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PLURI POTENT STEM CELL DI FFERENTI ATI ON BY USI NG HUVAN
FEEDER CELLS FI ELD OF THE | NVENTI ON [ 0001] The present
WO posniseohn relates to the field of pluripotentPeT/@82008/071775
cell differentiation. The present invention provides
nmet hods for the differentiation of pluripotent stem
cells on a human feeder cell |ayer. articular, the
PLREBRHRNTi AR EFdn PR REIES AN i PB%CU Hﬁ’é‘t‘h SEERESy CEMeS
differentiation of pluripotent stemcells into
pancreati c endocrine cells using a human feeder cel
| ayer. BACKGROUND [ 0002] Pluripotent stemcells, such
as, for exanpl e, FIIIDOF THE ENVESTIONave the ability
to differentiate into all adult cell types. As such,

enbryonic stemcells be a source of replacenent
Thegupsest ignentiongslgtes ﬁ(btfheékéchﬁ%pltlﬁmtewm plbdifigemtigien. akhe

pre%gfl:l %?éﬂtfonq;roxqaec‘s?rﬂgtﬁo%% féﬁ ?1% (1 ﬂg‘en@dftlo%%q’% to?ént stem e}ls ona

enbr stem
hunian fbelce gl layexd Ia@aalcnanl the pireRdit mehhorspmmies s improved
ered ? the difficulty of efficiently

metg?ql rﬂ&hﬁil TSHgH I%W@H.S@Hgfeélﬁ]@e |pﬁgch%tCoenfiﬂ%ﬂ%ells

usi %Hﬁnﬁ&1ﬁ@&ﬁ%€ﬂk%@903] In one exanple, Hori et a
NAS 99: 16105, "2002) di scl ose that treatnent of

nmouse enbryonic stemcells with inhibitors of
phosphoi nosi ti de 3- ki MAEKUGRQOUNID?2) produced cells
that resenbled b cells. [0004] In another exanpl e,

Plurépec}{éc'nztc el'rjllfceel‘fs alch ag FflerAé'Q)'(alog Dle, 6%1% on(i) ?’tz:rn ity flatwsé tfle gbility to

jon of i 'nsul Ci n from

dlffa@bﬁaw it6 aB e e&l types aRsduch Lamug%bmc Siept €8IS lnma@ H%aam)urce of
[0005] Mcallef et al. reports _that retinoic acid can

replaggiaracallstand tseenor pigaps %*Flt ke byendlamaged @b 8 spsulf of giscase,

o PO S O LR AOERAS Behos

empAcyddwisn réplé@:mmﬂbﬂf scofcdt iR @amfred by vpediffaouity pf efﬁc1ently
re ula he expr essj an o crin ancreatic
dlffa‘gﬂ’é m(gﬁ ao lafoawl Py 8351 SR tEi‘q a%ﬁfrym gt 6@%@3 (PdxI
i nsulin, and glucagon) in nouse enbryonic stem cel s

In oﬁ@b%ﬂﬁm Hdlri et @7@Ng§99 1?@@§%|2d 9@1§$lo§1ﬂhﬁt3tkéatrﬁént%lf mouse

studi ed the effects of Ogromﬁ factors
embgpen¢ picoadelly wathHalmbigoryi pmS@homasltldfrﬁMna@ﬁﬂrmﬂﬂoﬁ%medmced

s in de positive cells. They observed that
Ceﬂ%ﬁf%ﬁ”?%%?%&ﬁ@ﬂ%ly yi el ded a hi gher proportion of Pdx
positive cells (Genes Cells. 2005 Jun;
In another example, Blyszczuk ef al. (PNAS 100:998, 2003) reports the generation of

insulin-producing cells from mouse embryonic stem cells constitutively expressing Pax4.

Micallef et al. reports that retinoic acid can regulate the commitment of embryonic stem

cells to form Pdx1 positive pancreatic endoderm (Diabetes 54:301, 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 (Pdx1,

insulin, and glucagon) in mouse embryonic stem cells (Biochem. J. 379: 749, 2004).
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10(6): 503-16.). [0008] Gordon et al. denonstrated the
i nduction of brachyury /HNF- 3beta + endodermcells

wo c@oiomsase enbryoni c stemcells in the absenceCDiS2008/071775
serumand in the presence of activin along with an
i nhi bitor of Wht signaling (US 2006/ 0003446A1). [0009]
Gordon et al. (PNAS 103: 16806, 2006) states "Wt and

.TGF-beta/ .nodal /. actjivin signaling sinultaneously. re .
Shifhrfiof PR fEe g bR FBr HESrARTE R BT e i hation
of cfif > steh @R Oihto P itfle Rlls. TRY A& SMHaf YORRE Stem

cells from human bl astocysts (Sci énce 282: 114, 1998).

reproduablyryeeldéd/a higherrprapartiamdf Bduopdsginvs cdby (Gands Ralimd005 Jun;

f ic germ (hEG cell lines fromfetal gonada
Hxéﬁgg%igéShanblott et al, Proc. Natl. Acad. Sci. USA

95: 13726, 1998). Unlike nouse enbryonic stemcells,

Gordbi etu/C@mdistrpee nerheettion ofbeichi ey CANFas botg Bidemr dayls from
culturing wth Leukem a I nhibitory Factor (LIF), human

moysgisMPEYANEC serapebein the Apssncarf serinhend Wdhe prsarce Pépgfivin along

il 8PP 8Ll b IS 2 BNy 0200, B0 WO

descri bes the production of enriched cultures of hunman
Gordor e n(PINAS €05 :déB06, 2606 veded@WVnhartd TEF drthddedald dchivinhe
. .esence of hi gh concentration of activin and | qw
sigrlifg SR e SBHE SEhIaH oty R yeHoR oL HAnisA G T HEs o
stresiel | s under the kidney capsule of mce resulted in

differentiation into nore mature cells wth

characteristics of sone endodernal organs. Human

Thoaspn yom oktasandlayenig stemests diefi umin/lasipeistsd Soicees 382114,

be furth i.fferentiated,into, Pdxl itive
19987 FC Ry Shoe B0 b B SBR pESL cBRRE} I R Tof &) con
linePfBADfdtal g@bnaalal tidsha{ SHaenbdtoéeg ROt - A2, SAi3ORA-9SLHIR6,
199éZOOG)) states: "W have developed a differentiation

} delgs mouse cabrvai¢ siemestnh veheh perhearereaiad fresdifaentiating
. X .cel f i.Zi .
s e 0f Raf Ton B TRRE S TP KTLEER, ReBhr iR gy srom eots
mugpdo erag@bined podey peptspdaalavadgione(W.S. PathNs. @Rokeds WO

M CS, 1 [ vO_pancreati corganogenesi s by directing
o0/ it Xich Pisgm ey

tages resenbling definitive endoderm
gut -t ube endoderm pancreati c endoderm and endocri ne

D’ AAhEFWE 80 HeRBLELME BrdRicES bferdrRAsd 8AREQST human embryonic stem
cell-derived definitive endoderm in the presence of a high concentration of activin and
low serum (Nature Biotechnology 2005). Transplanting 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". [0013] In another exanple, Fisk

et al. reports a system for producing pancreatic islet
wa@eibm4derdom human enbryonic stemcells PCT/US2008/071775

(US2006/ 0040387A1). In this case, the differentiation

pat hway was divided into three stages. Human enbryonic

stemcells were first differentiated to endoderm using

ore R el FRURE N UPRE L et 4B RGBT E PRI gy ube

endDRIBH Parlchoatio XRIAREh AR %&J&nﬁ%r&ﬁrs@?&@f‘o%’té tHl cells 8t express
generate Pdxl positive cells. The term nal

ende¢rirfedrogmoinesi’i on was i nduced by nicotinami de. [0014] In
one exanple Benvenistry et al. states: "W conclude
In a%ot%%r &g ple )f:?sﬁ(eészb 9ep09tfs a sy%gte ?{' ?r%ﬁ&cdm ex&’nc?ea?lc ?s%t cells from
i’c™ enri ched genes;

hunemwh&ﬁfﬁcbrﬁ@ stﬁﬂlyceﬂequm(mmm)dowma)l s thghédss, théatffeddr@iation
only present in vivo" (Benvenistry et al, StemCells
paﬂzmsvaszdzmﬂgdzsﬁqg%) stagego Hymapembsimestemeshprate fashdi e
[ r
ciftGlen@itod § LATH il SFRRLIANECT (R im EIBEAL fpPlotivin A. The
cellganmethseculetabeith TG aitgohBsatings Noggn hracwebihitéon with EGF
Al nance of pluripatent cells in.a pluripotent
or bdpase T @sleerﬁta@éﬁi PPYILYe Seiag ;Lﬂhﬁ temingk ﬁlrfﬁegef) 1efiga s ingpced
by Rt&RangIPOUNds that inhibit gamm-secretase or Notch
signaling to enhance the maintenance of pluripotent
cells in a pluripotent state" (W020040901 10). [0016]
In opg emplheli}emelﬁ@y et al\stetadi PV aoectlucéa thafcn@ele@messwn-mﬁiﬁx
stem c are Itu granu 0sa
enh'?‘“ecég é’r‘pré%ﬁ“?n © n%rc?ﬁtéc %né’chS Bl 18%‘11%1811& 8%53[‘ xpression tmay
requfd ddaeldnal s@eﬂd that 420 Bﬁlyl’ﬁiégeﬁWnSﬁ\FOOT(Bkn\i‘eﬁlslt@,et andtek Colls
fibroblasts and the enbryonic stemcells naintain
2006124 1975930t ent  phenot ype" ( US20050037488) . [0017] n
anot her exanple, Xu et al . dlsclose "nmesenchymal and
j Lt
In apb BB o GiePl AHRRR, o Bk BB b ToRR! S Rpless tigands
or olfiet howpodmals tithe inhvbingarsmetscaetake b Netsh signaltestsicnbjance the

.nedi a, an rowi ng, stemcel |l s usj h fee er cells
i ot P e THEgloah APLTAESH PBedredeDEIOING Fofam of cxpros

ligakds oﬂ&%%mﬁbﬁﬁﬁftﬁiﬁnh%ﬁ gﬁl%nﬁwehletars@ HPNB&h@lgnahng to enhance
SI gnl i cant need deve op conditions for

the e@ﬂmansdwﬁrgulpmjmtp@klsemta BHuapotertistate’] (YeQ29HAPO EHN. be
expanded to address the current clinical needs,

In another example, Mitalipova et al. disclose: ‘“Human embryonic stem cells are
cultured with human granulosa feeder cells, muscle cells, Fallopian ductal epithelial cells,
bone marrow stromal cells, and skin fibroblasts and the embryonic stem cells maintain

their pluripotent phenotype” (US20050037488).

n another example, Xu et al. disclose: “mesenchymal and fibroblast-like cell lines
obtained from embryonic tissue or differentiated from embryonic stem cells. Methods
for deriving such cell lines, processing media, and growing stem cells using the feeder

cells or conditioned media are described” (US20020072117).
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while retaining the potential to differentiate into

pancreati c endocrine cells, pancreatic hornone
wez@wessirng cells, or pancreatic hornone secr ePCTyS2008/071775

cells. W have taken an alternative approach to

i nprove the efficiency of differentiating pluripotent

stemcells toward pancreatic endocrine cells. SUMVARY

019] The. present invention relates to the field, of .
Theltaiey Tt FEF B ol A Bordrs fataiomconghibns Fydsfibthing

pluript& kicANcddr ek 489 cAEbNOGand @l to laB8retl tht @088 IcRAIcAIM RS,
pluripotent stemcells on a human feeder cell |ayer.
whilereparing thelpetentinhte dplifersetmte intw patcraatic gndndride selés pancreatic
h in}iroved et hﬁd for thg. cfll fferenti ﬁti on ofwgiluritp t ent
OrRPRHTXPLTT LS S Op AT ERETOTBARFEFToHEE S8 SV haF YA an
alteFHAIR® a2 6480 E@blovE B TTicibhE 28 differeR@ingPIaeioi@i ient &gls
present invention provides a nethod for
towgidffageispEq edopngtalisi pot ent stemcell's, conprising the
steps of: a . Culturing the pluripotent stemcells, b.
Plating the pluripotent gghiN I's onto a hunman feeder
cell layer, and ¢ . Treating the pluripotent stem
cells with at | east one factor that pronotes the
Thedirédcet ipmtrtmnirelatesto thedichd off plpopa@ait seine pelkdiffesentiBRIEFThe

DESCRI PTI ON OF TH L00211. Fi .1 sh t
presg R RS OGPy e AP 106 B A e oo g s f gt R lon &
hunfeffiEier 8QKraydr? \In E@Pﬁi‘é&ar,'”_thé\ﬁregé}t ifvleMiéh podidBEEh ifproved
e

o(?ul ations of t human enbryonic stemcell [ine H9,
rnetg@ P shradjélerpgtiattan efymetpatent MATREedE intoipehcriAtie endocrine cells

.condi tione {.a _and conpared to cells transferred to
usty az%uén%lnfg?é}égglgiafy%r obl asts (MEF), commercially

avai | abl e noue enbryonic fibroblasts (MEF-SM, hunman
In odle efmbbdihicht, o meicht (vohtlgn providaga eteakbindifchmabligst s

(Hs27), and human, pancreatic-derived stromal cells
pluringisnt sopels sogurising the 3RS ¢fhe ef fects of human feeder

cell layers on the differentiation of human enbryonic

a. BLAMIGEIE DhirHoRnf Sk cBYPr €SSi ng mar kers

characteristric of the definitive endodermlineage. The
figure shows expression of CXCR4, Sox-17, and FoxA2,

b. Bktide therplinmeadens ytoneed! Istontrea RER1 feegarmall dyicormadof  t he
human enbryonic stemcell line H,

c. Treating the pluripotent stem cells with at least one factor that promotes the

differentiation of the pluripotent stem cells.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the expression of markers associated with differentiation: CXCR4, Sox-
17, FoxA2, HNF-4a, HNF6 and AFP in populations of the human embryonic stem cell
line HO, at passage 46, cultured on MATRIGEL with MEF conditioned media and
compared to cells transferred to mouse embryonic fibroblasts (MEF), commercially
available moue embryonic fibroblasts (MEF-SM), human dermal fibroblasts (D551),

human foreskin fibroblasts (Hs27), and human pancreatic-derived stromal cells (HP).
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at passage 48, differentiated into cells expressing
mar kers characteristic of the definitive endoderm

wo eveagss7s cul t ured on nmouse enbryoni c fi brobl aB€BUS2008/071775
(MEF), conmercially avail abl e nouse enbryonic
fibroblasts (MEF-SM, human dermal fibroblasts (D551),
human foreskin fibroblasts (H527) and human

Fig R g ph A el Pupoh i felladert B fhe didoERtaty A himin

eer?dﬂT@Eﬂterbeﬁﬁ I8 LIS &PRISGAS Gk IRENESSSerid bR G IkR Ve
of the pancreatic endodermlineage. The figure shows

endedqmmels@aw Bie fpxashovkNRprasio HNFCE G SPO)| andal?saxA2 as

det erm ul ati.ons .of
N Careny oty ECRmRpRg Fo o GGl ine 1,
at pAshgea® ﬂtﬂf@éﬁﬁtddﬁh@ &8k bLpredshican sk oRBfak@Fistic of the definitive
characteristic of the pancreatic endoderm | i neage,

endedarminsaee sukiwad en sewsg embeyonicHitspblays MERERpmmercially

o R B LA T MRSt ss1
hurﬂa@rfeﬁklkiﬁ’ﬁbir(bflaﬁﬁd @HL3), @hl$ Ruthan pﬂd:réamiﬁaﬁrive(i stromal cells (HP).
pancreati c- deri ved st romal cells (HP). [0024] Fi gure

. sh ect of h eder cell ers
Flglrrs%%% eo@f cgts19 élwé% ng g an the ﬁla?{ Cs % c
expﬁéfss&@ &aﬂ&%élﬁa@a*dtéhsﬁ@ gpﬁfe'ﬂdﬁcrjeétﬁe@ﬂgderm% DFQ Ulke ﬁ%&%’%hows

expression of FoxA2, 4a, F-6, Neuro

expRasiod of RisAZ HH\IF-FPE»HNF Ggansdd%@sifil @GtﬁB}HnlaﬂﬂbY r@htlma PCR in
ed b |
ropflbidoi AT g BrDS SR L g B ey ®2f ARk RiRed into

cellé 8xpréisfoahaRtis ah@dctenitR Fehd farRidatie ssddugrmBinkiesScultured on
characteristic of the pancreatic endocrine |ineage,

moysg lembrediiofbieblaste (WD yf&mr@erﬁiaﬂv ki kblesmppgerembryonic

G LR Rl DR ARk PRI ﬁ?{@s\é‘f? Gl PoRRLA Hoobtasts
(Hs2 Dy @sckhuimdd ﬂSHn@fblaﬁS-HSrl‘(ddSS&B)nal adi (RPyR
pancr eati c-derived stromal cells (HP) [ 0025] Figure 5

. o) the effects of h eder cel ayers on the
Figye #V@P‘éfﬁ fhegf fesﬁ BbHURg %%%Hﬁ‘f%}‘ﬁf% oy ff@rfp%fftwél el
exp{éeg%l%l% RN ESRG TVRE %th% éﬁaﬁﬁ’%ﬁfct &fdb&tlﬁeclnféfa%é. Phe figure shows

itive endodermli ne figure sh
expeespoe 85 Fom H HNXERAINBex Nbﬂrolhln iNkROXAPax als Nkatoel, ADved,

etocioh T 47 i i YRR S rEn R g of he

hunfe@l dnsh & S8/l el Hﬁ%rﬂ(le ﬁﬁpe%h@'eal%t 8iffefdnkigte@fintb REI1s expressing
definitive endoderm | i neage, ui tured on nouse

margsers chamapteristicorfdhg gaglcgea(wgp:cjocrl@g tineagsi edlfuped on mouse embryonic
fibroblasts (MEF), commercially available mouse embryonic fibroblasts (MEF-SM),

human dermal fibroblasts (D551), human foreskin fibroblasts (Hs27), and human

pancreatic-derived stromal cells (HP).

Figure 5 shows the effects of human feeder cell layers on the differentiation of human
embryonic stem cells into cells expressing markers characteristic of the definitive
endoderm lineage. The figure shows expression of CXCR4, Sox-17, and FoxA2, as

determined by real-time PCR in populations of the human embryonic stem cell line H9,
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avai | abl e nouse enbryonic fibroblasts (MEF-SM, human
dermal fibroblasts (D551), human foreskin fibroblasts

w@ kw2/p)8678nd hunman pancreatic-derived stronmal PB€I/0S2008/071775
(HP). [0026] Figure 6 shows the effects of human
feeder cell layers on the formation of cells
expressing markers characteristic of the pancreatic

RN PN AU S R A SRumRRHa: Sy detimiive
endb&Rhr ﬁﬂeage RERikd oR %k@&m@g»%nﬁfﬁﬂraﬁaﬁy (WEFEEBRYRR¢Sly

stemcell |line H9, at passage 46, di fferenti at ed |nto
avaidgil¢ mossqrelyspmg fivertitests(MBESAEY bunsn doned fibreblasts (D551),

ancreat i dod in e ul tur.ed, an use

nunB 55D dfop G ey b P RRan Bt ST TSR s P

nmouse enbryonic fibroblasts (MEF-SM, human der nal
Figiirt lorsabtva seSef{cDB D humt fiesdei @llegidre o E}Qrfbhhzafoﬁfo fcbs7) ,

and human pancreatic-derived stromal cells
expreggpg Mapicgueleraetaisiaet thepapeedia @dederﬂu%%% eE ofigwgphows
exp}egé’l&'i 5f PO AN G rztﬁmf%N% Md Bisxl S a?éﬁé&ﬁﬁéd‘%{ . hﬁ{e%CR in

aracteristic of e pancreati ¢ endocrine 1ineag

popthéofid @fuhehmhm\smbwpnessanm oelbfindHa9 A2 pasddbe 4@, dlﬂﬂt‘ﬂEntﬁa,ted into

Neur oDl , Nk x 6.1, PDX-I | ucagon
celly GRS RS &%Wﬁ“@‘ilﬁ?s)ij\g‘*spad’éfeélflﬁ?ﬁ%ieﬁs lingage. ¢ylfyged on

motfR @%nib%di’l@cpﬂin%la% gt &enhLeRNy %VQ[%%Sus%te?g%rf&h&

i ne at passage 46, differentiated into
ﬁbrebdpfrte@éEﬁgSNmrhlumaB detmaal dibrarasss (5539, hubren gonesiria dibrablasts
|ne i nea cul tured enbryoni c

g PRSP RRg e B Bl Ry RIS, 2br e mouse
enbryonic flbroblasts (MEF-SM, human derma

Figire rshbiva tese DBt humbh fddef @lidaydriofh tHerfohhamhsofCHE27)
and human pancreatic-derived stromal cells (HP)

CXPIIETAP MRk DESCRICEETISENOf BEPBRCIFYic erdagiing/lingpeqli Eiq fiewe shows
exp?e?g?lﬂ oF F&}’Ai’\%pféla t()atl\]legfbD]t ﬁlﬁ? ?d }ﬁ@' NEGSCT, B 9N
0 I n 0

e 1nverdtion I’s V|de | 6w ng
glucgbis @CG@,mdhﬂmdm (dﬂﬁt)[ adpdetamindd Wystenlatie CERE 1alpnpulat10ns of the
f eat enbodi nts or applications of the present |,
humag, ‘HHC stgéqueh we Sk a‘[ RRSEE 464 @ﬁféae@tlptgd antg cells expressing

markd 'cflfn%&%ﬁética&ﬁﬁje ﬁéﬂclre%tlg %ﬁdld&?i% mieetglaeélﬂtu?éﬂ dﬂ f¥u@lenit?eonic

si ngl e cel | evel f-renew and fferentiate
ﬁbrolniaqjs (MEEE cpnmmylly:esl’ah]gblelmmiscl dinhgyonic ﬁbroblasts (MEF-SM),

nongelerR e B e BitinPBakodT e % AR i

pancreatic-derived stromal cells (HP).
DETAILED DESCRIPTION

For clarity of disclosure, and not by way of limitation, the detailed description of the
invention is divided into the following subsections that describe or illustrate certain

features, embodiments or applications of the present invention.
Definitions

Stem cells are undifferentiated cells defined by their ability at the single cell level to both

self-renew and differentiate to produce progeny cells, including self-renewing



[0030]
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al so characterized by their ability to differentiate
invitro into functional cells of various cell

wo 2eveagssss from nmul ti pl e germ | ayers (endoder m POEESIIES/0M1775
and ectodern), as well as to give rise to tissues of
multiple germlayers follow ng transplantation and to
contribute substantially to nost, if not all, tissues
foIIovvlnTg lg{ectlonlntobastoc

0030
PrOgeOitps, BRIETUC I RIPEAIRYS, ppbicrmpa %ri ]cﬁﬁ% onemygells are

alsoAchardcielizE @by BRISBI ity IR&McRAtAR! iR v 19’[0V1%n5t'10?1%l EQ1s@ harious
enbryoni ¢ and extraenbryonic cell types;

cell rbinaatgep dtoemmultipiagdrmglapdyb éendodgginy emesodaemtapd gktoderm), as well as
|}t : ti pot ent i I
to gyt IP bSupEo it BESier by Fo o RS R PRRL AR Gphfbure

subSaRallit€ HosH, 1ﬂﬂo‘§ sliss@sgallow R 1ﬂBM$drﬂhﬂle§s%cyﬁﬁéSt em

(for exanple, hematopoietic stemcells (HSC) can

produce praq that include HSC (sel frenevvalz bl ood
Ster@éplls e Stassi F‘ééy Bieirglspeloamental Iafzj@maé 8y s(1afdipgient, gegaping able
( L8k

to ghobES (SRR o BRI g B b e S T e Qo GicRR hlting able
to galel risctto alyiemryrongecd laypesm®) enulgsdtentcmethisgiildeto gife cisd to a

lin es than nmulti ent stemcells; and
subsgh Pgeqqlelmeag% B aﬁlgwglﬁpé" REGIYA) dstics @ eply O pilv%ahogwaleﬁmstem

(f01rI e'xﬁ]ﬁﬁg:ehérﬁatgpowtlcsﬂgrﬁ %@ﬁ@@ﬁ@)‘baﬁ&a%ﬂu@@ Ho%%ny HaP3diude HSC
fferentiation is the process by wh

(selfrmsqy@é) aldodedll (¢stmtaholigopetiti) pmgem@ssa@pﬂébcreﬂl tmmdmd @ldments

o ST AR Bla TS PE B F G ing v
to g(iJefrfs@ 1€ B incré Rdtrtedlubbe o8BIl Bidal ?95’ thagl Hﬁlﬂ%o@&ﬂt ktehScePB€and (5)
that has taken on a nore specialized % comm tted")

unipgdesite meaing athe 1 gikeripd weadeslopelhliveagr (c.Fheperamatagenic stem
CellScom’ntted when applied to the process of
d)lfferentl at| on, refers to a cell that has proceeded
in the differentiation pathway to a point where, under
lefeﬁﬁmﬂaﬂiomis rneapwtas O svhith andishedalivied ftimcdém@mitted") or less

dlff tiate into a specific cell or _ subset of
Spe%lme é%qulfgﬁ thedtsahess O?aﬁeréﬂalﬁsé ﬁ%lf S"c?ﬁraé JRE PEmyde a nerve

cellq}r fafn%s@fétc'eﬁt a dll%f%nﬂatgﬂ Bf &Tﬁf@ntﬁ@éﬂ-ﬁdﬁ@&i Q1 i§ 6NEMmbit AR taken

less differentiated cell type -differentiation
on afmb@r&ed:l@lutekie(”qmunmsé”)hvpsmhn otithin &ellineagwfratcsllt d’ha term

“comiiniefengr it 1 Tagraot kRt de WiHed g edbinighas
pro&Ridd meahé H@ﬁ:rénﬁﬁtl&ﬁﬁzﬁﬁw V%tooi pdiltewk&@t| under Sormatik&istances, it

cells it came from and at cells it can give rise to.
w1ll'|q@gt1m|1qf]t@aig@ergmtlaée 59 b spriciecees!lttiiee eredubsaiof pelhtyacs, and cannot,

undereﬂo%gla c){lms?an%es, dlcﬁperentlate into a different cell type or revert to a less
differentiated cell type. De-differentiation refers to the process by which a cell reverts to
a less specialized (or committed) position within the lineage of a cell. As used herein, the
lineage of a cell defines the heredity of the cell, i.e., which cells it came from and what
cells it can give rise to. The lineage of a cell places the cell within a hereditary scheme of
development and differentiation. A lineage-specific marker refers to a characteristic
specifically associated with the phenotype of cells of a lineage of interest and can be used

to assess the differentiation of an uncommitted cell to the lineage of interest.



[0032]

[0033]

[0034]

[0035]

devel opment and differentiation. A |lineage-specific

mar ker refers to a characteristic specifically
wasmooisred with the phenotype of cells of a |PePEg®I®H71775

interest and can be used to assess the differentiation

of an uncommtted cell to the |ineage of

interest.[0032] Various terns are used to describe

cells in cul tur enance" refers
Varkogs (G P o Gerog PO e LABTSEE R Brene Rty t
cell plabdd fmal Gowal teLAVMIAARHIRTond kvt $icPRtate WRIL GRoWRYn&bor
may not result in a larger population of the cells.
lelSlPa,swagh my ar efeyrt resulthiea fargagopulefion ehthyicelds. t'Messaging”
om o ? e cu

refefSiodRePoERS OF et KL fSin ia RS L Thsifly Pheryin a

secéifll dult@FeoMk bl an@br @bndtivhsSth@t FaciliB@3&dll owBesiddrdivision.
popul ation of cells, or a cell line, is sonetines

referred to or character| zed by the nunber of tines it
A sprgifiqronylatian 95 g, o eclblinenis smegmeg refeireditoqs|characterized by
p
the RERHLL s SRS LB PpRERR A R AYRIL STl IR ITRYp Bfion that
has been pastdped ﬁdnrtﬂhesmlhy b exféradd toas a@ lf) leelturs 0ITAt ipamagyf culture,
. cell.s from esi gnat Fol lowm ng th
Le.fthg lélfst glt}%%f@tl fgpene &hﬁéwiaé}q@ 2l %%@é}swebﬁ desregated Po.
Foll%%)%g 't‘ﬂé st GHbURLE:, (tRE cQls PAFSREBdlds-a AESRIary aﬁt&@g‘l
subcul ture, the célls becone a tertiary culture (P2
pasqgs éhgéft@) the aeveng sutmm]tutct thaicklls b@omwmettaqodﬂtwe (Hﬁasre

vasgie o eiled B My fhitkab@biond B fndEor 361 i The RO B Sy e
marly YR pULIEBE o@Blinge BUtiAE thepeeed pra[w%ﬁ?g tl@er@f@lré U Buin®er of

greater than the passage nunber expansi on of
popalatips doybliags of heulfuerisegicaier thapthic dessege awubiri Ads expansion of

cell%j QC | 8. Itnlﬂﬁbé%e IF 88&ul§t§ I}V\E 18?3% %uﬁﬁ% ﬂi% é%f R&‘ %etw%gf;rﬁgééages

t’ors, el e see

dep&ﬁtsmtmanysfaasts[ aicﬁ;dmgs@ut tnm lugfté)dl\td“thé: ededirigl deAsity, amlﬁhtrate
time between passagi ng. [0034] "b-cell |ineage" refer

medigmcgopgh Wltdﬁl%’és%% t{rac BEWeCERISPUHRS-on for t he
transcription factor PDX-1 and at |east one of the

"B- d‘eﬁlling engeftef ﬁ‘ﬁ%ﬁﬁ Wi p%@ltlfvél%&%r é{prég%lh Jor thk ﬁgns%rleﬁi(factor
Isl-T, FI'NF-3 A, Pax4, and

PD)CelI d,nsl aéiqasteznslqﬁ glmﬂkwn@ ttﬁmacrralttoarfaGtMSCNGN ﬁﬂ‘ék@ 2;é‘ﬂktx6 1,

NeyrpfPeRPE. 1eRErEFe RSP, Pard. Rt Pl Tl B i ey
chatacREJUEOS tAS P%@Eﬁn&ﬁ%’e%ﬂud&[ﬁ gslist o cell s expressing at
| east one of the follow ng markers: SOX-17, GATA-4,

HNF-3 beta, GSC, Cerl, Nodal, FG-8, Brachyury, Mxlike
“Cellp ﬁg@g@;@&m@tﬂ(@swhaqageustlc of the definitive endoderm lineage” as used

herein refer to cells expressing at least one of the following markers: SOX-17, GATA-4,
HNF-3 beta, GSC, Cerl, Nodal, FGF8, Brachyury, Mixlike homeobox protein, FGF4
CD48, ecomesodermin (EOMES), DKK4, FGF17, GATA-6, CXCR4, C-Kit, CD99, or
OTX2. Cells expressing markers characteristic of the definitive endoderm lincage
include primitive streak precursor cells, primitive streak cells, mesendoderm cells and

definitive endoderm cells.



[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

CD48, eonesoderm n (EOVES), DKK4, FGF17, GATA-6,

CXCR4, C-Kit, CDQ9, or OTX2. Cells expressing markers
w@b@vaetoes i stic of the definitive endoderm | i NPEES2008/071775

include primtive streak precursor cells, primtive

streak cells, nmesendodermcells and definitive

endoderm cel I s. [ 0036] "Cel |l s expressing nmarkers

... characteristic of the n ati ¢ endod | i neage
cfjs Btptrtis Rekereno g S & 65 pradi graa i Sr g s Bred
herélﬁ‘ ?ef&otlolc@M‘é %r&@fn@%’f feast%@g of theItbRBanarkNE- BPAL-&, HNE-

al pha | NF-6, or . Cells expressing narkers '
lbetahHMeﬂmta, &, Fel alpha, &Q\IMnclr dBYi €cln dxmgs’smgl matréatg gharacteristic

cl ude reati.c_endode I'ls
of SR IR G BRI IR DehGieh e st el et ¢
endocrine |ineage" as used herein refer to cells
“CelX Bi}ﬁﬁ@hﬂg}nﬂﬂ(el}sfbﬁskct@fi@tl@(ﬁfth@ﬁatfc@éalﬂ@%ditﬂ:nﬁia rhlﬁedrg&” as used
NGN-3, NeuroD, Islet- 1, PDX-1, NKX6.1, Pax - 3,
hergip rq£q1]:to|celéq Wessg&ap Leag)p@p o gl}erf@llmmgép?gkers NGN NeuroD
te f d
Il ek 8 e e S T L Ap R0k D BE s
chaexpriessofitgec paldraatic@ndoqpan dineadei iaclhde powresatie enddcring cells,
cells, and cells. ofﬁ#he ceII llnea .(%0038]
pandiisalfs hariiope CERawE Gl A0 d pEBECHiE ATHOPS fofinggels ng cells of
the bgmng%?r the characteristics of cells arising from
he epi bl ast during gastrul ati on and which formthe
astrointestinal tract and its derivatives. Definitive
“Degindoigendodssinl’ gs esqdr@s@'n rdersftor¢lbwiingh hear e @rara@@mcs of
e S N
traceMDIBEddIvaasest TRinhBiehbod@hask s terésspRPLl i merfkers:
cells ex ressin% at | east one of the follow ng

CX@RAKENE -3 - GATARD SO 7 SPietus | @54 8] goonaokde rcsKlt 4sD99, and
]Mb? ed herein, are nucleic acid or polypeptide nol ecul es
at are differentially expressed in a cell of
interest. In this context, differential expression
“Exmreamnbryaniciendodanéds henddicrdinrefers pos populetioresfloetls exptesaing at

casf LT B 190 PR SRV A OO AT ypept e 15

sufficiently higher or lower in the cells of interest

"M&REPasQcl AeRim 8Fc iR|diSaciSHEROIypptidé hdI&alds 1t are differentially
interest can be identified and di sti ngui shed from

expesssrdrin @kl of Udrayy. dmihiofontexpafiffercptialfexpisstionimeisanringraased
levdi I%oelr aaprotsitive marker and a decreased level for a negative marker. The detectable
level of the marker nucleic acid or polypeptide is sufficiently higher or lower in the cells
of interest compared to other cells, such that the cell of interest can be identified and

distinguished from other cells using any of a variety of methods known in the art.

“Mesendoderm cell” as used herein refers to a cell expressing at least one of the
following markers: CD48, comesodermin (EOMES), SOX-17, DKK4, HNF-3 beta, GSC,
FGF17, GATA-6.



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0041] "Mesendodermcell™ as used herein refers to a
cell expressing at |east one of the follow ng nmarkers:
wehg/o4ssesresoder m n (EOVES), SOX- 17, DKK4, HNFPGI/DS1088/071775
GSC, FGF 17, GATA-6.[0042] "Pancreatic endocrine cell™
or "pancreatic hornone expressing cell" as used herein
refers to a cell capable of expressing at | east one of
., the follow.ng hormpnes: insulin, glucagon, . .
Papgrftcoaageing Ceﬂa At r@&fﬁeé“iag‘?’%?é‘ﬁtegﬂ@s% odhagupgfl herein refers
to alc@R4¢BablFANKpRALIhE a1RETORE o BHE T8l dWNHg BEIhone@SindaRE glucagon,
herein refers to a cell capable of secreting at | east
somptpstatih, panerchtié polwpergideendghesn. i nsul i n, gl ucagon
somat ostatin, and pancreatic pol ypeptide. [0044]
“Par&cgﬁéﬁfcg%r(olrmo}lé ge%resflj‘-n{g% h” gste lllsled hgtsé'nulféﬁeqrs Poeef ?e'lpca&%g‘ttlg N ls(etc(f)e‘u_erllg at
pressing ar Teast "ohe o e fol 'ow ng rarkKers:
lcashogtadf, the fol il hdriAdy: infilinNglutapensdonetdstarl hid gmctiatd
herein refers to a cell expressing at |east one of the
Pol¥nsplidini ng markers: Brachyury, M x-like honeobox
protein, or FGF4. [0046] The present invention rel ates
“Pré-ﬁriﬁlli‘t?vefs'tt%glg caf RlWEd lﬁ’é?éiﬁ%fgfsttsmc%ﬁ le%gt@%sfiﬁgeét%’ats{ Sd Sthe
The present 1 nvention provides netho or- the
follpwmgagrakeron NoflalpbuFGpdt ent stem cells on a hunan
feeder cell layer. The present invention also provides
. Ter.hods for the differentiation.of pluripotent st
Py 5k Fohy s bedr kil T Gho s BERR anspFRene
follW RSeMrkérdy 8ddh Maydlidte fodBobdXairened ofBGiad for the
differentiation of pluripotent stemcells into
pancreati c endocrine cells using a human feeder cel

Thej pgsspt inygoiopjrelpies dnthediphbeli phanpotentistenp el kdifferantigéon: | bie
o . o = "

pro@ufH Rl Ol B HeBr il SRR LIRAT
hunpihdeédeotdhlayst efheqetdest inbentishafsorpgotibes ptthodpiot dret
Stemcells onto a human feeder cell, layer, and c .
diffqreptigtionpfpHEIPgFf ?%W@ﬁ? O 6 OHTER I7EouFe Hasgr o BaticY the
P o B G P 8 B PO Al AR Rlont T haipotent som
cellpmes parterdatie endocome peltsistiesa bumamfsedaredll dgtchod f or

differentiating pluripotent stemcells, wherein the

In 0Bt YhbBERAE, 17 STUGPI R @Bl RS A 8 AHIRA SRS e

pluripotent stem cells, comprising the steps of:
a. Culturing the pluripotent stem cells,
b. Plating the pluripotent stem cells onto a human feeder cell layer, and

c. Treating the pluripotent stem cells with at least one factor that promotes the

differentiation of the pluripotent stem cells.

The methods of the present invention provides an improved method for differentiating
pluripotent stem cells, wherein the pluripotent stem cells are plated onto a human feeder
cell layer prior to differentiating the pluripotent stem cells. The pluripotent stem cells

may be cultured by any suitable method in the art. Likewise, the pluripotent stem cells

10



[0049]

[0050]

[0051]

cell layer prior to differentiating the pluripotent

stemcells. The pluripotent stemcells may be cul tured
whgooatyse3ti t abl e method in the art. Likew se, PEEUS2008/071775

pluripotent stemcellsmay be plated onto the human

feeder cell layer by any suitable nmethod in the art.

The pluri potent stemcells may be treated with at

| east nef or t t he di eretlatlon of
sy G bied o PG At B el o R bl e 0P B e g The
plur®fteht ke RURBLyfIRaEAGFdGEiH at 183€bne Abi® Elﬁi’lhlo\ﬁ?dté’& thé he

pluripotent stémcells may be treated with at | east

dlffcmetleftmtqf thet platipgenrstane sclishemnatidiftdy efiti mltammznomo theHaiman

| u oten ells aft ent fe
reedl PPLRRES QW IRANEGF t B Cn iRy Pl B GRF hpdgst ome
factt)eela rofdtds tll@&l@l’érdllﬁﬁtlcﬂl dqﬁhé pRIrigbtchi I8m cEl(IH afBo¥ AP 18sipotent
urlpotent stem cel e cultured in the

stenp) ﬁ@@éw@e o quiaraduindle 1?@%?@@? 0%@? lhumgy &edgipgelldayss foigriperiod
of t1?xl tflorlr%xg‘ % 'tll' ?Hﬁ’[%ge&b%tgﬁ < léllna L %lllth%rﬁl %mh]% %lés%ncle qbf the

orma non ent stéem ce
hunpingtedr o¢lt layétftér hypered éfrade Eufﬁeleht foayterpladipoadnt stem cells to
densi t Optimal density however, may be depend on
form g gnego Ye%uch as, for exanple, the pluripotent stem
cell used, the ceI s conmprising the human feeder cell

mullﬁafe{t,stetlheelglntatﬁaeegltﬂe@bﬁfa {fEhbmby RRderldan 1816761 By deigy

ture vessel,” and the like. In one enbodi nent,
Optphatl rdlepsatydrmvesztﬂe magyeiel d@pardeorpfaatoed sath &, fhe nsamlyle,sthc hlurlpotent

th t he, pl otent s s are bout %.to0 a
ster (39 wisA TR sl BT Bl BB bRaf QUTeRT ene it Rl
typd, @Rdgzc grahd chlBYEvessEORRDhe Rkelr Irﬁ&le%lboﬂlrﬁé’ﬁt cib bﬁmpotent stem
suitable for use in the present invention i ncl ude, for

cellepampated attadenhitireiehdhdithopindpeerisiene pelly arﬁ abaqyd 6@%“ tpjabout
80%% ﬁﬁqﬁueyﬁl%ﬁ%%%d&% @@%l?urlg o) A l?un?alnetr&c?e cell l Flle |

&R e ryoni ¢ stemc
H7 (NI H code: WAO07), and the human enbryoni c stem cel |
Plufipdient SBDe1 (s Geitdde farsise Hvad pfb)sent/ﬁl\mtlsm lﬁcilihdeefofr ekamlsle the
in t e pr.esent grfventl nare cells t expre
uma@aeért ryeide HEmeasd ling oW Rocadsr Ret®) ]
lincRl P{]Nllllp&ﬁfét We 1) Sthe 'ﬁ‘@&% em%ﬁloﬁlcosterf;@gll llE@H@%NIH code: WAO07),

exi n43, Connexi nd
and WTFhumanZzERAoniSSkEe @:ll 18&@(\002 (Creahﬁlﬁmwél'dea) ﬁllso s[l(D%ﬂor use

cells conpr t he eder eII er
in i et iy Rt o T E SO RS Falon e iyt
chaﬁbfeh@tﬁce@ltplaﬁ%&&u%ll@| ANBUCRR 8o SEBD ESIDS Cohh&kisss, | s
Conclzlce);?lérlg S(I)cr‘][g Sox2, Nanog, hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tral-60,

Tral-81.

The cells comprising the human feeder cell layer may be any human cell that is capable
of promoting the differentiation of pluripotent stem cells. The cells comprising the
human feeder cell layer may be adult cells. Alternatively, the cells comprising the human
feeder cell layer may be fetal or embryonic. In one embodiment, the human feeder cell
layer is comprised of fibroblast cells. In one embodiment, the fibroblast cells are dermal

fibroblasts. The dermal fibroblasts may be the human dermal fibroblast cell line Detroit
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[0052]

[0053]

[0054]

human feeder cell |ayer may be adult cells.

Alternatively, the cells conprising the human feeder
wa@edob/okssyer may be fetal or enmbryonic. |In one PCT/US2008/071775

enbodi nent, the human feeder cell |ayer is conprised

of fibroblast cells. In one enbodi nent, the fibrobl ast

cells are dernal fibroblasts The dermal fibrobl asts

be t fibrobl ast cell 1ine .
351 0E o P ST CRbCT ot rmepdimiep (o o RE s A ekt ne
fibrb bR PTRShifim&efok SKAT BorbBGIHdYbd thE heRhARSSSskin ABrdbBMne
foreskin fibroblast nay be the human foreskin

Hs27i(6RobI @HATCO® Hs27 (CRL- 1634 ATCC). [0052]

Alternatively, t he human feeder cell Iayer is
Altec{*gn%qpvg hqu%ﬁafg&{aeﬁg%le% grelrs 1%%1‘13:’6&1 ocfn'?lg%%? 1C Czeirl[vsea gfr%ornal

cellﬁ hBl diﬁ| dnﬂoodirﬁéﬂt Qﬁéﬁaﬁdﬂeaﬂ%ﬁ‘@&ﬂﬂﬂo}ﬁﬁ cellaramtheadelle dizaloged in
di mrent, the pancreatic-derived stromal cells are

US%QQéO%‘bWé i %Ib@llﬁwde pRbaiimeRk ghegmgcreatig derpied strompheplls are
the !:n{]lsqpsc s%g H] @nc%% djj@ r#264t @(ﬁ)ﬂ) 9 %{ﬁ gﬁ&‘nﬁa%ﬁ{b'oﬁ%nt the

Foma are tﬁe celTs di scl ose
panBIealtcedéTn@kiGg‘ymZECGlli 11ﬂ65the cdlis2discl@@04n NhturaBicadcheology 82: 1115

he atlc erived st cells
- 1 0TS el Toash S bunsss-derediianma) e fidrs the
cell?Hﬁé’l@lhéH‘%ﬁtUsszb%G%@n% eﬁlt drﬁalfé?r[a'té’@rﬂb&ﬁﬁl@fﬁalhe(iﬁhéx%at% &erived
he cells disclosed in US5834 . I'n an alternate

stroenbcﬁilsmemme Ctslﬂmdlp@imdeaUSéSMSV dul ag eltonete cobblisnat,¢he

Ils ,djscl d i n, Pr Acad..Sc
pangsalicSstyd SpRaERTS e in SR ISR RER RS N Koad SEH7: 7999-
S00RAIVD0E I b al@hit¥ @b HInMBIth ERdncEeaflE Retit®] t@inla$ cells are the cells
di scl osed in WXR00401 1621 . In an alternate

discéopsd dt WEM0049 hd2p a e prealtqraate emibodisnost, tlampanceseti¢-gemyas
stro{*nggcegﬁla o %hgl ?lﬁg & gc%‘sedrfn %8’3 dﬂ()%%%z?’ 4'In alt%pr}a% érﬁlForlf’lﬁlgnt the

pancreati c- ved's roma are’

pant:rb@tm&:@éﬂx&:ddtr&@hb&@l@ atenth&SABAALEB0 Tn USDOGID 1 68033 rllﬁaih%ltemate
enbodi nent, the pancreatic-derived stromal ce

embogEmend) the paql%%qﬂas(wvsi%stt%@@l@s%we thercelly db?PlOé@dqlaltléSMS 8593.

In off R TR bodlr AAEGE RAUEHERK LY Sl 8MPre B ool Bllosed in

WO2adafdaghmt In em”tétepa]mﬂscrﬁbndlmentethe\padcrsat[cxadmived gtrbmalaredls are of
OP6, ¢c | i ne that e a ned ATCC

the %Btl’gwe&rﬁ@%hat ﬁ%begp.aé%glzﬂd QF ééé%%?}ééfs’%‘ﬁayer [ 0053]

Human feeder cell layers described in this application

are useful for didnlepattsif 6ff F&GePICeNiIRREepNt Stem cel | s.
It is recognized that other types of cells may benefit

fron1be|n8 S o ' o
Human feeder cell layers described in this application are useful for differentiating
pluripotent stem cells. It is recognized that other types of cells may benefit from being
differentiated on these feeder cell layers, and the compositions of this invention may be

used for such purposes without restriction.

In one aspect of the present invention, a feeder cell layer is generated by a method which

essentially involves:

a. Culturing the cells that will form the feeder layer, and
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differentiated on these feeder cell |ayers, and the
conpositions of this invention nmay be used for such
WEopos$ss3s W t hout restriction. [0054] In one aBEETS2008/071775
the present invention, a feeder cell layer is
generated by a nmethod which essentially involves: a .
Culturing the cells that will formthe feeder |ayer,
ndb. cti tlng the cells. [0055] The cells that
f*?v?ﬁgﬁ? feeder cell layer may be cultured on a
sui tabl e culture substrate. In one enbodi nent, the
[0055]  TheSdells et ®ilf BriUhe fRdBSdellabRr nfaydR @Khfca Rl sl OBk X
conponent, such as, for exa F those derived from
subgepde niarane eEbodiamant.ghe Slh'@blerml ufecﬂrumtrﬁé¢ ts apfexgraendleap matrix

coupl 1 nas, . ln. on
comgaﬁggn 1 S su%h ta? $5P %marnpl I en\ée om %gsseu e%]% glae%é)ralmse or that may

forrVPdiRb SadHckibn (nﬁﬂ@dt@dﬂrea:pl&ehgdhﬁ cbuplitdd TR & ¢rhdodisicat, a the
sol ubl e preparation from Engel bret h-Hol m Swar m t unor

suitelle cultyrg sebsgafeds MATREHR L@ tBestan igkepwnoMAIRIGEL® is a

elelon L.her
SOI%%@E?%%‘H” ﬁ@ﬂﬁggﬁ%ﬁl e cul tur etusulg ?Sat? gt %eés aéé %Atin
temb&la‘gﬂtmbo fofr@ @Efédon@lthe:d baxdman eldmbrare. fatnothercontei@aitsthe
.%ﬂ ng qﬁ xture? are suitable as an alternative.
suitgle GHETR gUbsHaterHR eelatin (31§18) bei ng proliferated, this
may i nclude lamnin, fibronectin, proteoglycan,

[0056] OtheNd@@télNlaifRAk @8m§51|16cn@§ dhd c%ﬂ%oh&ﬁ rhikKRes At QNRLRY asi A
vari ous conbi nati ons. [0057 he cells used to form

altetriativé. ePefeandingl dn theyellr tymaibelbe prﬁéwtedatMQY inglude laminin,
gered ncapah bl g of substa |aI dg& i,.cat,i on

rorb AR B0 OSPAE R pSBRL R o ERUETHBETSr b8

combi@gibhyat or, such as, for exanple, mtonycin c, or by
any other effective nethod [ 0058] The nedi um used for
culturing the cells used to formthe feeder cell | ayer

[0057]  ThecgHs papddo éwyl B fecdgesadl laggrimas sninagtieiedi (he . rerdereditrpahle of
sub fal RS 1R b . RHERM e, rQ&a 519 énPGzl fa c"ﬁErn &R tactlvator
the cel'l |ne

sed to formt er ce ["ayer.
such s, f@rexemipken mitohgtint &) er bpdny mnhenL esﬁﬁecﬂup pmtltodt he
propagation of the pluripotent stemcells. Fbmever as

0058]  Thepemesal o € gring e oo oo B PU T AL SO o For e any
of sBV@RaBAEeRolhglad! Phé RRER mEt®NaBR! tb Support the propagation of at
least the cell line used to form the feeder cell layer. It is convenient that the medium also
support the propagation of the pluripotent stem cells. However, as an alternative, the
medium can be supplemented with other factors or otherwise processed to adapt it for

propagating the pluripotent stem cells.

[0059] In one embodiment, the pancreatic-derived stromal cells are the cells disclosed in

W02006094286.

[0060] Isolation of pancreatic-derived cells: In one aspect of the present invention, pancreatic

cells are isolated by a multi-stage method, which essentially involves:
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[0061]

[0062]

[0063]

[0059] In one enbodi nent, the pancreatic-derived
stromal cells are the cells disclosed in W2006094286.

wQ 0@80)86rsol ati on of pancreatic-derived cel | s: PCTIUSI068/071775

aspect of the present invention, pancreatic cells are

isolated by a nulti-stage nethod, which essentially

i nvol ves:a . Perfusion of a cadaver pancreas, living

go or. or.autol ogous pancreas, with an enzymatic .

BTN TbA, @ e KB PRATF Al dE OB oSS PR s i1k &8
&dSelufon. Layering the digested tissue over a
pol’'ysucrose or Ficoll gradient, followed by

centrifugation to yield three distinct interfaces, d.

b. Reebaiiend disseciationgfdhke paifhse@pansress, each interface, e .
Culturing the tissues and cells in standard tissue

r ; I: tri [ ’ i '

e L
cedtitifiipetiomnidi yaéld tireel disonctafotfaice?, t o 4 weeks wi t hout any
medi a changes. [0061] Perfusion of a cadaver pancreas
%gn be chLeve%mg tn any of the enzymatic sol utions

d. REMPVIRE KNI IS IS i JarRintefrcehe art. An exanpl e of
an enzymatic solution suitable for use in the present

c. COMEMd @B tiGARS ahd Sclls!i BERARE] HssubtetulcRPaBEN-a Ritdent rich
nq/nj) and DNase | (0.2 /m). [0062] Mechani ca
sl extioninagdiaepndfining desp drirdas¢ron;, pbue can be carri ed
out rapidly by the use of a tissue processor.

f. ﬁleglv%éﬁie'cylﬁ r)é’unﬁﬁﬁﬂ% f%?gboqft 538 3'\)961:6#9 Gzit%uttatﬂ§ IH’iledia célanges.
pancreati c tissue can be carried out using a’ R cordi
Chanber or other equival ent apparatus that enables a

Perfue®a ofle shdavet panercds saoled adhicvrd efithtdng of itlesaneymaiieradntaschs well
to other procedures. [0063] 6 The di gested pancreatic .

knoppig dhese ShCY Helhe &tth PEaRPlP AN FaFy B whEogsuftible far use in

the BF8dit %{Uenﬁ&{‘édﬂtatiﬁgﬁfﬁms_ﬁ il (_ﬁoEﬁH-le(lﬁs %g?ﬁl}%%ﬁ DNase I (0.2

Interfaces, which are enriched in cells fromislets,
mg/mie ductal tissue and the acinar tissue, respectively.
In one enbodi nent, the tissues and cells are renpved

fromeach interface and cultured  separately. .ln.an
Mg RO OLTBERE ReRi e ER BRI Qfarid P pf e of e
tisshid@rotdb@! fAeesatiaery, fRoinNeddRStifishtofiiiRtantical@fiss€ € be

determ ned in accordance with the present invention
carriqdqut peing e &aeqrei Ghanglhesior edieT equévhery @pparatus that enables a less

destructive dissociation of the tissue, compared to other procedures.

The digested pancreatic tissues are then subjected to a polysucrose or Ficoll gradient
centrifugation to yield three distinct interfaces, which are enriched in cells from islets, the
ductal tissue and the acinar tissue, respectively. In one embodiment, the tissues and cells
are removed from each interface and cultured separately. In an alternative embodiment,
the tissues and cells from all the interfaces are combined and cultured. It has been
determined in accordance with the present invention that pancreatic stromal cells can be
derived from any of the three interfaces. Alternatively, a continuous gradient can be
employed and the cell population of choice selected to generate the pancreatic stromal

cells.
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[0064]

[0065]

[0066]

[0067]

[0068]

derived fromany of the three interfaces.

Alternatively, a continuous gradient can be enpl oyed
wapankss7tel | popul ati on of choice sel ected torPgENBS20a8/€71775

the pancreatic stromal cells.[0064] According to the

present invention, the tissues and cells collected

fromone or nore of the interfaces are cultured in a

sel.ection nedia to selectively enrich stromal cells in
AccOg ) e BB RToGHON o TSR GHS RRURES ot 0B of fofe of the
intePEdsl8¢ulRREH BONeRIASH hRWal t6Y¥ab&ivRly Giridh Q86BN IS & thicell

Ceneral |l y speaking, the selection nedia contains |ess

poptihtion 5The saleatmon anadey inaich ve hytrignt3gxl sentams lew lerechsatfighaloye and
about 2% ser d lless than 30 mM gl ucose, | n one

serdi sty Speribe JBF sliion it son s s aRar Sl ¢ h

alteB i S€l5 UM% Radund, SitelantiveedaBoue v deeurs e 18R MRE! 30BMM glucose.
speci es that the donor pancreas was harvested from

h
In opp eepadimont|the sofestign mediacia pyppiepemed with die faremtlent egerived

o BEEL58  PADET LU, UPRLGTEL 30l GRLSSSTRSES

Altenaielye foll a calfistrabl, gcranl feerhiotier spdia, drsotbanpasesippfements
DVEM (5 mM %Iucose), 2% f et al QOane serum (FBS), 100 .
or r@lgp@nﬁgﬁii @n e iuﬁqutprsgmlglﬁlﬁ%tit ¢ selection media. An example of a suitable

lek RSt nkfiati bPADRANANS R /) i L] F
e e O s A Dbe) o DSk Ol ARBEEDS)
100Yp penitiilen/stdptemycin, nnsul wetasferom setedia ((T$Hh2 mM L-Glutamine,
| ection. phase”), e cells can be cultured under
00ﬁ§68§f%n *ﬁ%fﬁééﬂ%ﬁEﬂﬂ%?%ﬁ%ﬁ@@obnder hypoxi c
condi tions, oxygen levels are |lower than 20%

Dur gl t86 Balir¥ &1 ¥ sdlewRh rﬁé&@d"gﬂ&%le@ﬁ&ﬁﬁﬁh@é'i),\/ﬁb Yell QMaetclRired
5% but nore than 1% [0066] Preferably, the culture

undghsipodictss neEneia corttions. tnslesbynoxtd eondiens.@xygen levels are
. b o e
lowgﬂtﬂ&g Eb’%, gl et‘f\}&%{vgﬁlqugv&h ﬁﬁaﬁ EO‘% Xﬁ?&ﬁ%g‘thv\gl\i 1'8%%% iR %%t Rore

anges, [ e ¢tells typrcally
thatbeone adherent to the culture substrate used. The

sel ection phase is considered to be conpl ete when
here is no further increasein the nunber. of adherent
Pre%&%ﬂ% thg e ﬂﬂ‘“ﬂé‘sm%‘é@ﬁle&i 3 @w&ff‘éaoq %91%%915%P%§§ about

2 tof wldk3SHBoDRANERLdi] egatliégé,tay%fbﬂ éﬂiolr[ht "ﬂ?&&lﬁlg @Q&:eetyglr?traﬂy bE®me

present invention result in ac popul at1 on I'ched

adhemntptariey edturesubtsiragmmbeds éMHesseleByort pimse chedidersd nebotomplete

t hat pancreatic stromal cells acgcount for at |east
whegBire RS0S4t Bt ey bt HBSEAaIBY nat i vl y

about 50% of all the cells in the popul ation.
It has been discovered that the methods of tissue harvest and culturing in accordance with

the present invention result in a cell population enriched in pancreatic stromal cells. By
"enriched" is meant that pancreatic stromal cells account for at least about 30%,

alternatively about 40%, alternatively about 50% of all the cells in the population.

Alternatively, the tissues and cells collected from one or more of the interfaces are
cultured in a selection media to selectively enrich stromal cells in the cell population.
The selection media is rich in nutrient and contains low levels of glucose. Generally
speaking, the selection media contains less than 20% serum, alternatively 10 to 5%

serum, alternatively about 10% serum; and less than 30 mM glucose. In one

15



[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0068] Alternatively, the tissues and cells collected
fromone or nore of the interfaces are cultured in a
w@edoeotseeh nmedia to selectively enrich stromal PCEUBR0$/071775
the cell popul ation. The selection nedia is rich in
nutrient and contains |ow | evels of glucose. Generally
speaking the sel ection nedia contains | ess than 20%

run1 rnative 10 to 5% | ternati.v
emizgtnt GosSe e i is ana S rRad Sl A rrEaac iy fertved from
the SIMXERRAHANBA§pectdd@hat ShEddnboP PardPRchs qyal %aﬁ%ﬁ’c@di ﬁﬁﬁm@l@ernatlvely,
w th 1OWbserun1that is derived fromthe same manmmali an

fetak@@@dfwmwnm éourther Spacncsr, easthamserirasviedtments pom

ternati etal, or c seru erym from ot-her
repl%%eé%‘?nésscan ‘%?‘iwé’ SURRIeTeN ! 66?18%@&% %? 86?‘%%8%1%’&@““&“6
sclceBdh MOdidEEbrhbssd PPDRITENIL(S tnind gﬁt@do@? 107 feRfb@indANerum (FBS),

exanple of a suitable selection nedia is conposed of

100bERPEH Y Bfrat@BE)in. 10% f et al bovi ne serum (FBS), 100
Wy penicillin/streptonmycin. [0069] During t he

Durﬂtg th! Eﬁtﬂr@ ifa S ﬁgéc?%'h'n?&h ﬂ{eas fecﬁﬂ?% b%@llg)&ﬁso% c)lltured

S can be cultur nor noxi
undeomgiokicamorrhbde coduifdasi Urﬂenmyﬁdxmndmwylgmygmlebeﬂs are

are | r than. 20% er |veI [ower th %
lowgy iah Al RN PWFW% 8‘}{ %V@lylpwghﬁlf%%%é’@%@pm
tharldnder these culture condltlons, the media is repl aced
regularly at 2-4 day intervals. [0071] It has been
di scovered that the nethods of tissue harvest and
Undsuthese fultpre ponslétians dtia owedia is ertl4nsd pegadashit ati2ad dapt ingarvals.
result in a cell population enriched in pancreatic

Tt hay, ‘t{e%%}sc&? r%dsthate%e mg, ofdg Ia?g§su|e Zlgrgt%?t%dtcp@@rgg%qgcarcgo%&nce with

ccount or a

the pliets@ft ivatehten sesalbaid cdDgpubitioa |ehﬁ¢h’®at1n pahcyeaalh@umeD%u@f By
all the cells in the popul ation. Subsequent to
"engighedy Himeant thahpyeretic §té1>@altqeblﬁ a%ﬁ&nfc@r Pt Igast a@m@ﬁ%

altehﬁﬁv@i? labSu (4%@/( lof Qﬁ&n%('isteﬁl L&Y, &l éﬁ%ce"ﬂ@ & g,ﬁilggon

er-con |t|dns as fturther describe ereln
[0073] If desirable, the cell population enrlched in
Substquentetb tieinitsl phascoé sdegposedd ctlb nttasharept, éhe ¢ols tenrabehwith

ol ar et A ooty B Roetet FERANES

and sel ect pancreatic stromal cells, thereby obtaining

If desitbRsthantil bpylatiit @riRBEUInoaal ofilsRAnGE erpdsed Sbf @ple, to
cells. [0074] Characterization of the isolated
an aggpfd peatdsansptibory) thag presifiquly Ks@enizey a protds Blafgr expressed by

stromal cells, to identify and select pancreatic stromal cells, thereby obtaining a

substantially pure population of pancreatic stromal cells.

Characterization of the isolated pancreatic stromal cells: 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, i hybridization (see, e.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, e.g., Harlow and
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[0075]

[0076]

[0077]

[0078]

expression of protein and nucleic acid markers in

cultured or isolated cells are standard in the art.
wab@sm4dont| ude quantitative reverse transcri pt BEEUS2008/071775

pol ymerase chain reaction (RTPCR), Northern blots,

hybri di zation (see, e.g., Current Protocols in

Mol ecul ar Bi ol ogy (Ausubel et al., eds. 2001

Lang O REAPSP b o Eatore Sianetiohe s Sar drrdd S Fsor
Lab¥&%4:$ PResRl( pggtgPp , and for markers that are accessible
|n i htact cel flow cytonetry anal ysis (FACS) (see,

g., Harlow andLane, Using Antibodies: A Laboratory
Thelmnc,raatlc Wa?@ﬁlﬂ@ islated uspeaordgneRvibh rtheuabmnamrslytlcmr AES

chal(al 6%8%(} as gn cr a %Uﬁgtgﬁtlaq%rlg&l?ﬁ atslgas"? n?e of tﬁe foﬁlolwslgg 8110%em

aceordance

rnaﬂ?dél@f @pt e7 IN@AINHS&BCGR Soytakletadin 75 81058 At H alﬂ (}ériaﬁﬁiﬁeﬂ@icat
| east one of the follow ng. protein markers: CD 17,
embQdintpBrpancesptie REMEi q%llsrlsolaltedfa acggydange with the preagry

1nVe§1rl.)i%ﬁ Iy fd a%t%%‘%ﬁpﬁstaﬁ@eﬁpﬁ&fgﬁ{v% b £ 185f B tﬁcefolll%wn}sg

ated 1 n accordance w resent i1nvention ar
InomhanaﬁbﬁrCEEd,@B7$uﬂ@9®ami@Dﬂ95p05|tive for at |east
one of the foll ow ng protein mar kers: CD44, CD73, CDOO
ancreatic st

and of omal . )
Expgy el igeeiani v Sset & foths® AHEEGRte sy grion provides
a rn@th@él’ f&%&?ﬁld@ e %aﬁ&éatfé)%l%ﬁﬁl Eleglstoiﬁﬁmﬁéﬂrlﬁ 8@ rllgncs Widnmé
cel|'s obtained in accordance with the present

presemﬂ@mntm Acssdes@slmduhbmmbem ipaadreates, digestre mirthi rgay contain a
ests, tain a het eneous I xtur
heter 8F%us ralx(t}%rgpf ??ei gﬁgﬁﬁﬁr%%ené&an rg ﬁgrn%% tlsgg% arg ?uét%re({ na
1owcsalluhugee&nbﬁ neediOfr S8 wHRKS Z@Iefetrawyl witgitaanky @icdzr éhanBeK fo
preferably w thout any i a chang to selectively
sclegiyqly. pniighthg desised étrgm%%lls b resultmp schl papnlptiong new|epriched

w1t}g]gﬁégefﬁh:c g@?rﬁgﬂo o€ Q% J[h%ﬂ gQ/%thédqo Bgﬁf\?{ﬁ%éﬁﬁ% %‘J 5}83 Ji the C})ancreatlc

en swi 10 exp
strotaécgiric fieadeilpoptilatoml cells in the cell populatlon
[0077] The growth nedia suitable for use in the

resent j.nven can, b osed of nedia uch
hefy ?eaﬁilsmaﬁ?k %é Hcinith RSt UBEBRYLFAR §)p05 of media
sucl® & BV c@n&iﬁf"ﬂ? o @ in n‘gfon%lé‘iﬂ /0 s@tluh%trhaéo'ngﬁltﬂétlon of

about 5 to 10% 1n one enbod |nen the growmth nedia is

2% @Dm%sfébtr@’clvgly@lbb(ltlimol 0&@/ In m@nmgeent%g grfgvth media is
10%f

confhet Tt FEn oA B eftcont SiF reeal Brn®y B wadweLpvine

seruth t 1h Sedleatdh@hbddiment, the growth media is supplemented with serum that is

derived from the same mammalian species that the donor pancreas was harvested from.

Alternatively, fetal or calf serum, or other serum supplements or replacements, such as,

for example, serum albumin, may be used to supplement the growth media.

Furthermore, the stromal cells can be expanded by culturing in a defined growth media
containing agent(s) that stimulate the proliferation of the cells of the present invention.
These factors may include, for example, nicotinamide, members of TGF-f3 family,
including TGF-B1, 2, and 3, bone morphogenic proteins (BMP-2, -4, 6, -7, -11, -12, and —
13), serum albumin, fibroblast growth factor family, platelet-derived growth factor-AA,
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[0079]

[0080]

[0081]

derived fromthe same mammal i an speci es that the donor
pancreas was harvested from Alternatively, fetal or

w@ ad0b/0gssrum or ot her serum suppl ements or PCT/US2008/071775
repl acenents, such as, for exanple, serum al bum n, nay
be used to supplenent the growth nedia. [0078]
Furthernnre, the stromal cells can be expanded by

[tu L n def i ne tainin .
and g3heh sl tanivae SioReh S G de Hbontt fieresdetian
factglf (GIBF SPLESENi( |1r1?( eg@ﬁda@@n litbgsRidbaAGhe 'Iﬁ%f':f%él hﬂlﬁ_l}ﬂ ¢R.P-1 and

for exanple, ni'cotinantde, nenbers of -b famly,
GLlPﬁcrnmhtcv@dY@deldln 4,2fetuam@la¢3d voatkynotst Ighogeaiissubinot ei ns

proé‘els%/:P ?,He aprP 1161F101Md£g(iorté§,08€“ erii&q,ng}:apgpe, bgﬂﬁs%?c%)ecg&ﬂénol epidermal
gro@’thaﬂa@tbﬁ(E@E)l’ b ORI Nedppert Hetaths Sidh asBEeth?ﬂeﬂé pérﬁzirmne

rich plasma, insulin gromh factor (IGF-1I

TGRtos foéi*l@lhfli Me-BoiyrRigcaasiving @glacejlulmﬁmsulgﬂtra@ﬁem&g/ egiemum (TS),

hepgtI gﬁ?%%h f&%o%@ﬁadﬁeréxengte rgr giaéF z)témgpF ulltary

extrpa[ At néagedeMsimmt,ed pftﬁﬂhl(fNGAP;ﬁ; g;e@tbwbﬁmenhlapmi e,
ti sone, ethanolanlne nerca?toethano

yd
y&gﬁlﬁgprsgqog\l,& hedgghagsph IPE@S) or cg?ggtupartwnﬁ hercef) {Alternatlvely,
the %tor sf ceﬁpﬁlla%a:g %ﬁqaﬁﬁ&hb?éulﬁfrin iR &o&%qfu&ﬁ NBy “dddfditfned

olin yrate, acti tace
mediaiis ngant thares pagrutdtiog/of eblenis lgmv(ﬂ ihS) basfme:b:ﬁtled: yetlbc@lu@svﬁhdium

erati nocyt mﬁh fact or bOV|ne

and P DeS STabte DR DRI Full Drbek aRELEE A, el
frorh hié%é’ammpmn@a}%%ﬁlbwab@tst el éeusrm@ltbe@@fhmﬁ/ayrms medium is
i nhi bitors, sonic hedgehog inhibitors, or conbinations

thertmﬁ@débﬁourxshtashffanenwmwlatlph@f selsorml cel | 's rray be
expanded by culturing in conditioned nedla

In cg@iup ghlltbogﬂlr?e%tm% %ncr'egtlc{‘rﬁraogrgqfl cgl‘?st F]]%H' ?% st?lﬂda?!i ti ssue

Fown 1 A58 re ne

cultarechlgtont Alt&ﬁﬁtﬁﬁelﬁ ehabllerd platco h&ytb@ cbﬁlted RREChi dxtracdllmlaia m@mx
such use, the cells are renoved t he ned Whl

proieis, Wish abifer Paemds MARBIGEL® gﬁ%@d@@% @ﬁﬁ?eﬁ M RIGEL ®,
t

lam 6 S, %%1%%Wﬁ“&ﬂ%@’?sﬁﬁ‘a?éﬁ‘é%?%%%&?&*ﬂlﬁ‘ Hi8nta

extrpetpor eatbioatsdns dimamtofcel | s are cul tured on standard

tissue culture plates. Alternatively, the culture

| at es ga¥ oa ed rn h ex racel |,u ar.natré
BRYen! %%Pé?‘f‘ 1£§ romgl Celly S P XGRS BRE¢ PRder by BRgtif o
nongagkqbn&ﬁgMged MATRI GEL (r) | am ni n, coll agen,
gelatin, tenascin, fibronectin, vitronectin

t hr onbospondi n, placenta extracts or conblnatlons

t her eof . Differentiation of Pluripotent Stem Cells
In one embodiment of the present invention, pluripotent stem cells are propagated in
culture, while maintaining their pluripotency. Pluripotent stem cells are then transferred
onto human feeder cell layers prior to differentiation. Changes in pluripotency of the
cells with time can be determined by detecting changes in the levels of expression of
markers associated with pluripotency. Alternatively, changes in pluripotency can be
monitored by detecting changes in the levels of expression of markers associated with

differentiation, or markers associated with another cell type.
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[0082]

[0083]

[0084]

[0085]

[0086]

[0080] Furthernore, the pancreatic stromal cells can

be expanded in vitro under hypoxic or nornoxic
waeondiotseahs. Differentiation of Pluripotent Steor/08tog071775

[0081] In one enbodi nent of the present invention,

pl uri potent stemcells are propagated in culture,

while maintaining their pluripotency. Pluripotent stem
Thefpilérgqggrégp ha%? gte%tga ?Vfét:fl% q%ét? qr}% ?Cqéqn}g%&gggg% tl?e%! (Eifferentiation
intoRdnBfcPOIERBY. Phe b6 &8I t&?e I‘Na%' Be hicBR c R8s sRRy HEkeFsPhiaekeristic

by detecting changes in the 1evels of expression of
of tivadd{mitevcamd oddra lowtagd. t Altphattvehottlene)l typd mey haticekbkypressing

marERR TR il hOTREYs BB IR PTG BB

mayAIsS 61 P sink ik drb eh8Rdtbradtic O thcOfanbREKE EfdoRERORh @k Ed
wi th anot her cell tgpe.[0082] The pluripotent cells
Altggpativelye fteeg!iyrcmay b¢ e selt cxmessigdpakens isagragientstaidhe p-cell
]hwggﬁir differentiation into another cell type. The
other cell type nmay be a cell expressing markers
characteristic of the definitive endoderm I i neage.
Pluripdtertneim vedlsytreateden ealokdahypeithralye tnethadcef the pxperassiangon
markers characteristic _of th ancreatic.endoderm.
may b%@%@nﬂﬂn@fi BHRACEUE P otk C@é&pe% et r%et%%i ip the art
For %%Qﬁﬁ%%lﬁﬂ?é@ﬁt‘%%n% cAQRAFALIIGH h&ddrGanf wWiliGhPARHOBAES (he gresent
endocrine lineage. Alternatively, the cell type may be
inveatios Imayeheph Beshmgedmtdkeeuwsalak s, aetdead etls,depdtotytes, bae diellike.
i neage. [0083] Pluripotent stemcells treated in
accordance wi th. the thods of the pre t _ipvention
For RGBS D dbhtidrn e 1R T 2eeh e MR TE: moOELb B2 present
invdnyipge snaddybealiffershtidtedingo ARirNIQRogoitbRandchrdidyocgis @BddRding to
pluripotent stemcells treated in accordance with the

the msthedeidiselpsadie WPBARIB0B Hent i on may be differenti ated

into neural cells, cardiac cells, hepatocytes, and the

In ahbti€r ex%%@e‘} %hﬁg)rot Sxaeml c_%ll%ﬁle%&i HIOJCE aﬁée%lﬁﬂelﬁethods of the
treated rn'accordance wth the nmethods of the present
present/i@mtnt@n mayybddi fidichfiatce nto At@dodyndsacomdimglto the methods

. _progenjtors a i omyocytes according to the
dlscﬁ%*ﬁﬁ&}a@tsdﬁa?&ggé%% W2007030870. [0085] In anot her
exanple, pluripotent stemcells treated in accordance

W DifféRAGTRON OEPIR{poitdiR SHEAIENMs ihOVCals FXpreRing®larkers
differentiated i nto hepatocytes according to the

met hods di(‘slmlr@@edsiiimomeﬁ’anematis,m;eegiineage

In one aspect of the present invention, cells expressing markers characteristic of the
pancreatic endocrine linage are formed from pluripotent stem cells by a multistage

method, comprising the steps of:
a. Culturing the pluripotent stem cells,
b. Plating the pluripotent cells on a human feeder cell layer,

c. Differentiating the pluripotent stem cells into cells expressing markers characteristics

of the definitive endoderm lincage,
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[0087]

[0088]

[0089]

Differentiation of Pluripotent StemCells into Cells

Expressi ng Markers Characteristic of the Pancreatic
weEaoossone Li neage [ 0086] In one aspect of theP@F/ESmHN$/071775

i nvention, cells expressing markers characteristic of

t he pancreatic endocrine linage are formed from

pluripotent stemcells by a nultistage nmet hod,

d. @ﬂfg%[gl % Itﬁng thqr;ceelléfee rseﬁsgé& I]I}grkﬁf %g{elggt?cst&&tlpgcliegrwng%t e%goderrn
hHé’%@ 6 @EIey ex(f)%skmg "i‘ﬂ/a@ﬁers Gharac%tflsftl%g §Nh hhdBatic®doderm

pl uri potent stemcells into cells expressing nmarkers
bheagacandr i stics of the definitive endoderm lineage, d.
Differentiating the ceIIs expressi ng markers

c. Bh errgr%al%lng%e &lls %xllaress?n fllrk%{rst c'hﬁFac?erlgt?cs ofqllle C%an%?e%f fe

express ers characteri sti

B@Id)@iéﬂﬂhhé‘age n@t@ @enmﬂprése@gemaraad cBaract&¥idtice bEkipahdrogtic
the cell s expressing markers characteristics of the

padosrieatinga2endoder m | i neage into cells expressing
mar kers characteristics of the pancreatic endocrine

Mallgie#éeﬁ%ctehgt@&gd tger ot fi%e GRRUATE fhda %E bfe sgfefc{eﬁefror% the group

Initive en I neage are select rom-t
congstongpofcinsi15t GAJ Ak, HBORbA(E, G@T@‘dr,l, Noflal 3B6T 8, Br@dGury, Mix-

like FoateBbd Diptsin P DA bbbty (RENES], DIgRAM G GATAS,

CXERIAB.KiIEXTRD, afid K9TIX2. %ﬁble@&dus@-[ﬁ(ale p%é'dehﬁf‘ﬁki@ntfo@lrls He&ll that

in the present i nvention is a cel t hat expresses at
eXpte@@wt @ﬂ@t oof of He rrmkkr@ mhar@ﬁanam@thtsdafmlt@\fe andederm lincage. In
Il n one .as

d
one 6?%% e?ﬁ 48 ggl% q%%eern N nee@ é(QrerssenSl% Irnraltrke &kaéac erlshc of the

deﬁﬁhﬁz&@ﬁa@remnin@a%hs thpeindedd metaszaecafsd@e)@r NnlanR@a@Rtd Spétt, a
primtive streak precursor cel In an alternate

cell gxpressting Bagksry chasastesists pthadefuaitive endadaen bpgageiiva of
mes%H&oa%ﬁL' gl'lt i/ ﬁ%ﬂ%‘?@%gﬁ‘e&' Q@@F&gr&sﬁg'}ﬁﬁﬁ&g ‘89%5&;%&& dof the

an alternate aspec a’ce Xpre
deﬁnha%aﬁmﬁmmsﬂnmagﬁmhhmﬁdﬁmblnmxmﬁneﬂdodern1I|neage is a
definitive endodermcell. [0088] Mar ker s

haracteri.stic.of the ancr endoder are
Mad g raier i b e PG CCONSn gerpaarerod R Bokiup
con§idtkil Fof FNIT; ANFHBR(APFF PR E- 6,SHBt9Q1|ﬂH@’R@El US&itdble fobGse in the
present invention is a cell that expresses at least one of the markers characteristic of the

pancreatic endoderm lineage. In one aspect of the present invention, a cell expressing

markers characteristic of the pancreatic endoderm lineage 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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[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

present invention is a cell that expresses at |east

one of the markers characteristic of the pancreatic
wenaonessns | i neage. I n one aspect of the presenpCT/US2008/071775

invention, a cell expressing markers characteristic of

the pancreatic endoderm|ineage is a pancreatic

endoderm cel | . [0089] Nhrkers characteristic of the

pancreati c endocrine |inea re elected fr m t
ccll NGB S PR s raenb sl s by -Sasrestic Belop scereting
cellNKX6. 1, Pax-4, Ngn-3, and PTF-| alpha I n one
enbodinent, a pancreatic endocrine cell is capable of
expressing at |east one of the follow ng hornones:
In opp gspecof tg¢ n@afgts nvesbemttiospancraatic ardpepaneslbitaesll expressing
marlggrls)éﬁ &8 tFId ?hc %lf @?eelglslféegatgeu eceellalg %@E%R%%%ﬁhe%s char ?erlsgc of

the g loall Haéae IeSﬁﬂe@se@Pdih@ndl&ﬂé‘efsﬁ@id @ftﬁ@ﬂﬂl@wllﬁgetrénseﬁptgﬁl fal:ﬂ@rs
one aspec present invention, a cell expressing

NG RER S Nkt BEmoD: Bds HRS Baﬁ%cM@aﬁA Pashapertaxe Inone
sk BB S A PARET P SRHSEL LR Gl TOR RSP

ocrine ce ancreati c
lincegpis @gséatigcel | . Al ternatively, the pancreatic
endocrine cell may be a pancreatic hornone secreting
cell. [Q090 one Aas resent . inventio
Forhunilsraaan pe e e tsfFerea ol SR Cellymacsng Markers
chaﬁ@feﬁ@ﬁcsoﬂ:th@f)ﬁfctr&“ub%hd@crﬁh% ll'ftlgé‘getﬁcG&JdingI tb ‘@&3198‘[{10&5 &Sdlbsed in
expressi ng markers characteristic of the

D’ Ao ag e/, Mapre Bsatechmdlogy 24d1 312 - 1684 { 2¢ife. of the
followi ng transcription factors: NG\ 3, Nkx2.2, Nkx

Forinlrc]ztigials ce?ZD exlrse’éslgngliﬁ Iﬂ’%rssch%nt%c?érzs%o the%%% itlvgn?do%xrg lineage:

rese I nven

Pluﬁp’cﬂér&&&hﬂ@elﬁ&ﬁa{sﬂj’esdlﬁfhﬁhﬁﬁb@ fts te¢lts eﬁtbrdsiiﬁg aeledrd characteristic
lineage is a b cell £0091] For .exanpl e, plurlpotent

of thg definitéye cadadgymyineags bermnipthedin thes o dyiagy axgshadsrppeped in

characteristic of the pancreatic endocrine

th“q?ﬁéggé according to the nethods disclosed in D Anour

et al, Nature Biotechnol ogy 24, 1392 - 1401 (2006).
For [eﬁﬁﬁﬁl]e Iﬂoﬁpf&bmtcsmrmtellsem}sbeeddﬁiemauag imte ckléy expressing markers

char.acterjsti f the defjnitive endodermline
cha s Gotht o8 PSRl AFrrEPE it TR Eclosed in
D’ Aafblrer 8K Na058 BidcdRRbloRY 3¢ sgsact £1i (gbdx). of the

def|n|t|ve endodern1llneage by any nethod in the art

y any et hod proFosed in this invention. [0093]
For ;e@qtmglgamwlgoterpﬂ st 9@ semzy ba dffcreafipted ﬁﬁ9 cglgs expressing markers

charql {ekﬁﬁce&t thghgf%lh% Qna%ﬂgtln‘? 111‘*?3%%5 gécsolrﬁgg ?@{hlé Hiethods disclosed in
Shinozaki et al, Development 131, 1651 - 1662 (2004).

For example, pluripotent stem cells may be differentiated into cells expressing markers
characteristic of the definitive endoderm 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).
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[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

characteristic of the definitive endodermlineage
according to the nethods disclosed in D Anour et al,
wlad0a/0e86B ot echnol ogy 23, 1534 - 1541 (2005). PODBE3008/071775
For exanple, pluripotent stemcells may be
differentiated into cells expressing markers
characteristic of the definitive endoderm | i neage
accordi .to the nethods di osed i n Shinozaki et al,
For BERP b per gl oy oD e apt Mo gyl cpppssing markers
cha@¥RERNEof R HEAMRATERTdoERMik&ick By TaMuify ©b biefsiht ab@ells in
into cells expressing markers c%aracterls‘lc of the
medierhicantaingeg entidodarintlic abeenge ohswomdihey culburitgethereelsodith
.di sclosed in ean .et. al, Stem.Cell.s. 25, 29 - 3 )
sttty st SFupouy! ot cufgine SRV st TR spdierbmite difgren
conb@t@tibih. eABRkABHRGF tHIE ebRliS dBXPERISE NWureWidteEhology 23, 1534
characteristic of the definitive endoderm|ineage
- 1548 6¥08)ng to the methods di sclosed in D Amour et al,
Nat ure Bi ot echnol ogy 24, 1392 - 1401 (2006).[0097] For
| . T I
For SRRy ip B A RERE PO ShETR SRl fnlTRkd Bl DUl SR ERpZffen
chaheferintid ofthe doffiotder endodareabiecaay bg whttwingde pheipotent stem cells in

| uri potent stemcells in nmediumcqntaining actiyin,
medipmcqRtaipesactivinp 14 dhe absench of sy &»@P ﬁ@fgverm% @a cgl ‘Witﬁ?h

actiPalA With sGrANGf SR cobrhhen AMELH108f thEmEBb & Wdidked in
activin A and serumof a different concentration. An

D’ Amanpérer Of attitei Biotpehimdekyi, S00ti.scl osed in Nature
Bi ot echnol ogy 23, 1534 - 1541 (2005). [0098] For

exa ifferentiate

| e luripotent, stemc S be d
For SRR cppBb AN PROE s R ERL BT Al Pl SPER PR
chafiefetiBtid dftle aoflades sadodeeaiecddy be Bhiking@e bRRipotent stem cells in
luripotent stemcells in nmediumcontaining activin A

mediymicpatagaeidiyinod agd a it ligiad it thetabpangg of sraumethes repedng

i Vi ' : COF ti :

e S ARSI ARG LRRREONEP" ARl o

methiad isrdéscBisod acNatoBiptecBOflbgy PHO39Y - Fd01 086Dl e,
pluripotent stemcells may be differentiated into

cells expressing markers characteristic of the
Forfigfipi 1405 “EOuE RITE e ey IsEIof (handgeierlc endoderm

lineRbMT €O &pbesSihE MapRlrt SharfbtdREL WMHQRERI R REdG Rt \inBadd may
and a Wit "l'igand in the absence of serum then
be didensuiiated miecalvtexpiegamgimarkgrediatagtarisgic ohédic pendreatigi andoderm

cactivin Awth serum . An exanple of this nmethod is
lincagc oy L e%& Rl Sbyeat H}?gfoéid’ﬁolﬁ?g 55 VRgh-
(2006) .
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).

For example, cells expressing markers characteristic of the definitive endoderm lineage
are further differentiated into cells expressing markers characteristic of the pancreatic
endoderm lineage, by treating the cells expressing markers characteristic of the definitive

endoderm lineage with a fibroblast growth factor and the hedgehog signaling pathway
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[0103]

[0104]

[0105]

[0106]

[0107]

[0100] Formation of cells expressing markers

characteristic of the pancreatic endoderm | i neage:
WwW@IbB488%Pr essi ng markers characteristic of theRCT/US2008/071775

definitive endodermlineage may be differentiated into

cell s expressing markers characteristic of the

pancreatic endoderntlineage by any nethod in the art

., .or t hod osed i.n this jnvention. [0101
inhiBfor KRN eaomanng RS Pt itapaciimd SR iis bp et
gro®fh faber S&f KAIAD ¥ecI6RHAHE R SURERGBHTBYHREg the cells in medium

differentiated into cells expressing nmarkers
congiran@ustivpicsicide a dibrathast grovdh atorand ikdbiBrayclapamange An

RTINS RS AT oo

For exanple, cells expressing markers characteristic

Forplatibhef ek iehpreb ey madeeesihd poras@gicangodritetinelige: Cells
differentiated into cells expressing markers
expeepsiPR BB ghagackristip of B@@@P@ﬁtﬂ%@n@ﬁ HRRE ﬁ’@&é’é by

AL DAL AR ARLTARE Sy ROAGLAL Bl fin
lineggcot dnyf racthod irathd atthve b edg efede dsdighaskd mgthis invention.
pathmayinhibitor KAAD—cycIopantne, then renoving the

medi ntai nin r ob] ast wh factor .a
Por RRP y T D G A e Dts Rt S PG RSB ligeae
may Bt AEE A€o Nita ol fe%‘éﬂn@ k@6 bithraderidtie 0@ E{e%%hcreatlc
growt h factor and D-cycl opam ne. An exanple of this

endoginiedhepge dicenslingstedhé metiatlzidiscIBiagtio EHAvI ey ! P4 NatlBo2 -

Biofhel 6 S 1% BRPDBOT endocr i ne 1 neager - cel s

expressing markers characteristic of the pancreatic

Forerglagles sallk crgagindmyrks dhafaberistid dfthe ganonéiceatibderm lincage
exE essing nmarkers characteristjc of the pancreatic
arc

eiflsEcntipivd gfe cpYs amyestRemkerh Charactgivtica thgypagggpatic
endgﬁt&qﬁegéez g#r Qafdidotnt BhiR éxﬁae‘glﬁ;'hé lﬁe[rtp UH R of the

exanpl e I's exptessing aracteristic o
pantieetipaniodeat litcago dosediond doneageg Wibmctbﬁeﬁéme‘ln theatredoving
into cells ex in nark‘£s ch racte ch of, th

the BRARPLCRT AN BRILATT HRL POy sSuRR Ot S1tuFae the 9l in

mecﬂtuﬁ%’oﬁt% (%l&egdtﬁnlo gasl! arﬁl HGNaAW &afl :p[%t cﬁfiﬂ@ %e@l%ﬁ i?4lisclosed
1392 2006 [0105] For exanple

in}@mpﬁégwﬁﬁgwhmwKﬁr$3%makﬁﬂﬁé@mﬁt|c of the pancreatlc
endoderntlineage are further differentiated into cells
3sig parkers charact

For egc(z%no% ©1(SAS express essm rn%rke %taracterlstlci %to tLe cggag)r%%?lgos({sermémeage
are f(ﬁﬂlléﬁﬂﬁfeﬁdh@ﬁ&dﬁlﬁblcslﬂs @xp@éssﬁt@@narkers characterlstlc 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
4, IGF-1 and HGF. An example of this method is disclosed in D’ Amour et a/, Nature

Biotechnology, 2006.

For example, cells expressing markers characteristic of the pancreatic endoderm lineage

are further differentiated into cells expressing markers characteristic of the pancreatic
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[0108]

[0109]

[0110]

pancreati c endoderm | i neage i n nedi um contai ni ng DAPT

and exendin 4, then renoving the nmedi um cont ai ni ng
w®2009/0883@5 exendi n 4 and subsequently cul t uri ngP€HES2008/071775

cells in nmedium containing exendin 1, 1G~1 and HGF

An example of this nethod is disclosed in Nature

Biotechnology 24, 1392 - 1401 (2006). [0106] For

exa IIs ex mar kers char cterlstlcfa1e

endpgime 5\%&% ¥Rl Ee s Squﬁéeéaeg gragkery,chagagteristic o

pan&ichi €& RIBHERL ﬁl%ag@t@me&ﬁhhlsco%%ﬁg PAWr AR K&h&in 4. An example of
characteristic of the pancreatic endocrine |ineage, by

thisgudthag is Wipctosed wdD1 4meupeied sNaigrenBiokeshsolegya2806.er i sti c
of the pancreatic endodermlineage in medium

For %g?ﬁ%l c ceﬁllg eX eg(r%ssgngqmﬁfke}s d:%ar f:“eglgtlc ogtlhg pg uﬁr?a%c endoc%eﬁm lineage

'hing se uen uri

are Q@thles differdigidicd int6 Qﬁlﬂﬁé@lr@@ngmﬁérﬂ cHaradt@"r_stﬂc of I’rld: fdatreatic
An_ exanple of this nethod is disclosed in D  Anour et

endaqrmerlmeagee bpicoltwE{Be 6¢H{s cxprrogng petlery clrgictaistapf the
pan%&ﬁéeﬁ%ﬁéﬁ?ﬁ@gemﬁ%@iﬁﬁl &%@arlﬁﬁ u rnt%iger. %IL : %cgrrﬁgle of this

ancreatic en I neage are ntiated
rnethm 6 dieldssd axpi assiungr araNkersBolahaclbey,i2006c of t he
pancreati cendocrine Iineage by culturing the cells

expres mar kers char |st of, t ncreatic
entode ARSI O sl PR SRS f B enci
4. An exanple of this nethod is disclosed in D Anour

et al, NatureBupiesraabrayri2Pon: §0HQ&sFor exanpl e,
cells expressing markers characteristic of the

pancreatic endodern1llneage are further differentiated
Plusipptent sim eclexpryesrasy onmpiaps of e dedcemnesificeniryqmeantigens

(SSEQE §r.Gak! gnderﬂ Cls cjta'b[%el?sgiﬁ an@%o&lé% Hé{ﬁ%ﬂ&%dt]hrg IC® I Tra-1-

reSS|h ers charac ancr ea
81 (mhdmd@r mdll Se]ag@ 182: neldj LODEG. omfﬁarmtragtoe)oéphiurlpo%nt Aem cells in

exa f t hi is scI ? in D Anpur. et
VIrRERSY Semé plast Hﬁ%ﬁéy, zaode 0. pegta eX@@ﬁ%ﬂ%f bATeH  ind
1ncr%ea W G Qior b mon e "Undgftf&%tﬁ%% %r | ERGHES b@lf%tt&ﬁ@algf have

Pluripotent Stem Cells 109] P otent stem Cel
alkaimy pbayphetssc mmﬁflty),rwlnmh earolbe ddtectst l@gﬁxmgdm dellls with 4%

[ t SSEA
pario Sarie 200 G B DBt SRdpiRal e PTG g desibed by
the Maafhctufer VERBONBRRatElic2 Burlindaing W& f £ 88ndiftbARitiatbd PRiripotent

Differentiation of pluripotent stemcells in vitro
sterp eell#l also typicalhecinsess Qet-4I8EAERT, Bp deteqted by rephnerRLR.- 81
expression (if present) and

Another desirable phenotype of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers: endoderm, mesoderm, and ectoderm
tissues. Pluripotency of pluripotent stem cells can be confirmed, for example, by
injecting cells into severe combined immunodeficient (SCID) mice, fixing the teratomas
that form using a fixative such as 4% paraformaldehyde, and then examining them
histologically for evidence of cell types from the three germ layers. Alternatively,
pluripotency may be determined by the creation of embryoid bodies and assessing the

embryoid bodies for the presence of markers associated with the three germinal layers.
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[0111]

[0112]

[0113]

[0114]

I ncreased expression of SSEA-1 . Undifferentiated

pluripotent stemcells typically have al kaline
wQ@b@sphssrase activity, which can be detected bRCT/US1008/071775

the cells with 4% par af or mal dehyde, and then

devel oping with Vector Red as a substrate, as

descri bed by t he manuf acturer (Vector Laboratories,

Pro B T b T 8 e R B s G5
teclﬁﬁﬁiu%%@ doRparc@@d p ﬁBlﬁﬁea?Qg?rot&Qés]&]the%&Fé@ bk 8pecies. It

phenot ype of propagate uri potent stemcells is a
is derartablettp abtatrocadils tifag heye 4 %ttoemalrita@yqieﬂ)d,'évvbfchamans thagthe cells are

erm.nal. | ayers: n oder mesoderm, a

cun 85 Sy Eein o g e BRSSP e oty Sl EouEuy S e pe
confirmed, for exanple, by injecting cells into severe
conbi ned i Mmunodgbigieent Plubpbioh: Sfemeelki Xi ng t he
teratomas that formusing a fixative such as 4%

par afor ma| deh and then exam ni ng t hem
Theyrasf ot I’H’QFQ“%StF’@rCG v ek gy bg s Plufiya%%blﬁhﬁﬂﬂu@%@f

Iy
o R S T T
tlssm(secstsasn ﬁ)rtehanplm‘oa bla!stdcym)d embryfoorc ttslsnee or &tdnceucafken any time

mar k ersasom th th rmn
dur R Haore BRI bgh A e iy Pt e 49712 sl
gestﬁﬁb/n bﬁoﬂf—%ﬁﬁﬁ’ﬁ%’ &&%ﬂ@s‘ 8 eﬁa@fsﬁwﬁﬁ&ﬁ dEhband 'eﬂl%r}o%@ﬂérﬁ%@lls or
and conpared to published karyotypes of th

hunporendspeme gergn gallisnwich asrfet@@mpld the |hgn@e§nfomnec stem cell lines

1. 201, 08 R P 20 Bolsf e SR PhbRSsiiont¥Rle ll,

discldbu R MERNFREe Miiteal REESIRMeaNst Jiilizadibh 6€ élbdh)beﬂé tiev@ebh case the
Sources of Pluripotent Stem Cells [0112] The types of
sougs gellpreedbeprisire Blurigotentgelviakep dirgetbafrpmhqeparce tissues.

Als? §1‘i19a% é %g ?%lli‘s Jhlgeﬁltsfr&];l 2411%4‘2}%0?&& Sfh G L’[%)?Hﬁﬁgﬁ Xﬁgarcll& cﬁmlred n

I ssue Lon, “rnel re-enbryoni
the tbssseecof(fseteheds, Alesr smoahlmircemumnb haﬁhmeryﬂslty)omcesm yﬂhhmes
tis or fet en any. tinme during

t ak
Suc@%%?%{théﬁlpl% ?&%ém(l'?ffﬁ%%@?n,%%e% 8dsarily before

approximately 10-12 weeks gestation. Non- limting
In o8& l’%ﬁl%@i%le%f Qufnh RIbkyRedstérh REEs b phaparia a%'&i%dff%@&i %y FtheMson

I's or human enbryonic germcells, such as,

et aé)(blrﬁ;lPet Noe 58488 R0:e¥ango AR 2 154 B H0R%| Curt. i Trops DEV., BIBIV 38:133 ft,

199?3%8%% &%Ehl$C1tlﬁ:Ssg‘d%ﬁ os é ‘Sﬂr: ﬁgufﬁeo}c nitPieaI

establi shnment or stabilization of such cells, in which

case the source aalise WoRILEpSORnASEM@eYls pl uri pot ent
cells taken directly fromthe source tissues.

In one embodiment, pluripotent stem cells are typically cultured on a layer of feeder cells
that support the pluripotent stem cells in various ways. Alternatively, pluripotent stem
cells are cultured in a culture system that is essentially free of feeder cells, but
nonetheless supports proliferation of pluripotent stem cells without undergoing
substantial differentiation. The growth of pluripotent stem cells in feeder-free culture

without differentiation is supported using a medium conditioned by culturing previously
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

Al so suitable are cells taken froma pluripotent stem
cell population already cultured in the absence of

wo e@dousec®l | s. Al so suitable are nutant human PODUSINE/E71775
stemcell lines, such as, for exanple, BGOv
(BresaCen, Athens, GA). [0113] In one enbodi nent,
human enbryonic stemcells are prepared as descri bed

w1t12éé)tlge?g§ ?yp%g é@ten@&krjﬂ?, P%troxﬁg\%f pgfrmdé’c?’eng gtglilg‘gﬁ.lﬁ ?nnfceeder-free
cultﬁl%%thotﬁ'f afterd@falion AGRPporR@ usind: a3 Hdmi &AL 7&ﬁﬂed &R
Cul ture of Pluripoten Sten1ce I's 011 I n one

enbodi ment, pl uri potent sten1ce||s are t pi cal

For gxample eRicubvinaf etaryéNat@fe Biotaghrology 18 fat 0§lﬁ¥ﬁﬂ9&} antdhe
Tholrbh BT8R NG for | BoY ATLIONS) WBY o) A G ARL T
uri po S% em ceefnils are ‘culture %pu|

dlsc$(ys‘étt1@3”mﬂtlilﬁd of flugsaantstcad ol fires €rodi hﬁrﬁ&d&lﬁst@@s&@sn@lﬁ mouse
nonet hel ess supports proliferation of pluripotent stem
embrperig figfobkpstitecdeidel ddichg subst antial differentiation.

The growth of pluripotent stemcells in feeder- free
Rickdt fis 81 fshersapt hest Bl H3TcRht
g e oL B0 LD SRl W BRRT bEFL AR Buman
adulg gfletal mytbneeonAiai tcdatdellddyers fon dlegTahWtjm t@ﬁupmbttdlmpratl@mrlpotent
feeder free.cul tur

sterg il BT | BT P sty 1A S AR clings cultured on
adufl 8kinRAoBTRH ifstiers(rOth il untey oS 9omL SienRRUBLHPHS log§’ afd remain
(hbture Bi ot echnol ogy 18: 399" - 404 (2000)
pluregensSon et al (Science 6 Novenber 1998: Vol. 282. no.
5391, pp. 1145 - 1147) disclose the culture of
USﬁOﬂ()bﬁqtl g '&ESCF&S’%% nes Hapﬁ du oﬁ{]e{f' 4R a@p%%tétﬁ? §f téxiﬂé rof

prn{la@é. j&ﬁl}lpﬁ%ﬁhﬁétﬂ&GHﬁ 1n6fbede(r4ﬁfee mﬂ@iﬁ‘el The céll libkGenyieyed206 3)
eval uated g panel of 11 different human adult, fetal

mesgpehyinebAnd Hproplasiglike ¢edl lines ghisingdfegm embiyeniHIssI S t o
dlffiltéﬁbgeﬁéd frBle@ﬁbr%rﬁE kRO &N &rr% 80 RA 1 P?L‘Alﬁ‘&lﬁclo@s ¢RALEDf the

st at es: uman enbryoni ¢ stem ce i nes
celldmks an eprimaryddedet calklaged. i br obl ast feeders retain hunan
enbryoni c stem cell norphol ogy and remain

tn p L SRR Wit/ 1K o Gadpior?: 10083 Broien ithods or

the RinigtBine ?ﬂ@l\wﬁ bPRuBM pistipHicREddrs céllk JreRE@I bl 88 cRUctivEEfrom

The cell lines enployed are nesenchymal and
hunfanipndisyee steinkaslleel | 1i nes obtai ned from enbryonic
tissue or

In another example, Stojkovic et al (Stem Cells 2005 23: 306-314, 2005) disclose a
feeder cell system derived from the spontaneous differentiation of human embryonic

stem cells.

In a further example, Miyamoto et al (Stem Cells 22: 433-440, 2004) disclose a source of

feeder cells obtained from human placenta.

Amit et al (Biol. Reprod 68: 2150-2156, 2003) discloses a feeder cell layer derived from

human foreskin.
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

differentiated fromenbryonic stemcells. US200200721

17 al so discloses the use of the cell lines as a
w@eioomuss7$ eeder cell layer. [0118] I n anot her PXEDPL06§/071775

Wwang et al (Stem Cells 23: 1221-1227, 2005) discl oses

met hods for the |ong-termgrowth of human pluri potent

stemcells on feeder cell Iayers derived from human

onic stemcells._ JO01 | e
In ag?r%fiwpw SITA T e 2805 D30 SheShENo Sifagder cel
ay iR ReBarPpdBRER foreSilih fdYsHIRM derived from the
spontaneous differentiation of human enbryonic stem

cells. [0120] In a further example, Myanoto et a
US((@Q%S distlpses 2din®at sppoort toazpwii efairseide alusipaicotston (pPS)

ot Sy L 8 RS SR BT GRLAGEIS L AZED P

US048 staeh:| “Tray ﬁfveﬂt@dﬂ mekdéy mesch il faﬁd ﬁbi@bﬂus{ ﬁﬁa&]u lines
In another exang Inzunza et al (Stem Cells
$S§% p

obtaimel fsory cmbarpsyc bdigferentiated drong @mbrypwesfem P% Adereds
for gél%s CIF%&Rh cEfP ﬁ@g( H]bcfeésﬂ{ Ed’fﬁtaﬁlﬁ (§[r k: o%she%?eﬁﬁ%gﬁlg the

ses red ort’
conoﬂtiunécbmbdﬁataresdeﬂnmlﬁqd%)i ﬂtledtﬂa&dl intfieddelosdrede cul ture,
and cell lines useful for production of such nedia.

Us6642048 . s :_"This.invention.includes sench I
In Ao parBts L0050 Mo RA s BB em 05 (e FatEhance.
pmleﬂamﬁsﬁ Rh& diffeSiRLeR ofinhhelgih cale cwoagﬁs AaDYY QBies: StIRM
cells. Methods for deriving such cell |ines,

cultpreon@cb@mrpgoctmdd & acgpkdlagecowitin élesm@amt@lvwwusqi pepditianed by the

cellt%goq’gtloéll ocgll%bg g?glu%n? rﬁi ksgesé:a%ﬂclﬁ%r ﬁgpe %1f% 1afaelEi %gd b mortalized
tranERARORD A b PR s, diasiet 08 RE Q‘(Zlé\td‘{/ltm@é’lﬁélf)dw@té)m f or the
mai nt enance, proliferation and dif erentiation of

mammal i an cells. WO2005014799 states; "The c
In aﬁ@apwam&a oded 4 iaR AR a1t 206 %%Cé%ﬂémondmoned

medlﬁ%%ma!lt%a Sh fidRdh Eﬁl"aﬂ%‘ﬂups)feﬁl el ﬁsjula]tl%@&{hﬁﬁﬁa% been genetically

activity of nurine ce I'n particu
modifiéd &r@rt bgired handnitalnoctaat reyvede ttraastsigpese.c
hepatocytes named MVH (Met Muirine Fbpatocyte)

In aobEemgihin b 0 P BIRAR gt s Risa g G et figjom for

the ﬁfaﬁﬁéﬂﬁﬁé@@flﬁ MeRiskenstam cel | derivatives that have
been genetically

An alternative culture system employs serum-free medium supplemented with growth
factors capable of promoting the proliferation of embryonic stem cells. For example,
Cheon et al (BioReprod DOI:10.1095/biolreprod.105.046870, October 19, 2005) disclose
a feeder-free, serum-free culture system in which embryonic stem cells are maintained in
unconditioned serum replacement (SR) medium supplemented with different growth

factors capable of triggering embryonic stem cell self-renewal.

In another example, Levenstein ef al (Stem Cells 24: 568-574, 2006) disclose methods
for the long-term culture of human embryonic stem cells in the absence of fibroblasts or

conditioned medium, using media supplemented with bFGF.
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[0129]

[0130]

[0131]

[0132]

nodi fied to over express human tel onerase reverse
transcri ptase. [0126] I n another exanple, US2007001001
wa 2abeedeases a chem cal ly defined cul ture nedi pOT/82008/071775
t he mai ntenance of pluripotent stemcells. [0127] An
alternative culture system enpl oys serumfree nmedi um
supplenented with growh factors capabl e of pronoting

ag&tgﬁxgr o Ip&ﬂ,1 iﬁ%O@?O 80?@518 g%ﬁ%ﬁ%&n’c‘i SEL llt%rlng %urnan embryonic

sterﬂ- Q@@/ﬂ% 'd@ﬁﬁ&pﬁn@&ia wiPeuOLad And Qﬁh@@ﬁfbr&lﬁast 2009 cells, the method

di scl ose a feeder-free, serumfree culture systen1|n
comphisilg: ertbirypg mhlet:st@ne‘nﬂscml d ailtarempdiimt @intaging albumin, amino
ndi ti oned senum rep

a“%u%‘&“&% ARBE 4R P ?‘i‘ fer‘dP 8&%‘?1“%%?5‘%18}11%5“@%{6’a% fsign

insullihl @ G@uliA GulsRinsy,and SulfleMeeRind es%&itfail&@fé@\&'iﬂhlarﬂrﬁallﬁiﬁ]fethﬂ
anot her exanpl e, Levenstein et al (Stem Cells 24:

serupBRIGpIDaE) loast sbpysl®Omelmiefe flypbleperowigaster papable of
[ I
actlge# iuabr X f) L;[:%Q@‘g?hefg%ﬂ%? ?ﬁaﬁm é&%@gﬁ \lvﬁerefﬁ tflé1 gro ﬁ?a{}?o% 18
suppligdpfr@nanbede wihchthak Gst b Gib2@lask fbeﬂﬁdﬁi\ﬁ[ the m&mi]ﬂlrﬁ supported the
U820050148070 di scl oses. a net hod of. cul {furing huma
prolafgttion of steay et &b wdt eraetﬂqt%ﬂaﬁ%eﬂrh&u&fee%&@ﬂwr Goppditioned
medd W thout fibroblast feeder cells, the nethod
conprising: culturing the stemcells in a culture
medi um cont ai ni ng al bum n, am no acids, vitam ns,
In andther adaspleatUI20650233A46 disclnss @.rdeﬁnecbmetiiaamsﬂuemrdu&turing stem
tute t one i nsul.in or

ool b dibi pdirRieaEGT bRt arti ot s @l oS 1o, Yytog. e media s

sub$TRTHA '1@30&@11@&0&%%%0&[1@ ste@Nell BEiRG calturb@aBia @iRetulture, the
100 ng/m of a obl ast growt h factor cagable of

partgpeulweﬁduuﬁg campnmsemaa%me@wmnﬁi gngapmnt ef epsalof RHGF, msuhn
and agco%)g%r hergsts??gr%o gt{l})g)ogtr E ZﬁCt 1f# Z%Pelal c?wthf r

source yer e
pﬁﬂm&dhunmﬁuﬁpgrted the prollferatlon of stemcells |n an
undi fferenti ated state without feeder cells or

condi ti oned i 0130] In a o her exa
In awémw%&%%gpw%éegs dnges e ﬁear & CEQEFHBW@ inppdium for
gro&iﬂ r%fn'laﬂ&d% C}ﬁ'ﬁﬁérﬁlal 5tafml déﬁb ﬁga mfahﬁﬁ[m&@&%ﬁjﬂated state is
primate prinor stemcells. In solution, the nedia
prowéedswbmhamlu@ls Iay.owsnemo‘nc preawrc,dnwanécatokm biabie nsﬁtdelm that is
cultu In a n _cul

S bein Vv
offeflis P UPe HEdren o Rprsse ReBt i il aphe basi
med@iMU§EorRbinE€RGh AfnuBREr serimSiffelfive RNEpFRFE e RirGw RUFBrimate-
necessary to supPort substantially undi fferenti ated
derigedmtimorstialtstpan cells and a substrate selected from the group consisting of feeder
cells and an extracellular matrix component derived from feeder cells. The medium
further includes non-essential amino acids, an anti-oxidant, and a first growth factor

selected from the group consisting of nucleosides and a pyruvate salt.”

In another example, US20050244962 states: “In one aspect the invention provides a
method of culturing primate embryonic stem cells. One cultures the stem cells in a
culture essentially free of mammalian fetal serum (preferably also essentially free of any

animal serum) and in the presence of fibroblast growth factor that is supplied from a

28



[0133]

[0134]

[0135]

[0136]

[0137]

prinmordial stemcells. [0131] In another exanpl e,

US6800480 states "In one enbodi nent, a cell culture
wore@ome’Dr growi ng primate-derived prinordi al PET/ER2008/071775

cells in a substantially undifferentiated state is

provi ded which includes a | ow osnotic pressure, |ow

endot oxi n basic nediumthat is effect ive to support

soute s 1k HRTTE Gist (T Mk ERPELCHEA for B e gt foeder

lay®f fre¢ibliie réunr%&' RPQstaid & @teﬂlrdél’l'tctlltﬁ’lfe RibARE QUG &Shry by the
prinordial stemcells and a substrate sel ected from

addtties of sofifiisicobfibiobtastgrowth fagwd&r cells and an
ext racel I ular matrix conponent derived from f eeder

In aciert!aer exam 1e”€x%266‘5g6‘§§5ﬂ%ﬁsc d)s%s ? geeﬁ ¢ 1sot\?\o§1f’]cecfr1]1 tu]?e mg‘d‘n LA8hat is

ant 1 =oxrdant
essdﬁﬁhl@j’i fe%derf-ffr&l’ﬁddfsen@lﬁ-ﬁiép doaipsistigt mga lsafsalnu@dlmsb A@sangsi@t of
yruvate salt."” [0132] . In another_ exa

bFC@s«zﬁﬁg@Ma GBSt %m@ ofi ﬂuhstwllawéhffer%@ qdﬁ%_fﬁmﬁbﬁfﬂ stem
cell&" 0%{1& 9&%11?[ agﬁr{[s'[lﬁﬂ sfﬂfﬁc W {o%hﬁ(%“é g{&\xﬂﬁ‘o? U En & Thtiated

tures t este s in a culture
rnamsmbznt starhlcylld; mee dodn amaommalof astoftet adid sefifiaion{ forsapporaptoyvth of
al sp ess ially free of any animal serum and in the
Subﬁﬁ%@&ﬁ&aﬁﬁﬁer?qﬂﬁ GENABPAFHER CFiitt or that is supplied
from asource other than just a fibroblast feeder

In ah@HBF exahipl@ WOLHEI0RESU S AETdsck Rendthd P hﬁ%ﬁtetfa%@éj@f an
| ayer, previously required to sustain a stem cell

undifidreniraged stem celh d@methM%emmg/emsmh @ stdlpgll tore member of

the BB T bR BB @l 4 27 b roueins 4 teR afihe

fibrb S adt @b vethAhd th t(FE FYEghiNTOf Pidteihss o£8i86tMidna@tle YNIC) in an amount
feeder-free and serumfree, conprising: a . a basal

suffygaent {avnaptain thegelunen gpdifEtntiaige slaq foRe seidicippippynt of time

to aglilg\yg?pd Fre&%%ﬁftant' ally undifferentiated mammal i an
. an anount of insulin sufficient to

support growth of substantially undifferentiated
Therduipdtérantent erihs @yl =) platnd oo aasuitalyio ynlturofulas@ter bh one

acid suffici 0 support .growth subst.anti al |
eI O AT e R ol e es [ TP S gpmpenent, such as.
for SRAPIEhAX TRV & er@%QQe’é%@ BRI AR i fﬁﬁﬁ hed, of fdhesion

mai nt enance of an undifferentiated stem cell, said
molgetlheageptorrp garnsi cmgpblxgso dinnge arnbodamen@Ialsulttabl%xad‘em@srbs@ate is

MATRICEL AL E IRk Asg MaTRIGELAS s hFdrad g

Engeftith-Hamm $waref tupdoptcellihat @s 41ir66th itdtapdra@rd dIf6sm bn an
anpunt

reconstituted basement membrane.

Other extracellular matrix components and component mixtures are suitable as an

alternative. Depending on the cell type being proliferated, this may include laminin,

fibronectin, gelatin, proteoglycan, entactin, heparan sulfate, and the like, alone or in

various combinations.

The pluripotent stem cells may be plated onto the substrate in a suitable distribution and

in the presence of a medium that promotes cell survival, propagation, and retention of the

29



[0138]

[0139]

[0140]

[0141]

sufficient to maintain the cell in an undifferentiated

state for a sufficient anmount of tine to achieve a
wale@9ess7s esul t. [ 0135] The pluripotent stem ceCT/BES1088071775

be plated onto a suitable culture substrate. In one

enbodi nent, the suitable culture substrate is an

extracel lular matri x conponent, such as, for exanple,

those derived f basenent .nenprane .or th may .f or
desighls pacihiogs o Rsve e tFiatien PO QRN QOLETHGR e
seediﬂ%_gﬁﬁitﬁlff@ﬁ’ dh B rea(ﬁg_s%' dabhan @yt s rSkipsh iR &1 S

MATRI GEL(r) (Becton ckenson). MATRICEL(r) is a

sol ubl e preparation from Engel breth-Hol m Swar m t unor
Suitgble|cyltuiganedyemgy e nrade donethg doldawing comporants, auch as, for

exarrélﬁfeo B‘T’l}el{etféj t’serglo %g’%? :E)%glte's 'H%‘éli’?&rﬁ‘ ?ﬁMaén]\g}; ?ghcpoq‘f t11 P65 -092t; lI‘I(rneogkout

I ac ul ar components onen m X
DulB&co's tiddatid CEase'amedinbreIIUDINEM ) I6{be 6 ¢l 0%2 900 8t Rtk 12/50%
type being praoliferated, this may include |amnin, )
DN#\EP@%W wm: g8p sV -elyrasise diipedin | S @t-Bet man-chepplamino

: (SPak . I & I .
i SPREOIRR 1 RE0Le P aRtaiol Sy BSans g

recquhlah@d bagit aibtdbéass posith &tceori(bF@F 5 Wibabd €325i6s429. but | on
and in the presence of a nediumthat pronotes cell

survival, pra tion, and . retention of thedesirable
Thegpitaent P BriL R Sl hRisin it & AbligRikRutles

fromcareful attention to the seeding distribution and
can readily be determ nggAnppmsg of skill in the art.
[0138] Suitable culture nedia nay be nmade fromthe

foll owi ng conmponents, such as, for exanple, Dul becco's
nodi fi ed Eagle's nediumk 1 G bco # 11965-092;
Knockout Dul becco's nodi fied Eagle's nedi um (KO DVEM ,

@ beo HLOHR tihshRItnE o A B RAcal LiiRg! um 200

nmM L- gl ut am ne 39-027; non-essential am no
acid solution, Gbco 11140-050; b-nercaptoethanol,
PanBiraysrdrépadii22- Hhmem pancecatavotryanabld &gictinfechbiraisplastation were

o G E RS ot g e oo
appldptiatc@@nint fdrheschRhluo e SRl Qs trEdNRIESItEsARl e 1

The Establishnment of Human Pancreatic Cell Lines ,
preservation solution to a stainless steel pan on ice and trimmed of all extraneous tissue.

The pancreatic duct was cannulated with an 18 gauge catheter and the pancreas was
injected with an enzyme solution, which contained the LIBERASE HI ™ enzyme (Roche
- 0.5 mg/ml) and DNase I (0.2 mg/ml), dissolved in Dulbecco’s Phosphate Buffered
Saline (DPBS).

Rapid Mechanical Dissociation Followed by Enzymatic Digestion — The enzyme infused
pancreata were homogenized in a tissue processor, pulsed 3-5 times for 3-5
seconds/pulse, and the dissociated tissue were transferred to two 500 ml trypsinizing
flasks (Bellco) containing magnetic stir bars. Thereafter, 50-100 ml of the enzyme
solution was added to each flask. The flasks were placed in a 37°C waterbath on
submersible stir plates and allowed to incubate with an intermediate stir rate for 10

minutes. The stirring was stopped and the fine digested tissue was removed from the
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[0142]

[0143]

[ 0140] Pancreas Preparation - Human pancreata not
suitable for clinical transplantation were obtained

wo camioddses Nat i onal Di sease Research | nter changkeCT/US2008/071775
(Phi | adel phia, PA), follow ng appropriate consent for
research use. The pancreas was transferred wth organ
preservation solution to a stainless steel pan on ice

nd, tri d, .of | extraneaus tj e he, pancreatic
fasfied ol Eatinin S00a it i Rg e e EpRb RN e A B
and RANGEAARISDNER 1 (DIPERH§dt Mct i c@en&fw B eSS b O&s. wﬁ% filksks

contained the LIBERASE H (tn) enzyne (Roche - O.
werggpidnished avithNgs €00 m{ of the rpzymhd soleticpsanidvretdriied to the waterbath

and T R Rl el s on P TiE B Bl Bk i Fwere

rembV @E&d B8 fine dfp@steNBYIHeHET sePEhrRRRed eatiR 258l tubes on ice.
honogeni zed in a tissue processor, gélsed 3-5 tinmes

Thig pocgis vas gensated /fpadseionghdt Sttiecsdingb Beiranegas Wasepampleiely

gsge%nsferred to two 500 m trypsinizing flasks (Bellco)

containing magnetic stir bars. Thereafter, 50-100 m

of the enzynme solution was added to each flask. The

GrddualsMsechomical Pisaacdiomwiah Sitkulwaeelsdatm o Pigubiorer Shbkezyme

. .Stir plates and allqwed to incubate with an . . ,

infdeq Rl oar e SIS @fécqf@wg 1omiiede asdeserRedspiiphaigy 37:413-

42098585t epRAg @Rdatdeit] WoR Jia88betktanSSiiais\@RSardaiRYRE with
fromtheflask and transferred into 250 m tube

the comynai solutign BPBS;cribed #aival TBoyrmecdewgrn theiBSpcahidtada Ricordi

/m . se | (DPBSt) .at 4C to .quench t.he djgest. on .
Chaffsh i indlogied hife sish St BEha o SRRl i qpetein
largéh@uﬁ&_%)bﬁ_ﬁsﬁl@! Utk @Har_ﬁlﬁb_ﬁ‘ vv?a@tcbl{zé}%i aﬁd)th*eféﬁz_ _ syi@hwand

the stirring was re-initiated for an additional ten

circpjatpdithrpugiage dhamppreatfapproksnately 8 7r @ rbd By chpabethwasg shaken to
di ol.l ect ed.an 1 ferr 0.t 2
R LN A R R
ade@uate dissREtiontahdl dighstidnandy Rakved shcdigpltidohelay tehhgest®shd the
. [0142] Gradual Mechanical Dissociation with
tissug; e ¢oAl§elsths Enzyne Di gestion - The enzyne infused
pancreata were processed according to nethods as

TissA836hdAEG: | PhdbAReLA%is b WaktenfRladdk? 88 5%% Stliduted fi&1oC,
I d of e and

pancreata were cl eane extraneous tiss
Theismpeoatent wist dspirited emd thaeissus! wisi washed tvade sddifidrad timlon wreDPBS+.

The ncr eat a re.then placed into a .Ricordi,. er
rollgfind DR ar ki T disr i TS0 ot SRor LRI T8 ze
puri@catdf0- R FaRddQist & @hdsuspended in polysucrose (Mediatech, VA) with a

density of 1.108 g/ml at a ratio of 1-2 ml tissue pellet per 10 ml of polysucrose solution.

dig

The tissue suspension was then transferred to round-bottom polycarbonate centrifuge
tubes and polysucrose solutions with densities of 1.096 and 1.037 were carefully applied
to the tubes. A final layer of DMEM completed the discontinuous purification gradient.
The gradient tubes were centrifuged at 2000 rpm for 20 minutes at 4°C with no brake
applied. Following centrifugation, the tissue was collected from each interface (three
interfaces) and washed several times in DPBS+ as described above and collected in a 50

ml test tube.
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[0144]

[0145]

[0146]

| arger clusters of tissue. The chanber was covered and

the enzyne sol ution was circul ated through the chanber
wa@eooappssexi mat el y 37C and t he chanber was shakeer/U82008/071775

al | ow beads to disrupt pancreatic tissue while the

enzyme di gested the pancreas. Once adequate

di ssoci ati on and di gestion was achi eved, the digestion

nated and.t he tlss e was colle 014
FurfE il B B ERion TR BN G e g Ried S T ot
clust@0bbtafndd @in@thlaM v pbtd D iro TRk @fusils él(élné'l-@ €ell suspensions.
super nat ant was asplrated and the tissue was washed

Aftenoe fidddiviasbatht tissuadon eacbDfBSton Mok Bwn@dnm é0 fmld

LA R AREL P A BREL R o v

battbatRRepeiedily Bspatosue H@%Barg&@ﬂbﬁtaeﬂhml éé% ichipifette for 5-6
denS|t of 1.108 g/nt at aratio of 1- ti ssue

minges ruetl eqar singleice fsumngﬂg@ srashieved| Tha @aestrvn avasiqyeiplied with
the §&tﬁ{%&{‘§ gt Qﬁ tﬁ‘@e%fc%ﬁtrn%ggdetdgft %6’(?*5}3 ROt éﬁﬂ?utes The cell
PO carponate cen u e tubes n PO SUcCr os

sus@nlsluhs @ washbd df&hSDRBS%ISaer cultufdGasatastribed Bé’lower e
carefully applied to the tubes A final |ayer of DVEM

onpl et ed  t he disconti ur|f C i.ent, The
Pangr%rp I Guiyse - Giellowving er Ifau fe @f@‘ég qngfﬁ dtegfpce were

res¥pEHiegn BMEGE W EBNA 0BT 2k RAR lhﬁ/gtrelﬁ&lnklé’iw A%, 2 mM L-
centrifugation, the tissue was collected from éach

Gluiamiee, {0415 (mltv{rbéSO%tSegrﬁa)c ewd 0.38 dwémwmwlmnal (Inviftregen,

i n DPBS+ d bed ted

ca} Bepiiss e H5ctondretign K5 Al G puf Sispaish Sey gl in T

25 t{Rhd anakd Hask9BRd E2khlbetHeNell sdipeaseh dlas sdcab@t& EL15 flasks. The
clusters obtai ned using the above&grot ocol into

flaskyrapreenlacefl @sﬁé"ﬁsm@ubaémﬁ i LellO:zs Bewytgo%wé wepks afturhe
the t
coigl Q8 el Rendd e d Rl LROAPR B P PelB i sy

DMEM) (ﬂTSK) rﬁ@@.iﬁ-glucose‘[ﬁ& htgb]eglu\ﬂﬁmﬁepdCﬁbﬁﬂ AA) wiktes%eatBEsS
and reE?ea ed % aspi rated and di scharged from

10
(HyRonge bl ot BES. 01 168 e 4150 S her At LB Grrvih mdipiqnd
t
alloHB feabPhoar BAPARASC Afsisfucl BiYeRfLio 105 BER! PO

Whlclepd)lnt thog edrapas8@odr fobdequens cufiturutges.thltudls gelslat 5000 cell/cm’

suspensi ons washed with DPB + d cultured o
in B madBe Coirer O pASTspgee cdai e Eis ATy aldly 70-90%

confiRddcQWINGad B whitRAlstr¥@slocllk RRrERbIaRd F RIEART the three fractions
inteiface were resuspended in DVEM 2% FBS, 100 U ny

pregsanfotloivingthe pnefatagiop @radient TS, 2 nM LG ut ami ne,

Example 2
Culturing of Stromal Pancreatic Cells

Pancreatic cells isolated according to Example 1 were either cultured under hypoxic
conditions (5% CO,, 3% O,, and 92% N,) or normoxic conditions (5% CO,, 20% O,, and
75% N,) for 2-4 weeks in the selection media. The cultures were then switched to the
growth media and fed two to three times per week. After the initial culture period,

adherent cells were observed in plates cultured under hypoxic and normoxic conditions.
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[0147]

0.0165 nM ZnSOX4 (Sigma), and 0.38 nM 2- ner capt oet hanol
(I'nvitrogen, CA) (hereinafter "the selection nedia").

w®R009048683 t he cell suspensi on was seeded in TPCRES2008/071775
tissue culture flasks and 12 ml of the cell suspension
was seeded into T-75 flasks. The flasks were placed in
37C incubators with 5% CO . Follow ng 2-4 weeks

ul ture Iete e. wWa erforned. and .
Furdiaotey ol R e R GHG Pef Ukh GO ok Dcey o Y ENER (o7agine
islefMBkdorlh@all GPRRurc 8B nEBlakesgl Ut amine) (G bco, CA) with

5% FBS (HyCd one, UT), 1% P/S, 0.0165 nM ZnSO4

(hereinafter "the growth nedi a":z and all owed to reach
near confluence (this stB¥pmpk ¥ eferred to as "passage
0" or "PO'), at which point they were passaged.

ﬁ%@%ﬁﬁ“ﬁ '31“ G%Hlasl rrlg%%ogﬂtegﬁv{tn %lﬁ‘gl‘én?la%ﬁ n?i’llﬁ‘glpo%l‘fteéte{? q%ls

I owt ures were passaged ever
days at appr oxi n@uithyed/éh P08dee @ik dagens. |t was shovvn
that stromal cells vvere i sol ated fromeach of the

hree fractlons r ol | u cat i )
et W‘E&%\ﬁtﬁmgce tFPL h t@Pg‘é{trP@rP&Fé%Lfﬁ %%?gq’&smute’
Inc. Cizg\glacﬁs&rp WO hn& éﬂﬁfr@@ﬁdc@rcﬁﬁé {osmétﬁi%ltlaﬁﬁgro@ﬁi%@ bYitGsoufee

e 1 were either cultured under oXi C
instdatnd Mnldtffmer(tfa%dddﬁ hurdgs @abryantg sg:zﬁ/@etxlﬂzs)th@trhad breeowimtained on

. di.t 5% 20% d 9
inef UG R YA P TR BT NREL NG b RprSptt oL T

FBSSW0YEDRISG,antl Ize%gDM/EM/mqhﬁqtedgénfca@dmubﬂeﬁleﬁt@@ with 20%
ti nmes per ‘week. After the initial culture peri od,

knoglefhie parm replafemensr W0gHd MEMdlqnﬁsssma%l emiragids: O mivblesta-
merg %ngéhanto? %%l\gqf %Arﬁlng %”ﬁi] z{ng%lsh ﬁl{i‘fc WrSolad g;%/v%p" efgchor

I ni rindg, GYEV\EEV

(bFGE)T@illrﬂrdig Im\airegenl/GH}C(O)’ atduatealf - sctcr/u@ﬁ aidesoried i hpor nitrogen.
at es. Expressj on of Cenes Assoc:| ated with

Therﬁ@ﬂﬁ @@Wa\aﬁ) %131 Hlatepppio TpeRtn Sreatdddp? shemmn deed! on
ARG L A 5 T WB TR LR s
cellg, Whﬁd]_)lsnpotew ocllamdrechartestoelchng cloar tekinsfyriicd on IMAB“BG‘,GED fis
BT T N TSR G T
Human embryonic stem cells plated on MATRIGEL (1:30) were cultured at 37°C in an
atmosphere of 5% CO, within a humidified tissue culture incubator in 60 mm tissue
culture plates. When confluent (approximately 5-7 days after plating), human embryonic
stem cells were treated with 1mg/ml dispase (Invitrogen/GIBCO) for 25-40 min. Once
the cells were released from the plate, they were pipted repeatedly with a 2 ml serological
pipet until the desired colony size was achieved. Cells were spun at 1000 rpm for 5 min,
and the pellet was resuspended and plated at a 1:3 to 1:4 ratio of cells in fresh culture
medium onto MATRIGEL coated cell culture plates. Following five to ten passages on
MATRIGEL, the pluripotent H9 cells were transferred to a number of different feeder
cells. Briefly, cells were cultured on the feeders 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 beta-mercaptoethanol, 2mM L-
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i nactivated primary nouse enbryonic fibroblasts (MEF)

were cryopreserved in 60% FBS, 20% DVBSO, and 20%
wWOREMOESL25 (| nvi t rogen/ G BCO) suppl enent ed wi t hP@DYS2008/071775
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achieved. Cells were spun at 1000 rpmfor 5 mn, and
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DMB@s&ages o701 Wi S stolehen ngj_é)f hiRdeent THYcABlW&e MRGRJ at 37°C
transferred to a number of different feeder cells.

and gegdsfljopto gedatinscaggaddiseuq eultueaplates ehe2.§Weererie EMEMSwiB|10%
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suppibinbiyll RameHse ABSalOm ot lwat, diss cdlls WeidMnactivated by mitomycin-
bet a- ner capt oet hanol , 2mM Lgl utam ne with 4ng/m human
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N i o R o
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4 hrs priqr to seeding the feeder st ' o .
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e cells were allowed to expand for ays prior to
10% PMSQ@ei mtpte ble-13CMhie raed sioatd iorvaperotisegdn. The cells were thawed at

37°C and seeded onto gelatin-coated tissue culture plates at 43,000/cm?® in DMEM with

10% FBS. Cultures of human embryonic stem cells, plated onto commercially available
mouse embryonic fibroblasts (MEFSM), and freshly derived mouse embryonic

fibroblasts (MEF) were included as controls.

Plates of inactivated human feeder cells were washed with PBS and seeded with
embryonic stem cells in ES medium. Embryonic stem cells were cultured on the human
feeder cell layers for 5 days. After this time, the expression of CXCR4, Sox-17, Fox-A2,
HNF-4a, HNF-6 and AFP was determined by real-time PCR from human embryonic
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S ed in vapor nitrogen. The cells were thawed at 37C
SteI%ﬁ%seeded onto gelatin-coated tissue culture plates

at 43,000/ cn2 in DVEMwi th 10% FBS. Cul tures of human

enbryonic stemcells, plpitfafprn 0 comercially

avai | abl e nouse enbryonic fiBrobIasts (MEFSM, and

freshly derived nmouse enbryonic fibroblasts (MEF) were

Ditferengiation of HymanEmbryenig SrenpGefls intaCalls Jopr¢ssingdViarkers
Chﬁvﬁ‘ﬁ@n%@&%e ?’gh{:rsea% dﬁ@ﬁﬁ@ nglg}%g IOE %ﬁlu@ﬁF%&ﬁg %dell Layers.

ryonrc stem ce ryonic ste
cells were cultured on the human feeder cell |ayers

Theflaimab cd@ygonidbtemrcetlhinss Hil rmag H%Waseoimie&kfrmm WiC«OXCeéarch

Sox- 17, X- FI NF- 4a, 'FINF-6 and AFP. wa
Instiuicelns Mé%«;n’f?\xyl angicHiUegee o e R ioB pesvidedibathe
soufe8linstindd!! DHARREr SialtR Q-Ple&qq@ﬁlyrﬁﬁi EmbiyBhRRAS EQIs(tMrMad been
Figure 1), commercially availabl e nbuse enbryonic

maififabed o dBacs VERERFBTY Foyseraanlryonin dilvenblatts (WEEF) were

o EBTER S IS sl e
supplementeatnitid®ol ¥estkout 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) at a rate of -1°C/min and
stored in vapor nitrogen. The cells were thawed and plated onto mitocycin C treated
D551 human dermal fibroblasts seeded at a density of 52,000 cell/ cm®. Following three
passages on the D551 cells, the pluripotent cells were harvested and then transferred on
MATRIGEL in conditioned medium from cultures of inactivated MEF supplemented
with 8 ng/ml bFGF. Human embryonic stem cells plated on MATRIGEL (1:30) were

cultured at 37°C in an atmosphere of 5% CO, within a humidified tissue culture
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stromal cell line disclosed in WX2006094286 (HP,

Figure 1). Results froma representative experi nent
wWare@Isissth in Figure 1. Results were nornmal i zeRPCT/0S2008/071775

human enbryonic stemcells cultured on MATRIGEL (O f

M5 Figure 1). CXCR4, Sox-17, Fox-A2, HNF-4a, HNF-6

and AFP are markers associated with differentiation.
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cn2. Follow ng three passages on the D55 1 cells, the
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macew&eg AEMAN Szeder Soerers B diie 8@35&,9% kb RanesyLOnic giggcells,
plat@(ﬁ b& commercially available mouse embryonic fibroblasts (MEF-SM), and freshly

derived mouse embryonic fibroblasts (MEF) were included as controls.

The ability of human dermal fibroblasts (D551, Figures 2 and 5), human foreskin
fibroblasts (HS27, Figures 2 and 5), and the human pancreatic-derived stromal cell line
disclosed in W02006094286 (HP, Figures 2 and 5) to support the differentiation of
populations of the human embryonic stem cell line H9 (Figure 2) and H1 (Figure 5) into
cells expressing markers characteristic of the definitive endoderm lincage was evaluated.
Populations of embryonic stem cells cultured on commercially available mouse
embryonic fibroblasts (MEF-SM, Figures 2 and 5), and freshly derived mouse embryonic
fibroblasts (MEF, Figures 2 and 5) were included as controls. Activin A (100ng/ml) was
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plating), human enbryonic stemcells were treated wth
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wo b@oedels were rel eased fromthe plate, they MeF/@ES2008/071775
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cci PRt R RighEene RIGTI0 (DnERHS RS et e mp s of
cell@¥arbkdl@narkers characteristic of the definitive endoderm lineage, derived from
human embryonic stem cells cultured on the feeder cell layers. Cells were harvested after
8 days. The level of expression of markers characteristic of the pancreatic endoderm
lineage were analyzed by real-time PCR (Figures 3 and 6). Results shown in Figures 3

and 6 are normalized to DO gene expression.

Retinoic acid 0.25uM KAAD Cyclopamine, and FGF-10 treatment evoked an increase in
the expression of Fox-A2, HNF-4a, HNF-6 and PDX-1, in cells cultured on mouse
embryonic fibroblasts, and human feeder cell layers. These data suggest that human

feeder cell layers are able to support the differentiation of cells expressing markers
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Popul ati ons of enbryonic stemcells cultured on
comerci ally avail abl e nouse enbryonic fibroblasts
W@ MBS Fi gures 2 and 5), and freshly deri veRCTDBRE8/071775
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human enbryonic stem cell line H9 (Figure 3) and H
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feedgnaely l@wsw hesselata suggespdRt hmngw fasderaccl ey csy are Rbksip sepport
the all%%rentlap lort SEHS %xgressmg markers characteristic of the pancreatic endocrine
lineage, derived from populations of the human embryonic stem cell line H9 (Figure 3)
and H1 (Figure 6) into cells expressing markers characteristic of the pancreatic endoderm
lineage. The expression of insulin and glucagon was higher in cells cultured on human
feeder cell layers than on mouse feeder cell layers. These data suggest that human feeder

cell layers are more able to support the differentiation of human embryonic stem cells.
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and 6 are normalized to D Ogene expression. [0155]
Retinoic acid 0.25nmM KAAD Cycl opam ne, and FG-- 10

wo e@assni evoked an increase in the expressi orCDUS2008/071775
Fox- A2, HNF-4a, HNF-6 and PDX-1, in cells cultured on
nouse enbryonic fibroblasts, and human feeder cel
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t he human enbryonic stemcell line HO (Figure 3
refemme K cxaRipdesraad gy cfemedeobodigicrxpit Bsls bagppresikied ghat the scope of

h t t d | o
R s N T Y
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igures 4 and , and the human pancreatic-derived

stromal cell line disclosed in W2006094286 (HP,
Figures 4 and 7) to support the differentiation of
popul ations of cells expressing markers characteristic
of the pancreatic endoderm | ineage, derived from
popul ati ons of the human enbryonic stemcell line HO
(Figure 4) and H (Figure 7) into cells expressing
mar kers characteristic of the pancreatic endocrine

I i neage was eval uat ed. Popul ati ons of enbryonic stem
cells cultured on commercially avail abl e nouse
enbryonic fibroblasts (MEF-SM Figures 4 and 7), and
freshly derived nouse enbryonic fibroblasts (MEF
Figures 4 and 7) were included as controls. The
g-secretase inhibitor DAPT at | mM exendin-4, |G--I
and HG- (all 50 ng/m) were added to popul ati ons of
cells expressing markers characteristic of the
pancreati ¢ endoderm | i neage, derived from hunan
enbryonic stemcells cultured on the feeder cel

| ayers. Following 9 days of culture, the |evel of
expression of markers characteristic of the pancreatic
endocrine cells were anal yzed by real -tine PCR
(Figures 4 and 7). Results shown in Figures 4 and 7
are normalized to D Ogene expression. [0157]
g-secretase inhibitor, exendin-4, |1G-I| and HGF
treatment evoked an increase in the expression of
Fox- A2, HNF-4a, HNF-6, neuro-D, Nkx2.2, Pax-4,

Nkxb.l, PDX-1, glucagon, and insulin, in cells

cul tured on nouse enbryonic fibroblasts, and human
feeder cell layers. These data suggest that human
feeder cell layers are able to support

39



the differentiation of cells expressing markers
characteristic of the pancreatic endocrine |ineage,
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appr o0 a0tk B i FiRbRE. SERALORIL S habhan thoder D81 lgyer and,
not by the foregoing description, but by the follow ng
cl ai ms. pFroperg the pomporcuedernmdidy wph anlchgloes fagfor it @namotes
| aw. What . is..clained is: 1, A od for
i 11 or ertbs BRHGERoR pEbe BhePelBRIEEIEE. conprising the
steps of: a . Culturing the pluripotent stemcells, b.
Pl atticnBethb€oPdlbind POVIRREin ShEM A fo8d@RED [FchedtBpriss 8sletal
cell layer, and ¢ . Treating the pluripotent stem
celfigoblpstigclls | east one factor that pronotes the
differentiation of the pluripotent stemcells. 2. The

omrradhoGafulit |, YEGH Ay MO0 oL ERART offlyen iEin

cl ditrodlastwhiés.ei n t he human feeder cell |ayer conprises
foreskin fibroblast cells. 4. The nethod of claim1,

wherein th man, feeder cell | ayer conpri ses . )
iR hogetoRn crRamma esler SRIRE? fapprises pancreatic-
cl &jepvdd stvhigdi®ems. t he pluripotent stemcells are

enbryonic stemcells. 6. The nethod of claimb5,

wherein the enbryonic stemcells are human enbryonic
8t ehhegugthed ofrclaimhb wikareip dhaoplugpetimh siem aglksrase pmbryenic stem
paQ%ﬁgatic-derived stromal cells are

6. The method of claim 5, wherein the embryonic stem cells are human embryonic

stem cells.

7. The method of claim 4, wherein the pancreatic-derived stromal cells are
substantially negative in the expression of at least one protein marker selected
from the group consisting of NCAM, ABCG2, cytokeratin 7, cytokeratin 8,
cytokeratin 18, and cytokeratin 19.

8. The method of claim 4, wherein the pancreatic-derived stromal cells are
substantially positive in the expression of at least one protein marker selected

from the group consisting of CD44, CD73, CD90 and CD105.
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d. Transplanting pluripotent stem cells that have been treated with at least
one factor that promotes the differentiation of pluripotent stem cells into a

human patient having diabetes.

15. The method of claim 14, wherein the step of treating the pluripotent stem cells
with at least one factor that promotes the differentiation of the pluripotent stem
cells causes the pluripotent stem cells to differentiate into cells of the pancreatic

endocrine lineage.

16. The method of claim 15, wherein the differentiation of the pluripotent stem cells

is accomplished in two or more steps, each step requiring the treatment of cells by
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