. In one embodiment, the GSK-3B inhibitor is GSK-3B inhibitor IX.

When culturing pluripotent stem cells with a GSK-3B inhibitor, the concentration of the

GSK-3B inhibitor may be from about 1nM to about 1000nM. In an alternate

33



[0158]

[0159]

[0160]

famly, bovine pituitary extract, islet
neogenesi s-associ ated protein (I NGAP), I ndian
whewgersasgd soni c hedgehog, proteasone inhibitoPGT/USZINE 71782
pat hway i nhi bitors, sonic hedgehog inhibitors, or
conmbi nations thereof. [0160] The at | east one other
addi tional factor may be supplied by conditioned nedia

em b tal netﬂ fp!-égﬂom@ F F G eat areéhhsreébggx)sthsﬁg&@ iin}{i&%%éta
cothraf‘UrBoFa?aout E@&B@T@a&oﬁ@&)ﬂ}@ CRL- 1687), HPAF-11I
(AT :CRL- 1997), hepatic cell lines such as, for

exanple Hep&2 (ATCC No: HTB-8065), i ntestinal cel
Thelsingscd iehmadiunt By elsasphtein atiegstancottoeddigonabdicionhyt may

enn U B0 LR Rl RO QLT SROR NGRS ot
end&i@mdﬁ&agtgﬁb@rﬁ{mﬁ@téaﬁ afcacéctic] dltcthaticliy e Belchdtiohé yther

Endoder m Li neage on an Extracel lular Matrix, Using Two
additignal fagtonmgy 5111{8@% the noplifeestion of Hcicbls coprepiing madesnt

char%EFeﬂ'% §E e b rﬁtlﬁee!éﬂo%)c}é’%xb f?? ET&J[I{e'd\B Fu&%ﬁl%ﬁybfﬂh%?e%&t

e acconp I'ng the ripotent s
invemﬁbhs Fudthdr, the tat hehst oAe athdr addividnal lfeg:m”ldna,ysenlhgndevtbe ability of the

culture nedja. Thus, .the dj ff entiation of the
Ce”mnr?sa&géﬂ%&%@ @h%ra%tﬁvgﬂcrpéﬁ%%e %%degmldhr}fég? frmgddy the
metBods JPHRE pragent DR cRlidH foRBEE BiheSEQMYPE], bB irdftoPe tHe P ency of

cul ture substrate coated with an"extracel lular matri x,
any lptheCadlditional giffdrentpltionisigps.ent stemcells with activin A
and a Wit ligand in a first culture nediun1 and c .

TheCltI t url a9 gart]]?nalfj ngngt fSBt & %.T.% 1daelCt | V:bgrs ofthe

11
& S8t ure di'u

TGmeam[‘[y naylugeptTaiGm s, laﬁai at semrh @wuﬁ@mc‘rﬁmm@ bPthe fidchlast
the second culture nedl ﬁlcontain serum at

erowihcepr GHe Rl trdsH veharP R Ectarr Ak &1l (I DIstelat Tigh plasma,

s e e SR P b eGP ISBED, . 2010, 1D
gluaapohn like pdyoided and it @LP-badd IE iGER-1 ynd GlPedmimbtbobady, Exsndin-

of certain factaors to allow the differenti.ation of .
4, 15 IngiS aﬁ&f SAtthyTIhhoEmPRe. ffH N JuPESSIcE)sy ASHING. elracordsone,

cthBARARS PelathirEuRberhdiol ApldoRhil 6w ENARGPIIT Y. DRRG 1 and 11
such as, for exanple i'nsulin and | G- (as di's¢losed in

copN@;b@@l@@)zs)gmg)as, fohexsimmdg, thethplohé pengaining, forskolin, Na-Butyrate,
activin, betacellulin, ITS, noggin, neurite growth factor, nodal, valporic acid, trichostatin
A, sodium butyrate, hepatocyte growth factor (HGF), sphingosine 1, VEGF, MG132
(EMD, CA), N2 and B27 supplements (Gibco, CA), steroid alkaloid such as, for
example, cyclopamine (EMD, CA), keratinocyte growth factor (KGF), Dickkopf protein
family, bovine pituitary extract, islet neogenesis-associated protein (INGAP), Indian

hedgehog, sonic hedgehog, proteasome inhibitors, notch pathway inhibitors, sonic

hedgehog inhibitors, or combinations thereof.

The at least one other additional factor may be supplied by conditioned media obtained
from pancreatic cells lines such as, for example, PANC-1 (ATCC No: CRL-1469),
CAPAN-1 (ATCC No: HTB-79), BxPC-3 (ATCC No: CRL-1687), HPAF-II (ATCC No:
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| ow ng the serum concentration, or alternatively, by
using chemcally defined nedia that |acks insulin and

WO glI/oEdahpl es of chemically defined nedi a ar ePCT/US2008/071782
disclosed in Wles et al (Exp Cell Res. 1999 Feb 25;
247(1):241-8.).[0165] In the first culture nmedium
there may be a | ower concentration of serum relative

: | t di [
CREJRRERFRER GR! FHeS e SnaBi et HEORaT i ok Hess)
intebthfal 841 Nha4alictPfs, tdrexembleSFHY4 (RITterNatd@EeIM ), BRY primary or
enhance the proliferation of the cells. The serum

trangfonmehendathichinl esfllst he first medi um may be in the range

of about 0% to about 10% Alternatively, the serum

. £0N rakbon. first [ be,in t he,range. ..
DR Bl sl Yy T E A E R e e L CE R of

theQdrbemter Bido@eynoLinkdiee dn dsExtra@illy WRYribeUsife The CudmaeMedia
of about 0% to about 1% Alternatively, the serum

..concentration of the first mediu .be about 0.5%
[0161] le%mat]w u%mﬂt?qxrsr%?ql\r%éntﬁ|caﬁq i I ICTe e ingRgRmay
R e e S A
usinggdiownd tnmymedan gEhdsy thedafforantiatiod ay theop latjoatent 3tedagels may be

016 Activin A may be used at any concentration
accérﬂﬁ’]]fsg%ﬁigs {Oélog’ﬁuse di fferentiation of the pluripotent

stemcells. The concentration maybe from about | pg/m

a. PRtAREHHpHIEENTH Fem tdllsdR aalsb @y Aduee fibb@stt dBatd withan
concentration may be about Ipg/m to about | ng/m. In

exfechlblanmatsixnat e enbodi ment, the concentration may be
about I pg/m to about 100ng/m . In another alternate
' X . FRY, . /
b. ERAMATRE prppRnf AR BihAPu A s SR D il At
oedoentandt i on may be about 100ng/m . [0168] The choice
of the Wit |igand nmay be optim zed to inprove the

fficiency.of the differentiati.on process e Wht.
. Bl R Binotsdl wEinialls ey B Eart rd e g
Wit-1, Wht-3a, Wht-5a and Wit-7a. I n one enbodi nent,

[0162]  Thetfitet dMturd 8BS thy MWhtaid serlifh AR 1G4k cBRGALEHGITRAG tHERBEONd
the wit ligand is Wit-3a. [0169] The Wit |igand may be

cultpe aediwnaeait oatdipperam b digher eepcantratipndbathe fiogorkivm .
medifln@n al ternate enbodi nent, the concentration nmay be
about 10ng/m to about 100ng/m . [0170] The first
cul ture nmedium may al so contain a GSK-3B inhibitor.
[0163] TheFheon@Siit3E mediumirh@r cameyn bévadaeddt o the first cul ture
medium to the second culture nedium or to both the

[0164] First Culture Medium: The first culture medium should contain sufficiently low
concentrations of certain factors to allow the differentiation of pluripotent stem cells into
cells expressing markers characteristic of the definitive endoderm lineage, such as, for
example insulin and IGF (as disclosed in W02006020919). This may be achieved by
lowing the serum concentration, or alternatively, by using chemically defined media that

lacks insulin and IGF. Examples of chemically defined media are disclosed in Wiles et a/

(Exp Cell Res. 1999 Feb 25; 247(1):241-8.).

35



[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

first and second culture nmedia.[0171] The GSK- 3B

i nhi bitor may be selected fromthe group consisting of
W@BKWAB4sMhi bitor | X and GSK-3B inhi bitor XL |PCDH£2008/071782

enbodi nment, the GSK-3B inhibitor is GSK-3B inhibitor

I X. [0172] When culturing pluripotent stemcells with

a GSK-3B inhibitor, the concentration of the GSK-3B

i nhi bitor may. be from about InMto about 1000OnM, IL.n a
tn ] P o B HERIe Pt T CpRRaRT e iy the
secditd] duttRANMIA. URGcLRl BBsdi dnb@irafibn fh GO RERH AN

of about 1OnMto about 100OnhM [0173] The first culture
medyerdiingreasaythalssyivaf ticrechs, or.adtstmatndy onimeenhadei theonal

fact.or at y-enhance the, for e f cells .
proly SRk of 15 ool LR e RS e B G B b7 Bt ineifiet Ry g do the
rang@FRUet0% kM SRue 10%:0 MIRmutiveRt SRtschessneehtkBion of the first

Al ternatively, the at |east one other additional

mediga gy beeiy thmageef abeat Srodp abap 204 onltemativedy.dg ogum

. Ceri of | def iaitiy
con GBS AR TR R R R S hGs bRl AT b 1 5E
AltdrnatBtyl, die. sefumi threentritiod @tthd Basmedinen @b be abediOt50onal
factor may enhance the ability of the cells expressing
mar kers characteristic the definitive endoderm
Wher ﬂﬁ%\@l@%@%ﬂ%ﬂ&%ﬂ b G} fénf ey Bh Sanf ethe ablrast
twolcRIthiR@rR P4, MY e bk cﬁlm_ﬁg,m e HRPOAVE &B&u&f&waﬁg@ Yroff about
any other additional differentiation steps. [0174] The
1 dagttolabengt3 dwye. addi ti onal factor may be, for exanple,
ni coti nam de, nmenbers of TGF-b famly, including
TG b1 and, 3. seru | bumd n, menber f the
ActipdBag v g0ty FRHTRPR i Pre TIPS BrSisaliflfapt e

pluriscdaMt Btehaedlior TAAcorattratBi, mpitatfalretibdiit ¢ pg/llas Bkout 100ug/ml.
insulin growmh factor (1G-1, II%P, gr om h

In agjeltergpterpmbedinemts the peicepigpiongnay. g abogt 1pg/gl tojabput 1pug/ml. In

I j - e - - -

oo RERFR0; U SERL e AR S by 0 oongi

In apathat diteritcernbsdimost, theredutdntratipn oge bt abansSOng/prl b avdun,
hydrocorti sone, ethanol am ne, beta nercapt oet hanol

1008t 1ot GHE AR ABIRGH TR SRS PTI g o ﬁqut 100ng/ml.
copper chelators such as, for exanple, triethylene

TheRABIR K AR, thpﬁ%%gll’ﬁﬁh bd\tBULA RlifprAeithy éfficiency of the
~_betacellulin, TTS, noggin, neurite growh factor,
differgui@dtion\paidgses. i Theading ligandi rodole selgoredArors dlell gravip cenpisting of

WS NGRS S PRTRE Rt VS 1 on

altefila®y @hisbdahkal Bk dvsUbhnas WheBa.

The Wnt ligand may be at a concentration of about 1ng/ml to about 1000ng/ml. In an

alternate embodiment, the concentration may be about 10ng/ml to about 100ng/ml.

The first culture medium may also contain a GSK-3B inhibitor. The GSK-3B inhibitor
may be added to the first culture medium, to the second culture medium, or to both the

first and second culture media.
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[0171]

[0172]

[0173]

[0174]

exanpl e, cycl opami ne (EMD, CA), keratinocyte growh
factor (KGF), D ckkopf protein famly, bovine

wW@Raal1863y extract, islet neogenesi s-associ at eBCPUR1008/071782
(I NGAP), I ndi anhedgehog, soni c hedgehog, proteasone
i nhi bitors, notch pathway inhibitors, sonic hedgehog
i nhibitors, or conbinations thereof. [0175] The at

t..on other ddi.ti onal factor rra .bes i Jby.. .
TheGaR e Bhironeay B SHbarh Bt Fe ibmrerus e 2 is S8 ifipior
IX S RSB hAfbiteX AP IrEoncRM¥edimé HEEJNK - 31@%%%&@91331@33

CAPAN- I (ATCC No: HTB-79), BXxPCG-3 (ATCC No: CRL-1687),

inhipfegyHX.| ( ATCC No: CRL- 1997), hepatic cell lines such
as, for exanple, Hep& (ATCC No: HTB-8065), and

Wi R R Pl AR T YR el P ol oo e

GSKSEontibiot ndy @ Iﬁfbﬁh abous houltd abent1ddOnMe M4 an Bltdragt or s,
such as, for example, jnsulipn and |G- (as disclosed in

cmbpgprenshoglsipoteat stemaigHs wrgiculiercd aritidhe ?3 & Tplybitor at a
conﬁ%ﬁg{gﬁl evgbg) E%n‘MY@LtbOQlft lb(lﬂﬂﬂcu' tured cells. This my

y I ncreasing the serumconcentration, or,
alternatively, by using chem cally defined nedia where
Thetffret cmd;tm:esfntdiamﬂ oapsaled com@ulat lvastiiode bBer addtionmd fasts ¢ltht may

| th t | t
enbioftis b o Cort s i e ra P R e B e SR BerPlivve,
endbderi 1ERhe RS- pl&%ﬁ@erﬁ@fénﬁ&alls 25@[@1})&1%@ tBe ht 1chD bAL bthkh

a second cul ture nmedi um havi ng hi gher” concentrations
addigionslefpetar mey enlyaee thequpldferationof the CQHS @*me$ékgdn@rkers

t.ur e d| u he ran ot
chaletisie o TR IR Bl b AR BO ML misds fng BREn

invéh€ionN Buehdr] the at IéEﬁloumoﬂﬁy adiBtional fd&mrrrﬁuygﬁlh@ﬁce&b@ wbility of the
0.5%to about 5% Alternatively, the serum

celly grvessingansrkers sharpgferisticcaf je dafinitiyecndgesronhineage famed by the
metfnﬂ% eQJnt ﬁRf%Hﬁon to%pc{{’rﬁ ?th%ﬁ géﬂstgﬁ 8Hrﬂﬁt58%w\r%gﬁdé{ennqy of

concent ration o
anymsﬂyerladadlablmlltiiffé}’entwien sepb.t uring pluripotent stemcells
with the second culture rredium the tinme of culturing

range from about 1 to ab ut .4 days 178
The@ foef e B Rt may Pe ot ST CORR T Fien ATy QG GF-B
farnH§ ei@lcl@&h ?f’!}GF‘aQ nce @h& 3t dcBithn SHHubAR] BerhBer§ 8EEE fibroblast growth
ferentiation of the pluripotent stemcells. The

fact@bfﬁnem platqlqimeﬁu«;dogrowla) factso\d, 4ndg/BH, plaselabaedt plasma, insulin
oo SR T B STIEIPTEPELLS 1y U o
likePRPEMNET ardd T @GDBIIQm@ M odLPENnd GINR-2GRIAGESB0dR! EshdBY, retinoic
acid, parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone,
ethanolamine, beta mercaptoethanol, epidermal growth factor (EGF), gastrin I and 11,
copper chelators such as, for example, triethylene pentamine, forskolin, Na-Butyrate,
activin, betacellulin, ITS, noggin, neurite growth factor, nodal, valporic acid, trichostatin
A, sodium butyrate, hepatocyte growth factor (HGF), sphingosine-1, VEGF, MG132
(EMD, CA), N2 and B27 supplements (Gibco, CA), steroid alkaloid such as, for
example, cyclopamine (EMD, CA), keratinocyte growth factor (KGF), Dickkopf protein

family, bovine pituitary extract, islet neogenesis-associated protein (INGAP), Indian
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[0175]

[0176]

[0177]

[0178]

be about | pg/mM to about 100ng/m . In another

al ternate enbodi nent, the concentrati on nay be about
W®GRWgM453 0 about 100ng/ m . I n anot her alter naP@I/Us2008/071782

enbodi nent, the concentration may be about

100ng/ m .[0179] The Wit ligand may be at a

concentration of about Ing/m to about ICCCng/ni I n

an al ternate enbodi nent e conc
hecihgg SR or o PRSTORTS SO, RO B FERYTHEb e g
hed%ﬁgbﬁnﬁﬁ&@c&%@nﬂoﬁﬁﬁbﬁﬂ%e&bpup consi sting of Wit- 1,
t-3a, Whit-5a and Wit-7a. I n one enbodi ment, the Wit

and i s Wit . In an alternate enbodi nent, the Wit
Thel at S@ﬁ@ne@w@d@awa Gagan mahee ywpbadibye mndym@edré@ﬁdlmbmyed
frorx?rggrg)cbga?{a glp liffe ?ﬁﬁ §$ Iférr;e Iar?ll f ?B]F&IG\I-E?TE &ﬁ 6 (?i%tqhgg)r

CAB&NODCAE@UNU QITB?—GQ),I BxPQF3 (m@eth 145329 f16$’5t HBA(F 1$ eAm@ No:
[ ture nedi a. 182%h The GSK-3B_j nhi bitor
CR]s‘éP%@b Bepafie 6 %lﬁe Yebap feosrempts, H@p@? (&@Cslﬁm IﬁﬁBbSOéé} and

mte%%}é?gﬁl ﬁﬁ% g% %ggﬁ%r%&@@ ?SQEHls m | t W@Fgﬁg] t \r}ﬁen

culturing pluripotent stemcells with a GSK-3B
SecomhChtreMedite: Thasennd atliwe nefliunhsho@GBke@Biin ndritdin faytors

be f bout | t
suclf ) gehavempre R i Rota o ehiioat-0oaTedRof ol affc o
conwnttﬂatléthﬁ) &5&0&3}1& BiivRiat Of thatulBur6® BARN A ﬂl@ﬁb@ﬁdﬁ&%ﬁ‘by

1O0nM to about 100nM [0184] Simlar to the Tirst

increapingthe swelm Wﬁpentmoswoﬂtﬁnww@m by neitg aharpigylhadeftned media

co tal n east oth addl tion ctor
where ncgncet ra %Sror% sI onﬁ alol ?@ afe 1n%rease ggllaﬁ c trorathe(ﬁrst[ cﬁ?l}{re

medilli\:ﬁr @&taﬁaples b cheddicdlneddimbd Rcdiavge amdlea@r i Wileeaee (Expooil
pluripotent stemcells. Alternatively, the at | east

Resoh99dtekhedd: a4iHill:2Hh8P- fact or nay enhance the

proliferation of the cells expressing markers

In a%@@(fnﬂg}uggﬂ'esi‘he(ﬁuﬁf ab@% K e!r bildeNBatfRI OF &Ll 11388

forne e present Invention.
con¢amtphen of thhsccind Icekbist nnmiwm tragrbead dhct rangradbolia@.b bt torahyut
nce.t he f the cells expres

107G PRSP dstmitaalcalsmon o1 R SERRB GuPrE reoias gl be in the

rand B MBOutY 5% RE abdlt BOISA REmbMR 1P RS RBlm IcBYRRAtrh@dh 6f°ch§ &dcdhd
other cell types, or inprove the efficiency of

cultoretnagdiamdnayi benialtheliangepbatoubg. Pntogibepis2 %] @i@siatlvﬁe, the serum

COH%?“%S{l?I}]gfﬁhgggCOhS %@ng act or ybe a%butfé%. %en cuﬁurlng

pluripotent stem cells with the second culture rnedlurn, the time of culturing may range

from about 1 day to about 4 days.

Similar to the first culture medium, Activin A may be used at any concentration suitable
to cause differentiation of the pluripotent stem cells. The concentration maybe from
about 1pg/ml to about 100pg/ml. In an alternate embodiment, the concentration may be
about 1pg/ml to about 1pg/ml. In another alternate embodiment, the concentration may
be about 1pg/ml to about 100ng/ml. In another alternate embodiment, the concentration
may be about 50ng/ml to about 100ng/ml. In another alternate embodiment, the

concentration may be about 100ng/ml.
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[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

famly, including TG--bl, 2, and 3, serum al bum n,

menbers of the fibroblast gromh factor famly,
w@k@pmelsass deri ved growt h factor-AA, and -BB, pPEr/Es®n8/071782

rich plasma, insulin growmth factor (1G=1, I1), growth

differentiation factor (GDF5, -6, -8, -10, 11),

gl ucagonli ke peptide-1 and Il (GP-1 and I1), G.P-I

d GLP-2 m.nmet obod ,
The 5 CpHEnE Tt Asnaccimean shabopt bl Brismul Fibsinian
alte AN QR diheRNBe c@ﬁ&ﬁﬂ%&ﬁn@be PR 1 0B/ ARRS Q&ﬁlh @(‘mﬂg/rnl
epi dermal growth factor gastrin | and ,
opper chelators such as, for exanpl e, trleth Iene
Thfp@fgtt dghnrbmay be s@imwchfromathéamoyp goesistaetaf Wit 1, Wnt-3a, Wnt-5a

el ul i n
and lWrgt a’ In% % g%rllbgc-{ g}:elng QIQ«?WCH SI#{ltS tV&ntgl’r (ir} aflt%l ernb%dlrnent
theh&wagaﬁyﬁeNgmpwﬁh factor (HGF), sphlngOS|ne 1 VEGF
Mz132 (EMD, CA), N2 and B27 supplenents (G bco,
steroi d al kal gi d suc f.or cycl ne
Theeefd qepyre Retup; rﬁ%yc%]f%ccwadw r?eﬁ?ggdphlb cﬁ%&r@@pf
inhiBltO Rhy'bd Adlcki Yo t@%k%ltﬁf@tﬂ’lé&%%’toecﬁ& §@c%hd chlﬁlr@'inedlurn or to
neogene5|s associ ated protern (I NGAP), Indian
botthehd gestagd sswnid culiedgediog, prot easone |nh|b|tors notch
pat hway i nhi bitors, sonlc hedgehog i nhi bitors,

i 1 th Th t
ThelRIeAE PR Reg b Rl Ean RouPisgn3is R égﬁaﬁﬁbgor
X QAtGSRS®B hhidoPEN CIrB@Hel @ntdirhént] thB GSKS 8B hnlﬁsl,toﬁ‘l@ GSK-3B

exanpl e, PANC-1 (ATCC No: CRL- 1469), CAPAN-1 (ATCC

inhikger IXFB- 79) , BxPC-3 (ATCC No: CRL- 1687), HPAF-1 |
(ATCC No: CRL- 1997), hepatic cell lines such as, for

WSRO ALR00 TSRO, e B o o
GSKIE&QMﬁﬁmrﬁmybeﬁantMﬂmt@mnaﬁaﬁahHQOEﬁﬂréssﬁm@ahﬁekers
R R G T A
con@é?ﬁraﬁgﬁ Sféb%h{ POI{NI td RS gbamirt i ve e”dOder m | i neage may

be determ ned by testing for the presence of the
mar kers before and after following a particular
Simgabtoghofirst Pilgnt petam, the saepeetulaire m@dmal fogy dbo gontain at least

one &XIP T a%% 1%na§|2' c1oT, tha% may deql]lla{g%e tg %frrena?l il Pﬁ %ellg gxprﬁ:sil%g markers

I's™i's

chaR¥RFriessoftthe ﬁa:ﬁdlﬁslcs&ldoaaen Bhdaig6 lﬁ@ﬁpp’luﬁf)otdhtfsf[@ﬁ edlls. ati on
may . be determ ned exp03|n% a treated cel
Alt%@%mebt ﬂ@rﬁtﬂ@stame&é%wad@@eeﬂ aeormayprllapeithe preiferation of the

ctSBEELLLG L SO0 155 A RLOUEHA, IO RLPHAGERRALEYy .
methedsi ofithid prescan dodetion. | Furehagehe at least one other additional factor may
enhance the ability of the cells expressing markers characteristic of the definitive
endoderm lineage formed by the methods of the present invention to form other cell

types, or improve the efficiency of any other additional differentiation steps.

The at least one additional factor may be, for example, nicotinamide, members of TGF-f3
family, including TGF-fB1, 2, and 3, serum albumin, members of the fibroblast growth
factor family, platelet-derived growth factor-AA, and —-BB, platelet rich plasma, insulin
growth factor (IGF-I, II), growth differentiation factor (GDF-5, -6, -8, -10, 11), glucagon
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[0186]

[0187]

[0188]

[0189]

[0189] Methods for assessing expression of protein and
nucleic acid markers in cultured or isolated cells are
wee@pdea i n the art. These include quantit atiRET/US2008/071782

reverse transcriptase pol ynerase chain reaction
(RT-PCR), Northern blots, in situ hybridization (see,
e.g.,Current Protocols in Ml ecular Biology (Ausube

Y S L DR s N
acid/e 8t Foil hetrhdRRYins@ne p?%est@ﬁfnlé,eép?ot‘irhﬁ,thy@?&oﬁ%ﬁ@,si bl e

ininfact cells, flow cytonetry analysi's (FACS) (see,
cthamolpmindsidretagneraandodthane], cpsicrmyalamowholdetes (EGE L. giworimt and/I1,

Manual .,  New, York: Col [ Har bor. Labor at.or ress
conp 03By T30 esoaie b Mine PiBihinc PRPIR WosPuBide
actithal B&idenglig 8 TS ahdght, Ab@itd gidwtheh&Go heddl] \Sdl%dicl Aidl aid@statin

A It should be noted that alternate antibodies

A, sgfliuarbwiirate hepptocyimerowilt fastos (HRED. sahivgparagnY Eel, Mo 132

: : . . | i

EMTTCREN ORI ShBlfnlsdoeR f Al Yo R AL B

cxample, aydepanene (MDY €d )f lasratams gis SirevgthelxgoedShBy) Dadkkopf protein

rkers in.the cells isolated in accaordance with the

famly haxiie RifwfaRt Gx8mRct et @i?geﬁﬁfrls'é%ﬁﬁlﬁieé,Pr‘?:tﬁlélr@ﬂ@éﬂ’i)’slflg’@%

B Yok PRl PR BRSNS e

hedg¢hogiiplobrors, stcomboeiltibss therebf.nue to be identifi ed.
Pluripotent stemcell markers include, for exanple,

t he expressi on,.of e . or noje of .t f ol J.owi : AB
Thegg) fosSe R 30 Bl i R b s b oA o 0 Einea
frorNpiR@eatid tERT linddKlicH as, ZrR4ZmpRSEANG:- 1 B8EACAN0: TR -1869),
Tral - 81. %8%32 After treatlnagplurl otent stemcells

CARANh] ¢A5EC -39). B8 Cpt S BRE NaiwdHe-il %), HRAF-IT (ATCC No:
[ r L. .cel | £y j
R AR RIS L Tty BRI 8 DIARS. 1963065, an
integtitial belbynestshelt ass faaixbinprRl FHs 74CAFAC2Ees: @CP2d1 Ri N
mar ker, such as CXCR4, expressed by cells expressing

narkers ch teristic of the definitjve endoderm
DitraLgRen P Aaiaresens Srtes GlEFLdivg KRS e Endoderm

Characteristic of the Pangyeald ¢ Endoderm Li neage

[0193] Cells expressing nmarkers characteristic of the

definitive endodermlineage nay be differentiated into
Forgeliosoleoehs exprissgnematkersshetaictsticef the defingfivg ¢ndoderm lincage

ancreat.i c..endoder I neage_ by..an thod in th .
ey B RO P s WP ek el ot g Bgpliowing o
partfc@far E}i@ﬂ@ﬂl._e PleRboleht S¥RrREStyPEalBIdk @bSehesk 36étembkEsC Thus,

_of the definitive endoderm [ineage )
differentiation of pluripotent cells is detected when cells begin to express them.
The efficiency of differentiation may be determined by exposing a treated cell population

to an agent (such as an antibody) that specifically recognizes a protein marker expressed

by cells expressing markers characteristic of the definitive endoderm lineage.

Methods for assessing expression of protein and nucleic acid markers in cultured or
isolated cells are standard in the art. These include quantitative reverse transcriptase

polymerase chain reaction (RT-PCR), Northern blots, in sifu hybridization (see, ¢.g.,
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[0190]

[0191]

[0192]

[0193]

[0194]

may be differentiated into cells expressing markers

characteristic of the pancreatic endoderm | i neage
W@e@WoNti4ay t o the net hods di sclosed in D AnourPE&L/US1008/071782

Nat ure Bi ot echnol ogy 24, 1392 - 1401 (2006).[0195] For

exanpl e, cells expressing markers characteristic of

the definitive endodermlineage are further

dlf eren t IIs expressin

rinh PRl Bovigleplap R amtiey & dndeuepif M) gy

1mrﬂ1fn%§§sh§h9su"cﬂ Qs ﬁﬁﬁhﬁolﬁ%@é&%ﬁéﬂ AnATRSiK BF SechHRIIARAERAISMcStern

of the definitive endodermlineage with a fi br obl ast
blottjngventd f@m@ltkprséhfﬂ arhecchestije oigtast ephlal ﬂ(ﬂg cplatieivyanalysis

' b h
(AL oY I BBF T AR S SR Oty S lEL B
YoﬂQMNQde@hgmﬁmhﬁqiﬁaﬂu@ymﬁﬁﬁqﬁnmyy culturing the cells

in mediumcontaining retinoic acid, a fibrobl ast
growt h factor and KAAD- cycl opam ne. An exanpl e of

Exaﬁ@é%&é apgboghiesysplid fpridsterpg patag) B@&‘é%ﬁ’éﬂ@@%/arﬂlmi 3@§able IA.
It slgoﬂgilbé &Qgcis‘ghat {1 04 aﬂtﬁ)oa{ég dﬁ'@&@ﬁ fo @E s %{H@ mRHESEMh are
I nventi on, expressi ng nmarkers characteristic of
recdghezed b it atntl\bedlem tstdeé imT dtlePage andalfleirdr ken be readily developed.
i fferentj d int el | s expressi ng. mar ker s
SucfiligeE driiGedie a?ﬂﬂ@ﬁ@ﬁ&w&%@ fprass w&axmeﬁ%%a@aarkﬁgﬁ in the
cell} Is8RtddNE abRRIHRE MaHARP RISt Mgy HBEKEr S characteristic
of the definitive endoderml|ineage with retinoic acid
and at | east one fibroblast gromh factor for a period
For @ﬁamplnechaﬂaﬁmsp@ﬂqfoﬂurmotfmt remmeyls e Welbknaboiettheseekillsd in
the § e ggt n?dltlﬁg@%%arakt%%gtg Iof rﬁlua}lg)})geélé I“a’[rﬁrrrllactﬁa gos 1%%% to fe %dgl?tlﬁed

Pluﬁ;ﬁtﬁérﬁ@teﬂ[ el ingrkefs ihd18dd] €bd axiainiplee t}&r&pfbeglam bf HERAGENGE DS the
further differentiated into cells expressing nmarkers

follwingad B&G % €1ptooF o hd Cwﬁ%%lééi,|c@na%6% Qtt-egéguanogy
hTﬁlﬁe"l‘}T]i_‘l‘_% zm(gglgggga%/%ﬁ@%g}ﬂag% G &k for a period of

e fromabout one to
about three days. The retin0|c acid is subsequently
After&reatimgjphﬁdoibh@tm lctlds witle thermeatheds ofithdp@sent ensbtion ¢he

it g T T DTy BRI Eh g e GpRtts g dont
(suchl¥s @8 affisdy) bl %&Jgﬂdauy B&o &dd PRMin nah&r RLES 8EXCR4,

i nvention provi a meth o for dlfferentlatlng cells
expekddysicHe cxmewamesmaiers baraetcysticcofghe défmiides ¢ndod¢rpelincage.
endoderm | i neage into cells expressing markers

Foﬁﬁ:?lji(ﬁl%teéélfs ]#énr% Sll%ﬁ[ﬂ?‘ﬁ%r&% ?Ee?ﬂﬂg gF the ]%in%?@aqec Endoderm

conprising t
expressi ng markers charackimeagd i ¢ of the definitive
endoderm | i neage,

Cells expressing markers characteristic of the definitive endoderm lineage may be
differentiated into cells expressing markers characteristic of the pancreatic endoderm

lineage by any method in the art or by any method proposed in this invention.

For example, cells expressing markers characteristic of the definitive endoderm lineage
may be differentiated into cells expressing markers characteristic of the pancreatic
endoderm lineage according to the methods disclosed in D’ Amour ef a/, Nature

Biotechnology 24, 1392 - 1401 (2006).
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[0195]

[0196]

[0197]

[0198]

and b. Treating the cells expressing markers

characteristic of the definitive endodermlineage with
WO 2a0p/i483 acid and at | east one fibrobl ast gr oR€TUS2008/071782

factor.[0199] Any cell expressing markers

characteristic of the definitive endodermlineage is

suitable for differentiating into a cell expressing

haracteristic of the ncr eat.i £ .endo )
For PR HEBlGe T PG TSR 5556 e Srar BHb GUeHETR Lincage
arc ft@cF@ilffefen@X R0 €58 IcBIls FRE&EIS nehRErachBhdtsidtie oPthd @creatic
definitive endodermare treated with retinoic acid and

endedeﬂnelmgfo e tichiratbk aslls epposssing fnml:km cliagacterssigrof theedefipitive

S e R G e S e e

inhiBNEIOKI R AD -8y Gopahdad, ebknWieildvingtthd\@iegiuatidhtande ae filablast
one fibrobl ast gromh factor for about six days

faatpr kK AAD-eydepaghiae prdiubpeasntly ﬁl&iﬁﬁrmgﬁ%&@e&is ip gredium
fr nd

Coni??iﬁ%?ﬂrisfg@ WA B PRl i K0 LA DS oparhfe: P
exa@pRrefahie fiesiiddds dfsclobel ideN atiilietBWledﬁfd)(ihgieMml Bdhebtd 2606).

sui table for differentiating into a cell expressing

narkersjggaracteristic of .th ancreati c endoderm
In opg enceof 85 AESEH iy R GaHls T 8 TGS ShiTaetryg of the
deﬁﬁﬂ@z@ dhdBRIm 1&@%6%8 SRTHer HINEH 1R iR Q%ll@@)ﬁ)r@ssﬁi%trﬂﬁﬂers

for differentiating cells expressing nmarkers

chagghigrisiot efrths patmr@mctehéoc&eﬁi lmicagey by an@tmgethmi:lismea@esmgi trarkers

har act. t i.c of
cha S S R RS AR S Bhaif e ahd gt g
fibr@blast GedwthIthdigr %Ehlpérl@d(Mt@ﬁél MHat PRFiKE bStifb M UeSkdrh bbéut one
of the definitive endoderm|ineage, b. Treating the

to abeut|six ¥pr essi ng narkers characteristic of the
definitive endodermlineage treating the cells with

In a[g %&Eﬁgﬂe‘ﬁ%ﬁﬁ gf th@%gesgnt in [EBM' ﬂs teﬂfrﬁ& Qﬂkgrsac‘i‘lhl‘act%ﬂgtlc of

ubseque y treatin e cei east one
the f¢fbritidd @astbdgrnoliidagé m@tfoﬁher[@ﬂ&éﬂﬁm@asdnn&e&dllsexpireesilsg mgrkers
mar ker. s fgaracteristic of Ihe d fInItIVE quod rm
chafartqEgieot (8 BITEbc SN InFREe RY FaF 19T AE' % tipoic acid
for @iﬂ&i&ﬁ&ﬂ tIH. MR %Eﬁo&&‘@tﬁrﬁ@ hl%.glbéﬁ‘bﬁl a‘%utt&% t8 ﬁﬂ&lt%‘l%é Bays. The
endoderm | | neage usi ng this” nethod 05] I'n one
retimmbp adi mmfoseqi,lh@tl}c@lrmszeé apd ‘é@gpﬂgamﬁnek@d gvith at least one fibroblast
growﬁlafra orrlarsigtlhte:r I%frlotd% tim ef Iﬂla’% perlod of time may be from about one to

about three days.

In one embodiment, the present invention provides a method for differentiating cells
expressing markers characteristic of the definitive endoderm lineage into cells expressing

markers characteristic of the pancreatic endoderm lineage, comprising the steps of:

a. Culturing cells expressing markers characteristic of the definitive endoderm lineage,

and

b. Treating the cells expressing markers characteristic of the definitive endoderm

lineage with retinoic acid and at least one fibroblast growth factor.
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[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

endoderm are treated with retinoic acid for about one

to about three days. In one enbodi nent, the cells
wexppessEsthg markers characteristic of the defiPCT/US®08/071782

endoderm are treated with retinoic acid for about

three days. In one enbodi nent, the cells expressing

mar kers characteristic of the definitive endoderm are

treated with at | east one fi.Qropl.ast gr h factor. far
An gD Eing Breieat o T tig o e R Bve Laiistn LR s gable
for §iffelchtiONiY RES: BYI SPrdSIE rediRdr8 ehBhdtShidtie oPhd fcreatic

definitive endodermare treated with at | east one
endédasmdisicage ugnoimsméthed.or for about three days. [0206]

The at | east one fibroblast gromh factor is sel ected

f i st - GE- 4, -- 10.
in opf S AL WP AR E e hp GeidiSie o AP el
endbde@mde treattd with esidesidid hhdadgst ose SbtobRk @ovar factor for about

differentjating intq a cell expressing markers

one dpaboue plsrdayt. | b g enhedisasiérisacslts eRerstis mariareeygacteristic of
the USAMHGvd SHdSd%i %@ Qreaﬂeﬁ WG BRHe g&i%ﬂ? at %Qs’% 8ﬁ§ kib&blast growth
expressing markers characteristic of the definitive
factenfbodesunsixi dagage are treated with retinoic acid.
Alternatively, the cells expressing markers
characterd stic of t efinitive.endodermlineage
Thei B e tFep Resronth Gp i Belhcse G BMRE Rt cofiitie FFGr-2.
FGRULggpeiE- el y FG--10. In an alternate enbodi nent, the
cells expressing markers characteristic of the
definitive endodermlineage are treated with at |east
Anyoerdl exprossiag fsrliesn gadteistie o therdsfipiiic endedesm lmgreeds suitable
-4 .0r FCE- . al j el ls
for GiErduBind Fi 4Rl LRl b SIS B BT T Bl n PR
endededod@rengd usigahes method keated with retinoic acid and at
| east one of the follow ng fibroblast growmh factors:

FGF-2, FG=-4.or FGF-10. I.n one enbodi nent, e cells. .
In ag %F@%@i _Oérﬁ??@é’rtge: BIATH ST EPTigR POVHIeS eﬁrée_ﬂa%# ﬁ%_ﬁ fiffegaptiating
cell% %&{Pgs%{ngn&lérﬁ% QRardEBriltCAtRId M iy &fdlbalé%hﬂi&‘agéii@@ Eklls

anot her enbodi nent, the cells expressing

expreasike nerichachactogarisge b€ thefpandreatdefnidnddrinvignce pel @dewpnising the

‘ Ii?eage are treated with retinoic acid and FGF-4. In a

SIPEQtt her enbodi ment, the cells expressing markers
characteristic of the definitive endoderm|ineage are

a. CupadigdcsMs eRprie¥ind@bfkeaCdhdra@teisfiéHT thd AefifiB2O&]doderm lineage,
Retinoic acid may be used at a concentration from
about InMto about ImM In one . . .

b. Treating the cells expressing markers characteristic of the definitive endoderm

lineage treating the cells with retinoic acid, and

c. Removing the retinoic acid and subsequently treating the cells with at least one

fibroblast growth factor.

Any cell expressing markers characteristic of the definitive endoderm lineage is suitable
for differentiating into a cell expressing markers characteristic of the pancreatic

endoderm lineage using this method.
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[0205]

[0206]

[0207]

[0208]

enbodi nent, retinoic acid is used at a concentration
of I mMM[0209] FG--2 may be used at a concentration

W0 e@aosasait 50pg/ M to about 50nmg/m . I n one PCT/US2008/071782
enbodi nent, FGF-2 is used at a concentration of
50ng/ M. [0210] FGF-4 may be used at a concentration
from about 50pg/mM to about 50ng/m . In one

4 is used at a concentration  of ..
In o§p RGPRITINh Heiecl i ekore B ey b LRI e AR GRETEYS on
endbd @M 20 Qbdte P ARG/ r&linci Ca P R3HabeRrBHc b abdul t1RB&days. In one
enbodi nent, FG--10 is used at a concentration of

ern‘t@(dngqttm the F@B]_ezpre@gng Snaghgys elglgaqﬁglsﬁg ok éyegieﬁmtlve endoderm are

treafe 33 LSRR e BBL 0 ELER il I S AT s P SR bssing

markaatchmyteﬁﬁfb&m@e ddmmniti ey dmbdam 4t ekl Si@apldasSInRibroblast
mar kers characteristic of the pancreatic endoderm

groyihfagigefor Apewtiong e gauy threqdayst In ergsembnsamentiibe cells expressing
marﬁg? lchérﬁ&@lllstfcao‘}{tﬁg d 1\%”&1% &&mt e{}g tIchttg!i kx)clt%ra"f‘H%lgtrbn%fﬁb%‘tﬂast

ressin ers c aracteristi
gro@ﬁ]rfacteﬁfdr@belndmdeﬁayd.l neage formed by the nethods of
the present invention. Further, the at |east one other

ition f.actor yenhanet I|t of the c
Thed éts%ﬁe?flﬁ’r‘ﬁ@?% Sr Biuidron aripeed Boprhe et Sherahaal FOF-2
FGEngdadeon.{g.neage fornmed by the nethods of t he present
invention to formother cell types, or inprove the

efficiency of any other additional differentiation
An}SQe‘él@pre[smg a]arm@clm@aqt@wp obte dedditrvie @nécpderradm@itgermyultable

for ? ?fﬁ{qn%atln%l FGB céll enxl.P%ts%lg %1m Qerg ﬁfgf gaerésérc uor% ﬂ}f] %aalﬁli‘eﬁt’lc

endﬂ@maﬁﬁ:a@é uﬁﬁgethis 261064 aBt orgreondddirh@n e célddxlpyessing markers
pl atel et -derived gromh factor-AA and -BB, platelet

characteRstig %fsth%\deﬁrﬁw Wog?IaWWagaéteéfea(qd@lh retinpie acigk owt h

Alté%eftfv%ég nﬂ{el | le 8}3}&%&%2{1?{( h?ﬁactg%}g_q% tané& TSHQ ecgfiggi?rm
hneagwar&ﬂé’atad Wi thER GO o altEmmdd':ly-FGF 4 atriahoimatiady @GF-10. In an
NPT S
end@o@rﬁiﬁ H@@%e &t %tlad LB R cabEH)of tRRRbWhe fa8BE: Htinoic acid,

el ators such as, for exanple, triet hyI ene
FGIbénlE @Er14rm FGlod 8 kbi amlteNmteBemwchmem dhetdells expressing markers

chaigElgATe Qb g iR PRIOIF EnGet A e YU AP ey andat least
one o€ %ﬁﬁu&ﬁgmwlbs&fgmffa&tbi@F)FGfsp Qa9 FeFl10. iE@ne
MG1l32 (EMD, CA) and B27 suppl ements (G bco, dﬂé?
crm

emberimeitthe PRl peEssing maskers eharacsseistip oétheclgfinislyaen
hneé&gggg itr%’ff)ed w1t%rrgtt1ﬁoqg %éé& Gnd F%‘M—? Ifnaa%gﬁ)l érlég%:(}lmea ﬁ{% %Hg

expressing markers characteristic of the definitive endoderm lineage are treated with
retinoic acid and FGF-4. In a further embodiment, the cells expressing markers
characteristic of the definitive endoderm lineage are treated with retinoic acid and FGF-

10.

Retinoic acid may be used at a concentration from about 1nM to about ImM. In one

embodiment, retinoic acid is used at a concentration of 1puM.
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[0209]

[0210]

[0211]

[0212]

[0213]

famly, bovine pituitary extract, islet
neogenesi s-associ ated protein (I NGAP), | ndi anhedgehog,

W@ wpo1d383igehog, proteasone inhi bitors, notch PEL/HSYs/071782
i nhi bitors, sonic hedgehog inhibitors, or conbinations
thereof. [0214] The at | east one other additiona
factor may be supplied by conditioned nedia obtained

| ines

FG 2\ ancr atelf\éon%%g}r_a%lofiwj ngigm/ lfzr exg@??g/ml In one
edeHﬁnJrﬁ)FGlB&F’@ué’ed(aMG&ld\éﬁtra@?{-of SR8, HPAF-11 (ATCC

- 1997), hepatic cell lines such as, for
exanple, Hep&2 (ATCC No: HTB-8065), and intestina
FGI&4nay) hersed gt aepngentration feopmabstue S0FRinl TsabonTead@!. In one
emb éﬂjﬁGF Qelg Sgedl a? c81f1 %%thldc‘n (foﬂ)r i ng Mar _ker S
aracteristic ancreatic Endoder m Li neage
[ 0215] WMarkers characterlstlc of the pancreatic
FGIeno agdgrba sedatagenacreratieh froknahwat 5Q@pg/mbseaboli 50 @dnl. Nn one
addi ti onal narkersi%ha qcteristic of the

embt@pgﬁe ;W@qgﬁﬁwéraﬁw?%aﬁ@m&ﬁ &lt o be identified.

These markers can be used to confirmthat the cells

Cells re@?«%%n% PMaACEHERRES W Bf‘th% RBFRESS 8o deAY BREdoR Mndy@areated
erentiated to acquire the properties

witlcitdeast oea pther acddﬁfontah@ctpaﬂw@.t way eshannd dudormationadgells

Pancr eat.i ¢ endoder eage eci rkers i nclude
exp{eRae FRbb FRAREF O ot B TSR e oo he  ADp ety he
at 1@bCdhc@dsher haditiena Tdtér mi¥ &iAncdthE ptatifed@in bf thEEHLexpressing

HNF- | beta. [0216] The eff|C|enc¥ of differentiation
1

markeyy charaetetigicrafiledipangraatip eadadgra linpaggtfammaeddyy the methods of the
presgggiﬂbg{ﬂo%n Fun@01A9¢ [gast(o%lé%lﬂl ?%d&ﬂo@ﬂtfé&&dr}ﬁ élﬁﬁh%ﬁ %e ability

Icall'y recogni zes n mar ker “express
of tieeddlls eemﬁgmmMefmrhmb&neﬂimmme panc3¢dtic calfloddnm lincage forrned
ancggﬁtlf endodern1llneag§{ 17] N@thods for
byt ﬁ@

% fressal igrendon & Bires i SR it dmagvg the
effigTR artnygl Ph&d{ﬁ&f’al [frdr SR aﬁbﬁgte§§' I's are standard in

ese I nc e quantitative reverse
transcriptase pol ymerase chain reaction (RT-PCR),
Theo tetabtemie adtiviosal factosinay béyyfbr ¢xdingde, inmotifsmale, megbgers of TGF-B

iy RinE BHEE0LD sl A RSty et A0 S Fan i, exayveh

factbNMMNIBNp BtRGRRAV €RLroviRFat or A Af ande BB, waem@mha 1nsu11n
Western blotting, and for nmarkers that are accessib

growth faefoadGlcle ﬂm,sgrowlb@vffésﬁmmqfﬁctahé@&% -G FACH). l(léeéucagon

hkeﬁ?ﬁﬁﬂdq_%ﬁm a%%oﬁ'ﬁdGE?) rlna% QEE]!’% HLG?% ’lt_ %Feglrd%lt > thnmc
acid( p&Q)yyoifl ﬁ@ﬁﬁdneﬁtﬁﬁﬂm @Sogéﬁteﬁj’mbj Eﬁﬁdﬂuﬁﬁ h}&i@cfdcbktlsfoﬁé

detecting certain ﬁfOtEln markers are listed in Table
cthapglamine, beta mercaptoethanol, epidermal growth factor (EGF), gastrin I and II,

copper chelators such as, for example, triethylene pentamine, forskolin, Na-Butyrate,
activin, betacellulin, ITS, noggin, neurite growth factor, nodal, valporic acid, trichostatin
A, sodium butyrate, hepatocyte growth factor (HGF), sphingosine-1, VEGF, MG132
(EMD, CA), N2 and B27 supplements (Gibco, CA), steroid alkaloid such as, for
example, cyclopamine (EMD, CA), keratinocyte growth factor (KGF), Dickkopf protein

family, bovine pituitary extract, islet neogenesis-associated protein (INGAP), Indian
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[0214]

[0215]

[0216]

[0217]

It should be noted that alternate antibodies directed

to the sane markers that are recognized by the
wa@nivbtsdses |isted in Table | A are avail abl e, PCT/T82008¢71782

readi |y devel oped. Such alternate anti bodies can al so

be enpl oyed for assessing expression of markers in the

cells isolated in accordance with the present

i nvention. Formation of l.l.s Expressin kers .
hedghegoasa T Pror e AN B SOl R PR e i
hed f&od MhibRIk Sor@¥RILERSbAGthEROKEr s characteristic of the

pancreati c endoderm | ineage may be differentiated into

cel I s expressing markers characteristic of the '
Thepd iraptericiothas nddigipnal dadtoraanye Hipphisd byreensdidoricd ndeéa ehtpined
flrorlg_r atpc)feazm)é ﬁ?firtfe%% gﬂ & lfoors&gml f%, I’Rﬁ\{?-ﬁ EX%EEI 98 CI&E—ZI%Q%),
8t eXanple; "Cart's’ Bkpressi g narkers characterist

CAPANt heA Pa@aNe M TB-7e) dterInATO€age (ry-16%7), HPAF-II (ATCC No:
differentiated into cells expressin

CREAIP Bl benatis cple lings Rk apARcTeBpic %ﬁ%&@&&rﬁp 'nléxge?%S), and
e B e Ty aA ABE PRT 61 06T Gy

For exanple, cells expressing nmarkers characteristic
Dttettien gdvadls dapiassieg dbdéemmUhianeagétiang theanbeautic Endoderm
differentiated into cells, expressing nmarkers
characteristic of the pancf&%4 ¢ endocrine |ineage, by
culturing the cells expressing markers characteristic

Mai@ErstdRrapRfisi Eatth€ pandade chdddenaagieadcnreB@il Wibwn to those skilled
cont ai ni ng DAPT and exendin 4, then renoving the

in theeatt, apel edshtionad MagkaDAARIaiRIisER OhtIcranciapér dpdeguinrmery
conlld $iETEI8° RS AT LR GRTSSL0N O BHAREED g

accordal¥atwittethBipedsemhinadnogy havk dilfd3RaAtiated 40dcqQd® ) propdde2]
For exa he, cells eag&essjng narkers-characte,istic i
Cha@ﬁteﬁﬁf&%@t B PAMEGAC SRERATEN HIFTgFe dGBCISAEC §GPesia} lincage specific
Lo y ) | =
S ey O PR SRR Pehaud oot

Hixb@ | RTH-1 ke, HAIH-6 HXBrlbstsi ng narkers characteristic
of the pancreatic endoderm|ineage in nmedi um

cqpt.ai ni .exendin 4, thep renovi.ng the nmedi um .
Theg et ERENR o oy SRy S0 F ey thopulation
to afi @hdnS (dudh AR LR AN} RandpR '_ﬁ@ﬁgﬂf&b@grﬁzesIa@fotbixﬂﬁ@rkb@pressed

An example of this nethod is disclosed in D Anmour et
by cglls expressing mBuses chivertsgstic Hobeproxagt créndean dinpias;

cells expressing markers characteristic of the

MetR88EF Qgsiegsir@']&%ge%gi'gh ol PERAS and nucleic acid markers in cultured or

isolated cells are standard in the art. These include quantitative reverse transcriptase
polymerase chain reaction (RT-PCR), Northern blots, in sifu hybridization (see, ¢.g.,
Current Protocols in Molecular Biology (Ausubel et al., eds. 2001 supplement)), and
immunoassays such as immunohistochemical analysis of sectioned material, Western
blotting, and for markers that are accessible in intact cells, flow cytometry analysis
(FACS) (see, ¢.g., Harlow and Lane, Using Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Laboratory Press (1998)).
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[0218]

[0219]

[0220]

[0221]

[0222]

are further differentiated into cells expressing
mar kers characteristic of the pancreatic endocrine
WO peveatsas3 by culturing the cells expressing nmaP&EDS2008/071782
characteristic of the pancreatic endodermlineage in
medi um cont ai ni ng DAPT and exendin 4. An exanpl e of
this method is disclosed in D Amour et al, Nature

Bi ot echnol ogy, 2 . [ 0224] For ex | e, cells. .
Exagg QL P T B NS EtT ErOBY THEKESAHE Tt Table 1A,
It siRRdPsteRdtd inneadenAE Entfvstih Aircéted fethe RihahRekdrdther £€1 | S

expressi ng nmarkers characteristic of the pancreatic

recagntred by lee dritibedige listo icTalleifA ate avadalde|dr saekproeadidy dgyeloped.

kers characteristi.c of .th ancreati ¢ _endoder m .
SucTR1EEAE FRBIEG GheRbiE ain i BERSHS SRERESERE Farkgps in the
cell§ Romitddeh Resbrishcdivethl ths prbsért ildeAtioMr et al, Nature

Bi ot echnol ogy, 2006. [0225] In one aspect of the

}@kesent invention, cells expressing markers ) )

degen ef S ety evsessteeMyAre &t rderdigad shad vicriedigL rdperine
further differentiated intg cells expressing markers
characteristic of the pancredtic endocrine |ineage, by
treating the cells expressing markers characteristic

Cellsfexpiessipmmerkest ¢heragtedictie o fithk ipasaepsi cwintld aimf lach g mah e

-4 Nhi.hits the Notch.signalin at hway. . The factor that
iR B9 TS NBPERSF DA 1o RieR oy o Fhy P entine
lincad¥ ROAT HEthb@In thBartNBbG AngKickiRealidtdsed il B&SRY&ition.

ternatively, the factor may inhibit the biologica

activity of the Notch receptor. Alternatively, the
For eaarnple. Gebly ckprasshia markeeharcighstagelihe pansteasis cafedeapilincage

. . . | .
o 8 OEENBLER LT FADSENEH A0 BRIt i
endodiinelinkesgd dveolidigcto thd guthbUngdisplasdiviay’ Asncr g deNhriase
i in&%ﬁitor. I n. one ﬁgbodinent, the g-secretase
Biofeghalogyor 1894 sIBEHZP4R- [ 1 - (I Scar banoyl -
2- phenet hyl car banoyl ) - | S- 3- net hyl but yl car banoyl ] - 2R- hy

For 4k Q8Y1e el IE%W,&&Q%%X&LB%EQ@@@&M e pEIdedtd hlodeth8ineage
al so known as L-685, 458. [0227] L-685, 458 nmay be used
are fitrthar didfecmtintcd tintonchy auprasbiogtmatkdrs pdrederattiow the@@mivteatic

| n. one enbodi nt - 685,458 i.s used at, a ..
endodired ety B8 B et S Bkt Re SR B ahtthcrssivtic of the
panére8@berfio8erhSlintHge ithe AuMmidbatMih@DAPT afd akadih 48tENrethéving
one enbodi nent, L-685,458 is used at a concentrati on

the gedigpoeantagnmDART arkexonpodt shrubsquuegh) gdigring theseeds &
L j . of { I ' | S
R

in Nange Bidrochno®igy 2411 B85, B3 (2G0dYsed at a concentration
of about

For example, cells expressing markers characteristic of the pancreatic endoderm lineage
are further differentiated into cells expressing markers characteristic of the pancreatic
endocrine lineage, by culturing the cells expressing markers characteristic of the
pancreatic endoderm lineage in medium containing exendin 4, then removing the medium
containing exendin 4 and subsequently culturing the cells in medium containing exendin
1, IGF-1 and HGF. An example of this method is disclosed in D’ Amour et a/, Nature
Biotechnology, 2006.
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[0223]

[0224]

[0225]

[0226]

[0227]

40mM I n one enbodi nent, L-685,458 is used at a
concentration of about 30mM In oneenbodi nent,

w0 20881858 i s used at a concentration of aboutPQDES200$/071782
one enbodi nent, L-685,458 is used at a concentration
of about I OrM [0228] In one enbodi nent, the present
invention provides a method for differentiating cells

expr essi mar kers char a ter stlc t he ncreafic ..
For SXIBR, G PR RS S mERcEarrGel R Cadhe bR RS incage
arc ARBEAGIRInShicE i2h cEllﬂseex%?é'E%lg "i‘ﬁdrl%er@ BRtR&dtiRiclof ARAYB creatic

conprising the steps o Culturing cells
endecrmeémsagﬁg byranlkerng tbh a¢lbscﬁtxerqsstlg oagfers ﬁ@rep‘mﬂstle af the
endoderm at i ng,
PangTEAYG ?ndPﬂ%{%n e T @eiilﬁ%l g é?ﬁe ‘HFGXBB?IH Rn example of
this (AR is AN losed In BXRARES LMY, NR(KBidteehad] QOO@H c of
the pancreatic endodern1|ineage is suitable for
dlfferentlatlng into a cell expressing markers

For gxaipplet @ils StRessHte Ppgepharaitiptic eibs brnceticicpdedsem lineage
are Hﬁih@gdl %{‘@{[I%HFI&Q cﬁosoéﬁg 551|n Rer€ gm%étm{c of ftl?ecﬁa(ﬁEreatlc

ts Slg ng pat hway 1's
endgergedinebges by icaltirbig the cellsr‘expreesmgrhtad{amcha;radtdrrﬁstlc of the
nhi bitor is |S-Benzy

e AT L By R ORE R P Bt BRSSP R AL Rt

metREY is AR H?Dtﬂﬁlbuﬁéwmt&re%bt@cﬁfoﬂé yb%()’d Ester,
al so known as L-685,458. [0231] The ceIIs expr essi ng

mar ker s characterlstlc of the pancreatlc endoder m
In on pmgeofdhepteseaimgntion. liehexpressingmarkers chavhiteristis of e

pan%rgatlt%chen%o?nal ne%g flrehwa erdl do f i:r?r?t(i) l‘tled ﬁ)l[[]oecelﬁ e%ﬁ%?s‘t(%é In¥fkers

er na cell's expressi

cha@b@h@tﬁ—‘d &fths pa@r@ﬁlcbh@oqme ¢ihegdel By &eﬁﬁ@aﬁméllsr&m@mag gharkers
treated with the factor that 1 nhibits the Not

chagrigHalg efghe atneeajic cadoderpdincage wish g daciydhat Hflhlb@ hay¥otch

e
sl DR b Tl e R BARC RORh AL By may b an
antdgbeiat fd thv Nétch berdcatitlor rebé}&d)r | Allegrbattvelt, e fhklbr:hnay inhibit the
signaling p y .for about five s..[.0232] one
bloleﬁlge%c fy 6 fﬁ*s&a §h Kepggon; rﬁ#@éﬁlﬁt‘syeg’h ﬁ*q\ﬁs@t@hﬂ@y aﬂﬂgfrlr Pighe an
anta%@ﬁlm’\ﬁyan' Serflel 15 B MEHAS S chdl aBidiRlion pANRRE WL Nt ,
he g-secretase inhibitor is

IS—BenzyI AR-[1 - (I Scar banoyl -
In ope pmén@m‘m:}nt darfderohatinlgbigs ﬁ@twcmugwlmarpbﬁwwﬂs b Rsherdtase

n ent carban1c Aci.d. ter
imnif, TR BN mBEE eab R AL TS A Bt AL R sy
cartlﬁhlo@l-g@h@@mﬁaérbmom@ B 3ahethly | HatylcdibArh Oyl RRR ULy dk&HmM
phen;lpgnr)q?l] carbamic Acid tert-butyl Ester, also known as L-685,458.

L-685,458 may be used at a concentration from about 0.1uM to about 100uM. In one
embodiment, L.-685,458 is used at a concentration of about 90uM. In one embodiment,
L-685,458 is used at a concentration of about 80uM. In one embodiment, L-685,458 is
used at a concentration of about 70uM. In one embodiment, [.-685,458 is used at a
concentration of about 60uM. In one embodiment, L.-685,458 is used at a concentration
of about 50uM. In one embodiment, [.-685,458 is used at a concentration of about

40uM. In one embodiment, L-685,458 is used at a concentration of about 30uM. In one
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[0228]

[0229]

[0230]

[0231]

[0232]

enbodi nent, L-685,458 is used at a concentration of

about 90mM I n one enbodi nent, L-685,458 is used at a
w@oeem4sat i on of about 80mM I n one enbodi nenkCT/US2008/071782

L- 685,458 is used at a concentration of about 70mM In

one enbodi nent, L-685,458 is used at a concentrati on

of about 60nmM I n one enbodi nent, L-685,458 is used at

a con tration of  about 50mM n i ment }
emiaGant Joek e a5 S Bafcd A s Eniop ol BT B TR0 g Bng i iyt
IJ699@5@&@@&1ﬂﬁﬂ&mc&ﬁ@@énﬁﬁﬁmh@IU@ﬂﬂ at a concentration

of about 30nmM I n one enbodi nent, L-685,458 is used at

a concentration of about 20mM I'n one enbodi nent ,
In one g@BodigB Nt shapresrnhinvantéaneridest methodffongifiatentiating cclls

exple%f?f“lna e'ri Shalathls n%ﬁ§ P%eéﬁ%ﬁ&%&t?e egf&%‘@e%&t @{eggé 11;%%851{ the

expfeeﬁﬁg nﬁﬂ&mﬂfa@rctea@dc bf thie q;lancframmndbhate limyg & RbAMPLESing e
fornatlon of cells expressing markers characteristic
stepgPft he pancreatic endocrine Iineage. Alternatively,
the at | east one other additional factor nmay enhance
a. thﬁuﬂi’ﬁ ééllfs %&?&bs‘?ﬁg QbR HafclePis6XBF B ?hﬂ&edﬁ%r@%%&%m lineage,
ch arac eristic t he pancreatic endocCrine |ineage
figt med by the nethods of the present invention.
Further, the at |east one other additional factor may
nhance the abil i of th cells.e ress rkers
b. TRAPAE Farelly Pabsiapehal A RES N SR B TR
formed by the nmethods of the present invention to form
Anyo¢dniesxpesbihg apiess clRiradt¢rriove tHehanathticéeiogytnolinaapy is suitable
ot her additi onal dlfferentlatlon st eps. (%0235] The at
for diggrantiafing intRss eslberarespiag mprkern ghagacterisic ok % reatic
t qof TG=-b famly, |nclud|ng
end@%ﬁgé%@%%%g§#%ﬂ§?9§é§un1aIbun1n menbers of the
fibroblast gromh factor famly, platelet-derived
In oge ombhdifraot, (ﬁathXAhaténldbi-tBﬂa,e Notelt epetlingipathwalyas ag;secretase

wth f
1nh1h}t b}(gti,ﬁgﬁfr Oteqdbtﬁe a}a &S r%’ge glhlb%)r 1591;;80}%/{6117@/1 4&[ 1-(1S-
car‘tﬁhidﬁziig ehétﬁﬁc%@&ﬂ) stls ﬁﬁl@thlylbueﬁat‘bém@;n]izklﬂydrﬁy% I

- m met obo Exendi -4, retinoic acid
phelp}dpqtthlﬁ p@nbdrnwori\wdm@t-butwéﬁstph alsprkoges e Lorié,458pr ot i ni n,
hydrocortlsone et hanol am ne, beta nercapt oet hanol ,

Theec% 198{15[@4% M@rs RE %&em&ﬁ%@thﬁ%{aﬁ@ %do%gﬁ-ﬁ keargee are treated

OSSUC

w1tkpeletfammﬁat 1ﬁﬁbﬁkﬂieIthcH\kiglﬁuingrpaﬂ@vayafGt aboiufone to about five days.
betacellulin, ITS,  nog neurite growh factor,
Altgrppfiely. the ssHb peprasing m%r.kPré ﬁagr@at@rlﬂlwf thePngralaedodern

hne%%%% RENEE wIhAME Pl AGHR inHibHEthe NORI s@ﬁﬁhg b atillway FS#Fabout

three to about five days. Alternatively, the cells expressing markers characteristic of the
pancreatic endoderm lineage are treated with the factor that inhibits the Notch signaling

pathway for about five days.

In one embodiment, factor that inhibits the Notch signaling pathway is a y-secretase
inhibitor. In one embodiment, the y-secretase inhibitor is 1S-Benzyl-4R-[1-(1S-
carbamoyl-2-phenethylcarbamoyl)-1S-3-methylbutylcarbamoyl]-2R-hydrozy-5-
phenylpentyl] carbamic Acid tert-butyl Ester, also known as L-685,458.
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[0233]

[0234]

[0235]

(EMD, CA), N2 and B27 supplenments (G bco, CA), steroid

al kal oi d such as, for exanple, cyclopam ne (EMD, CA)
whemavisasrtyte grow h factor (KG), D ckkopf PCT/US2008/071782

proteinfam |y, bovine pituitary extract, islet

neogenesi s-associ ated protein (I NGAP), I|ndian

hedgehog, sonic hedgehog prot easone i nhibitors, notch

nhlbltors edgeho ' ibi ors,..0
L-6RE A Ry b Hact 41 fcBeen S By mhanch.| L8 b ugh in one
embdthdrit ONBR5 488 tsQlscdBya BhcsitPioh @ abyut OORM. tih @Re @m‘%&iﬂr&nt
obt ai ned fron1pancreat|c cells |lines such as,

L- 6%5@éﬁﬁaiselsed3axm@0|nc DARGON NbabaoRBOLNIA8opne @abydiiony, AT@@ 458 is

B-79 BxPC- )
used eSS ing B i pOYIC T DR BN Lo B ooy
con&t@iaRbeof 4RRER0 }(MT@COIM)emMEﬁ‘ﬂg%E)6SSaHQ i$ idc@Sit h B@hcentration
cell lines such as, for exanple, FHs 74 (ATCC No:
of a@wﬁ@m Injque gmbogmeghd -6kbo Wé’ﬁf?d attwnsﬁﬂé@@ﬁn of about
40 ugf'v Ehb%%iﬁﬂénqetc’ 6?5‘ 45%&8&?% ar%tnggrﬂraftlgﬁ of about 30uM. In one
f eren ‘cel I's expressin ers
embodanat)eoRSUHE 1soise<ﬂ hiea mfoeﬂtmton@f ebeladénm. [ Inraagmbodient,
ells. exp(i:essn ng nar kerg chargct eristic of the
Lé%%f‘i%%’éé’ls? AR PHEFITREOD P nprising the steps of:
a . Culturing cells expressi ng markers characteristic
Cel@fexfaﬂé%uﬁ’g?‘ﬂlﬁfk%% dHarRREREEH Mk i EBI%QE&IC ARGdPm 17 I'Heﬁgé nBgbe
he cells with a factor capable of differentialing
treateélwnch mmses@ wtgerrmindkmgl @htar thet mry snliancofhetthemation of cells
ancreat.i c el Ll s .expres
exp RN RE FEHishs FRERIFI PLRSA e Mschriberts P BRE Rl uively. the
at 1dabtRGhcr laBdIABAU] Y40t &ANERENHaRE: Bk BEQFEraflbn 8f the cells expressing
concentration fromabout 10 to about 20" [0238 ]p
markgry chapeteastisraidhg ngcff-’&lﬂk endpceing HaRaee rf@@tqddoydhe fiigghods of the
pre%ﬁ?@é&@fﬂo th%ﬂﬁgrd ﬁ{eryt éagte %%%tﬂe? a&%ﬁgézﬁ‘aﬁ gfgcrtéa rfﬁ%}; %nhance the ability
of tleha laekeresssig maﬁ%rstdherap&nsﬂice@ﬁ the pandeticicnéodring éaggze formed
usin g)‘othl s nmethod.. [0 Any net hod capabl.e of
by the mreEiodnef %h@.pﬁ@se%téw@t@m Eog@i Ffger et ik ﬂre§ or improve the
efﬁ& VTR bfifeh Sdcﬁfloﬁahﬁlf&@élﬁ afidh kt‘é%se”dOder m [ineage into
s expressing markers characteristic of the

pancr eatic endocrine |lineage is suitable for the
Thejatprashvaneedtitiohaltthgopmey batior enaoipt¢, cmnpotlpamtte] membonef TGF-f

RGBT £ 50, SARRARTE ARSGEP ibeiibachje growth

factbf Ratigdplatel@- déﬁdéd«'%‘o%ﬂfﬁtdﬂlm eﬁl'dUIBE @lalcfrich plasma, insulin
concentration of ut1rM In an al ternate

growtifeetond L, Iheerewt diffgreatiatianafaetdr { GDE-5rei-8ml 0, 11), glucagon
like%%Btti(?cj-anigH %Eﬁpls’d%d 1), GLP-1 and GLP-2 mimetobody, Exendin-4, retinoic
acid, parathyroid hormone, insulin, progesterone, aprotinin, hydrocortisone,
ethanolamine, beta mercaptoethanol, epidermal growth factor (EGF), gastrin I and 11,
copper chelators such as, for example, triethylene pentamine, forskolin, Na-Butyrate,
activin, betacellulin, ITS, noggin, neurite growth factor, nodal, valporic acid, trichostatin
A, sodium butyrate, hepatocyte growth factor (HGF), sphingosine-1, VEGF, MG132
(EMD, CA), N2 and B27 supplements (Gibco, CA), steroid alkaloid such as, for
example, cyclopamine (EMD, CA), keratinocyte growth factor (KGF), Dickkopf protein
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[0236]

[0237]

[0238]

[0239]

[0240]

at a concentration of about 20rM [0241] Cells
expressi ng markers characteristic of the pancreatic
werwotens | | neage are treated for about 2 to aROUUSB08/071782
days. In one enbodi ment cells expressing markers
characteristic of the pancreatic endoderm|ineage are
treated for about 2 to about 20 days. In one
t ressi ng .mar kers ch i.c,of

Fam g e e e R o BR Pt A e B s ate PastrBq T GAPhGeen
hedgeHog, ﬁﬂ%ed&@l@aﬁﬁteals&n@ DehisIRe ‘iﬁ'ofé%'ﬂathv@a%rl ihBibitors, sonic

expressi ng markers characteristic of the pancreatic
hedgehogdelrimtérs ragmbaragony thatcefl f or about 10 days. In one
enbodinent cell s expressing markers characteristic of

Thel ft geagt%%% onf aﬁdl?lﬁ_gaﬁ ggcrt@ +5§]§@%%gﬁ&? b Egtﬁflt?&ed%id?ab%ﬁmed
fron@ bmmﬁtﬁ fcic B4 Ilﬁes@ﬁcﬁ lnse fqrfmamp&t PANtmd QAIECI@ Nd) nerRpea 469

eat ed for abou Det ect i on_of
CAlé%bTr besThy %&Té? d 9&@&%&% erTstiNo: §iRly ﬁéSBaHBAEaH {(£TCC No:
| r ] J f
CRIIIPEF bRk cBE R A o I LRPOR R TEC SE ATB]8065). and
intektmahwelt indssogeass KarldxedpienFHk 84 A TCCaxat GADi2dil pnal
narkers characteristic of the pancreatic endocrine
be identified.. These

In o O BEG RS K e I Spt T oKEs & iy deod for €27

diff@CHPItHANERs WprkssinRanfkes %Hzira&t@r\{ﬁf&tdf(ﬁﬁb Pd¥éfeatic endoderm lineage
differentiated to acquire the properties

intogigHs exrressingtarkers chiractpasitraddhbd pansrrgbe endosting Haeage.

co Panﬁggﬁgag eqdocrlne | i neage specific markers include

PhE %xpreQ%lon of one or nore transcription factors

such as, for exanple, NG\ 3, NeuroD, Islet-1. [0243]

a. ﬁlﬁhkﬁ’i@caﬂb akpetsiig shikersathacetckistiobf thh adrresiclentibdve@dmeage,
are well known to those skilled in the art, and

itional markers characteristic of the b cel

| i neage continue to be identified. These markers can

b. PRaHAEthL RIS %B'arf%th@atpaﬁlla%f ﬁﬁfér@ntfaﬁﬁgt:ﬁps dxBressing markers
accordance wt e present invention have
dhlafracéfrreim: |05t®q3andeat¢cqtnduoéemhbnqago peo télessexpressing markers

th
SRR Getoh e heluet oo B RS B g RS A Sgnpat
8énceRt-Rich s ahd Rt 0AM tegioat sosveh as, for exanpl e,
Pdx| (pancreatlc and duodenal honmeobox gene-1),

Nkx2.2, Nkx .|, Isll, Pax6, Pax4, NeuroD, Hnflb
Any gpll egprosping g@élfeés chaeptavestia of fecgcrstiifesnglod qrﬁbls@eage is suitable

for @%ﬁ;%&?lg%ﬂﬁr?%t 1*fn9d”a %&Péx% e?ssf%% 3%%‘?% gﬁa%&?ﬂlété REthd PunbRGHa" !

I catlon
endocrine lineage using this method.

Any method capable of differentiating cells expressing markers characteristic of the
pancreatic endoderm lineage into cells expressing markers characteristic of the pancreatic

endocrine lineage is suitable for the improvement of the present invention.

In one embodiment, the cells expressing markers characteristic of the pancreatic

endoderm lineage are treated in a medium containing glucose at a concentration of about
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[0241]

[0242]

[0243]

cells. See, e.g., Edlund (Nature Reviews Cenetics 3 :
524- 632 (2002)).[0244] The efficiency of
wa@lpdopersani i ati on may be determ ned by exposi ngP@I/US2008/071782
treated cell population to an agent (such as an
anti body) that specifically recognizes a protein
mar ker expressed by cells expressing markers
pancy eatic endocring |inea

t t f th
10t B o ElrRges P R G ool R ety P B Rig etucose

at aREnQBireHdH sredoly20xosi ng a treated cell population to
an agent (such as an antibody) that specifically

recogni zes a protein marker expressed g%e cells
Celléﬁpﬁf@@%mg@laﬂ@m@wcmahg@f the ipgndreatisfendpderm lmshge are treated for

abo%fr%%aa%%ut i()0 &4%] Ftl\/gﬁe 89@0&111%&‘[%%1%? gfpr@s%q%?&[rﬁ%% 'cﬁﬂra&enstlc of

and

the pakatie fén@(ﬁiei‘rﬁ liacgpesiratcacdiforabsite tarabout Dedgs.i icdrede
quantit at | ve reverse transcriptase pol ymerase chain
ethége?nto% ¢ @mrp@mg MNSESIERTRCKTIRIGO thpdncpsgtic endoderm lineage

0)
are {\%e? r%% %ggﬁ (1 g%e nqg{e g‘ﬂthdE%&& (%g%)?xﬂr@ssmg markers
cha&u@plstmmiﬁlé ))ancaﬂniCIenﬁdeaémay@ aelabatad for about 10 days. In one

nohi st ochem. cal al ysis of .sectioned nmateri
HPLLehp SYRTPHYS TR e"fs&?("aﬁ?ﬁﬁeﬁétﬂ%“cth%?a%%‘“ﬁé%%‘gffﬁ|1’éleage

are ’tré‘atéd‘fo@%%o&elj das. fd QW &%&%éﬂt)&e@i@ a dp‘réés?ng(lﬁ s chaR@seristic
e.g., Harlow and Lane, Using Antibo A Laboratory

of thaprnateatiiNendodomk linggk erSpfratfnbfor-lavamﬂ degbor atory Press
(1998)). [0246] Exanples of antibodies useful for

BRLER) DR B AP T B D T B
di rect ed to the sane mar k@msczgehat are recogni zed by
t he anti bodi es Iisted in Table I A are avail able, or

n ereadllyd ped Suc Ite ate antib
gf‘l@(%teﬁétlce‘hfme F@F‘n%{% 3 ﬂ%fl‘@ﬂﬁ}eé&%?f6 Wegﬂﬂlown to

thos%‘%khl%ﬂ?n {H2 o anF@ddn% da?ﬁaﬁ&gﬂﬁﬂa&i%&ﬁé game %aﬁ%r&ﬁlctéﬂﬁﬂcrme

present I nventi on. eraple I n one aspect
linepgeeanitud ml@ntierﬁrﬁeﬁr dhegbersarhcmsetn bd uwirto corfn thyt the cells

i ent fer LN from .or at f devel opin
wealp i FEkor it S W pis iRk inbsabon sk uErotify Pfgatire e
profiriidsl dhafaRRkisd SME Bhi Seatidichii&drBRIINdAdNPahBRatic endocrine

pluripotent stemcells in vitro into a b-cell |ineage,

lineagrospiepnfilc arrrkerg inchaledld expresdioa df oge bt mprerferngeriptimndagtors such
at i ent t ot her aspect, this invention
as, %F 8@%“6%% ngﬁe?h%%wqﬂelslte Zati ng a patient suffering

from or at risk of devel oping, Type 2 diabetes. This
Mariceisiohalrat favi ot vefscell bl bE the iBrgll Pinvadeeé ertl kabemte tokSskilled in the

art, gﬁi&ﬁﬁ&&{#%é&% é}ggpc%elilrllsglg rofe gle c[:Seclelllsilnlearllgevclotn‘Encl)uel tgtboe 1cailent1ﬁed
These markers can be used to confirm that the cells treated in accordance with the present
invention have differentiated to acquire the properties characteristic of the B-cell lineage.
B cell lineage specific characteristics include the expression of one or more transcription
factors such as, for example, Pdx1 (pancreatic and duodenal homeobox gene-1), Nkx2.2,
Nkx6.1, Isl1, Pax6, Pax4, NeuroD, Hnf1b, Hnf-6, Hnf-3beta, and MafA, among others.

These transcription factors are well established in the art for identification of endocrine

cells. See, e.g., Edlund (Nature Reviews Genetics 3: 524-632 (2002)).
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[0244]

[0245]

[0246]

[0247]

[0248]

implanting the cells of a b-cell lineage into the
patient.[0249] If appropriate, the patient can be

WO eoovloedsi reat ed wi th pharmaceuti cal agents orPCT/US2008/071782
bi oactives that facilitate the survival and function
of the transplanted cells. These agents may i ncl ude,
for exanple, insulin, nmenbers of the TGF b famly,

Thei(e%ﬁﬁlejtgyno% 1f(f;eﬁﬁnt1at1§n rnaél%n df’{’ermnf%eby ef? g[[]rlectgg cgl popu?atlon
to ah bPERPIRA s 8 SWREdJ wmapgé)smféamnféco%mzdglaqirsdeﬁi mbilteF éxpeshsed

grow h factor-AA and | atelet rich plasma,
by deHs axrirassgreonarers abersete(istigrofithe pancragtiomndocrine lineage.

diffe
A IR A e P i Png HRaca
cell GYRaon P i QLAQBdhNs ARAabAB)) ikt sRERMAIPTEBEBizcdX PiRdkein

Ehar maceut i cal conpounds can include, for exanple
markpreprasens Rvecelly Perrawe mptkersshptrigastg of{tle Popl IBPREC] | |
GLP-1 and 2 m neti body, Exendin-4, retinoic acid,

Met@@%san% X%s%s ré;&y]%gl%al Ig/ﬁpo?gié &Hﬁ%&%ﬁcgﬁﬂeﬁﬁeﬁ% cﬁlﬂfred or

1sol&pe belisadre stan@0O 4 B2 @89 Thesenidclud Squddtikdtivs hedrse transcriptase

poleBfve i et P | Neatemso T R adR: R -

Curft Pra?sdo®y 1ntMolE51ﬁQ§l@ﬂo?d%5(kh%be'l BiA)., 8dd. 200 pht%lemén@)) eind
speci fic enbodi nent, thé pluripotent stemcells are

1mmumloa§sayh fuck aennman@dstoqrhemltﬁl eedlygs opsdcbenadonaterial, Western

. ans anta into ar rnati vel
blotfh T B S R ani T Sefsit BLAPosdli G Shloiind aghdSs
(FA'C@? (Rkeng., HorlgR aHd Wahd, @rsaipt Aafiiedi@F ANadbbiadbry Wanual, New
ferenfiated state. Further differentiation may take

York| Geld Spring itarpasdigppesnry Prossh98Def i nitive endoderm
cells or, alternatively, pancreatic endoderm cells,

Exegﬁ]%leél)it ﬁ%l@@& e%’ §§e¥ul fp &eecité cgﬁa}ﬁg :ﬁ?ot 1%813% gre?rlgs)‘gedbiél Table

erse S or orrre nto erst
IA. |In£hm$1ﬁtjbe mited thaealteemad aetitpdics dirested o thAlsiree natkevethyt are

rec‘%g%%?a@% %@B@% Ste‘g&ﬂﬁﬂg }%ﬁ%p&gft@hgﬂgwggglagdabeﬁy developed.

Suck Qﬁé’tﬁ%laﬁ{ﬁ@dlésocaﬁra%%te m@;f'@drfglsﬁssés‘gmgrb%{)fe@ﬁ@@ﬂ%arkers in the
Cells may be inplanted into an appropriate site in a

cells solapidantaccotikmct mpthathe ptebon isicntien.i ncl ude, for
exanpl e, the liver, natural pancreas, renal
subcapsul ar space, onent ﬁmé‘&’eﬂ toneum subser osal
space, intestine, stomac % subcut aneous pocket .
[ 0252] To enhance further differentiation, survival or

In oae tspett, yheqfredeheinvemloarreddeed msthoa dethi ttéaﬁﬁ@h phé@tt Qiiffering
uch as growth factors, ant| oxi dants or
fron&,rﬂrlat TPl Pfaéﬁ‘(ﬁ]lo@l&&g E@&h djabegegn Thes method involves culturing

pluripotent stem cells, differentiating the pluripotent stem cells in vitro into a -cell

lineage, and implanting the cells of a B-cell lineage into a patient.

In yet another aspect, this invention provides a method for treating a patient suffering
from, or at risk of developing, Type 2 diabetes. This method involves culturing
pluripotent stem cells, differentiating the cultured cells ir vitro into a B-cell lineage, and

implanting the cells of a B-cell lineage into the patient.
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[0249]

[0250]

[0251]

[0252]

adm ni stered before, sinultaneously with, or after the

admnistration of the cells. In certain enbodi nents,
wQ@e@aIs4fnct ors are utilized to differentiate PEEUS2008/071782

adm ni stered cells invzVo. These factors can be

secreted by endogenous cells and exposed to the

adm ni st ered ceIIs in situ. Inplanted cells can be

i nd b rrb t f L
1 e AP aisa! CaBCHRLSI Ay Hl SraPecr HrOuich s S bigpeives
that FAQMAtd the Eltﬂ%lv%[ ind fuReRs?l of-lfﬂ@tr{i‘rfﬁ@lh%edcbfel@ eTh&e Ug&fls iy

i npl antati on depends on a nunber of various factors
incliiges ferdixagppten esplan.inegmbess ebthdiTiGlop famidy. iedpding d GFef t.Reand 3,

can ter d b k||| [ e

vong AR AREsR R Do A BREES &1 . B 2 e Pt T8 Pl e

growBt fagdrst Dind ¢ platdlg-tderpatl g%mhsuét&emn gnd BB plafclddtich
ri sk of devel gpi ng di abetes. This nethod involves

plasgigh ingpiimgropythy facgt(Eak - I egrowdh digferaptiption Bator PR, the, -8, -
10, Cl%ét\;égcelﬂar e%ldht?leLQ cgfl dleﬂvécpérgwﬁl fﬁﬁfo? é{/]c':{bnz ﬁagé%grﬁ%@ﬁ%

‘orporatin cel
endsthplixg ratnonihﬁ'lecﬁ | (Dmecptmnlnecambﬂtoampedndsrban iitalwdeo forteRarmple,
rior to i tion o t he patient

mco/san@@.lc{?ag ugagap likeep @pr@el’ éb?«ﬁ InFhE- 1 4 Tmimetitody be
Exeqﬂﬁleép trét}ﬁo'mr%&@:} ?dqh}}r&dtﬂ'(‘)?m&% Mﬁf’K‘%ﬁlew& s%gﬁi;a/l!s 'Mample

In vi'tro cultu The support can optional |
comipoondspbscidsed it Pabllﬂedsﬁtppbnalqmi‘%)()mﬁ%(] lcald A§ ehmbhshed

hat t he survival and function of the
AP&%%W@bﬁg)(gg§z§f| [ 0255] Support materials suitable
for use for purposes of the present invention include

Thetpl$piftert SRR @18 SnayQRItftleftiatd@intd & Msuldprodasiag ¢l pSor to
useful for tissue repair. In particular, synthetic and

tranpplpRiptEOn WEQ BFICHIENt] M ¢ precilisrambsidimeninde phppRiRas stogeaicls arc
fullﬂélflﬂée?%glg%d 1£t%33t éélﬁvﬁbr%o%%l n”rgﬂ)%‘{a%n%{ %‘e&i@%ﬁt M’Ré@%lﬁnvely, the

onstr

pluri@geneteat llbinlydgi tembplhntss o aascipientlinas uhdiffdedntiued or
chempt actic agents for jnducing tissue growmh, are
partialiyrdaferantiased tats. Fartheritierentingionmaayniaknblage Brthe Freipient.
present invention. See, for exanple, the materials

Deffﬁlﬁ&é QR8Gerhibodds S aﬁ@ﬁﬁﬂ@el éﬂQpeﬂﬂJ endddetm EALEHY alternatively,
022, 743, U.S. Patent , U S. Patent

cell5 rﬁ’eg@qe&ﬁ@lan@dga,s dPgricenat! 061,156@6995@1 1ntgb_ Sust@atlatimay be infused into

the gépggg p%%’l VetJl} gAltgg%lth%iy, 6&@5818@1%% 4pr0&d§'d igg{ogﬂl%lpatible degradable
polﬁn&ﬁﬁsuﬂ?&t Hm%us RoblbShemb AXRlidS dt bRy E&Q%ﬂ e Bfr6n, host
U.S. Patent 557, 264and U. S. Pat ent 333, 02 [ 0256

imnfuyRgEIPOTES- f(hl]mnﬁymmﬂqntﬁm@er%ﬁlaW gitg ima rec1plent he
1mppatﬁ§atf5%%ﬁgst 1n81%de,6}gle Q}gamptlé] ?heolh\%r ,nfﬁi?lﬁrglt ﬂa%élleas, renal subcapsular

space, omentum, peritoneum, subserosal space, intestine, stomach, or a subcutaneous

pocket.

To enhance further differentiation, survival or activity of the implanted cells, additional
factors, such as growth factors, antioxidants or anti-inflammatory agents, can be
administered before, simultancously with, or after the administration of the cells. In

certain embodiments, growth factors are utilized to differentiate the administered cells in
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[0253]

[0254]

[0255]

[0256]

agent can be m xed with the polyner solution prior to
formng the support. Alternatively, a pharmaceutica
W@®phi1s3sdl d be coated onto a fabricated suppoP€T/US2008/071782
preferably in the presence of a pharmaceutica
carrier. The pharmaceuti cal agent may be present as
aliquid, a finely divided solid, or any ot her
form Ntern

vivep e ettt e e B o g e ats v g gy s Stlgistered

cell®fn Jifye IRPRMPRGRHS Lt RBERY o Hfffe%htﬁtetl%fﬁ@tc%mbmatlon of
enbodi nent, the support is incorporat with at | east

endegraophardmzoeenduskyl adovmipietaddrowd factorsdenown in the art.
anti-inflammatory conpound, such as, for exanple

12%%%%‘ Qtd csell? ui’eccf 18%1%91%9&1911 %epaei Y tn]%]m%glg ?fg@a%toug Pa%?oﬁ

mclpdnag mubntcﬁ&orﬂﬁmmﬂdesﬁ)bﬂie tb $heaﬂherapy,| mam@@betieterrmned by
npound, such as, for exanple, conpounds disclosed in
One@bﬁedﬁh@@ﬁﬂ 6, 793, 945. [0258] The support may al so be
i ncorporated with at | east one pharmaceuti cal conpound

In ohb Q&I‘ngts A invEktidN Oﬁre{fldé’g a fle Sfblstreﬁﬂg i g%ﬁentfsﬁfferéng %‘%l’él or at

exa , conpounds di scl ose tent 6
risk[od 2bejlopihge dmbetpor Thlsrayctlwdsnvdiees qmd:tunpg) phiripdtend stématlls,

dlff!%rﬁﬁtzqt:ﬁl&%ﬁg glﬂ@%%eﬁlggz% gz?r|0§ ﬁp[g g&??%%%éﬂﬁd?cgggot%agng tfhe cells

intoGORRQLIIEASn Hb 5t b @RE. ITheWel®s cARUWR! hsiiRtheARP V&AM @R support
2004/ 0220393 and U. S. Published plication

priop GOUA020YGOINt Ho e@t}en"rhéltgmppmly, suppogsobining the cells can

or.at.e st. 0 h rnaceut cal nmpound
be RER REDEAES itk e 088 ERBRARTERS Lk, TOPBRIL: can

optieNANBeEincEpoIaIdnFish ghilsast alrﬂﬁac’séuﬁcal ngdtltﬁeh €gkilitates the
Application 2004/ 0171623, @50261] The support may al so

Suﬁﬁﬁﬂ@ﬁ@@ﬂﬁ&?&?%@mﬁﬁpﬂﬂﬁﬁﬂi i$t one phar maceuti cal
conmpound that is a growmh factor, such as, for

Suppdd %It&glmm% Sfoptisetfﬁrg% lé? weBof @ kééenti 19{%:1#@{1 ﬂ_g:él-lrﬁispﬁe

bone norp I C prot ins (B
ternpﬁtes @nduifs, barribis, and Rseranats uskB)!, fof issnobdpast Igpavicdar,
actors- 1 and -2, .pl.atele erived romﬁh factor-AA,.
syniy 3 SpacigBgienas PR Birg oF By St B barasaly fitites.
and (nbﬁ%o%n dttuk tu@EOWhithdHal & BE@N sk @t \Qﬁofaﬁﬁ 5}9{31\/& tPhcénstrubt or

-15), vascul ar endot hel i al I'l-derived
regegjlnerm hlom@,qabhsswmell 3sltedolivey phfﬁmota@trmﬁgeh@lfowndmgssue

aro SRS e Bt P e T BTRE i ERBr B Pt for
exarhpR, Ranateidle aigeBsddiik @79 emitdd 8; 704Gz PUIS). Pateh,022,743, U S.
Patent 5,567,612, U.S. Patent 5,759,830, U.S. Patent 6,626,950, U.S. Patent 6,534,084,
U.S. Patent 6,306,424, U.S. Patent 6,365,149, U.S. Patent 6,599,323, U.S. Patent
6,656,488, U.S. Published Application 2004/0062753 A1, U.S. Patent 4,557,264and U.S.
Patent 6,333,029.

[0288] To form a support incorporated with a pharmaceutical agent, the pharmaceutical
agent can be mixed with the polymer solution prior to forming the support. Alternatively,
a pharmaceutical agent could be coated onto a fabricated support, preferably in the

presence of a pharmaceutical carrier. The pharmaceutical agent may be present as a

55



[0257]

[0258]

[0259]

[0260]

[0261]

and GLP-2 m neti body, and |1, Exendin-4, nodal,
noggi n, NG, retinoic acid, parathyroid hornone,

W@ 2wasti4m3 C, tropoel astin, thronbin-derived pepCT/uszp8/071782
cathelicidins, defensins, |lamnin, biological peptides
contai ning cell- and hepari n-bindi ng domai ns
of adhesi ve extracellular matrix proteins such as

e n. and vjtronec MAPK i nhi bi t uch

iaujds e A S8 Sl Bt RIS U P b ARV O S v

excﬁgﬁh J 8@ bOMREAWHR2AY thfﬂ&{I' WeFelchithicDTeEt pharmaceutical

l'ication 2004/013 [0262] The incorporation of
agelnth dn eepltgnate enf@edme@;é,ém Supmv@ m$ m@ﬂrppmtezd itk etaledsslode can
be achi ved si.ting of c Q the

P B0 E g B i LR Fin RS Mt BaRbpif oty SR siatole

blifdisdislosed in Beslipatent 6,509,869.23 ( 1 Pt 2): 3-9
1988)). Several other approaches have been devel oped
to enhance the efficiency of cell seedlng For

ThesuppRit B2y SpiFAEITHEGERE 3 kpet ape dRamaeauticyl eararpyRg thyt is an

o PR PR NGRSl o, pocn

67%M%ﬁoach for seeding cells is the use of
centrifugation whi ch yields mninumstress to the

AT T -
an 1ﬁ1@1bﬁb1%}3ﬂ>ro§‘i@ts@é‘h asResY ex&ﬁ 1%) ¢ondpoAn8OdicABHih U .8 et £t ed

to as CEntrlfugatlonaI I mmobi lization (CCl).
6,3312283] The present |nvent|on is further illustrated,
but not limted by, the follow ng exanpl es. BACKGROUND

The%ﬁgﬁ* 121 n% aﬁ'g R, Plgorﬁ(t%&] Rxﬁthsdtt ?e'ystqﬁ:elph%ﬁe{clé%t?ﬁ% Qgtgﬁéun-gqgat 18

ryoni ¢ Stlem cel
capalid¢ af ﬁﬂﬂnélﬁ@ an b gambhis, R&Sle&r Gdir dxasiplel bér@poudnids disclosed in U.S.

Madi son, cultured according to . instructions
Pubfipsg Aecyer MDA aneds iy & BRuishaf pepligatiop appa0a&Be.
cul tured on nouse enbryonic fibroblast (MEF) feeder

Thecsﬁbﬁcﬁt iy E@o Ge |1ﬁco?ﬁc9hﬂé&%§t‘ﬂrh‘% I 9 pRhrREMI Gl gorn%ound that is
nV|trogen G BCO)” suppl emented with 20% knockou

an 1mumnw1:e)p¢sawe nempouutt) suahMs Mekexomps seontrioahdsadisalosed in U.S.

pt oet hanol , 2mM L- gl ut am ne
Pubafcqeﬂ' 511??3 Pﬁ“’mmﬁéﬁ fi brobl ast growth factor
(bFGF) (all fromlnvitrogen/d BCO. MEF cells, derived

ThefsupparEhdy bBo b3 ifcofutsed Iy QSst Mﬁrpﬁaﬁhtfc@ﬁt&&*ﬁ dofﬁp&ﬁﬂd that is
Charles River. MEF cells were expanded N

a greyyfpleeiesriuassienexeopierpsmbegrafshe TGFzﬁrfwghyutn&mdm TGF-p1,

2, and 3, bone morphogenic proteins (BMP-2, -3,-4, -5, -6, -7, -11, -12, and -13),
fibroblast growth factors-1 and -2, platelet-derived growth factor-AA, and —BB, platelet
rich plasma, insulin growth factor (IGF-I, II) growth differentiation factor (GDF-5, -6, -8,
-10, -15), vascular endothelial cell-derived growth factor (VEGF), pleiotrophin,
endothelin, among others. Other pharmaceutical compounds can include, for example,
nicotinamide, hypoxia inducible factor 1-alpha, glucagon like peptide-I (GLP-1), GLP-1
and GLP-2 mimetibody, and II, Exendin-4, nodal, noggin, NGF, retinoic acid,
parathyroid hormone, tenascin-C, tropoelastin, thrombin-derived peptides, cathelicidins,

defensins, laminin, biological peptides containing cell- and heparin-binding domains of
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[0262]

[0263]

[0264]

and 100 mM MEM nonessenti al am no acids. Sub-confl uent

MEF cell cultures were treated with | Ong/m mtonycin
we@2shtssy St. Louis, MO for 3h to arrest celPCT/US2008/071782

division, then trypsinized and plated at 2x|I G4/ cnR on

0. 1% bovi ne gel ati n-coated di shes. MeEFcells from

passage two through four were used as feeder |ayers.

i PSR e af bRt ML BRBRe o1 VEVED

inhiBitB] ShcR afi Yot SMabrip®d cbin ?&!&ﬁis Qilcldde®in DSUPaBIhed W?El‘catlon
confl uent (approxi nat e days after platin

200808890 0d rapd ko i Rubdished Appllogtlmr?@‘t/@leﬁﬂéﬂ W| th | mg/ n
col | agenase type IV (I nwtrogen/GI BCO for 5-10 mn

Thqugorﬁggﬁo%ﬂy Ye RS RE ﬁregg gﬁtic‘?nu{nt%ag gcagf%idwcgdn%e%gmteﬁed by

were s

the mﬁiplleedepoasmg e chsmeiﬂcteﬂhe amffal@ pCaIllse@nEHntea irdto $hed @affold by
ratig of cells in fresh

smEG e Torur i 2 B e (AOBEDI Sepopmperparoaches
hav& B%e%c&e%el%é h&e'%hé)gff tcﬂt?lcfﬂé eglss%i%?%\??%ﬁ%raﬁ%ﬁe? sﬂiﬁmer

er mwere exda
flaskLQ6n e Dlsed/a]s smddgdoﬂohomhpwtai oro0 polyklyholiearic saffpédsi ¢

(Bivel Renee 141 (et ORI RS Titreskl T SSURE lpris the use
of c@ﬁ:ﬁflﬁ}gaﬁof\ weh DRIdeshetuALrER80 tHRSdddNgi16 A Ehhalh seeding
| evel” of expreSsion of definitive endoderm markers was

cffiggeyl hed chymPCRY (e g . eleylopEACSI](seeding netimdriBiomed] Mater.

[ d ohi st em st iqure 2).

Resy S4B PR GO0 R G BRE G R G GRiul et FnbgbEadlon con.
the expression of CXCR4, GATA4, HNF- 3beta, MxII| and
The9@&senflifivedtyA is furtheeilliStrated®ul bt ihiieedlby, Bandllowing eAamples.

significant up regulation of anterior endoderm

mar kers, Cerberus, O x-1 and Hex genes was al so
observed (Figure 1, pdHtPKGRONND hcrease in CXCR4
protein was observed by FACS anal ysis foll ow ng
activin A treatnent. TheEmf,ﬁqsi on of E-cadherin and
N- cadherin did not change follow ng activin A
treatnment (Table HA). CXCR4 positive cells were al so
hi ghly posi ti vEufian EmbryonieSEaCelifodturgnd negat i ve
for . The expression pattern for these markers was

Thecn%ﬂﬁ q‘x&@qn‘%‘rﬁn c%hém%rbgﬁ HEE&? ﬁ%l\h oB&?neﬁ%’{% %%ell

Resba[fﬁhl neayitQ e niMddigone By med @dtuesl amebﬂdsngt togadtedtivhd frovided
activin A for five days reveal ed that 30-40%cells in
by the gourcaintatytice (Fricilyecilsriet s@lfured en mopsesyRiryonic fibroblast

(MEF) feeder cells in ES cell medium consisting of DMEM/F12 (Invitrogen/GIBCO)
supplemented with 20% knockout serum replacement, 100 nM MEM nonessential amino
acids, 0.5 mM betamercaptoethanol, 2mM L-glutamine with 4ng/ml human basic
fibroblast growth factor (bFGF) (all from Invitrogen/GIBCO). MEF cells, derived from
E13 to 13.5 mouse embryos, were purchased from Charles River. MEF cells were
expanded in DMEM medium supplemented with 10% FBS (Hyclone), 2mM glutamine,
and 100 mM MEM nonessential amino acids. Sub-confluent MEF cell cultures were
treated with 10pg/ml mitomycin C (Sigma, St. Louis, MO) for 3h to arrest cell division,
then trypsinized and plated at 2x10*cm?” on 0.1% bovine gelatin-coated dishes. MEF
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[0265]

[0266]

and HNF-3beta. In parallel, alnost 100% of the

differentiated cells were still Oct4 positive (Figure
WQ2009(8483 t he decrease in expression of surfackCTHRNES/671782

of pluripotency, conbined with an increase in the

expression of definitive endoderm markers, these

dat asuggest that activin A pronotes the

d'fferenti?tl n of hunman errb(li oni temcells to }
cellg P TARS i S ORS HOUERBHIEY 35 e srdtXesn dpmamRbRapicstem
cell?ﬁﬁ&@%@d@?'ckﬁ fEQROIAY orFwR fulfud&d Ao K APIMNathRshIREELE5% CO,

~the differentiation of human enbryonic stemcells to
withpaadueadified &sraio dettuncwequbatad dBhen gorfdudnt cappraxinestelyl 77 days

articular, activin A _bE and reti.nai ¢ aci known
P BlfihG b @hen by fom SR R BT M A B e iR e 1v
(Invagsied/ GIBC®) for sUbtihead tHA2281ly kéraged dff te stEhéQSi a 5-ml
_experinments, activin A_ was added to popul ati ons of
DIpGigm&sells HsFe n @t 2QQrane EarjSeminy, prd the pekiel Wisuswiseanded and -

§ br.o e -0 DVEM F12
platé%%:) Ba3213 00 ot Ryt REYERUARYRATADVEM T2 (100

ng/m). Cells were harvested at the tine points

indicated in Figure 3 anbExaspkyed by PCR for the

expression of genes shown (Figures 3, 4 and 5). In

Figure 3, PCR_anal ysis.jndicat at ivin treated
cells expr essgﬂ”ﬁaﬁp%3Hb§ﬁ'éﬁ‘cvlejfﬂ‘{9peﬂﬂi%®sassoci at ed
wi th endoder m devel opnent, including GATA4 (Figure 3,

TheREREls o hetivB N onlthe Ckp@thich & md&kBRlofla}finitiNEcr@tdREAn were
(Fiqure 3, panel c), and Mxl-1 (Figure 3, panel d).
examwgv éxctiviioA PHng el &vas npdesse ipepulwaenssh damga gmbrypsic stem

o) . f I ' 'y -
RSB RSB R ST LORPF ARRIFL R,
preseadedfRacevin ind haibedidd & tisd @ges intivated. Was 1¢vel of expression of
signifi cdznt decrease of COct4 ex%{ essi o

. 026
defipgtive pdpdgrayeaekers 3ap craniged BrEER: (Fapes gbélé%q%a]?wéts
i t : Y k Sox7
sunfiRLES B IO i i kAL ey ARggReNT TRrKers Sox

Activin A decreased the expression of Brachyury
Actividi uavek] a panelependebiuncigast in theedxipeassion of €X4§rRA €iAHRA GfHNF-

he,.neur gnal rker. Zi.cl. (Fi e 5  panel b)..[0270

stk iR T B SPHdr T NEVE s oo Eu | RS ehehisheviaebip
reg @XRINEST @i 0@ bndei¥rm Inarkdvh, dorberf@ 841 aa0 HdNendbRhLalso

together with the up regul ati on of anterior endoderm
obsersed drigurexl xpanelh) | An increase in CXCR4 protein was observed by FACS
analysis following activin A treatment. The expression of E-cadherin and N-cadherin did
not change following activin A treatment (Table 11A). CXCR4 positive cells were also
highly positive for C-kit, EPCAM, CD99, and negative for CD9. The expression pattern
for these markers was consistent among all three hES cell lines examined (Table I1IB for
H7 and Table IIC for H1). Immunocytochemistry conducted on cells treated with activin
A for five days revealed that 30-40% cells in the treated culture were positive for Sox17
and HNF-3beta. In parallel, almost 100% of the differentiated cells were still Oct4

positive (Figure 2). With the decrease in expression of surface markers of pluripotency,

combined with an increase in the expression of definitive endoderm markers, these data

58



[0267]

[0268]

[0269]

[0270]

and Hex genes, corresponds to the formation of
definitive endodermin response to activin A

W e@avmas . Anal ysis of definitive endoder m naP&KEDS2008/071782
i mmunocyt ochem stry reveal ed that protein expression
for these genes also reflected the trends observed
i NMRNA expressi on. Levels of expression for HNF 3bet a,

reated. cel

e IBK TG OB SO BATOn B SEh RGP Siem cels o

defib#RBRG4dHermt reat mrent for five days increased the
expressi on of HNF-3beta, Sox- 17, and GATA4 to
approximately 50%to 90%f all cells (Figure 7).
[0271] In a second serieBxampkdperinents, cultures of
human enbryonic stemcells were maintained in

according o | e BuEBARC ERIRIARCAIS, 00° arter

the cells were 70-80% confl uent, the nedi um was
Grogiiafageas kiovBMeNh&i2 the dififefentioti@¥oHBMan dnbracidt siconcedls to

activin A at 100 m and. cul t ured | the
pan g oRor b S RiaEHes Crosaa s B Begicdis, &b P v
retifddé &cill] Wb SHRE th feﬁné‘t?dnl of p‘éﬁér@aﬁcl%@o&éiﬁ{ B&Fe added to cell
treated for five to six days wi th combinations of
CuMWQ$|n0|c acid and bFG-F as shown in Figure 8. Cultures
were harvested and sanples of nMRNA were coll ected for
In ae}ﬂ?ths\é stof ecﬁnri\mgﬁlt%,naé: %:&,fwas a geé Eo Pfe)at[ig Sofl hurrllil: bd'yonlc

stenh 6Kl t{zed & nax@rse SHibeyonad@brpBiasts rfmqabaevdnrt&gzs acDMENI/F12
retinoic acid alone did not induce the expression

sup@lﬁm%aﬁd withd)%iq e sy prdAgiyia Ao8mganl)i Febyveigragvested at

the i rBick FREHA M FIREES WRE S0 ARG N TR Bk Yo lpes
sho‘a)l (F1IQOWS\3$4 and ﬁ)s dunrfégitre 6f PCRIahslywis tiidicapdd thei awtiai tebasmictells
absence of activin A |n ease

exp@i @Qg SRSFIBELOT 281981 apsori¢huith ?@i{%‘ﬁ% ﬂgvelmfat iggluding

GAFRUI(BighFent %ﬁielfaﬁ rSotthﬁ(%‘ ?ﬁ‘é{ 3 ﬁﬂn%hbﬁﬁNWB%tf(Flﬁﬁ}@@ panel ©),
treated for 5 days mV retinoic acid and 50ng/

and IMEGH 1 ((Eiggm km@mi das He@ev@) no Rdt hgernalsspresgomivanghicwmied. /The

ressi,on that

sam S e 1 QST BT CRa N st ab e Agtiginhtreated

H7 SARRFRSrd, tplanas: hity N AQ thik 8RLEBREre 006 sfdifidant@tease of Octd
(Figure 8, panel a). Imunocytochem stry showed that 5

CXpEess1omo of all cells expressed Pdxl (Figure 9). [0273]
Treatment with ImMretinoic acid and bFGF in the
i r
Act&%%g;b&glf%{n a @?‘ ‘ék%d%@&eg%ﬁ%ﬁﬁg Eﬁﬂaérs{eb% ff%ﬁeeeﬂt{a &)'B?yomc
endbdmih m@akemGox7 (Figure 4, panel a) and AFP (Flgure 4, panel b). Activin A

decreased the expression of Brachyury (Figure 5, panel a) but had no effect on expression

of the neuronal marker Zicl (Figure 5, panel b).

Taken together, these data suggest that the increased expression of Sox-17, Mixl1, Gata4,
and HNF-3beta together with the up regulation of anterior endoderm markers Otx1, Cerl
and Hex genes, corresponds to the formation of definitive endoderm in response to
activin A treatment. Analysis of definitive endoderm markers by immunocytochemistry

revealed that protein expression for these genes also reflected the trends observed in
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[0271]

[0272]

[0273]

observed in cells treated in the presence of activin A

al one. The | argest increase in expression of GUT-2
W@rwIPTHIA was observed in cells treated w th PCHB2008/071782

retinoic acid and 50ng/ M bFG-. Taken together, these

data suggest that the formation of pancreati cendoderm

is further enhanced by renoval of activin A from cel

ST E BT EBETRI PTG~ P 0T ASL ok QB BT &1 were low
in uh@é’a%éd cdfid] dpptSsmefelyn LR 08N BF MPEEIE HAcEACL éi(ﬁ)n‘@ﬁﬁl@ treatment

mai ntai ned in undifferentiated culture conditions
for Bveldajayrcreased thei cagresson heHME: Hisths Sdeddr asdATA4ER arrpl e
o confluent, the nedi um
ap (s rsoh i PR RIS CRERO: CRBs. Ueont ai ming
activin A at 100 ng/m, and the cells were cultured in

In atsbtshdnrededion dxperimags,dajturckof hawamembl@enieiend afylls were
culture, the nediumwas renoved and replaced wt

maipahicd i eedit gicAiirgd oulbs pelitpnsion o day ReCoRtRs the rethods
des&ﬁ)%dtnl? Ex f)lgsi ik tfféjéetlllg rvﬁege ﬁ@gog%nﬁﬂé/nt {RQlid gYﬂn'? gzag he

second one- ay Ccu ture, I um was renove
chamgeglta DAIEMI/F 1 with 0uor2&OFBSuiwiihrgd 2 FBSctiiin A &000mg/mi and

activin A, and the ce|]l.s re cul t.ured for one Co
cultyged dp theresepesef qcHy@ray 4T o I fethEes, fl%e REPL PR tf%%&t@a time

intehQl, 84 X14R¥Se Wech %ﬁ%%%& I ¥Svedb sixEdayd Nith RfIbEhaABHs of

FGF as outlined in Exanple 2, then thé culture nmedi um

retigas agié pnd bOGHR shapl mdaguni rCuledisumre bagyested agfd samples of
M F12 W 2% EBS tainj th .
R R e pH e B and g Lo Btlonss betiisdae BEGUE R vy

actiWaIr 2 aldae Yashedaghdesanl iaslugéd. TRNA wer e col lected for
anal ysis. Control cultures consisting of cells treated

wth activin A alone for five days were_ also included.
Genegaprspsign ml wipicssdsbinabarsivinsh oF Feipets asif dlang didaf yiduce the

exp\g %BI‘PBFP&%{I 'S?m‘flgﬂf‘e%'sﬁl?stdv&’é oMLl i 'uﬁglleﬁ ofi(d id u%ﬂ%d%s

not i nduce t expression o I nsu
retir(d%'t gtid én ddimbipativel wah FGF.anA id &mrmmﬁca of dchieineX pFigsi®i & pancl

Hes-1 was al so, observed. fol]o athent with L-
2). I%%%e%érea*m@ﬁ REKsrarith Wﬂﬁ%ﬁ%ﬁ*\‘%&ﬁ% b 6‘&?“%%9““ A
inctbdNeg %100@(?I‘GSEIBE 3F pEoL stﬂf:fugt‘ﬂére%:;@ne Rangk1 4) Ceh@‘ﬁ%é(t@& for three

treatnme s wth 458 1'nduced t
dayewphesgyiom, @lﬁenMgm&dtfor adhpeith éermunmaeﬂwnédomghdi bFGF

hi gher t served in.s les treate i.t h )
(st i HOR e SR Gier RO RGP B R o) bt pression
thatGRdRipPrfxirRitelyA 500-fb1al HgHch eHagaRa oBerlétbinlskMples with activin A
treatment alone for 5 days (Figure 8, panel a). Immunocytochemistry showed that 5 to

20% of all cells expressed Pdx1 (Figure 9).

Treatment with 1uM retinoic acid and bFGF in the absence of activin A also caused an
increase in the expression of GLUT-2 and PTF1a (Figure 8, panel ¢) that was not
observed in cells treated in the presence of activin A alone. The largest increase in
expression of GLUT-2 and PTF1a was observed in cells treated with 1uM retinoic acid

and 50ng/ml bFGF. Taken together, these data suggest that the formation of pancreatic
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expressi on was observed in sanples treated with the
g-secretase inhibitor. NeuroD 1 expression was al so
wo pepesssl further by the L-685,458 treat ment PCT/US2008/071782
(Figurel O panel a). Taken together, these data
suggest that the formation of endocrine cells is
furtherenhanced by renoval of retinoic acid and FGFs
from.cell. culture and the di.tion_.of g-, secretase ..
endpdiiis fuths® Brtagr <k Bhicrioal & htion o Gl SRS pBRGasinidve
end&XRHaS bBerHREMBA 1 On of Pancreatic Endocrine Cells
Expressing Nkx2.2 [0276] Definitive endodermcells
obt ai ned according to the methods outlined in Exanple
2 were treated as foll owsxamgplelds were cultured in
basal nedi um conprising DVEM F12 with 2% FBS pl us 50
ng/ m activin ' nmM of
Ret i noi ¢ Aci dF@E)nré@mfg{@nd%g@cc csrﬁ{\/l\ag(lgkl:e“sconti nuousl y
cultured for another 3 to 5 days in basal nmediumwth
Cultuedsi afiumaa eimtbryatnid sterdviceBd oo moaintairtel iip B ffefiRNatsdoplthes

re harvested fromcells a arioys ti oj nts, al o
con%i\lﬁlpgs Eﬂr 3 éﬁgéasy.stascq{ ing t%%ﬂﬁ%{{‘%alst({?éc“g}efi an Egﬂgplerl Af?er tﬂeg cells
wer85bI6@V L HREACheRhedillt willchsngeli s DIVEE NI 1 w itk ¥BS,

medi um and factors were regularly renoved and

confagph@aitoired af AP nghduandthe cellsfwere enlfurad imothisgnediwadbr one day.

ddi tion of, actjvin A showed an increase of Nkx2.2 ..
Foligh et 8 0n S Sl Ind R HPulg P SRR Pl i Fifrgium
confiihy 0 BYAFBSAAH 199 do/apdceigin{ dhdabit bMisivére talkurbdr one day.

first three days of culture nmaintai ned Pdxl expression

Follgwing thevegondiont-{lay clgiredhpmedivabwvesicaiavgd aes esptacod with
mec{i th WhGinty 2% \Q{cﬁqgg lhg)%{l’ac 91?15}? agatﬂ?e SIS %%ic&l&%d for one
e expression o e paficreat| c "€ndocrine  nar ker
day N2 this 8mt uittivel, tlendedinoee: thyn adgted GrAnd days Rvith dombifions of
first three days of retinoic _acid and bFG- treatnent.

retinsig agif angFoE<s aydingd én EBxpapris Lothen hopaiareaneqiempiigaepsd

i : e i 0 n Lt
o e L e EhER AP
secrstasgnnbdiifoss heB24A8 e ¢ forethret diaye dCultureelére hatvicstiee and

and pa ed without further differentiation...
samplis oF BRVR bR cor el &\l Silbiney b Diing pfiogs
treaRUSSANESiv A LRCTSF il A% WEkdaiko irdljaew Serum DVEM F12.
The | ow serum DVEM F12 c¢ontai ned 0% (v/v) fetal bovine

serum (FBS) on day 1, 0.5 % (v/v) FBS on day two and
Genpogxpression mRdystnrcserded datactingy A afaneor inngqrabindtisurwidiagesinoic

acid’ Jndcﬂéﬁse i& lﬁgf i%hlilé)en[he E)E})%eéss%lnl of I\Ygﬁeor%fguiiﬁ r(ﬁl%uirenl 0, panel a, c). A
decrease in the expression of Hes-1 was also observed following treatment with L-
685,458. The maximal inhibition was observed on day three post treatment (Figure 10,
panel d). However, treatment of cells with L-685,458 induced the expression of Ngn3 to
a level approximately 50-fold higher than that observed in samples treated with activin A
alone or retinoic acid with FGFs in combination. A 70-fold increase of insulin
expression was observed in samples treated with the y-secretase inhibitor. NeuroD1
expression was also increased further by the L-685,458 treatment (Figure10, panel a).

Taken together, these data suggest that the formation of endocrine cells is further
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| ow serum DVEM F12 contai ned 2% (v/v) FBS, 1 nM

retinoic acid and 50 ng/ml bFGF for a total of six
woree/otkays. After the six days of differentiat PORUS1008071782

cells were maintained in culture in | ow serum DVEM F12

contai ned 2% (v/v) FBS in the presenceof 50 ng/m

FGFl O for a total of 6 days. During the six-day

cul re eriod, the cr C end erm ce
enngizct B SerPeal B oane e B IR TR A GBI R D %@dﬁgn of -
secr@ﬁ@é’fnhﬁﬁto&@af&g pRRUERicAUHdNImiHAL Beir BaYieUl t ure.

days 0, 3, and 6 of culture, QPCR was used to measure

t he expression of marker genes indicative of
pancreatic endoderm Fi g&¥amp2 Sshows that cells grown
in the presence of 50ng/ m FGFl O mai nt ai ned expression

oy oul DpAUGEb! ERRERACERUTRIEC RIS ER ©

Exanpl e 7 Derivati on of Hepat ocytes from Human
DeftativeymmdbderSt eths Glaired [40&% 8ing Gu titeune@bBodsfoutlimedlnin Example 2 were

enbr iC cel | e mai ntajned in
trealg A E A G 1 ST B e el Eo e GasRprising QMFEMIF12 with
2% FBSCHlﬁ’é 3Wngd/R E&’cﬁvuﬁ@t o ﬁé/nﬂfbﬁ% 'P*@ﬁdaﬂd”l L@f%mleﬁnéllc A%fd f%? 3 to
I's were 70-80% conflGent, the nmedi um was changed

5 d@N/EMBF&@ew @htlﬁ%uSBSUétowﬂébmnmgheaétto \ild@ywndlasalomedlum Wlth

reiit s 4P MG ok oL F AT 0F ASE Sabhol et FRERE Fmcpll ac

variaGs fivk Poidts 161 G froécdtcchdlp @mﬁart@ﬂieeﬂrea@ﬂ diffarentth@ips of the
with the conditions shown in Figure 13. After this

celly.j Herthermeree eylfuse medBinhand astosdycramepwahpicawved argqnlenished
thro\ﬁgﬁoeut ‘fl% &1&8} Egaﬁ@ eqr%%ly SAc?dlt ()[&téja%]:lVfAnA [slgo%e%aafch 1n&ﬂga§el%?

ression o rot
Nkﬂbse{pv@dloh%bgw% b8 cqmmaeéd ﬁ»)saﬁrptescvﬁtﬁoat adtiviruAe @am@les
t bsence of activin A. This was further _increased
treatsg GHy A éequ ¢ finy thregdays aficyliyie mantapsd é?ﬁbexprfr%wélrﬁt a

leveg g%ﬂiali] & sank @ss&)n@fl?lﬂ Y 9G&Ah aAb(:'ﬁéurg Yhj Uffsn &f eﬁfémﬂese data

ryonic stemcells are cap expr essi
sugraptiboihy eepressidesSthé phiooesitio gnddreine mkeréﬁtde?amfunﬂhmd

T T e

mar kers that are characteristic of hepatocytes.
Exanpl e 8 Characteri zatipgafiplethe HO Hunan Enbryonic
Stem Cel | Line

Passage and Expansion of Pancreatic Endoderm Cells in Culture

This example demonstrates that pancreatic endoderm cells derived from human
embryonic stem cells herein can be maintained in cell culture and passaged without
further differentiation. Pancreatic endoderm cells were differentiated in the presence of
100 ng/ml activin A in low serum DMEM/F12. The low serum DMEM/F12 contained
0% (v/v) fetal bovine serum (FBS) on day 1, 0.5 % (v/v) FBS on day two and 2% (v/v)
FBS on cach day thereafter. After four days of differentiation, the cells were cultured in
low serum DMEM/F12 contained 2% (v/v) FBS, 1 uM retinoic acid and 50 ng/ml bFGF
for a total of six more days. After the six days of differentiation, the cells were

maintained in culture in low serum DMEM/F12 contained 2% (v/v) FBS in the presence
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[0279]

[0280]

[0280] The quality of H9 cells was nonitored over tine

by eval uating expression of several nmarkers expressed
whgooanth4sd erenti ated ES cells (Carpenter et ahPCROS2N8/071782

Reubi nof f et ah, 2000; Thonson et al., 1998a). H9 cells

exhi bited reci procal expression of stage-specific

enbryoni c antigens (Table I11). H9 cells play strong

of 5}?%‘[@%&%& é&%‘a% ﬁfﬁ?’tgﬁ Eglﬁl&g ﬁgﬁlé&?;%\}ﬂf%ﬁ g%‘flqgi, the pancreatic
end@ctb’i‘ﬁ@&ll?ﬁvieﬁetﬂagsagﬁ wodb }‘aﬁ@ F&F}g gﬁlﬁfén%ﬁﬁﬁngem% YOIHoGt 36 to 48

d
stemcells. T0281] Real -Tinme PCR was perforned to
hoursseing thiné-daypubisrsi 6 dfys §ehamd drafrcativesr QsRCR wab used to

mea%%?{t eo Q}il Qﬁc,_sc :c’s{o%@ﬁ%}eéﬂ]fesf’ g&s%%pld@%éef oqugé%ggpcg%go%?figure 12
showOtHak EdlisiGowhat tht Pecse@del oFf 50n@WI FAF 10Rhsin@KRERKSression of the
appeared simlar to previously described )
pangrR#fiqG gneedern) mekgr Bl dusHigcthe f day eelturg periedhiubsequent to their
deriitioy 4 protein expression and Al kaline Phosphatase
activity (Chem con) were confirnmed by inmunostai ni ng.
A majority of HO cells were positive for OCT3/4 and AP
(Figure 14). Overall, thEssnplksults denonstrate that
the HO cells used in this exanple were not

i gni J iff o hol , ti
s apHph F HspRlsREtes SR L i S5 o088 G5 hen
conpared to reports fromother | aboratories. Exanple 9

Culfik QT RBERAC nli v @@ e e tvbreIndihialtd (i Ak feARaAKE cblture
0282] Adhered cells were renoved fromculture plates

congiions s 2rd drysaceaidinbae thsrmetheds desgriice in FyamRisrlegifter cells
werd 90 %0b 20, (ﬂg@{ﬂ {h%qge%lum ch 'eﬁ%ﬁ%ﬁﬁ‘@ﬁ wfﬁii 8o, FBS
N oniT stem ce cu

resuspende Uman enbry ure
contidnglaotBmdArae ¢o¥ eg/ed, ind dntverd sidtatddan thd mesemoedf dyivin A for

washi ng and resuspending the cells in a stainin
eV AaEr AGGHLAEYS tFFg“fB?ntZ’ﬁ}(gB@ﬂYlleo@%c%sd‘W?Fﬁwt%eﬂ gt fopfies
I . 1 t , S . r
oo T Mhiogf A ML, AAE BEHR, HETE yge s

and gaigpleb of mRNASwgnadollsoted foromalydisi quot s (appr oxi mat el y
105 cells) were incubated with either phycoerythirin

PE) or .all ophycocyanj APC ' ed. nonocl onal, ,...
An iRt B R G A b b AT DR b Gt R r G Bl (e
13, pahel @Pfof célls @ltuMddtif tIRMbYEHERI HERLL A . PIHi SRy fudihb Reftdsed by
ntrols included apgroprlate i sot ype mat ched

retingi¢ peie aneEGFrthdiigiradd. rearl ®). Taken togpthsr, shase detd seggoyt that

| e ' nt . N ti
L i e S S T
folloinghhd feat@ent described above. Furthermore, human embryonic stem cells are

capable of being differentiated into cells expressing markers that are characteristic of

hepatocytes.
Example 8
Characterization of the H9 Human Embryonic Stem Cell Line

The quality of H9 cells was monitored over time by evaluating expression of several

markers expressed by undifferentiated ES cells (Carpenter et al., 2001; Reubinoff ef al.,
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were washed with the staining buffer. Sanples that

were stained with unconjugated primary anti bodi es were
w0 pwabs4esl for an additional 30 mins at 4C w tPCT/US2008/071782

secondary conjugated PE or -APC | abel ed anti bodi es.

See Table |I for a list of secondary anti bodi esused.

Washed cells were pelleted and resuspended in the

200 Bt stoet 0505 TEACSED AR Ry of BB QL EXeolieyot stize Specifi
emH'l i€ HiRRhs (TBId BDt 'chef[ﬂ% Blél?%%n%%ﬁggo@é/&ﬁi@ forES@I@Be

| mmunocyt ochem'stry ] Cells seeded on 0.1
SSHtr Tl@e] 6@ Btn)a ledlatdtand @E%@nu@ﬂne 41§ odehivh ate Ch%acterlstlc of

for room tenperature. Fixed
undggelr%na\%gﬁ]émbn e@[ké?ﬁoqd%gtelf & r oom tenperature with
PBS/ 0. | %BSA/ 10% nor mal chi ck serum/0.5% Triton X-100

ReadMiiné RER warcptbidicd vasds gt cxptdsbiop bt paicy charhétbodices
in PBS/0. | %BSA/ 10% nor mal chick serumat 4C._ The |i st
embworb? ﬁtﬁ@raﬁ‘llérwsﬂbwrf@sexaﬁla % RETR/ A RgUdFt uiRiFard Gx &

CXA%S%% B AR T, Bonffihdi thtap{h%%e %118% ih tif @%ﬂﬁ%gg{p@eared

uor escent secon ry antl les at a
simlad topreviotisty @B&llwanmdlffmethmteelcbmhrydmw slchscdlle (Tablehllh)t

mtenperature t 1.0 Contr sa
OCTHaPiriea aiorphpal @ﬁ@!‘l@e Pﬁ Vﬁ}ﬁ@m% cre
confifhdd BPinBhuIBLENE. U@nﬁﬁdr[’@ wm%np&% PRRIVEEH @CEY4 and AP
wi th correspondi ng nmat ched negative control

(Figunario §hveball, these esultshdensanstrate dlres gt HAcelbrused int thés example
werf e R R ES ip P PR il AR B sfelTiRG O pftvipotency
marléredkpetisfion Fhehesmbired@l Rpods hyar As& 1g6drateriéDAPI ) was

added to each sanple to counter-stain the nucl eus and
to function as an antifade reagent. |nmages were
acquired using a Ni kon GB¥BBRI® Eclipse C | inverted
m' cr oscope (N kon, Japan) and a 10- 6OX obj ecti ve.

mpl e %uE&Bcé%‘&@Wc?iv%te‘&fcél'l@blftf sgtﬂ’a D’\ﬁé I's

[0284] RNA extraction, purl catl
synthesis: RNA sanples were purifi ed by binding to a
Adberdd clls gete mmmiw@frem(dahtamsglam hy filke-min@ agrebatia@Ayith n

Presence t hano t.ai ni ng hi gh-sal t
Ty EE e B B iy £ o Bkt EleoRr SRR ged pfyman
emURNhiVGEmf delltchBlircRt¢dilih @d WsdoN&red by @aﬁ@f@uﬁoﬁ 8o d by

Anmbi on, INC), and highquality
washing and resuspendlng the cells 1n a staining buffer consisting of 2% BSA, 0.05%
sodium azide in PBS (Sigma, MO). As appropriate, the cells were Fc-receptor blocked
for 15 minutes using a 0.1% y—globulin (Sigma) solution. Aliquots (approximately 10°
cells) were incubated with either phycoerythirin (PE) or allophycocyanin (APC)
conjugated monoclonal antibodies (5 pl antibody per 10° cells), as indicated in Table I, or
with an unconjugated primary antibody. Controls included appropriate isotype matched
antibodies, unstained cells, and cells stained only with secondary conjugated antibody.
All incubations with antibodies were performed for 30 mins at 4°C after which the cells
were washed with the staining buffer. Samples that were stained with unconjugated

primary antibodies were incubated for an additional 30 mins at 4°C with secondary

conjugated PE or —APC labeled antibodies. See Table I for a list of secondary antibodies
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RNA was then eluted in water. Yield and purity were
assessed by A260 and A280 readi ngs on a
W@ p@wentsaphot onet er. cDNA copi es were nade fr onP@UUBI00& 71782
RNA using an ABlI (ABI, CA) high capacity cDNA archive
kit.Real -tinme PCR anplification and quantitative
anal ysis: Unless otherw se stated, all reagents wer e
ased. from |ed Bi os st.e Real - PCR
use BB RE Pt A USROS R ABA TR BRFryanggbipeet
M@EG@e%&&%&erﬁe@Xﬁh@@FAT@QMMM(BDLMW&B%@) iRSeRiment,
MASTER M X(r) (ABI, was used with 20 ng of reverse
collgetamgsi¢ kaakield, OQQAemetSa tot al reaction volume of 20 ni
Each cDNA sanple was run in dupl icate to correct for
pi petting errors. Prlrrer ?ﬂ) Mlabel ed TAQVAN(r)
probes were used at concen a?l ons of 200 nM The
| evel of expression for each target gene was
normal i zed using a Huiman@lyyechealideyyde- 3 - phosphat e
dehydrogenase (GAPDH) endogenous control previously

el e Bt A2 B RS comtaaby et Tas4 087 #epxaptnaidheyde
for ﬁ(tﬁl@f%t%&%ﬁém &Iﬂﬁré 1ikSPEAH KA block&ifot 1 (HE OQ39 B Rkature
Connexi n 43 00748445 Connexin 45 (Hs00271416),

wuh@m 1("4088)&11)8/4@@9)611 civiek ser(s 015%4 BHBBIY- IOHaFd gisn incubated

ol gt PN b PERIG DS Y i R -

The(lidﬁ@f)@d{ﬁ Qhtib&aEs aﬁid&ﬁélf’r%aiﬂg_ﬂilﬁtlonﬁ’d&' %0%@@%31@236)After
PTEl a (Hs00603586), Ngn3 (Hs00360700), Neur oDl

three pegglocssn $88)0.1%0 i ﬂpo@epqgg@gg@mlgry antibodipsat a 1:100 dilution in

PRt abei R ST ISt iEh Bl WA BhitRe! oo
samP B irgihdzd :re fooish s/ wh dro@REGEACHAGATIBC LS AW SRl tle oN@hde, the primary

TGS (SO N2 S esimamortomins

the #a%é ¢cerdtPEBRAL 't rﬁﬁarg ARGHJ efs %taﬁh&i Sl gl&‘w e l?ﬁ‘lse%Sgdrop of

m n, sarrp e cyc two stages
PROL@N&F@I ﬁhmtla)gem IC/5) @ptating Eﬁnfld)mo ZIZSpImylnﬁctdlé anedrdoh laarle

I t t t 600C f t )
ARG AR SElR Rl B Pl g ety S s BB -
fad@% ki Hﬂag%)( %%‘@t&lﬁfréa\@ifl a Mone@&tfo@éﬂ 'Ef@ﬁf)éem-q hevael.

val ue was determ ned as the cycle nunber at which
mlCtdSeOIffel (Dokass damaoparidi BhéPXpbjestiehed a specific value in
the m ddl e of the exponential region of anplification.
Rel ati ve gene expressi O%Ja%l\i)% $1ere cal cul at ed

PCR Analysis of Undifferentiated Cells

RNA extraction, purification, and cDNA synthesis: RNA samples were purified by
binding to a silica-gel membrane (Rneasy Mini Kit, Qiagen, CA) in the presence of an
ethanol-containing, high-salt buffer followed by washing to remove contaminants. The
RNA was further purified using a TURBO DNA-free kit (Ambion, INC), and high-
quality RNA was then eluted in water. Yield and purity were assessed by A260 and
A280 readings on a spectrophotometer. cDNA copies were made from purified RNA
using an ABI (ABI, CA) high capacity cDNA archive kit.
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using the conparative Ct nethod. Briefly, for each

cDNA sanpl e, the endogenous control C val ue was
waowvosased fromthe gene of interest G to giRET/URM08/071782

delta & value (D). The normalized anount of target

was cal cul ated as 2-DCt, assuming anplification to be

100% effici ency Fi naI data were expressed relative to

at or. l.e 12Kar e Anal SIS
Real §5RdIC RPN B b 4t I G b TS SAT s Sy al
reag%h’%%é gul@hg&ﬂ Qtfo‘ﬂgAbﬁlﬁéﬁpBﬂb@ﬁst&ﬂé@" Y& $imePERE@ctifhs W8
fpgb@axfhase spreads were eval uated (Applied Genetics
per

ating the\ABI RRISM®KG0@ Smmns%ﬁeteam $mqrmn§AQé«ﬂéN®

UNDRESAL B RSt VAR AL G RRAT B TR i Dosives

trangditbed RIDAI G a edmwml@ﬁezonmtxﬁrzoqﬂ #ach EDYUr @mbk WePhetis

a typical karyotype obtai ned fromthe human enbryonic
dupb@@é%f%@rlect o eln%mgmﬁ% Paimess $dfhMERBelyd EA&M’(&&@ probes

Wergg%édaacgg})ﬁ%é%&at? X rf §§6’ Fw Ui.ff,ﬁel%ﬁ Q%}Sﬂt@éﬁ f?? g&nc%ga e{ %:]ne was

nor@elizedlusings Mankﬂycemidieﬁylﬂewmspim@dmdm‘gem VGEPDH)
Research Institute and .cul tured
endogengpHieqngrof Bre’vwglﬁlmﬂ@v&eh@ WI\%DPI&@OBIB?YSF% Remerand probe sets

are hﬁéci hd fé)'il‘é BOced ggstaé?hi%w& U('Hsy?(ﬁfsiﬂ@) ayse

nbryoni c | br obl ‘feeder ce in ES cell
(Hsﬁ@mmm)cﬁn&ls(ﬂs@@%WQJL\EMitt%XE 43 HE0076edn), GoBES)n 45

(s R B en i Dar R S e Rgbldy ARSI Bbs 70,

GAPRLARI00PLA08Y, \Rel (HRAUM d82d) ts‘oangmomm ﬁnzgﬁﬁth@mmm
basi ¢ fi brobl ast rowt h factor NVEF “cel |

Bragfemury €006 b8, 35 (H@OSIW&S@lérP&Ky @HSW@léth&WéSed

EspIRBS RS NET aRolShor Ay STood A PRI i fip53773) ana
Glug |(H§(HIIi68$75)anx 08 indls MM aevie=d @Bink ahe HMMERs@ir@g&am (ABI,
Sub-confl uent MEF cell cultures were treated wt

CAlarg)were e opving seayicgrRox Bt TG@L@Q,CAW%TA@EAE @EQ ID
oy SR X Sl TG ReRiYReA g plat el
CCAGUASFGTTIECE@&SM@ECG@GG GSEQJQ])I NOJBI)r Mﬂereanu'ﬁ'ﬁidl 'm'Subation at
50° of eedze rrmn ? )fleo()vsed by%ﬁgg fornio()rr)rllgln Isa(l:mgltese wefeeclylclsed elloatltrge% in two stages
- a denaturation step at 95°C for 15 sec followed by an annealing/extension step at 60°C
for 1 min. Data analysis was carried out using GENEAMP®7000 Sequence Detection
System software. For each primer/probe set, a Ct value was determined as the cycle
number at which the fluorescence intensity reached a specific value in the middle of the
exponential region of amplification. Relative gene expression levels were calculated
using the comparative Ct method. Briefly, for each cDNA sample, the endogenous
control Ct value was subtracted from the gene of interest Ct to give the delta Ct value

(ACt). The normalized amount of target was calculated as 2-ACt, assuming amplification

to be 100% efficiency. Final data were expressed relative to a calibrator sample.

Example 12
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cell feeder |layers were cultured at 37C in an
at nosphere of 5% COwWthin a humdified tissue culture
w0 p@abs463 . VWhen confl uent (approximately 5 toP@I/tis2088/071782
after plating), human enbryonic stemcells were
treated with I ng/m col |l agenase type IV
(Invitrogen/ A BCO for 5to 10 mn and then gently
scraped off the surface 5m gl ass pipette.
Cells were centrifug@ga %%OA?*HYﬁ‘?or 5 mn, and the
pell et was resuspended and re-plated at a 1:3 to 1:4
Thelk@ fof@e) t3ls s RicRt@meg B3 tsadddtd bandia btybé ihl@dis. A
w&%&f actor reduced MATRI %EL(tn) (BD Blggog%?en%es) i
totafefl 109 metprhaseibryeeflserare gvaluatedicanplicd GeErtiesdmbipratasirsdine.). No

chr(gﬁodslsoglee 819!1@%%%@{1‘%& ?O@gélpap %: ?gei eas?r?arlfﬁsemowed

thatpRssAgdad a hoamsleluhthee of etuu@@dle@ ﬁndb@ﬂﬂﬂdﬁﬁﬂ(rbﬂf(bsdmd’ gumber of 46.
routi nely passaged with col |l agenase |V
Figyre Aé.d@w@é rotypesqPiaised Bpmphe bepamembiyopic stem cell line
Ho Li ber ase enzyme (Roche, IN. Exanple 14
Differentiation of Human Enbryonic Stem Cells Cul tured
on Tissue Culture Substrate Coated with Extracel |l ul ar
Matrix to Definitive Endibaderple [9288] Differentiation
of enbryonic stemcells to definitive endoderm was

arried.out a r evi. ous des ri be

o, BRI b S8 TR Bl i s Oplefird §iiiyes Copgpa wieh
cul tures at approxi mekeda¥elfiflag Maffi% confl uency were
exposed to DMEM / F12 nmedi um suppl enented with 0.5% FBS

and 100 ng/m activin A for two days, followed HX’
Thethugrn ey Qi ﬁemm ngsoHiely mﬂdé-&%wp@rm@ PV ogll

Resgﬁr L0 gtu:['@ Qn t W‘ﬁ Bnd: lt red (fg%rrﬁiﬁ% t@qgétltdcﬂ%lepéowded

ays e cu ates coat
by the sdurgyr mmﬂthtef azﬁenﬂy, ceﬁl:iumd cMAIFRI Gcmoate @mlrydhictfibrdbldd

| ut r. regul ar MATRI GEL _at . to 1:10
v dop pietrie Y cafl dee flap Sorusvga FVEMRFR eBroRgr ORGP
supﬁ%m@l@temlﬁm% ﬁﬁdﬁk@ut Jef28 Pp1 e ndRY 1080 nAOIEM hbs&tial amino

wer e anal yzed by FACS for 8XCR4 E-cadherin, CD9, and

acidNc 8 nevli betaencpeapseitonob A MbY.- -gleiing with PORNfl GurBOkas7,

e o R T h SaShp RTE B o

wer Ngdrcﬁ%d fion2 CRarl QAN S MBE c¥ilS&efcdkpaida de DV FMI K& gm
ile GATAA, FINF-3 beta and SOX-17 represent definite

supplprented! miitheli0ke FBS (Hyelomsc2mt glutzamiae. GRERA0 e dEdht
none% 1J§t?al %m(ﬁ{o dsC)%%h zf%Bﬁt {._ni%EF ?%]lggulglrggw&g %legtea w1{1]1e1 Opg/ml

expressi on 0
mitomycin C (Sigma, St. Louis, MO) for 3h to arrest cell division, then trypsinized and

plated at 2x104/cm2 on 0.1% bovine gelatin coated dishes. MEF cells from passage two
through four were used as feeder layers. Human embryonic stem cells plated on MEF
cell feeder layers were cultured at 37°C in an atmosphere of 5% CO; within a humidified
tissue culture incubator. When confluent (approximately 5 to 7 days after plating),
human embryonic stem cells were treated with 1mg/ml collagenase type IV
(Invitrogen/GIBCO) for 5 to 10 min and then gently scraped off the surface using a Sml
glass pipette. Cells were centrifuged at 900 rpm for 5 min, and the pellet was

resuspended and re-plated at a 1:3 to 1:4 ratio of cells on plates coated with a 1:30
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significant increase in expression of CXCR4 by cells

cultured on plates coated with MATRIGEL at a 1:10
wa@lR00aoisam as conpared to | ower concentrati ons BET/US2008/071782

MATRI GEL. Furthernore, growth factor reduced MATRI GEL

was not as effective in formation of definitive

endodermcells as conpared to regular MATRI GEL. [ 0290]

ainfipd pF o Tt eead MCPRIg e CaR Biiebees) ol
substghiéttiyauiafe dVNVRE e n EHROVRN & S sl dnh Gt wHIPS ng/ml bFGF and

regul ation of definitive endoderm markers as conpared
collagenased passagad paMATBHOEL toged pllataatf@rcm lesst fiaxTRIs@EEes. The cells

Qarra es in
Cul%?ﬁ%‘ég@i?d&’#%uwgﬁe P s TR PR S g
(InviRsgBRIGIBT O Dipht B%s&@ﬁ@d@l?élnh[b@&%énz}'ﬁieé(l{o%lms

i solated fromthe follow ng human enbryonic stem cell
cultures using an RNeasy mini kit (Q agen): HOP83

cells cultured on MATRI &&ammedted pl ates and exposed
to DMEM F12 nedi um suppl enented with 0.5% FBS and 100

ﬁﬂffg}en@ﬁli\/})ﬂ'oﬁfﬁlﬂﬁfEﬁl‘mggtﬁxgtélﬂldg mlmea Bﬁ%ggﬁ@tunure

medi um suppl enmented with 2% FBS and
ng/ iSubsizateContéd (vith) EXtpacelinlaaddatriotvaDefinitize Eaidyderm
HOP44 cells cultured on MEFs and exposed to DVEM F12

d h
iR PF Tl S o O R e Wl Sl gt o
preEbEM Fdserip@binNatse BibeimI s, 2, i B3 L Y5 ABD d03 L BrivglyyH9

activin A for an additional three days. Controls for

cultargs t gpsepmitedy Ried’ e Icqnsﬂq@n@x wareorpRasTre BEMyAH @ gnedium
sup[gleél@&gd ,@gs e d E@P&Q%@Sﬂ%gﬁv&l}fnﬁyﬁ,g?gggﬁvgﬂ} S

and cu tu
treafpadnd kx&thﬂDMrMﬂ/@tl D eedivny buipptiraitédwith abFBSage 1 @hag/ys lastivin A
were p for according to the Affynetrix Hu
({(jptl

n.
(AAgdfipHe? ays.oHRACeRy, Wer;ﬁcﬂuitmiﬁg DRFRRRfCsa fpgrowh
t .
factgfs‘lgﬁgcé Aﬁmgl S E} f tjv%e el fht g,lréE'r% FTMERR?REGEE%%MO
to 1(1i didtiath SThe\tes Whee oe)ateldavhth MAYTRAGEHR for édic ht toosatempatature.
and anong the different treatnents was conpared usi ng

A, BERBRR PO fll BERKEARS B MR ARE RS

cadidrANGp¥dstibn bAE b &fal BtACRf B X11¢] SOK- b@np\m&tat M8tein (AFP),
lines are degl cted in Figure 19. S gni fi cant

CXeR+ Bivehowy (Bry) graescasish (6561) oiNbet hﬁerﬂnﬂr%%ﬂvplf%& and SOX-
7 arg?{%%g{%‘&%'s VAL&TdI URloBERRGHER, ShAE RTARNTRF AWt bhd SOX-17

represent definite endoderm markers, and GSC, Bry, and CXCR4 represent markers of
primitive streak. Figure 17 depicts the expression of CXCR4 by FACS. There was a
significant increase in expression of CXCR4 by cells cultured on plates coated with
MATRIGEL at a 1:10 dilution as compared to lower concentrations of MATRIGEL.
Furthermore, growth factor reduced MATRIGEL was not as effective in formation of

definitive endoderm cells as compared to regular MATRIGEL.
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wi th adjusted P-value (Benjam ni and Hochberg

correction) of less-than or equal to 0.05. Only genes
wanaob/os4pr esent call were included in the anal pSi/HS2008/071782

Table IV Iists the genes that are differentially

expressed wth a difference at |east 5-fold between

the various sanples. The normalized intensity val ue of

Fisgrg s ShaR Aot s P ORI SR B AR PR OF Bl kuea
with 4 $110CHi GN8N BF B1AHR I HIf ﬁ{o%l’éaia%tg&ﬁﬁca%t uﬁ"ké@ﬁ[htigﬁ’@f ¥&MiGve
StemCells Cultured on Tissue Culture Substrate Coated

endodarm mixkRIs @Ecomparpé 4 edlisicubureddoddr 38 {ibr@sjof MATRIGEL.
Differentiation of enbryonic stemcells to definitive
endoderm was carried out iously described in
Nat ur e Bi ot echnol ogy 23,Ex%§§ﬁé %41 (Dec 2005).
Briefly, H9, H7, or H cells seeded on growth factor

Miataeey ARAIRISH Chadges id Grie dixlputssion)in Hidrhan Esnlatyonic Stem

appr oxi ma:é‘ldly 60 to 70% confl uen%y were exposed to
DVEM F12 sdipllewyis Eorapation of Pefinjtivedpdederny 100
ng/m activin A (R& Systens, M\)) for two days

TotAIHNAYRA i@Yattd 88RO toWWiRe IVEM ELBrORA tens BAPEARBALRhg an
with 2% FBS and 100 ng/m activin A"(AA) for an

RNeagy intinidnt(Qingang:eH 8RS Bscellb qultured eu bEATREREL escatedipdases and

oxpp a5 PAEDEF GBS GhpsebRaB L s TR gl 2o A
for {“%2&?]5 oIV th@kmertQvitHBEMENM/FR E&lili sGpiléndeaed @ith 2%

VEF feeders were al so exposed to the sane DE protocol
FBYtrd | W/ mbdvévin[foos) fonan gdditignal tiyec dayse HIOB44 grdlsecultured on
F - i D
ETBLY AR TR FUET Al 69, R0 @9
actiGoM fof,twS@yfollAlvpth by treti@denpivith@® MEVAFP) me@X@Rpplemented

. Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, an
Wlt@%ﬁﬁ 3S WOty mbpetiy i pdor @hyaldianabdireg Gyer Qpnféﬁa g«&éﬁﬁﬁh
il ) z LERATEL
ero e W0l B U s TRIGHO Rk Ao S ot eRIER]
condigpnas@ndiumenricel splofedpmni MEFS wed atltueakin HO@04ipmH- | | nes
cul tured on nouse feeders and exposed to the DE
Sanﬁ{]]m ocol ..resu t.%.gatin a robust expression.of

mar.ker s

EPERHP UYL PR HPeR Ay G GO T g he

AffRh SO x HEhGNGElmdNU 1 SEPRE 2IEA irBly ERGIIEEEE @Bm@Hlization and a log
E-cadherin followi ng treatnent wth _the DE

transformation, data analysis was performed using OmniViz® software (MA) and
GENESIFTER (VizXLabs, WA). The variability within each treatment and among the
different treatments was compared using the Pearson correlation coefficient. Variance in
gene expression profiles between the different treatments along with the correlation
coefficient between the lines are depicted in Figure 19. Significant differences in gene
expression between the samples were evaluated using analysis of variance and an F-test
with adjusted P-value (Benjamini and Hochberg correction) of less-than or equal to 0.05.
Only genes with a present call were included in the analysis. Table IV lists the genes that
are differentially expressed with a difference at least 5-fold between the various samples.

The normalized intensity value of the genes that are significantly expressed along with

the standard error of the mean (SEM) for each gene are listed.
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[0297]

protocol. Lastly, the CXCR4+ popul ati on al so stained

positive for CDI 17. Figure 2 1 shows a significant up
w0 eabs4sdN of definitive endoderm markers as BONPS20881071782

to untreated H7 (Figure 21, panel a) and H9 cells

(Figure 21, panel b). [0297] [0328] Unlike HIines

cultured on MEF feeders, HIlines cultured on

MATRI GEL(tm) ( 1:30 d”%@ I?' igd treated with the

definitive endoderm pro led to show

r obust expressi on of definitive endoderm markers. In

IDAffekentia@ibn of Pﬁm%pEﬁﬁﬁ%r&ﬂc StereXelid Ctiltulréd-on ARdul Culture
real -time PCR was significantly lower for cells

cul t ur éubggraterCuRtewithdyLAd: ¢ Pgfinisive dindeodexmt ur ed

on nouse enbryonic fibroblasts. Expression of

lefé?efn'ngﬁ(‘id HLEGWIQE (ORI 68 ef{n%t%eoé/fﬁiggerglev\ﬂ% %Jm&?&ﬂ% €

tern wt el ng greater
pre\gﬁm éﬂfscﬂhtﬂhml%ﬂat(uiél&dﬁeel&m&%yand 123)-154r (di)‘eclaogﬁl) 3121y, HI,

I d f
H7 @kﬁﬁg‘se ? g7vdado 1&8?%%? &gt MBS b0 ooy utres
at aféﬁoﬁlrﬂat&?%ﬁ Yo 76%%0@?1@5&%%}6?{‘%8;0?%@%/ Fll SWRHinP

I's cultured on 30 dilution) as
supmennpmtleé avithd). T8 IHBS ol IQ(DrtwnbamtimruAéR&ﬁ) Bysserng MN)) for two

dayy oo TR Sesr MR AR Rt o R 0 2 s and 100

ng/mNERASA (AA) ¥ér dneidit@nbDiRrfdagef Innlt du‘%@e@@ﬁ%t@ﬁlﬂles unless
markers in H7 (Figure Zsmﬁanel a) and ure 23,

othmrﬁ@lnotﬁ)d tmw@@tmem\mgamen beFefgueétos, th@éqrfemte@)ndodm (DE)
ofd 3\/\/ed a nore robust up regul ation of definitive
PrO8RYoder m marker s as conpared to H7 and H9 |i nes.
Exanple 17 Differentiation of Human Enbryonic Stem
In peiallels HOUHTusEd ] ogllsTdubtated JBWIEHfecdStbst atse ckpaca o thictshme
MATRI GEL to Definitive Endoderm - Role of WAt Ligands
DE pratocel gpiingbiyeenbr yoni ¢ stem celI's were cul tured on
MATRI GEL(tnm) (21:10 dilution) coated di shes and exposed

At &a9 SDM%MuEl]ﬂ%S RRAL MH i &3%9 BY $RTY £A M%'Xéﬂ G- éa/&h6§§ CBOLBE and

activin A ( St ens,
N-cacﬁierm\&éESb)/exHr@atmnﬂ bwrtaﬂ tiDNENT T for S@i*&i SOKpV eNipha-édal

W t % n 10n m activin n
protisiArPds GRORA B hay b, E8hbcdef QOIS p&pa caTA4.
AFM@GHIS O Xt ar%&e%a@éd&is%eé@ 0B Bk JR&Wh By a4, HWP-3beta

20 ng/mM Wit-5a (Catal og# 654- WN- 010, R&D Sy st ens,

and [GQX-12 semgyent dafmite ¢ad<(d@émaw§¢rs 300 §SANBOR @nd R3f§'R4 represent

r 25 ng/mM Wat-5b (Catal og#
mar%gg?gﬁgﬂtg@mﬁ%b Systens, MN) was added throughout the
five day

H-lines cultured on mouse feeders and exposed to the DE protocol resulted in a robust
expression of DE markers and expression of CXCR4 by FACS (Figure 20). There was
also a significant decrease in expression of E-cadherin following treatment with the DE
protocol. Lastly, the CXCR4" population also stained positive for CD117. Figure 21
shows a significant up regulation of definitive endoderm markers as compared to

untreated H7 (Figure 21, panel a) and HO cells (Figure 21, panel b).

[0328] Unlike H-lines cultured on MEF feeders, H-lines cultured on MATRIGEL™

(1:30 dilution) and treated with the definitive endoderm protocol failed to show robust
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treatnment. Figure 24 depicts phase contrast inages of

HOP46 definitive endodermculture in the presence of
whe@botsastent rati on of (a) AA or (b) AA+ 20 ngP@it/US2008/071782

Wit - 3a. Figure 25 depicts the expression of CXCR4 by

FACS at day 5 for H/P44, and HOP46 |ines cultured on

MATRI GEL(tm (1:30 dilution) and exposed to the DE

Fi e 2 nels b and d) a
explRypipt SECq B od it T aRAOE T B ehrelbngh CXCR4 by
FAME Eﬁc?’@y tal-BRe PR Wae @ﬁﬁ@%ﬁﬂemﬂ fdr QEISEul RXRH SSHIAAMR IGEL ™
CXCR4 (CD184) as conpared to DE culturestreated with

as cpoparsd taipgllsl cufuteid g neense @mforsmcofr"nbroblam ERprgesien ofglefinitive

a
endfeFR R AU EE Ginelf o e ane s St PR R o
whibiofs d@dtér thhd HR€Biguad AR tah@ 3 pfFidWTFidarer22s Hil teetls Mﬁ)wed a
signi ficant ulation of definitive endoder
mgnrm‘é?a@émgreaﬁ%még& g@ﬁprew‘@n Beconypiedsn Bihandia? 1111%5 H¥gfe that in

all LAY {E%'exb%gﬁ&ﬁ f@)f?ﬁ%ﬂffs%%r R ARl He'c_il on H%GE@M (1:30

mar ker's erentiation o
dlluﬁbﬁ)’ﬂs(aehipare@lb teltsaghtored Bnsaowesc Cuibiyunge Sbiodias@s @1gfmamed
with MATRIGEL to Definitive Endoderm - Effective Dose

(pansis app) shows thpigaltime BA&K iy ﬂwwgg{ﬂ@ﬁh%ré Wag ngslegt increase in
up &%\llﬁt’rﬁne@f &ﬂn%@%h&ﬁe%%arﬁ%ﬁ@ﬁ7 QF aﬂé-l) aﬁj hhdird gp}lokure

exposed to DVEM F12 medi um sup errengjed W th
23, 5831 b)mm):sn dlowtevég HIFgute 2RApnclan (ﬁn& ShddCedrghnte Ileust 3n

for t s fo reat ment
roefnen hR R s chOlen® b Aot arae e R 2apyalifgho
ng/m activin A (AA), and 10-50 ng/mM Wht-3a for an
addi tional three days. @ahipdé17ul tures were not

treated with Wit-3a. Figure 27, panel a depicts the

ressi on of CXCR4 by FACS at da 5 in the absence of
f erpatiagpn pf Hyanan Ev%rygac Sggm f@ In §uuregh pn Jassypa § witure
Sul?sQrzRg/C'yateWW%tﬁ ME{I ﬁv@kln%&eﬁfi‘ _Ififfe of Wnt Ligands
expression o was ver w. I'n contrast,
addi tion of 10-50 ng/m of V\ht 3a significant I y
H7H4r4candz}1§§’d6tehé>rynnidasiemoiellmuﬂtumidtdnvMAd"alGﬁLTM (1:10 dilution)

confslisti 98l Seodp H MBI SeRg B3 B s rad

100 P%Rnf &%Ulntﬁ éREc'EGS‘:{?s%erﬁsg MR |twé‘)da§f’§ f%ﬁo'@/@dﬂf)jl Er@éthﬁhﬁwlth
di ng. In a separate stu s were

DM@WPé@l Tosatng ctented matht 29 Rt and M?B(&CGINI@A (A forrve
addﬁlgg thwggia X o fSOtTg%é% c%ﬁt%res%‘a ng?mlr@/?lg%a ?éat\%g# ??24 WN-002,
R&D Systems, MN), 20 ng/ml Wnt-5a (Catalog# 654-WN-010, R&D Systems, MN), 25
ng/ml Wnt-7a (Catalog# 3008-WN-025, R&D Systems, MN), or 25 ng/ml Wnt-5b
(Catalog# 3006-WN-025, R&D Systems, MN) was added throughout the five day
treatment. Figure 24 depicts phase contrast images of HOP46 definitive endoderm culture
in the presence of high concentration of (a) AA or (b) AA+ 20 ng/ml Wnt-3a. Figure 25
depicts the expression of CXCR4 by FACS at day 5 for H7P44, and HOP46 lines cultured
on MATRIGEL™ (1:30 dilution) and exposed to the DE protocol + Wnt-3a (Figure 25,
panels b and d) and —Wnt-3a (Figure 25, panels a and ¢). Presence of Wnt-3a in DE
cultures resulted in robust expression of CXCR4 (CD184) as compared to DE cultures
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5ng/m and 1 ng/m . Figure 28, panel b shows PCR

analysis of the DE nmarkers after 5 days of treatnent.
wab@ousber of cells at the end of the experi nRECE/UB208/071782

noted in Figure 28, panel c¢ . This indicates that

cells are proliferating when hi gher doses of Wht-3a

are used. Extension to 5 days of Wit-3a treatnent (5D)

t I ff DE k b CR d.did t .
treafB it ol Ser) P G comC T oR G ALY < e i iy 1B pral-time
PCIE Hata TeS $17081d% ) Wb Bk & thagld wHiNBwWderMit3RAROr Wait B8¥is. For

is sufficient to reach optimal cell expansion and
botldblfhn@s,talddéloemﬂ miffﬁadﬁﬁuflt@d etmlgmﬁlc@m uExegvéa@nlcg” definitive

t| a [.ls I tur.ed
endgidrinTh§fibds 2 S b TR, RERGEE AR Sy Befiiaftedinb i 68
exptedibm bf dofmitbRdededdr mefkkect of GSK-3B | nhi bi tors
[0301] In order to confirmthat the effect of Wht-3a

was through the Wit pat hway, a GSK-3 inhibitor was
used to activate the dok¥éimdetStargets of wit, such
as beta catenin. HOP46-P48 enbryonic stemcells were

(Biffk%ﬁqtlgﬁ‘ omﬁﬁl@moﬁe & g @%ﬁtu@éd 39 ﬂésh@blﬂﬁﬁ*e

and exposed to DVEM F12° medi um suppl enmented with
SuBSrate0Ooated miitha A RRIGIAL te\Befinithat Kiglotlo O —nEA‘erSKfe:JB)se of

inhibitor | X (Catal og# 36%5@%Cal bi ochem CA) for two
days foll owed by treatnen ] DMVEM F12 nedi a

suppl enented with 2% FBS, 100 ng/m activin A (AA),

HORIGEnkbrI6HI0 staM BKw3R: duMakdd SroM APRICEA® cogid 3BheDA:10
Cal bi ochem CA) for an additional three days. Control

diluggnx andexposse do | AgnediumaipBlemgntcp Mith 5“@@ Bfod80 pp/ml

Aot fo-Lbeity MU Py PRITM AFRLT s lfgyod by

treadf¥idnt 3athdd MESKFI B nildr’(;ﬂiubimlpplemen&)i vmﬂﬂz%g?/Bﬁ 100hg/dd,actyin A
+1000 nM GSK-3B in itor 00 nM GSK-
(AA)n#dpi G off ng/sal Vigyt- 3@1 B Rﬂim@aég‘f% i {ontrpheu ?tpsewﬁe not
Vg?}( n
trea\;yéﬂ W%@ fh ’bigt?ﬁr / h)phﬁ%f 6@&&}0@ g% E} 3(%@())?@1{@ 'bPQTIAdE?(at
dayday:thelabZenc{e@if 02ht-Jan b} hengbhd Svicte3apt) Mhog/Bd Vot- ﬁtanﬁ@i) lSthng/rnl

WER bt BTV Sh 6 RXBOoNG) A CSE R S 3a pjow.In conrast
addiHod0t003 OGM/rﬁﬁlﬁa\a'ﬁt BA B Riffc@tlySineRh {ddaROALMbrHF SRS positive

t he nunber of CXCR4 positive cells. Furthernore,
cellg ddurtticomoxst addifomad ESKg/®BoT Whit-Bia tiais as effeadirg 9 additiomef 50

ng/rnlsofe\;\/f n’[e-“::t.I ﬁealglsfnealggktrles% S ?I;lgurGQS panG?IS a?lso confirm this finding.

In a separate study, H9p52 cells were plated on 1:30 low growth factor MATRIGEL™.,
For the first 2 days of the DE protocol a range of Wnt-3a doses was used: 10ng/ml,
5ng/ml and 1 ng/ml. Figure 28, panel b shows PCR analysis of the DE markers after 5
days of treatment. The number of cells at the end of the experiment is noted in Figure 28,
panel c. This indicates that cells are proliferating when higher doses of Wnt-3a are used.
Extension to 5 days of Wnt-3a treatment (5D) had little effect on DE markers by PCR
and did not significantly increase cell numbers (Figure 28, panel ¢). These data indicate
that 10ng/ml Wnt3a for 2 days is sufficient to reach optimal cell expansion and definitive

endoderm differentiation.
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[0301]

[0302]

[0303]

inhibitor for the entire five day period. Figure 30

depi cts the gene expression of definitive endoderm
worerretsEss or (panel a) HOP48 cells and (panel BOT/HSH4$071782

cells. [0303] Figure 16 depicts the outline of a

differentiation protocol in this invention, where

enbryonic stemcells are differentiated into

definitive endodermin ig%eeﬁer free system Exanple

20D fferentiation of Hu onic Stem Cells

Cultured on Tissue Culture Substrate Coated with

ikt tibR o PRfunttid Edd e SeemmCellFe&irky 6n BeS8e Clulture
Activin A in the Presence of a GSK-3B | nhibitor or

Sybstrag Coaoebgith MAERIGE Le tPgnitiye mdaderan -Eifgot ef GSK-3B
cul tured on N%TPJGEL(tn)hﬁﬁﬁﬁ&g di shes (1:10 dil ution)
and exposed to DVEM F12 nedrum suppl enented with 0.5%
FBS, 10- 100 ng/m activin A (AA), and 100 nM GSK- 3B

In ordunitdcdrdirml tKat(thiat &iéw gf WAGBa5M s thisuph dewm pddiyaygn GSK-3

. ..hg/ Wht-3a f t d foll d t t t with
mhlB%EWM%@%ﬁM%&%@%@@@a&W%g @o%%ssru%%n%te C%m
H9Iﬂ1%t P &n&y&ﬁé\)stehpéeu@@ve@@ggwrwa{ Mm@@:iﬁmoage kel (110

cultures were treated I ow serum plus 100 n
diluaion) anidrexposcEitg IMEEISI/HI 2dmpdigmssupplemexnted eg8i ©5odfB f{;)IO,Rzmg/ml

sctiihel G 4% JPVII0P FF GsRaxl o Fbus T Calfieal B st CBenem,

CA)‘ Ok tWé Baysi foRSwENBy Hedtmentitd BXBGY M2 @edih ‘éh}ﬁ)l&n&ﬁéd ®hth 2%
five days plus 20 ng/ml of Wit-3A for the first two

FBYd{8 ngf)mlmt)Vlngﬁ i Ahenil Pr FWOA niMb G'SH- BBflliﬂvblt@raI%s(C@tall@g#ﬁﬁi 550,
Caltr)llg/lcf‘l%fm %%SI f\?9’|r an %clilcyg ?ﬁag h[lrlee%< a{ygr ggngo t%}ref%ge Eﬁ%}éd gvlth ][gw

ru%jﬂ-ug Bidhnidis®of sutivinXA gy Winlh8a f Flogite I%@aﬁtﬂ)ﬁ?depﬁ)s th® prressmn
ng/m activin A faor all five days plus 20 ng
of q?é%@%hy FHCS #Helay Prin the ahsenss pé Wiinia q*)GS]I%ﬁﬁgnmbltarc iDD 2t

ng/rﬁl {rVS?l{E 3? V\% w{}bt‘f@ n]g'ﬁ_@glérpieél %hﬁg og%jé@ +05f08 S%—EE@I&QB?M IX, e)

+100aM §S&K38B p)lainblltoir IK f)+19 IerGS-IKI.-BBﬁanitblsIX, ) gtM)@nBQGSK%B

i fEPIIE B tr PEping T DavL OO eRUBHO BTN D060 Sor 100

ng/m of activin A plus 20 ng/m of Wit- 3a: panel a :

In tl?é(ﬂfs@ﬁ@df WREL3AR: 180 GO inh{Ber tHdNkpRBsioABHCRAEE R vas
(Cct-4) and panel b : SOX-17 and GATA4. It appears

very l@avt Inshuisast, e»dgrt@gsﬂf @A ngfmlgdtWni-34 etel (9nHQexMiGidg-RBrighibitor
b db [ f + 20
signfitndS it SuD R Riaedr SRS BRI Bve R byién i Baihn of

100204 IGSKN3 B ihigBigort for 88/ met ivah apéffexit e aeadditiendfl 00 nM GSK-3B
inhibitor for the entire five day period. Figure 30 depicts the gene expression of

definitive endoderm markers for (panel a) HOP48 cells and (panel b) HOP46 cells.

Figure 16 depicts the outline of a differentiation protocol in this invention, where

embryonic stem cells are differentiated into definitive endoderm in a feeder free system.

Example 20
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[0304]

endoderm Exanple 16 Differentiation of Human

Enbryonic Stem Cells Cultured on Tissue Culture
wEupsntEse Coated with MATRIGEL to Definitive EIHUS081071782

- Conbi nation of Wit- 3a and GSK-3B I nhi bitor sHOP53

enbryonic stemcells were cultured on MATRI GEL(tm

coated dishes ( 1:30 dilution) and exposed to DVEM F12

R R PR of FEh sk ol e et ket 73 Kyl

SubbRh RS Ted #h MATRIGED/ 1§ DefithdEdRdel M BBY&ive Dose of
foll owed by treatnent with DVMEM F12 nedi a suppl enent ed

Wi th 2%ckHBE AdgthOBresercel of ach:PIk-3B Mliibityr poWnirda.
additional three days. In parallel, HOP53 cultures

OB A s S L PO L SR g B e
(1:19ckilusom) 2Ad cpo¥ctd @ DOIENIF 2Smuding supglainetkciivtith 0.8 FBS, 10-
rum plus 100 ng/m_ of activin e 33 depicts

A. Fi
100gém bachiv et (AA) GRICRERM BOK=ABnibiterdik (& syl 3515300
A R by
Cal ey, REA) o0 fyhP sl tr 45, AR BIBIE boiclfiocth y¥
DMEM/E 1 3nEediabupldtentgt nitha2%%biFASH 1O 106 mganll actiiineA a3 for an

Jus 20 /m _of t-3A for the first two days 100
addfiopg) tﬁ%&@%m- rCRTOSFUIRITPS YPirdreaiegsvi) 198 sFotm ﬁ{uso@b ng%ﬂ of
acti{FRKE 3Bigh A 1bAdpRts Ih& I\e/%ﬁrressti&?oif CKER A AaY Forordd Ra/HP46

Wh g/ m BWP-4 f Il 100

t-3a+ 25 n . or all fivé days, e)
at dmg$ mithaeg tl0igfmlactivin Alfer 4l fire dhary $lusI2091220! ofgWni-3 sffor the first

oy ¥ PG TR o <Lt e s "y gl i

twodlals &) M08 bW BactivirONfer ARfickediysipsust V8 B BEGSKPEB $fHilifor IX for
of definitive endoderm markers, as determ ned b

the fiesawa feie CROEG Fstivin e W yriayh alven 0B bl 9ERPE-3E em
el PR30 56 AR 0 8024 o

of WABK3 8 Borl thl fibsit tvas daydaune] 1) (18)ng/meixqetiemisA éor af fiviFRys Brug,20 ng/ml
CXCR4, GSC,. and POUE (Cct-4) and panel bé: SOX- 17,

of WiNR A Bt the firseRvadayspddgre 31 aprelegdrintos fIPPAQ celly @nd panels e-f

is fdr'}flrfﬁl%%%llgVﬁ%ufé@ffe@k??th& ?L‘I’lesexgEé gigfl%f ﬁéﬁﬂﬁ% Si®dEMCmarkers
gene expression of definitive endoderm narkers, as

for HEP4 onlech thoatadewith 10,50, BICRf gy mt of dctivesA plustWengimhahWnt-

enbryoni c ste [ 1 49 t ed
sa: bSO PE260! RGP POl KA SIS ATIR IS s BPUSB i and
panGKSHX - NRh®CAArA4. PRAFHcalPhat robust expression of definitive endoderm
markers can be obtained by using 50 ng/ml of AA + 20 ng/ml of Wnt-3A or 100 nM

GSK-3B inhibitor IX. Lower doses of activin A lead to formation of extracmbryonic

endoderm.
Example 16

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture
Substrate Coated with MATRIGEL to Definitive Endoderm — Combination of Wnt-
3a and GSK-3B Inhibitors
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[0305]

expression of AFP, Bry, CXCR4, GSC, HNF-3B, and POUSF

(Cct-4) and panel (b): SOX-17 and GATA4. Results are
wexppesEssl as fold i ncrease over untreated cel PGI/US2008/071782

Fi gure 36 depicts the gene expression of definitive

endoderm mar kers for HIOP53 culture treated with

conbi nati ons of activi n A Wit-3a, GSK-3 inhibitor,

HOEer iy o e SR s e A T TR bRy (130
dilufe8Y dnldRp&ded BVBMEVOF Izrhﬁe@ﬁn%g@l@ﬁ@hteéﬂﬁﬁﬂf 5%tFBS, 140 &8/ml

formati on of nesoder m mar ker and conbi nati on of
activintA A Ardd EBXKnYBGSKR3 B irthobitadily (RFetaldggad® 163, Calbiochem, CA)

+1- 2 90 R0k HPLEOMLALLAR O SELIALL 1, ARSI media

supplegenttd vanthtm FBSe$@N106 n@imlaectiviniA (AA) Bxannldgitiddal three days.
Differentiati on of Human Enbryonic Stem Cel|s Cul

ed
In péwllwaéécwphWﬁﬁ%aWW%? g H@&%Pﬁa(ﬂa@#p%%m -BP- 010

et AFUGH 7o il o Ppdar ddin Gt

werp krasted wathtlow G et plupllm ag/np roéwtomns IAy Rl@la’e ed dﬁpltchi the

m t.onycin treated nouse enbry ( ).
CXprs&tiPR O e K& Refr i timed fay it 28008 E%/m |aaféwey* o a@s deys
plum%/ml 6PRGHSW 20 (R VN fa {%3 atd 2 hén SBEMP G BCRys 3 5 b) 100

enmented wth 20% kno ut seru | acenment’,
ng/detiEM Adoed kBt dais phsi20mgan] dSWnG3 A anhe first two days c) 100

TR 07 4 B g i bt HSREME Bt PloraifBhibe syt ovo

day 98 P8 fo/hRGHRL3a(PESY/nll RN Ayt e dbRA30)100RQYmPhtivin A for

formation, cells were treated in the presence or
all fangsdape eluefZOAgfmlwdem %4001&9/&@ ﬁSlKeﬁBd@hlbit@riXt for dreHest two
act det tors..wer .
oy GBS \dPRER] Sa SR nedi Prp o BT EREART FidlfE S4.0guicns
the gmreapreaﬁom pflderatiget dndolidith m@ike@WAIGEtEraThdTESY; reﬁlatim@ PCR for
0% FBS in DVEM F12 Day 1: 0.5% FBS in DVEM F12
cultpigs pithej ynpgEmbrionic sigp csll lmeé# ]| af pespge ﬁ@r&ﬁé@fiéﬂﬁf H} or 100

e R RIPK BLE A SR L DR NOR SR Bartt o

expoeson bPAFBNBand XCR4, GSC, and POUSF (Oct-4) and panel (b): SOX-17,

HNF-3B, and GATA4. Results are expressed as fold increase over untreated cells. Figure
35 depicts the gene expression of definitive endoderm markers, as determined by real-
time PCR for cultures of the human embryonic stem cell line H9 at passage 49, treated
with 50 or 100 ng/ml of activin A plus 10 or 100 nM GSK-3B inhibitor: panel (a):
expression of AFP, Bry, CXCR4, GSC, HNF-3B, and POUSF (Oct-4) and panel (b):
SOX-17 and GATA4. Results are expressed as fold increase over untreated cells. Figure
36 depicts the gene expression of definitive endoderm markers for HOP53 culture treated
with combinations of activin A, Wnt-3a, GSK-3 inhibitor, and BMP-4: a) expression of
AFP, Bry, CXCR4, GSC, HNF-3B, and SOX7 and b) SOX-17, HNF-3B and GATAA4.
Addition of BMP-4 to the DE protocol appears to induce formation of mesoderm marker

BRY and combination of Wnt-3A and GSK-4B inhibitor did not lead to significant up
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concentration of growh factors for each treatnent

group i s shown below. 1. Control- No growth factor
wW@owem18s3 Activin A (100 ng/m)3. Activin A (| BOnGS290§/071782

+ Wit-3a (IOng/mM) + WitSa (I1Ong/m) 4. Activin A

(100ng/ M) + Wit-3a (IOng/ M) + Wat5a (1 Ong/ M) + BMP2

(100ng/ M) 5. Activin A (100 ng/m) + BMP-4 (100

[ Act i vi A (10 /m + -6. (10 /m 7. .
roa A A R R 6 6 ey e corpme I oneaT Ak JasDyaitsel
in (Hl90sRGL & detitinBAP- 4 (100 ng/m) +BVP-6 (100 ng/m) +

BVMP-7 (100 ng/m) 9. IL-4 (10 ng/m) 10. SDFla

(20ng/m) 11. Activin A (100 ng/m) + IL-4 (10 ng/m)
+ SDFla (20ng/m) 12. BYWPampledhg/ m) + BVP-4
(10Ong. M) + BW-6 (100ng/ M) + BMP-7 (100ng/ m ) 13.

it Pl ey Siclr QA e e 10 ppfimicive
Entodiertnn- Corpbitiog/of iWnt:34, Activin @, Ngi sy, BNIP-2ABMN Pi4) BMP-6,
100 /m) + (SDFI 20 m) .16. Activin A (100
b i ) % "Vihe - SBTD Thigh i SPKakin o Seromty )
Wit-7a (10 ng/m) 17. Activin A (100 ng/m) + IL-4 (10
[0306]  HOoMY@/ dxl1 W‘éreg@ﬁ'e@ ohBUNGLIMhdatet PRV b1 é&%dr\gft%ﬁtom%rcin treated
309] Cell of DE

Resul ts: | s were harvest'ed on Day 3 '
moyse gtbeyini¢ filrablwsts tMEF)r Cahiaivgrsi gowannal 7ledt0%onfluency in ES

treated cells r .RNA tion for RT-P
coll gty ottt of BMEREF | A Qh FRR A BRCOR b ricHleg il 560
knotKks b@0myrep U@ eridnt, YORAM INSE BINdNGs sefiti dtlaghii Cacdds, 0AdEM bpar
of the above growth factor(s) did not enhance

mergaqipesaiobr? BM Brabramaisdeld fiopehiviteagenil B Odeod Rgiefm! yman
bag%ﬁg#@@%%%&ﬁﬂhfgg %Gﬁzhggﬁggﬁggggaly5|s, cells were

or expressio d panel of
definitive
[0307] For DE formation, cells were treated in the presence or absence of Activin A (100ng/ml)

in addition to other growth factors detailed below. Growth factors were added to
increasing concentration of FBS in a stepwise manner as indicated in the following

regimen:

Day 0: 0% FBS in DMEM/F12

Day 1: 0.5% FBS in DMEM/F12

Day 2: 2% FBS in DMEM/F12.

Day 3: Cells were harvested for FACS analysis and RT-PCR.

[0308] All growth factors were purchased from R&D Systems, MN. A detailed description and

concentration of growth factors for each treatment group is shown below.
1. Control- No growth factor added

2. Activin A (100 ng/ml)
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endoder m mar kers. Results shown were cali brated
against cells grown in the base nedium but not treated

wWaowak/orgass vin A or any of the other growth facPOFr/ES2008/071782

agreenent with the FACS data, Table V shows that there
was no significant up regulation of definitive
endoderm markers by addition of growth factors, such

s. Wt - t ul tures eat j hi dose of
. By i TRoaemDunttr ( OenE Wridh Qomyi %t o Fhe
previ ous exanples show ng a significant increase in DE
4. AaeAS100Kg/ED -ICWﬂt—Sanlbﬂg%%\dr whtS8e085/Mee conditions
in the presence of activin A, WNT3A, and | ow serum
Exanpl e 23 Differentiation of Human Enbryonic Stem
BME@I(F@“@Gmt)ured on Tissue Culture Substrate Coated with
MATRI GEL or Human Fi bronectin to Definitive Endoderm
: I r and differentiated on
> %ﬁ%‘%kf@ﬁg@gﬁﬂ?@rgggpgmér ow h factor
MATRI GEL(tm) (BD Biosciences). Im of DVEM F12
6. Ad¢thwn Ar(@0eng/@IBEBMEBentlad ng/ng) | ug/ M of human
fibronectin (R& systens, MN) was added to each well

f.6 ti tr ed dish. Alternatively,
7. f?cetbvaﬁlﬁlé? 8&?@%?@%&”@@%@u m was diluted 1:10 in
DVEM F12 and Im of diluted MATRIGEL(tnm) was added to
8. Aabhn Wall00 af/nl) WEMP i (3601ag/@il) t-BIVEP-b { B gomthi s BMFCR (160
were passed with coll agenase. After cells reached 80%
ng/mhnf | uency, there were treated as follows: 2 days
0. 59%-BS cont ai ning 10ng/ mM nouse reconbi nant Wit 3a
9 1(E Adn1o0ng/ m Activin A (R&D). This was foll owed
by days 2%-BS plus 100ng/ m Activin A Figure 38,
panel s a-b depict the expression of CXCR4 by enbryonic
10. sildthad@0ngmbul t ured on fibronectin and MATRI GEL,
respectively. Real-time PCR results (Figure 39)

11 SR bR Do Rl vl o) “Cont e

pl ates. Exanple 24 Differentiati on of Human Enbryonic

12. $MR? CR00ng/nyHBNVIB! @00TE. s:$)e BEIR-6 4t GnSirhi tHBNE-To@0eg/m!)

with Varying Concentrations of MATRIGEL to Definitive

1 TRRATTiERD ERutLloh Sl PR bR B8 T
(10@{ép[ﬁi)qn§mpe¢(woh?/ng) 5% FBS, 20ng/m Wit-3a and 100
ng/ M activin A for two

14. Activin A (100 ng/ml) + IL-4 (10 ng/ml)
15. Activin A (100 ng/ml) + (SDF1a (20 ng/ml)

16. Activin A (100 ng/ml) + Wnt-3a (10 ng/ml) + Wnt-5a (10 ng/ml) + Wnt-7a (10
ng/ml)

17. Activin A (100 ng/ml) + IL-4 (10 ng/ml) + SDF1a (20ng/ml) + BMP-4 (100 ng/ml)

Results:
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[0309]

[0310]

[0311]

days followed by treatment with DVEM F12 nedi a

suppl emented with 2% FBS, 20ng/ml Wit-3a and 100 ng/ m
W@eioWi18asA (AA) for an additional three days. MOI/U81008071782

were cultured on plates coated with regul ar MATRI GEL

at a 1:60 to 1:10 dilution. The plates were coated

wth MATRIGEL for 1 hr at roomtenperature. [0313]

Real time P esyl re shown in Figure. 40. )
Celffpits HINESt A O e oM il S e L AL e gliquot of
treaR@IRIR wASdcMifBr RansteMhihtictAfol R -POR LHE t1RXBERTSEIN usel for

CXCR4, GATA4, Goosecoi d, FINF-3beta, and SOX- 17 genes,

FAGS gupdstis. nEhet fieucndye( %ol GXGR# ds showinen ditguirad 7.ngddigion|eé the

abofie oWk BRI RE ) BB B B SRR Sl Cha ERER PRl RRR 100

ng/mhBANATRY GEubd M) coating plays an inportant role in
differentiation. Exanple 25 Differentiation of Hunman

Enbryonic Stem Cells Cultured on Tissue Culture .
For ngéﬁé‘@élyééa‘teélﬁ WS Hnafxeed Srarpiassen Rbselgokeddgel of definitive

I t i niti - -
endiPRSEHRDN RsEHisoHOGH vRfl PEpa @i Pl Bl AL TR
medtrerucedt!trdatad evilPA ctiNih Uy @thngrof kiETdRh &Egro vih) fattors. dh agreement

.l ea [ ye es were seeded onto MEF feeders.in _ES
with ETACS s TRE Lapds Ihéa@ﬁ@dwwa Ve OoATL BRF FRRAY O
defihIB¥ NESRBMRLREY by Qd&?ﬁ'gﬁ/hfér_%wﬁﬁ @dc%ﬁﬁ,%ﬂ@rpése%%@% WitulRes

0.5% FBS and 100 ng/m activin A for tw days foll owed

treatpy witheahigbratosend fi dotiDMEMIFIDY seeatna Thisgp ineenmiriasido wict ire Riows

F d 100 /. tivin AA), f di tii I
exappis Shape s ekt it a2 Rk Ein fosger
freclonditiBgd il thé Pres@ck of batdiglay WNTIA; aHAQoWGerim.0f activin

A.[0315] At day 3 and 5, the cultures were anal yzed by

real time PCR for SOX-17, SOX-7, Al phafetal protein
(AFP), CXCR4, Br ychyuryF("BFI}I)l? 2%ooscecoi d (GSC), HNF-3
beta, GATA4, hTERT and Cct4. AFP and SOX-7 are

'Ii:}ﬁﬁ“é_{e‘ﬁ?ﬂtiﬁﬁ of gﬁﬁﬁflﬁtnﬁﬁlg&ﬁ@ ST’ h? Chutfbd Slé ggsgﬁ*é‘ Culture

3beta and SOX-17 represent definite en erm
Substrdte CoateddviBbCIABRIGFdnor BGRah Fibporestinito Defingive Kxidoderm
primtive streak. hTERT and Cct-4 are markers for self

SR B BB PR bR ST o
MATRAGYS "8 (BDBidécséhcBE! fAr SEOMVEMARY (Rvarsbed GIBEY) @ 8taliing
lug}n?lvoeflh?lm%]; fibronectin (R&D systems, MN) was added to each well of 6 well tissue
culture treated dish. Alternatively, regular growth factor MATRIGEL™ was diluted 1:10
in DMEM/F12 and 1ml of diluted MATRIGEL™ was added to each well of 6 well tissue
culture treated dish. Cells were passed with collagenase. After cells reached 80%
confluency, there were treated as follows: 2 days 0.5%FBS containing 10ng/ml mouse
recombinant Wnt3a (R&D) and 100ng/ml Activin A (R&D). This was followed by 3
days 2%FBS plus 100ng/ml Activin A. Figure 38, panels a-b depict the expression of
CXCR4 by embryonic stem cells cultured on fibronectin and MATRIGEL, respectively.

Real-time PCR results (Figure 39) confirm that formation of definitive endoderm was

equivalent on fibronectin and MATRIGEL™ coated plates.
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[0312]

[0313]

[0314]

CXCR-4, and CDO were anal yzed and reported in Figure

41, panel e . [0316] In the absence of Wit-3a, AFP
we@oessasdbn | evel s of cells cultured in 100ng/PET/US2008/071782

Activin A are simlar to those seen in untreated

controls. However, with the addition of Wit-3a to

cells cultured in 100ng/mM activin A there is an

increase in the expression of AFP that increases over

time. Wien a | ower concdfieMR¢dh of Activin A is used,

AFP expression is very high, regardl ess of the

Digerneiatioh oV Wudear Einde)énié Ster Tk CAlturdd o Ti486 €llGire
that a high concentration of Activin Ais necessary to

KabstratecCoated avith ¥ayying Conegntratians 9f MATRIGELetoP¢tnitive

tissues. [0317] By FACS ﬁﬁ‘(%d/e?. s, CXCR4 positive cells

ranged from 32-42% of the population in sanples

treated with a high concentration of Activin A but not
H9 tuleatsed approkinihtly $8 ta30ampauad ytwer 3x@384d of DMEM/F12

medGRRTFRRH B UReE RS TP Natsdndy DR ag o aciirig for two
day%]'@ollo% %%t?)ﬁtme%yh wﬁmm@mm %Hﬁ%gPle&%ﬁéa%i&f 296 ¢S t

reate a high concentration activin A but no

20ng/nd 3V ed3amrtchl 00t/ Bhaeipr A4deld fEXEORA ditsonebtipeer degts.t BHO cells

43- 51% of I1s treated wit i oncentratioqn of
wer guiRiips Spfify S S3hgeedus QAT AR ERT ) Blg y@n. The
plattd Radc@datell WithaVAGTRIGENCBAT haki BBmAbmpShituré.n A there
were nore CXCR4 positive cells in the treatnment group

w thout Wit-3a (. 11 to 209% as conpared to the Wit-3a
Reaf fimgP&R tppeltnpare shaven uofigyridQu rlscamentydhgmag embexaaigstpm cells
' ) oes. not L oni £ ) .
witf8ht SRAPREIE RPRREAL R e BpRGPh bt ETRA BiETAR
GooseddidiHNF-Gb VRl SOX- Idedfened, bugesttndbaethecellBhwae differentiating
suggests that the feeder layer is probably secreting
to t‘&f?@%.n&wéﬁpgﬁﬁms%agsr Hoevety &uiéef» nefanacar $ha Mpgain the presence of
254 Lot BnebhloRdyeRAVARTHIEL S0t o R BR
WnE?(a‘%rp an 26[0)|HS)LfFer ent1 at i@(])i?f o?oﬁﬁ%ﬂg}érﬁg}rlﬁﬁﬁgﬁ Slrtelre%rhn
diff@ehtigiogul t ured on Ti ssue Culture Substrate Coated with
Extracel lular Matrix to Definitive Endoderm Fol | owi ng
Treatment with the Wit hi bil%\% DKK-1 [0318] To

determine i f the additi Jori2gwP 3a was causing the
increase in differentiation, an inhibitor of Wit-3

DiffeRinkiationds HAGSIEOE by fific Stérh eBls Culiréd!bh Tli®ae ulture
approxi mately 60 to 70% confl uency were exposed to
S“b@%ﬂm ﬁa%eﬁéﬁ%lmm@amﬂl@%wyax and Suhseprepty Cultured on MEFs to

Definitive Endoderm — Role of Wnt-3a

Cells from the human embryonic stem cell line H9 cultured on MATRIGEL™ for at least
five passages were seeded onto MEF feeders in ES media. When the cells reached 60 to
70% confluency they were exposed to DMEM/F12 medium supplemented with 0.5%
FBS and 100 ng/ml activin A for two days followed by treatment with DMEM/F12 media
supplemented with 2% FBS and 100 ng/ml activin A (AA) for an additional three days.
Additional treatment groups include Wnt-3a at 20ng/ml for all five days + 10-100 ng/ml

of activin A.
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[0315]

[0316]

[0317]

20ng/mM Wht3a, | OOng/ M D kkopf-1 (DKK-1) and 100

ng/m activin A for two days foll owed by treatnent
wWoRH/ODVEM F12 medi a suppl enented with 2% FBS BeiUSD08/071782

ng/m activin A (AA) for an additional three days. H9

cells were cultured on plates coated with Gowth

Factor Reduced MATRIGEL at a 1:30 dilution. The plates

s L5 URS D Tt B Al 03B g 0.7, At

coBlaF iy Nl TR o 690 Y g, AT

hTHRdogskQeit d AFBSOY, SCHKIF- es(ej bgﬂaeded@&vmWaherEREteranma@@thhﬂe
Fp OX- 7 ' | endod
oafar AR Do R KR B SR S R s e B

and €EX{C R tprepatad eikbrs Rl aTi GVt alcSET E R Yand @vg-4 GxCiédrkers for self
represent. markers of primtive streak. hTERT and Cct-4

rencyyad apg piEipgtene reseactivelgn Bal tiraer§ CBI igryl st eshoyvn in Figure 41,

panISSREFACE s PSS e P RoriREIPOs M Bulfidr it
CXERF, 3bé CD%nete Sy zed, andlrbporeid ke Figued 4 Dehnéelict | ve
endoderm Markers of primtive streak formation such

as .goosecoj d were al so detected .at, |eyels higher an .
In B OE Y Wit ﬁ%grﬁx%eéfl% Kb sri e ifHED S fcbrin A
are Qi tholdReLIPERRAIARMENS! HBlv L Aewdh MMM InVTent-3a to

differentiation markers dranmatically decrease to

cell$ ewlbirgd wi IMi0hgimltaotivihay, thdfre ranrieacess i éhd exprdSsianpl AFP7hat

. I mmunof | uor nce, St ai ni nqg, of. rkers. for .

inergipy Bt AOEE 19 i et fliortr AAE A yfid, AEP expression i
bR repdral Pt the pidstdte MATIRIGE %m@ 4D HdrRr SN tThad bdis that

V‘er}ﬁ;ﬁ\% Se?i‘mePl us _A_gt is\_/i ﬁ A and tFl t-3a 032?] ,Dayﬁgg_DEs o

high-eanegrtegiogfof Agtivial A & ngsewsanttaikaenithgcelds Gpmglitfercmiaiinglte

50X- FI NF- 3B, GATA-4, N-cadherin, and
eXtré%?g)gioélf%sa%I nucl ei were counter stained with

DAPI . 20 ng/mM Wht-3a resulted in significantly |arger
By Ra@Benalghis \OEKCBH petigive edllspasgddi fvem Bo+42S0¥ thd population in

HNF- 3bet a.. and GATA-4 as conpared to cultures .
2 eﬁffé_ﬁtéa Bithoeleh ﬁowetr%rw&fgﬁ‘gcﬂm it 3L traetfdeigh Moitga as
confpdflidtth 98385, YWihz Bap IS5 h&mblRs SksRl Hithaigh 8SReRation of
expression of e-cadherin and enhanced expreéssion of
Activirc Adind 'Wnit3¢ Bf dpyr e(Rigyre ganmincle)amy daydurfareaBnenpdted2% of
cell? Er'eatg&( %ﬂgla%ighsconcentration of activin A but not treated with Wnt-3a expressed
CXCR4 as compared to 43-51% of cells treated with a high concentration of Activin A
and Wnt-3a (Figure 41, panel f). In cells treated with a low concentration of Activin A,
there were more CXCR4 positive cells in the treatment group without Wnt-3a (11 to
20%) as compared to the Wnt-3a treated group (3 to 4%) (Figure 41, panel g). Overall,
Wnt-3a does not appear to play a significant role in differentiation of human embryonic
stem cells, cultured on MEFs, to definitive endoderm. This suggests that the feeder layer

is probably secreting sufficient Wnt-3a or analogous ligand to enhance activin A induced

definitive -endoderm formation.

Example 26
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[0318]

[0319]

[0320]

[0321]

M croarray Analysis of Changes in Gene Expression in
Enbryonic Stem Cells Follow ng Formati on of Definitive
wEwotedns on MEFS or MATRI GEL [ 0322] Total RNAPE@EES2008/071782

isolated fromthe foll owi ng enbryonic stem cell
cultures using an RNeasy mini kit (Q agen): A) HOP33
cells cultur ed on MATRI GEL(t rr) coated pl ates 1: 30

bt n 2o R BC i, E i tom Shith LA CAITRE P&&‘ﬁ&ﬁ?ﬁt““

§lﬁJsh‘i‘f@@o@ﬁédtﬁlﬁﬁEﬁﬁ‘%eHMﬁM&ﬁMﬂF ﬁ%ﬁﬂﬁﬂ"e Whdoderm Following
suppl emrented with 2% FBS and 100 ng/m activin A (AA

for an addit ibreatmentreich dhe/ WntBnhidor DKLl s cul t ured
on MEFs and exposed to DMEM F12 nedi um suppl enent ed

To &(‘5%%61\%/6 1 ?%e;aaﬁ}téﬁadofw t8) agévgsi @%ﬁ}}g&%mp}%& 1nth\§erg@t¥a§1on an

inhiblied faNeng egnirtgw 2 addBStcathd cﬂm&em gl culAats aiappAxiditely 60
an additional three gml% and HOP48 cel Is cultured
to 78 qonitpetsE Ry sRased D NiEMAd 2 (me.fiua‘e sepnlemeged With@->% FBS,

20 B o T AT A T e a8 A o f 3

follohaycsbyf tdtmastchvisly DM EN P Hedih SippDvEM SRt BRS and 100

e/ GRRAT Sdar o g e oo Ces P e ol
coatcl Q\}lﬂlc@ﬁlmﬁﬁ Fh&oPR &hRed S MG ICEL 1:30 Qahiesh. diighRstcafdre

cultured in MEF-conditioned nmediumor cells plated on
coatyERg thavid TRIGHHLr fed | hnaESometdinpenatusé.l gr oups cont ai ned
three biological replicates and each bi ol ogi cal

At aéjgzgfeactga n%c’?%ve{ree Qna‘?t ?bo r1;eal ¥1\§/)nber : k& tﬁ)ﬁ g9€ n@&l PS Algha -fetal

& pr Epara I Zation, a

prot@IAFP) SCMERE, Bgrchymmsrﬁcg(%eﬂdagi (@S@)hHNNj pereiGATA4,
Human Genome U 33 Plus 2.0 Array, Foll ow ng

hTERY #d Pstdt AT A QX17qe foearisd gp Wﬁ@rahendaa@ral HAKCsykile
O L R o SR ot L R o ¥R 3RE OSC. r,
and gS(ER € xq:pr@ssﬁ markbﬁtdﬂ@emmdfmt&ahphﬁERMné Ozv-dlamatnerkers for self
usi n ysis of varian nd an F-te with adj usted
renqsya) a?% §8ﬂ CAm TrPPegHYCl %@ﬁﬁ@ﬁgﬁr?g%@w%&w@ E
| ess-than or equal to 0.05. Only genes with a present

In t@hrksdnBe 8f Wn€881cclh 8xGEQUPK ORE EGATAUEBRE-BKktd BRI SOX17, all
anal ysis. Table VI lists the nmean normalized | og

rnarkrra n§ ﬂ@ﬁtm’eﬂe gidgdenim. Miadesy nyprtmltlg@ plegakShondtiog sach keast

zooRch il pRfefRE ah RyER Bt PR i A2EOLR iy R o WoRHBYs.

Withtagdd@ioa®f DKK 1, the expression level of the aforementioned differentiation

markers dramatically decrease to levels similar to that of untreated cells.
Example 27

Immunofluoresence Staining of DE Markers for H9 Embryonic Stem Cells Cultured
on Tissue Culture Substrate Coated with MATRIGEL and Differentiated in Low
Serum Plus Activin A and £ Wnt-3a

Day 5 DE cultures of H9 cells were stained according to Example 10 for SOX-17, HNF-
3B, GATA-4, N-cadherin, and E-cadherin. All nuclei were counter stained with DAPI.
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[0322]

[0323]

Differentiation of the SA0O02 ES Line Cultured on

Ti ssue Culture Substrate Coated with MATRICGEL to
woedovnit4sye Endoder m [ 0324] SA002 P38 cel | s ( GeCT/HR1008071782

Sweden) previously cultured for at |east three

passages on MATRI GEL -coated plates (1:30 dilution) in

VEF- CM suppl emented with 8 ng/ml of bFGF were exposed

20 qggmﬂ}@'wgg}éuﬁe&l S %ggltygemered V%et;gfg%%g/f#:%sﬁd &ggivlé%gr
SOXN7; BAFASheld And AGSKA3B chiiphRBitdEd IR e (ﬁffefe‘t‘i@at@@}iﬁthe absence
foliowed by treatnent with DVEM F12 nedi a suppl ement ed

of Wintt F. Ma@qnmdﬂﬂwnmj/\ﬁht -Fcreswitad 1AS(gAA)caﬁfdpssmf expression of

e- ca%ﬁer[gl %19 eeélllhﬁttjrperdeegﬂ e o%o@%bcad@?rm égur? %? S,_m%n%l%ﬁﬂ?&é@ro
pantlines, SA002 Ilne al so required addition of Wht-3A for
robust expression of DE markers. Expression of CXCR4

is depicted in Figure 45; a) AA treatnment b) AA +
Wit-3a c) AA + GSK- 3B i dHaBIle?8 Exanpl e 25
Di fferentl ation of Human Enbryonic Stem Cells Cul tured

r'Eh Eﬁ&%ﬁc @&b%% Eﬁ@n@@%&y?&sﬂntiﬂtw#aﬁﬁit@m &8s

| n|t|ve doderm [0325] Cul tures of
enEol}tDmng Koreratios|of Delﬁan EmxdodenmsugMEFS eveMA HREGEL
and differentiated on human serum (Si gma, #H1388, M)

t I at ach
TorfF KR TR rpmdnf o B PeraPe PR B B ATRR G e R
RNERY mlinif Wit @iagR9NA | HOPE &dlllcBltudd dn A8RTRIGEOMDESAE@plates

addi ng human enbryonic stemcells. After cells reached

(1: 390@@@@%4@@?1@9@6%%@9@@&:‘%1Ztm@@tl@cﬁuagleménﬂeémth (5GBS and

100 BHERS OB (ol SR (B SR O P8 RBn

supflainbnted h\&m 2% KB Saind 1I0®@ggﬁ1rdcnmm VAR) for(aR&itionhli threeasys;
follo éSda 29-BS pl us 100n/rr1 Activin A

B) R4 ke § ciped piy Féﬁgﬁf%g?ﬁeggfp D) E12amestipm supplemented
Wlﬂgb: F GUEBS Bnd P@U‘ il %c@fvp%(A f@%‘ﬁay? Fo%o@v%? iy rilregﬁlent with

initive endoderm nmar kers wer e’ not ed
DMEMYET 2 chedi unh sugppl dmdntediwith GEKEBBand hobing/on Astividi {@Anas

o0 AGE A5 407 G HBAE b R g M Ep e Bt (1:30
dlluﬁbl@fﬁn‘a@xk&eﬁ W D‘MEIQI/F’Q A @n%bﬁlfeﬁ@an@ﬂ WHN®EY, FBS and 100

bronectin coated plates. Exanple
ng/ml activin A plus 20 ng/ml Wnt-3a for two days followed by treatment with

DMEM/F12 medium supplemented with 2% FBS and 100 ng/ml Activin A (AA) for an
additional three days. Controls for each group included cells plated on MATRIGEL -
coated dishes and cultured in MEF-conditioned medium or cells plated on MEFs and
cultured in ES medium. All groups contained three biological replicates and each

biological replicate was repeated on two separate gene chips.

Sample preparation, hybridization, and image analysis were performed according to the
Affymetrix Human Genome U133 Plus 2.0 Array. Following normalization and a log
transformation, data analysis was performed using OmniViz® software (MA) and
GENESIFTER (VizXLabs, WA). Significant differences in gene expression between the

samples were evaluated using analysis of variance and an F-test with adjusted P-value
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Differentiation of Human Enbryonic Stem Cells Cul tured

on Tissue Culture Substrate Coated with MATRICGEL to
woedwnis4sye Endoder m - Eval uation of Various GSKFBS008/071782

I nhibitors [0326] The effectiveness of a nunber of

commercially avail abl e GSK-3B i nhi bitors was eval uat ed

in formati on of DE from human enbryonic stem cells.

(Bepininiard Sl Eiciiont bt epces b abBiERs Oy dhed i«
prede QilIAE REMastGhY gr@&v&&ﬂc’l\tﬂe@hﬁ e ahXybiGatrabie g/ l%@]tﬁégmean
Cal bi ochem K-3B i nhibitor Xl "(Catal og# 36155

norr@alhmdd@&@msfmed s@EBKRI BRNsithphganes shawing aaleast égf#Id dlfference
361554 1P54.
beo gt e PLR R ERLe S & TREEH SR od Bl s s Bene.

exposed to DMVEM F12 nedi um suppl enented with 0.5% FBS,
100 ng/m activin A (AAExamply29i ous GSK-3B inhibitors
for two days followed by treatnment with DVEM F12 nedi a

isrehiianen ofthe ViR Sikyne Celbpredan Bt wlsigcyustrace Eoated

treated wth (i@\RTRIGRIUS DéiliatORRabderift Figure
47, panels a and b depicts the gene expression of

definitive endoderm markers at day 5. GSK-3B i nhibitor
[0324]  SAQOR P&&obem (Q@}aetm Swide) feavidusty ¢ubturaddioe itrigasDEré opasedes an

MATBIERIRENRE SR Fuddtth BN M bR eushon i R TRl ot

bFGH wBacrpbsed & DMIERIF ndlediumeagplembh@e witintl5 %l FBEs and 100
Eval uati on of Retinoic Acid Anal ogu h3[ 0327] HOP49
@fgW@

ng/nehgstiysni RS2y dens. Mg e 20u ol MaTHIOaen (GS)-3B 1IX

e L L 0 A RO PO LA i
2% FB8taald d 96 ngBRl4ciiNNQO 2A AREID aﬁ)aﬂtiﬁﬁﬁal tMiNE dagsn cRéh(Dﬂnﬁ g#cm
ctivin A (R&D Systens, two_days

fo
results 8 Shewn 1WFféﬂlr ﬁfil.@an?Mgﬁ §1f§k?§p§‘l)§&e / %ﬂdlflﬁ 1Y% ﬁé@m
i
ine AR S A0 PR P B S yon
of (FAUSH anttpiceal intHigree RPER) A0S ticatdicnab e Al n Wit Saicoas + GSK-SB
xanpl es, this protocol resulted in robust up
mhlg’é Yul ati on of definitive endoderm markers, such as
CXCR4 and SOX-17. The resulting definitive endoderm
cells at day 5 were expgs@shpl@2she fol l owing medi a
conditions to induce pancreatic endoderm formation:

Differentiation of Human Embryonic Stem Cells Cultured on Tissue Culture

Substrate Coated with Human Serum to Definitive Endoderm

[0325] Cultures of the human embryonic stem cell line H1 at passage 55 were grown and
differentiated on human serum (Sigma, #H1388, MO) coated plates. 0.5 ml of human
serum was added to each well of 6 well tissue culture treated dish, incubated for 1 hr at
room temperature, and aspirated before adding human embryonic stem cells. After cells
reached 80% confluency, they were treated as follows: 2 days 0.5%FBS containing
10ng/ml mouse recombinant Wnt3a (R&D) or 100 nM GSK-3B inhibitor IX (Catalog#
361550, Calbiochem, CA) and 100ng/ml Activin A (R&D). This was followed by 3 days
2%FBS plus 100ng/ml Activin A. Cultures were then analyzed by real-time PCR (Figure
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[0326]

[0327]

culturing in DVEM F12 nedi a suppl enented with 2% FBS

and 1 mMall-trans retinoic acid (RA) (Catal og#R2625,
wER@an1s4h8D) , or 0.1-10 mM AM 580 PCT/US2008/071782

(4-1(5, 6, 7, 8-Tet rahydr o-

5,5, 8, 8-tetranet hyl - 2- napht hal enyl ) car boxam do] benzoi c

aci d, Catal og#A8843, Sigma, M), or 0.1-1 mM TTNPB

4- 6,7, 8- 8, 8-tetranet hyl - 2-
46, Bt G 0P 3 PR, P SO I AR EOT R B for
cellCatAbPAHE3BVIn ASH AWK -3BhhibRE: o WaksA a@‘%lﬁﬁge@&ﬂcéﬂgﬂpﬁted
are retinoic acid analogs with affinity for retinoic
withaadtiginr Acapt. oflese Radingeparatiel ounéisdings foswethaiygmbryonic stem cells

cutdiif o IRTRIGRE P o B o BRI JolcRYEML 2 T @

(Cat al 0g#F0291, Sigma, MD . Cultures were harvested

and sanpl es of NMRNA wer €xaalplest ed for anal ysis.

[0328] Gene expression anal ysi s reveal ed that (Figure
panel.s addjtion of 1 nM RA fol

&HB@EPF‘@“PB OBIJGP‘%% Epbryenis Stem Gells &H“é‘tr%% on érﬁ%/‘i“é Siuliure

W%f&@mﬁ%ﬁ: Nﬁyﬁﬁl(g LF%%elﬁmtEwmed%e Emhauon of

protocol resulted in robust expression of foregut

endoder m mar kers, ¥udous6SKEIB Inkibitors=P. At | M

concentration, addi tion of RA analogs resulted in

equi val ent ancr.e c_endoder m an
e R e o PR b iR AT BRI OO R il R o
evalu@RUsh fo¥Rfi6s 6f DB fAfm Hﬁﬁa@ém@@iﬂiﬁfbrs@&n télsal ThetfoB&Sing GSK-3B
retinoic acid. However, addition of OrM AM- 580

inhib ey Mese iyt aiH0 abK GSIedE @h@ilt@th (Fetalegt A6 K349 ng
cufyPi] BRI R Sso Lo ch. Ban

inhibddr Y DG al SEHEDO lGéB (Salbﬁali?éh]l dAhg GIK-8Btinliibadr XVIt(C&alog#

treat ment has. on cyt oki ne expressi on was anal zed
s gl G- &P Ftistn cqlwéewwwﬁ% cpated
dls}lr%}%m hil} %E% E](e 15. t pas@g3 %&%éélmgléolsg) FBS,

lOO\Mgh’Hl a]htlfvfneA (éAAD at -edlrlpns GBK $B aﬁn&bltm's tifr two days followed by

treairiRd! NP ELP @ et ot 19 T Y Bl i A
(AP%QN‘%‘ ad &f&l‘?tllontahﬁl?& d&@ySCbﬂr&%ﬁg{emwe&%éa\(édﬂwﬁh fe st iiBhus

At the end of the 5th day, CXCR4 expression
hlglvmse@éﬁé% nkiget 4y pAREs: dtb dergets the@memre@mmf de@aitivs

endp Ry af £ 3 Rkt Y R KP by iRt STRRE T3 kffoine

DE @rnfa€ibh &s §96pdréd® GSK-3B inhibitor VIII and XII.
Example 32

Formation of Pancreatic Endoderm by Human Embryonic Stem Cells Cultured

Under Feeder-Free Conditions — Evaluation of Retinoic Acid Analogues

H9P49 embryonic stem cells were cultured on MATRIGEL™ (1:30 dilution) coated
dishes and exposed to DMEM/F12 medium supplemented with 0.5% FBS, 20 ng/ml
Wnt-3a (Catalog# 1324-WN-002, R&D Systems, MN), and 100 ng/ml activin A (R&D
Systems, MN) for two days followed by treatment with DMEM/F12 media supplemented
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[0328]

[0329]

for CXCR4 expression. [0330] Cell lysates were

prepared fromcells of each treatnent group, with a
worenenals4sh cell lysis kit (Sigma-Aldrich, M) . PCT/US2008/071782

Condi tioned nedia fromeach treatnment group was

col l ected and concentrated. Cytokine array analysis

was conpl eted usi ng C,ytoki ne Array panels provided by

witf Pt GO G R Y AL T B R e p R Brpets

werk @bl QvddNer BliERbLh HHHAS Aid fhetiflatPerands RAGARHAN Bbvious
subtraction. For each panel, positive and negative

exampm;tbisyr@tpeolat@died irciobusaip rTBatia of dshoiive gndodewp markers,

e e eI I at ment
such SERERAGH SRR ThP EiufiBeshing Ridasharh: dibefginser
expédd (&G BlIewEgeRcdifcdigtidbto Blutd falcadti€ @hdoderm formation:
condi ti oned nedia. Nunerous proteins are uprequl ated

cultpiing MDWAMEE 2 mpedin wpkf:é}qntqdy@ﬁt &6 Ehtanddl wi 4llgrgp.rptinoic

scid 2R e e on S A PAERMBAE R S At Fmabycr

5,58 Spkaaactayl- Enh]lﬂnh:e&eﬂ&ﬂl)ca&axﬁﬁfdeﬁﬁeﬁz@l addf Cataloigia8 843 Sigma,
ndoder m f or mat | fferentiati on of

MO irn- it JANPE @R Sar P el Pl S-S eeor o

R 55 AT k1377 U0 o

3 ddyATRﬂ\GEB() tm(}l T(FNPBBe&e ditinetd an) arpdepsedthdiffiheg farmdinoic acid

receg)f(fgoigg theﬁ} IJfQZ/l qr,{veegél b_l“plzlrgdsd%&%gg ﬁeﬁl(ﬁg tWi Lh 1 SgMEl?\%/F 12
mediQRpRhesiod Wik 26/‘@@6; glw,@@is@m%/nmm FO(Cat NG @YS 1, Sigma, MO).

foll'owed by treatnent with M F12 medi a suppl enent ed
Cultmireshivaohppssted ool siginies claaRNWidnwexe caligetethigr #nalysio or 20
ng/m of WNT-I for an additional three days. The

fQ i [ ' . Lo+ ;
Gerie NG SRR MREN SRRt s et MO RAFRA BF 490eBA
folldwé@l\fbfé@ofsmé t6lBYGF Jsrgalﬁaahﬂpmpﬁgblyttea YafrdB&atic [ &de2mmarQErs,
/nd _AA for day thre b) 20 ng/mM of WNTI + 1Q0Q
Sucth@S/ P Xalaj Epréleg@elrcs@l&prm%@wl@ IRy EQPYIStXPTESEION G B
endG Rk R ¥ (B 2 a R REEA R A S Epacon, Shqifth pTRA
analdgy seslit& ihelghoakedt Wc@%i@&ﬁiod%iﬂd ﬁordgim nragitars. Bdweaar,

da r d) 10 ng/ of VANTI 100 n in 0.5%
adafigt of Tk Raha s BT Rimall iy byt G Bl Pdsioiparad to
all-trans retinoic acid. However, addition of 10uM AM-580 suppressed AFP and CDX-2

expression while maintaining a high expression of PDX-1.
Example 34

The Effect of Wnt-3a Treatment on Cytokine Expression in Human Embryonic

Stem Cells

The effect that Wnt-3a treatment has on cytokine expression was analyzed using a protein
array. Cells of the human embryonic stem cell line H9 were cultured according to the
methods described in Example 15. At passage 54, cells were differentiated in the
presence of 100ng/mlActivinA +/- 10ng/mIWnt3a for 2 days in 0.5% FBS DMEM/F12.
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[0330]

[0331]

[0332]

[0333]

100 ng/mM AA for days 3-5, e) 20 ng/m of WNTI + 100

ng/m AAin 0.5%FBS + DMF12 for days 1-2 foll owed by
WQ2%0pB®B45DM F12 + 100 ng/mM AA + 20 ng/ m of VINTT/US2908/071782

day three, f) 20 ng/m of WNTI + 100 ng/m AA in 0.5%

FBS + DM F12 for days 1- 2 followed by 2% FBS +DM F12

+ 100 ng/mM AA + 20 ng/ni of VANTI for days 3-5. Figure

49, | t h | - t

Cellygierb SRo BB St R B G ie BE iy P APRER Asfvin and

2% RS CANES/M A A { BWeS@6LIR: SAVHANE X4 &preﬁ%htv@a@ RleRim#Add by
ng/m of Witl in the presencé of 100 ng

FAG%ﬁuI ceedtreatmsitggrphp. c@elts thatqde@m Atfion Pobnldélfad A @fvc@lls

exp%ggﬁgg ﬁl;(r&g; @g sscreégd.ﬁﬁl 915\71% tA %C(:f %Sg( &gag 7ngN f ceﬁs posﬁ;I ive

for mm@t@sﬁﬂdocrl ne Differentiation [0334] The
efficiency of differentiating pancreatic endoderm
cells into ancreatlc endocrine cells depends on nany
elkla&t%%‘gerelpﬁf‘dqatﬁdh FRJ oflbyo éﬁ%hfrﬁ HMepHEOWM Y IHe? BRmERbiAN el

lys%fFS E%gtélg NI R@C eé&{dﬂidn‘éﬁ n{%éha S QR5Eh trddiGiel (ér&fﬂ wid

concentration on erentiation
collpaed srebtancergratiaid dfytolaet hisay deitysiwsedad complendnyiop Cytakiemrray

pang barsSfdcA R BT GHTD10 (T e SR Ber B 0y oRRATGH g
cyt&klﬁfe basah s and IQe'éﬂtMe‘%ﬁrééﬁloH mllofv&ﬁg RO AL £6hHWITRA data and

mbryoni ¢ stem cel (H were cul tured
bacl@romrctisubgactmm Her fmh peaid, Iwegmelabé degamvaxampile art.also included.

p or. to di nt i t|on ' cre endo
A TR I s R A
pancreatic endodern1ce||s by culturlng t he enbryonic

Notibgbtt @ptchslation BPMhgi6 @8R IGFBP- Redd EGR afe &len 10henWhtda treated
in the absence of serum for one da After this tineg,
cell cppdigianqdsmegin e NEICTQYS SEPEIRS RIOMPTessifted i the Wk e ieated cell

lysa S 111(99dlﬂg'i%B? Nd 1 & B ’ﬁ(éF@é?a ad q"h%é é;egéultl 1 eg[%}@nsncan

I's treatnent, fumwas 'r
be aBH’M bavfirihiaithd digfeRHtibtBm meﬂi@lfd) (&0 onghlanye 8hd-3a effects on
KAADc m ne (250 nM. Cells were cultured in this
deﬁﬁ%ﬁ?ﬁﬁﬁ?‘?‘%ﬁnf gimatiPlys. After thistime, the medium was
repl aced with nedi um suppl enented with I x B27,
containing alltrans retigigufplegsd (2 M), FGH O
(50ng/ M) and KAAD-cycl opanmine (0.25 mM for four days
to induce the formation of pancreatic endoderm cells.

Pitfexangiation pf PamearcBmbeyonic Stem Cells Cultured on Tissue Culture
Substrate Coated with MATRIGEL to Definitive Endoderm: Role of Wntl

HI1P55 ES cells were cultured on MATRIGEL™ (1:30 dilution) coated dishes and
exposed to DMEM/F12 medium supplemented with 0.5% FBS, and 100 ng/ml activin A
+/- 10-20 ng/ml of WNT-1 (PeproTech, NJ, Catalogue#120-17) for two days followed by
treatment with DMEM/F12 media supplemented with 2% FBS, 100 ng/ml activin A
(AA) and +/- 10 or 20 ng/ml of WNT-1 for an additional three days. The following
combinations of WNT1 + AA were tested:

a) 20 ng/ml of WNT1 + 100 ng/ml AA in 0.5% FBS + DM-F12 for days 1-2 followed by
2% FBS +DM-F12 + 100 ng/ml AA for day three, b) 20 ng/ml of WNT1 + 100 ng/ml AA
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[0334]

[0335]

endodermcells was not significantly different in
cultures treated with | ow gl ucose DVEM or DVEM F12.

w(Q 0B30]184PAncreati ¢ endoderm cel Il s were differePCT/HS08/071782
into pancreatic endocrine cells by treating the cells
with Exendin 4 and HG-. Excendin 4 (50 ng/m) and HGF
(50 ng/mM) were added for ten days in either

in 0, 3 EBS BN ERDA RN £ 10 5 b 2l BURER s 10 Aa

for @@rs\gess tc?in %@ﬁ‘nl%‘f'WN@% +Of ONFIRNA WA 18 0C3%) [Pt e hMI 9112 for days 1-2

anal ysi les were normalized to pancreatic
follesmetb Z%Eﬁﬁ z*iDhﬁﬂabl:Qﬁ@H/ﬁ@j Aofaridey theehold40 dizgall FSENTI +

oot g5 REBSRBAERY 2 iy g indifod P DR T+

IOOSngﬂDAArfoFﬁegMBGS 2020 mgmﬂlcﬁ“WNameL mo hgihAiAnsw. 5% FBYH DM-
agon gﬂne expression were strongly increased in

Fl2%@t faystlrdillodr cpbEN FIBS dMpalret | Qong/ENl st @l ofWNTI

Wéeo 02%: F(ﬁre\yni\f;{tﬁg (?qﬁ%ure %06]5 rea +§ﬁ¥[%§'%f7—8§§s I-

2 foliyibdl E}’tZ%EBSl HDad-H10 +a100atggjmt Apef cenpage fOVNIThSoit days 3-5.
o DVEM | ow_g se (Fig re

} t I I
Flg@@S' péﬁ\glg Sg‘eaél Crﬁﬁys tF?@?@f fimegddt dlatg £or &% Oglwfléo
marE?rﬁ 'f&l'ld(ﬁn% %at% J)f t(l@ ?ﬂedellg: Mth[lgééggﬂun’NA@ had WH? IOfAdddltlon of

cose concentration: Cultures of undifferentiate
20 dpdbol Winblr jghé pres¢nemot€ €00 Bg/(n-l-llof addrekidjedvie seendidatiuped

ccor di to th t hod
rou g BB ST T AT B LD G S S g3 B0knd
GAERbryonic stemcells were differentiated into
pancreatic endodermcells by culturing the enbryonic
stemcells in RPM containing activin A at 100 ng/ m
in the absence of serumfr@mped6éday. After this tine,
the cells were cultured in RPM containing activi n A

at 10@1‘1&%% ct IPB10eod ok %nﬁﬁfatl@ %ghhé Phftbreh Qi

Foll o I'S treatnent dium Was replace W|th
RPM cont aining 2% FBS , FG-I O (50 ng/m ) and
Theréﬁﬂ@emyodf@imﬂﬂ'bmmi@g@@nw&@tic @dblsmetie imtol plmur@cﬂicimdd)dﬂtﬁ cells

der T o BBt b B b o BT BT R
con@éhﬁtaﬁbrﬂbﬂglué’dsle tThé‘Eﬁ‘eJt%tflgﬁl%& @nbhtfafio V¥ thFdHtb@ntiation of
(50ng/ M) and KAAD-cycl opanmi ne (0.25 mM for four days

pancrgamm@@éemh@llsodqm@d drenodmbpraipeicstent eclisniditsdeanarce¢ Prdocrine

cell adlla yas suppl enented with 5, 10 or 20rM
ngvﬂ%?f%én%e yield of pancreatic endodermcells was not
significantly different in cultures derived fromH9

Alteeitrnysyiuilicosé ajnc@ﬂv&tsontlfyesahegng\méhﬁal hedior CAQuN of

undi fe%grga?ed(hlﬂnga%re%lbsr%onig ?tgl’?ll cells (H1 and H9) were cultured according to the
methods described in Example 1., prior to differentiation into pancreatic endoderm cells.
Embryonic stem cells were differentiated into pancreatic endoderm cells by culturing the
embryonic stem cells in RPMI containing activin A at 100 ng/ml in the absence of serum
for one day. After this time, the cells were cultured in RPMI containing activin A at 100
ng/ml and 0.2% FBS for an additional two days. Following this treatment, the medium
was replaced with RPMI containing 2% FBS , FGF10 (50 ng/ml) and KAAD-

cyclopamine (250 nM). Cells were cultured in this medium for four days. After this
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[0336]

[0337]

[0338]

[0339] Pancreatic endodermcells were differentiated

into pancreatic endocrine cells by treating the cells
WORMOCGNRL. suppl emented with | x B27, Exendi n 4PCB0S2008/071782

ng/m) and HG- (50 ng/m) for two, four or 10 days in

5, 10 or 20nM gl ucose. Cultures were harvested and

sanples of MRNA were collected for analysis. Sanples

o Bt RSO BRSSP 6 i .
tran@'r&fn%ﬁ:hd&ﬁi @IWMLEGHIDZ0ng/Adhd (ZRAB) eyl H3ffH e 16' BYIN) for four

panel s b-g show the effect of glucose on
dayesqanéecstu the fagfatiomn 0f3pan|&mat1@ Eadodernmiksd . A hemagdd of paneseatic n

and gl yca rlved fr
endB sty 898 Pari QufFint? N RghATR b VTR Gyv-ghucose
DMEBEMBSDMENI/R. f act or invol ved in determ ning the
pancreatic endocrine fate and NeuroD is a direct

target of n3. G ucose stinulates a doesdependent

Panpwe%%@@d?rﬁl 536 AV atg A TespdialduRigmRN FFRAIC qrdpeing cehlpby iepting
e L1 G0l PAREHER, s R 100 ph bt Fu i A08 Copgmislen
addghfoelten dhyandeidier ld@pglurase DNEEN ion DAEMGIF 1ctagd days. Both media
werg SRSV b Qe S e . e €nd POy MRNA were
collE&g’cfl?dr amh1JLik a8 arhSIedveR dRalNetA-t8 patNg iR [ndo d N tAned

Pax-4 were observed in cultures derived fromthe human
accartingyto ticomethedn disdlpsetliimdatdre Babdhaolgy 23, 1398weviei (2006).
optinal i nsulin and synaptophysi n expressi on was

bserved in cells treat | ucose fo
tos BRGS0 b B fockipf2uiting PR AR PHITERHTRg. Bincts w and
b, bbmaﬁéulﬂﬂ 24 pheagsngeeekbebasimadrdyrohble inatiedsn edllsthated
resent invention; G ucose-nedi ated c-peptlde rel ease

Fhdrfompaed tp ﬁehl%%mdrﬂnwﬂviw shicose. davulipspresaos was
also?ﬂna@\%%iﬁy irhah pEp? e X Gé‘f ﬁgé @qurgéf ”lglgatﬁ{e AAVENEQS ?es&lted

were first incubate
in avargbr pérenseRiofi gsulis pbmvmlw domplarcan viEMe 1 gluktideEBigure

S1. il AR 1 nffeNealis s R RDRER YISt 156

BSA), for 1 hr. The medi um was di scarded and repl aced

AlteMifidh SF2RSs EENBEE SR Cufires BNERifTbR At AcdMiBagbMBE8S ic stem
Cells"were stinmulated with either 20rM gl ucose or

cell@(fslmwd BRMwergrcultuted aeeqrdmsm tisasetbodsrdsaeriicd nm Exarmplg 1, prior
o iRl el BB R RSBl o o St on
diffsrd @it EinddparRyeatib endodeBR tEItkEL CAMEIRE fHad dribtybiiic k66 cells in
RPl\t/JI?ggnltalmng activin A at 100 ng/ml in the absence of serum for one day. After this
time, the cells were cultured in RPMI containing activin A at 100 ng/ml and 0.2% FBS
for an additional two days. Following this treatment, the medium was replaced with
RPMI containing 2% FBS , FGF10 (50 ng/ml) and KAAD-cyclopamine (250 nM). Cells
were cultured in this medium for four days. After this time, the medium was replaced
with CMRL supplemented with 1x B27, containing all trans retinoic acid (2 uM), FGF10
(50ng/ml) and KAAD-cyclopamine (0.25 uM) for four days to induce the formation of

pancreatic endoderm cells. The media was supplemented with 5, 10 or 20mM glucose.
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[0339]

[0340]

[0341]

[0342]

supernatant. [0343] BMX stinulated C peptide rel ease

1.2 to 3 fold (Figure 53). 20 gl ucose di d not
waioaisase C peptide rel ease. There was no si ghCT/US208/071782

difference in C peptide secretion observed between

insulin positive cells fornmed in 2, 10 and 20rM

glucose [ 0344] Taken together, our data suggest that

e |nd ces .t he dose de enda ulatio

Thelil S8R futervas Rt eam ST RoTa b i B TS g Sl derived
frorh mt enPiry&Me Steh NS e8attd 1Mo 80 QP nglu%sfef(ﬁfg%&t $8HhRY a).

of humah enbryonic cells into pancreatic endocri ne

cells. The expression of insulin is also regul ated by
Pangqe@m@@odwnacqug@rq difborenaigtedriatorpepcreptgae@perine cells by treating

[ t
the FofR ARG PR R T Mo Bl RSB m g pREEO
ng/rhl) doMaol, id oA $PaeaysSnaf 10 be20mvieglliesss. Laltercb@ere harvested and

i 1 ustrated above by reference to exanpl es and
SamﬁkéP@F’r@HAé?%%? tested Jor gnalypis |Sapwlegppire epianadiged tppangreatic

end SERQ LY indd W cbidh ﬁ%'tﬁ@m?ﬁl ﬁ?fhs@lgge NR N tBh@[eélfNoﬁ%?' 2391392

descri ption but OW ng c aims properly
- 14ar8006)ed under principles of patent |aw Wiat is
claimed is: 1. A nmethod for generating cells

FigGR RO hD o St e BT b fredialesiaf PRSEES) NEuroD-1.

Nk:@XDPagSsH ﬁﬁulﬁmrk@glacéghﬁn@%ﬂg H&tved fRfm thRGuRRARCHAR dific stem
endoder m | i neage i nto cells expressing markers

cell dina itk thegri3sis it fost transcriptingrfector mvelvador daterniining dpepangreatic
endoc%rlen[aetflatre]%n(riilﬂfse T %I’lcls ean(f( 1%8 O IeF Igfn Igani( GR cﬁsheasrtl%lcu m’r%sl & Eiée%-

depererehelhaﬁ;esd iAokt K @i3 arQrN@fqui InliRNA IWeIMMha téoahidical
i n_ medi um suppl enented with glucose at

pan%réﬁ&elﬁmﬁm Dkx2-2 ondl Bpwtinlsochanedths tsa{yltlarmvpsqn pattsan (Figure
52, @ﬂt EE ol )¢\ ins MG 51?# Qlu&%%n%?b%e%l A 8§ A% d in cells

ers chardcteristic o rea i C en oderm
treatadnveidlg B0raMegldedst ésreldt dagb @igﬁrredm pdneid foodent stem
cells. 3. The method of claim1l, wherein the ceIIs

._expressi mar.ker s charact.e |st|c of he ncr :
S SIRRP! Mg SeHoD- heNEvot PR Caiobsrudibas sy Serived
frorﬂ'ﬁ{elﬁﬁl%n%lﬁ% i€5ieitdefl 10k HIhEra8R VNIt iIHeRy S B @gﬁﬁlﬁ] insulin and
| i neage. 4. The nmethod of claim 1, wherein the cells

synmmleslsm qxgreﬁewlk sras obsravcddn eelistréatedowith Rempbgloeesstipcl0 days
(Tm@” g |ne | i neage are derived frompluripotent stem

C-peptide release from insulin expressing cells formed by the methods of the present
invention: Glucose-mediated c-peptide release was monitored in insulin positive cells
derived from H1 cells, that were treated in 2, 10 or 20mM glucose. To evoke c-peptide
release, cells were first incubated with Krebs-Ringer solution with bicarbonate and
HEPES (KRBH; 129 mM NaCl, 4.8 mM KCI, 2.5 mM CaCl,, 1.2 mM KH;PO4, 1.2 mM
MgSQO4, 5 mM NaHCOs;, 10 mM HEPES, 0.1% BSA), for 1 hr. The medium was
discarded and replaced with Krebs-Ringer solution containing 2 mM D-glucose. Cells
were stimulated with either 20mM glucose or 0.5mM IBMX for 1 hr (all purchased from
Sigma). The fold stimulation was calculated for each culture by dividing the C-peptide
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[0343]

[0344]

[0345]

5. The nethod of claim2, wherein the pluripotent
stens cells are differentiated into cells expressing
woreroretsEsThar acteri stic of the definitive endoREr/ns2008/071782
| i neage before being further differentiated into cells
expressing markers characteristic of the pancreatic
endoderntlineage 6. The nethod of claim1, mherein the
ose.i s use conce f about
con§ini g e SEREH RO RAG A i haPgide Sarhid Uy (s bagal
sup&fmegnt ration of about 20vM 8. The method of claim 1,
wherein the cells expressing nmarkers characteristic of

t he pancreatic endocrine |inea are treated with a
BMgfastinnlated Cencpside raferspil 20p 3 fokd (%mmlﬁhl 20mivl ghycepridid not

st1rn aCEe Eﬁze%[@e ¢ Vﬁagejt Tgeqr?ﬁ&éas %8 N 1ag§1 exnt;g%gfg%& 1% C % e}?tédgesegr%gon

obs@h&t Bettveen Bikulgn pdsithReccfangmedti 2, Hmiﬂcmrrnﬂ dlideeage are
treated with a gamma secretase inhibitor or

din-4, or Exend| 4 and

Tak%&%thﬁb ofhgata Sliggestﬁ %HH%F%&F%?%@:L ePngi“TePWf‘tgH@tlon
of tl?e%ﬂd%cﬁﬁ%o&%t KeurbPar @é'ti gtthzﬁ coE faduces the dose-

pancreatic en |ne I neage ar ate a gamma
dep@eicnedlﬁ‘sentlmtmmfﬂmmanmbl‘ﬂ(@ndcaﬂsctmoqxanﬁxm\cdmdodnmlls. The

HGE fOf.aqeut da Sl% gbort 10 d%é Qe net hod
Sxpispsigh §f PN RAEP &P I#RL DE 8lueasedp é%fi DR g T

characteristic of the pancreatic endocrlne | i neage are
Publit@Rin€ ditdd ﬂlPOL@hQ@tﬂHﬁ dseeh&itasehdretyi MbédPbratcd by reference in their

Exendi n- 4, Exendin 4 and HG- for about 10 days. 12.
entirhe Akhowsdh tb¢ vgias ghpects dheinentipa hage b@enel%pq}teé@t ghgve by
refeftet ) S A oG o AR ST BL b A P g scope of
the @Weﬂ&mnd idofided ot b{ﬁxl&l’mtdgoﬂlgafe@crﬁﬁﬁnfbm babteublldwihg)taims

13. The met haod of cla|n11 erein the cells
propsglyrconsiryed wrdeelinsRiesntaateat a8t i ¢ of the pancreatic

endocrine lineage are treated with a ganma secretase

i nhibitor, or Exendin-4, or Exendin 4 and HGF for

about 2 days. 14. The nmethod of claim®6, wherein the

cells expressing markers characteristic of the

pancreati c endocrine lineage are treated with glucose

for about 2days to about 30

90



days. 15. The nethod of claim7, wherein the cells

expressi ng markers characteristic of the pancreatic
We@pwWontd4ne | i neage are treated with gl ucose foPCHDBS20D8/071782

2days to about 30 days. 16. A nethod for

differentiating pluripotent stemcells into cells

expressing markers characteristic of the pancreatic

endocrl ne. | i neage, conprising the steps of: a .

#p elapy ?@ Sthe pluripotent stemcells,b.
Differentiating the pluripotent stemcells into cells

exXpK ﬁ&ﬁidGQOﬂQéﬂéﬁﬁﬁé CBRY @G @kinStnh k&b chdiect@ticriftheq@increatic
endoderm | i neage treating the pluripotent cells

Wi tqﬁdwtne\hmags, CQmprlmg flidfesentiating pejlstprproseng markers
ex p%g&%ﬂr%ﬁgt i 5 thg %gn &%r %ﬂl ederr%tl n%%é)ef info c%llggfeﬂ és!iﬂ Vifarkers

endoder I heage O cells exp

chahagterikisd Mxh@baﬁdn@np andéeimk |11©e£g'¢d@deeraﬁhg teaRye expryssing
treating the cells expressing markers characteristic
of r{léﬁéera shasterisie of frorraicrRafic prdpgsrplipepestwifieh gimpa secretase

f' hreB] t@rSE)% E% \8% 4fcﬂ°éx%hqutr?1\g'c}:1@1? 1ﬁtrﬁé3fi7ﬁ(}ﬁ SIS h

| east oné ast grow h
Di fdlerosabt eatdnaenttadtion deinl sbox ;‘b@mNBtma@pouBIGmMs
characteristic of the pancreatic endodermlineage into

ek REP TRt IR RIEEA Bl e Bompr oo
gf AB&Sh i Oe B &A1 ﬁnéé%@ bR ifFEetidted BbmIPIGIRAGR sRAT Edls.
oderm lineage with a ganma secretase inhibitor, or

Exendl n-4, or Exendin 4 and HGF, in medium
§u @eémth@(b@f Ghpiohl.gyhisees shesgelly cxprmesang matkicrehpragteristic of the

6 mﬁcr%%\@%dﬁd%}oﬂﬁeaéwsdeﬁzed PEH JARL Q}?ﬁ Inrga g’kg}s

,wherein e gluco used a co ion of
abahitrat@ablic df8he dbfEnitivd haiddedn hheailgm 16, wherein the
glucose is used at a concentrati on of about 20nM 19.

met hod of cl aj m 16, in the.cells expressin
U S R A M EA s S GRRCT UM ET i@ﬁ_ Fctest fic of the
lolr NRAG8a R &dbbSR! Bithait b cﬁr&%@mﬁﬁ&‘iﬁo‘té}ﬁ StehlIR! tor,
5. The method of claim 2, wherein the pluripotent stems cells are differentiated into
cells expressing markers characteristic of the definitive endoderm lineage before

being further differentiated into cells expressing markers characteristic of the

pancreatic endoderm lineage.

6. The method of claim 1,wherein the glucose is used at a concentration of about

10mM.

7. The method of claim 1,wherein the glucose is used at a concentration of about

20mM.

8. The method of claim 1, wherein the cells expressing markers characteristic of the
pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 2days to about 30 days.
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Exendi n-4, or Exendin 4 and HGF for about 2days to

about 30 days. 20. The nethod of claim 16, wherein the
wW@2000®183xpr essi ng nmarkers characteri stic of thBCT/US2008/071782

pancreati c endocrine lineage are treated with a gama

secretase inhibitor, or Exendin-4, or Exendin 4 and

HG- for about 2days to about 20 days.21. The nethod of

l ai.m 16 rein the cells expressin rkers ..
G e ST s R s s TN R R NP PR r sl of the
t r gah&dati¥ dddlodri AN S e tRLRASy it bR k@ kecr@hse inhibitor, or
Exendi n-4, or Exendin 4 and HGF for about 2days to

abdixendid-Hay Exeriin 4 Thé Hdt fosdbarft 2dhys tmabeyt ein the
cell s expressing markers characteristic of the

' i ne. | re t t .t ]
BASRULS) SPARFT LI EAOR BLEMGR Bt oA Por e

HGpahakatidbaidocrltk ldayge a2 Ircatbdavitied fatimakewttasaniniibitor, or
wherein the cells expressing markers characteristic of

t heExsadiark ot fxendiydapd HIGH fon abept 2drw topbaytdd dish a

gamma secretase inhibitor, or Exendin-4, or Exendin 4

@P.dfﬂél%etflﬁ({e oigéglé’ili*ﬁ 1 AvR¥a the?éhlls LRGSRt adr@ls ghak®il&o ?f the

wherein t S expressing markers Tcharacteristic o

t hepapemeteatdocrienidwegs ae ticated ageh aganme eatretdsewnhibitar, or
ga ecyretase j.nhibi or di n-4, or Exendin 4
an @%%Prgﬁg@nﬁaagygp%?bgﬁgﬂ thod of claim 21,

wherein the cells expressing markers characteristic of

I herRanehedbf daientochdréia thd e gLpisend medkkRehwatRristic of the
gl ucose for about 2days to about 30 days. 26. The.
metrgpercac aldarmnolmeagh aiedioated e thce garsma genretgss inlibitor, or

mar . C RN C ti c endocrine
Iig§§%§n§F§¥?gégﬁggggﬁgﬁﬁaﬁ%?gggqusgabout 2days to

about 30 days. 27. A nethod for treating a patient
havitegnethabef @sinby, whiaaeia pheaet s egpressingcmhbtksrsathackc@risticlof the

into the.patient. .28. A nethqd for treating a patient
ha\naﬁgem‘g%@f)e%n%@neeg%@aea VA ¢ mmpa |S?°§9ta$e lgﬁli?it% 5

| Nt hBi®-P 3 ESBidin 43nd HESE fRLPOH 2°(fay§.| aim 16, wherein
the pluripotent stemcells are enbryonic stem cells.

14. The method of claim 6, wherein the cells expressing markers characteristic of the
pancreatic endocrine lineage are treated with glucose for about 2days to about 30

days.

15. The method of claim 7, wherein the cells expressing markers characteristic of the
pancreatic endocrine lineage are treated with glucose for about 2days to about 30

days.

16. A method for differentiating pluripotent stem cells into cells expressing markers

characteristic of the pancreatic endocrine lineage, comprising the steps of:

a. Culturing the pluripotent stem cells,

92



30. The nethod of claim?29, wherein the enbryonic stem

cells are human enbryonic stemcells. 1. The nethod of
W@L@9B8 wherein the human enbryoni c st em cePdBHUS2088/071782

derived froma cell line of the group consisting of H

and H9.

17.

18.

19.

20.

b. Differentiating the pluripotent stem cells into cells expressing markers

characteristic of the definitive endoderm lineage, by treating the

pluripotent cells with activin A,

Differentiating the cells expressing markers characteristic of the definitive
endoderm lineage into cells expressing markers characteristic of the
pancreatic endoderm lineage, by treating the cells expressing markers
characteristic of the definitive endoderm lineage with at least one
fibroblast growth factor, or with retinoic acid and at least one fibroblast

growth factor, and

Differentiating the cells expressing markers characteristic of the pancreatic
endoderm lineage into cells expressing markers characteristic of the
pancreatic endocrine lineage, by treating the cells expressing markers
characteristic of the pancreatic endoderm lineage with a gamma secretase
inhibitor, or Exendin-4, or Exendin 4 and HGF, in medium supplemented

with glucose at a concentration from about 10mM to about 20mM.

The method of claim 16,wherein the glucose is used at a concentration of about

The method of claim 16,wherein the glucose is used at a concentration of about

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 2days to about 30 days.

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 2days to about 20 days.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 2days to about 10 days.

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 10 days.

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 4 days.

The method of claim 16, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with a gamma secretase inhibitor, or

Exendin-4, or Exendin 4 and HGF for about 2 days.

The method of claim 21, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with glucose for about 2days to about

30 days.

The method of claim 22, wherein the cells expressing markers characteristic of
the pancreatic endocrine lineage are treated with glucose for about 2days to about

30 days.

A method for treating a patient having diabetes by transplanting the cells of claim

1 into the patient.

A method for treating a patient having diabetes by transplanting the cells of claim

16 into the patient.

The method of claim 16, wherein the pluripotent stem cells are embryonic stem

cells.

The method of claim 29, wherein the embryonic stem cells are human embryonic

stem cells.

94



WO 2009/018453 PCT/US2008/071782

31. The method of claim 30, wherein the human embryonic stem cells are derived

from a cell line of the group consisting of H1 and H9.
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