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there is no guestion that the daily regimen that diabetics must adhere to is enormously cumbersome, and

not universally effective,

For this reason, there are several clinical tests underway to iransplant diabetics with islet celis
isolated from donor pancreas. This has been made possible by recent advances in the isolation and
culture of islet cells. LS. Patent 4,797,213 described separation of islets of Langerhans. L1.8. Patent
4,439,521 reports & method for producing self-reproducing pancreatic islet-like structures. U.S. Patent
5,919,703 reports preparation and storage of pancreatic islets. U.S. Patent 5,888,816 reports cell culture
techniques for pancreatic cells using hypothalamus and pituitary extracts. WO 00/72885 reports methods
of inducing regulated pancreatic hormone production in non-pancreatic islet tissues. WO 00/78929
reports methods of making pancreatic islet cells. Kim et al. (Genes Dev. 15:111, 2001) review the
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hor nones |ike insulin and grow h hornone, and cell adhesion nol ecul es
such as N-CAM and cadherins. Peck et at. (Ann. Med. 33:186, 2001} JoRgibse
that pancreatic stemcells be used as building blocks for better
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nmet hods of inducing insulin positive progenitor cells. WO 01/39784
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nestin-positive. WO 01/ 77300 reports human pancreatic epi ?ﬁeﬁus (36“89

pr Ogem t or stdrd3iar 8§:R1s RERAS B5hcless deblddbPertt RRy GARGC | adadk® o0dif (nEUEWLINge | Nt O
aci nar, dugb@l 44 @)ggnéxﬁilm cIeve?oFJnén? of Cpl%gggt?cqgetég quxe pu(aR};Yo% 8!?4&%,@%&]1?@ s8 ?ﬁ1| ver

2001) descrlbe a otential pre ancreas and.

wi t hi n t he "&i98109 8P eV h dBEPTAe! Beprelie £PX f‘“d ’F“ %ﬁ“a’ﬁ%? rplegifiFedq HG5001)
descri be nﬂprtnprpretﬂ@nﬁuhaandm@yhhwmgvswmﬁed@ﬁ:mc@eemlqesgruqhgal\i@w@ncfqa@hﬁmsadu| t
pancreati c i sl ep&k ehat(aeh féecseres] BB popdsd HANEHOGEHNQem ElO 64 LR as AUlGIng

hepatic ph%ﬂ% Yopﬁeﬁter surogate Rk R treatify 1958 ’d\g%s %rdoﬁﬁbnpeparts H@ﬂ&fstoﬁnducmg
pancr eat ic, i aulm gos uﬁ]pro enltor clelﬁ'. WISQ%A' geporﬁs ancregtuc sgm cgg lsoliatgé tu r\g c&ls thats

pancreatic Sent clinrcal "experence

transpl ant & rBﬁ'“]"%S“'i’ee\)‘i" %\%7& 305y rensipiiuman pasgreati epithqlighprogentyry T‘?at W&?eid ffol .

D abet es 19%ave(tBusaatity tojifeSRi84 into2EifH.)dugin.inOB el ctile| Zagischat algDevelbpiment 12887Y,

Acad. Sci. 208 Y&sdiBOa bid AR preclRE popllatiétbr peicield £ livet within ke eigpénzahdoderimnvol ve

i nfusing C%leﬁsk thmrfa% 1hCRTL1, YR &E@Q‘sé ﬁ\é}rﬁameﬂ ek poﬁV@Qedm t:ell% Rbigted {}o trrent

proves to succe nsufficient materia

proves 10 e eseeatil pu et fattld el siy el LSl Al ble
Devel opnente&fe.300 (kunt 3 18eaBH PRIETATEIC PRIy 64!la Maderty Kistogiaing Asd quluripsgsils #9M ze on
the prom seawfeaticpliasr Trpo@tesumt cligtaterpgiehde st ibistos tahuplagaton i eeviegeddiy fBferelantli at e
into other &gl dintenERnol. bigbeles 182@1HpNGY):h@AbAMNRRd ObertloR® et 4SS NFEAckd. Istineage

have repor n . X b , . arl

exanpl e, tsﬁgme ssﬁfaTﬁee d i q"cr§CEIQFEI etgﬁ%b(ys%m 8 9’% %ﬁgf&h% lg%yﬁggrr,e:%%si ation
of mouse elr?‘f’ﬂ"{f b fReivgiiPLovee P ters. Dels ey e TR B A0S B ar o
pancreatic CP@P@P@GSMG%{*"HPQ gible Typp bipbetis gatig®s- 157, 2000) report that

i nsulin- secr et begoghthiswalehds\imeh fignerin masleunamﬁnnyMcapatMeem e plogise of

nor mal i ze @luhigoRAf st cBils Srbi €40 bMBAL 16 Gittdteriiélivie @tler cBli RS dolls BBafR tealBREbAARS abI Y,

the rmuse @Q%Lli Iﬂgagg ’iﬁ?JeyrQ hgtl R/St;egrmd&ﬁéd frﬂ?ﬁ@ﬂ?‘é&h& of ﬁ'ne'nlioﬁseﬁvﬁr B%%Iel ar

case, erenti

Cool cabl e sa it e T A A I T,
r epr oduci bls§eretishitgtiees spigrie WF’?""“F isiRis o Beriaret srePiaketes 49115 R000) gport o inputin-
recent |y disetretiig@hsderived rora imouse Smbrxing senizelsoniralizs gigremzat fteptbzoprm-induget

bl ast ocyst SiahsasmesICe 282: 114, 1998). Concurrently, Cearhart and

cowor kers der | VRA, JiiRR, ﬁwEﬂ%&%Q&Meﬂ%&dﬁM@ﬁe@u B lobhl gﬁéominfpgﬂk of 8 2lang

gonadal tissue

1998). Unl iR es“ﬂ‘?ﬂff 6P{§eée"§?"8'?ﬁ“a‘8@| apelicabigyt Qthpr dngp| sbé“ REH “"‘f“?eB‘rﬁ‘e

di f f er ent i &ellsdwveshasp If%PfOB‘jF'bt!uﬁat?PlfWQ RVt few plerkeaTimalian reRecisst d?“j" TEGRBHY (i
(LI'F), humasmsenrat o iblate Sdmryerée bibrs  aeitiss tronh unmai bidsaeyate d Saende 128274,y 199@eci al
condi tions C(:rMungenﬂ)P abHak afdcetdeRQbrived MMRarPHodBrfdobim MER)QdlY 1adsGrb@ Yetat gonadal
Accor di ngl . | Shgrﬁméﬁee? &S ARG yNatll OACQ&“é% 68 Eeﬂ’iﬂsefg%y dﬂﬁ\é"nBasfeaa%%H?‘c didhn

di ff tiat
o ot | S0 i 2 Asbl RS i s By Gur i [ PRy Factr 10,

2001) repofte’y wbwwr%qe%ﬁtmlﬁwed‘ra'"fw%md?rwav seepig) congiipns ('eat RaentBrd® esi m
f rom r hesusv@eHROTONWE 045 EME).c dbdoslinglAgtia decessbry &d devgléd cpineittels NSO PABBins t2001)
i denti fi ed difegmibie Runi2h PIGRpGiErt Galls iny Ny Gon@Iiiie MG Ceebiyg cel | s

glnfzilﬁ':aeln;[ 'nat ed LRuRIPEYRI Hra%‘ihtef'mc b% 671 rEahkY qwoﬁdod?ffl?ema%nr ¥ iABnal and

ked ass d| AAm
bodi es contpa?cﬁa 1 engo%rmrg%"s%esél? Q@P ryéjmc Seci” F‘?rﬁgr SR gl N {B%ées ?"\Ag)o%?dégmes)
and Assady 'deaitied j9giin Progisiign Ly humarg e‘?‘?ﬂr\‘?"ﬁ@ﬁ%‘ W & W4é PEVPit8edFs38059 t o
i sol at e t hémhumshidtdcimerse argit énpvpedinked Ennynoaskey efrthe eudiurel imedien. At ¢oarse, @mbryoid
condi ti ons phdia@tcomditdnninad uarety @ndifeedArd tyfee pub ai/41618% and Assady made no attempt




For enbryonic stemcell derived islet cells to becone a comrercially

vi abl e proposition, there is a need to devel op new procedures th%ﬁWNZ%E
provi de for popul ations of islet cells of high purity. SUMVARY This

i nvention provides a systemfor efficient production of prinmate ceIIs

t hat have differentiated frompluripotent cells into cells of the islet
cell lineage. %@ tions of cells are described that are considerably
enri ched for 'S g ogenltor cells. In turn, the islet prf&FaRIYHIY can
be further differentiated into colonies conprising cells that secrete

i nsulin, gfUeklsdhe NUinmigeeee 5315 f, deliming digRERIea codn gf“a’a“l’q”'dtpﬁi"@e enfiched
Accor di ngl yorulgtives. enbodi nent of the invention is a cell popul ation

obt ai ned by di fAoeémnjohiasterngall divéd B ellplo bEdope b edtimetiaBiMiablp Boposiae| thee such
as embryoni Geegtifles he\ﬁ)rmcedlu'l:bsmt' pfoliad¥hr ploﬁﬁ%ns oRtend figgkld s secrete at

| east one of the four islet cell proteins froman endogenous gene: the
hormbnes insulin, glucagon, sonatostatln' and the apparently inert
product known as pancreatic polypeptﬂﬁﬂﬂﬂThe cells may be in clusters,
conprising cells secreting each of the three endocrines, and may be
processed t o COfHsarvBntioPprihidad ALy roomrehti pRIAucBén &P pidle dolisSbiRvd SRRStatelne

cells of ”ﬂbrﬁ lbrﬁsb‘étgﬁtclalférlmér@éﬁs BEnd Ql@f‘éeh |1e§gqe %Q&L@A}O& Xth%re ¥$%%r: t bleSt €d

| ater on in by the
abi ity tOC?WB%fe{y@nr'cPegg?f PR Rl T BT S Bt B Bteprites
hyper gl ycefffosolgniigsicerprisingaisthabsecrepibai. aleaagoncomatpiatin, gt atambigntion ok alighree.

di fferentiat ed Aedringyopwl @tobdmencal praebibvention issededl poppiinabiaineddy difie@patiige of
form ng progRRYpilikAdnt KER (P8 dblisSsich L@&mb@e.lué Stem §dib)Sin RIS dabiats &I&e el I's

are 10 | onggieie DL HOLAR ol oBEFAIR oS ALY el B b oE b | S

upon proliferati or |on rl ent ceIIs
in the popdFEeiompesiip é‘F‘é‘F"g‘t‘?Piie“H% '?ﬁ“r'ﬂ"?‘&a““"‘%ﬂ?a P%[ﬁ&?a‘\“éﬁlip&ﬁ thbcals Ty

undi f f er enbs arleders edpgsingreglis gerretingteneh of e fhipe prsEinEes A IMaY Begracesgedid sagtabhe

i sl et cell & mifram dapotidnest ofper dbsud great Trermells Gpihis Gwalidnymay beigbritifsa by phenaygipaci ty
of the stemakal liskd @@ o tidBNcIRI Fitidn) CHiQBPEaR Be LRKRPEy UG tol iMbrbé -

Anot h d f bt
pgloypZ[)t ?3239@ J&Eal&felsm ahﬂ%ﬁ&&dt%h;}pﬁglﬁf?&ﬂf& f Or 0 g' ni g% cells is

e |

initiated, for Q?Pﬁ?"@ odipRyt ¢f e Y dhb PURS iR S %’B”‘%'P" ??P?’?Er"f s wel

conpri si ng aekiepaplecat fagaes le?ge"I!‘h*éat ae|magreyiplg celige This (epngrieat thp gellg argi netlamees of

di fferenti aliipowantf @tkeinshe abititg kv fas isleT ¢alfs pion proitfegagiom | Thb propartieee of Nodifprentjatedct | vi n
A, n-but yr aluBoteR celiE MHkY pdlidien s prétbratyRiniAk e indfaACe@dus uhditteRtdted 61O ndtn

addi tion O'{he‘%als ?e@po |6l§{opfaltnﬁn5% IS‘BP&HSCL%LA fﬁﬁrﬁpﬂohpe?atu?\e %ﬁ&nﬁ@lrépyca@dntc%agg to

cause EXDFE$SI on actor such as Neurogenl n

S. Afurth8 heeSch&' ﬁm@‘%ﬂm"?‘ﬂ’é "\”ﬁ?%‘ﬁflrg'ﬁmiesactgnynet hod of screeni ng a
conpound for | t4&ohg;ambedimantot tedrrenten i ajregthed fof aptgining prkRepisiprsecipingrtgisaincel |
conposi t i omwhigf difemstistion/a rpPE oells isfnitrtddetor ertbpk ibmiantinggémbinbid Sodias e pihérdami s a
met hod f or comlidingeaiystebidri, TEY déRaEORen urdIONR irikfufead! lifererBMiodfagibvs, RGchtdae
islet cell %GIQE rggbblﬁsts! Iﬂy ﬁgbrgnh %wmﬁ‘l mty}aﬂ\cérld aﬁ:ﬁ?of%%{h%ﬁl‘é%t&?&elow In

conp05|t|on The
SR G S R A R
reconst i tuf’?’}ﬁﬂ’P‘i’°§Fa€‘PrS&‘e‘laFNFW€’i"l%n in a subject, especially but not
limted to the AR swprdimeft of e bvdnticdiind eebel oﬁm@'@g areinrovridder ite ptiiddionent s

of the i nveabdua@nsiddtad iunttioh, hekg sebiltemgbaiti@di théintsh@n.descri ption that fol |l ows.
-3 - 6 JUN 2006An\é\9er%§&£bﬁ%ﬂo9mPWénk§02£ %&%QMDBMN% &acggén @r domRQNR

hES- d
(10X, er I Ve &P r@ ! ﬁ als oP tr'uf ﬂgenéf- eAlgA {.,&@re; alr?r?aceuticaap com%itions %Ed U%\q%eg r glcﬁs S

5 mv sodl uﬁﬁ’"F?‘"tS‘Eu{“? F‘?ﬂ’f %”“"i\}ﬁ‘ie@“"f hTélﬁ"e'%W"Sﬁ’"%%f"]dé’e‘i'cﬁs it "B’m"‘f'lﬁ'%“s&%'ﬁ?’a| n
| ar ge nucl escongifidingjpies mell functiop iptagpiiegiseppecipliyduire] limdedipihetresiient ot fake Hdigbetes.
These and other embodiments of the Invention are further elucidated in the description that
follows.




speci al i zed hepatocyte culture nmediumfor 2-4 days (Rows B and C).

Mul ti nucl eated pol ygonal cells are comon. The ES-derived hepat ocmt es
share norphol ogical features with freshly isol ated human adul t - 6 JUN 1036
hepat ocytes (Row D) and fetal hepatocytes (Row E). Figure 2 shows
hES-derived cells expressing insulin. The differentiation strategy is:
based on thewhwpedh@si s that hepatocytes and pancreatic Cl%Tlll% Dﬁi‘ﬁ a
common early progenitor. Initial differentiation was simlar P at of
hepat ocytes, except that cycl opam nepdages Ncl uded in the culture nedium
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This invention solves the problem of generating large populations of human islet cells by showing
how to efficiently differentiate themn from pluripotent stem cells.

It has been discovered that stem cells can be coaxed along the islet cell differentiation pathway
by initiating differentiation towards the endodermal lineage, and focusing the differentiation process by
culturing in the presence of factors that facifitate outgrowth of islet cells. This invention provides a system




cells al ong each segnent of the differentiation pathway can be
identified. In the illustration described in Exanple 5, the  -¢ JUN 2006
differentiation process proceeded as follows. For Stage 1,

undi fferentiated human enbryonic stemcells fromfeeder free culture were
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pr ogeni t or S form afmkeddePgRRYatd ddathiniay ddddeniBelstireflsdesich Qlitile TREtHbiCacidWaliseg el | S.

The di scl ogUfBniid@ferdhkidnQfEhe, I Q¥biSEsH fitd bhAdEEend iR ARG S8 EPStage 2,
production e of vention. |t

dit‘f1 nedt' tti nsttoI nr%rea r!:: Se'ni%% eqlse l cl':lseffecf tg hc'ul?urirh ni a meIde' contaj r? ! I%oo in

provi des eXIERE Ve PPTEET et Ohe o h Tl thasd™id & Tl e Ne 9eh
research, CHHTMPeEEUL] a1 2oRFEF Fo1iEtt Foringe 3 Herenitiea s c0t §39¢ flgtrstfedent  of
condi t i onsingue¢dabyedithtrgwings the tNogairt. |EGF dapd foli@ic t and imstefie fultyring iteneells Figly 1qroM poses
of this di salieie.e as hen nliglie"d, slldtdrs srblls wefebRinGs dy@hdsRIgTarEBIdY-Yetectable

di f ferentigfpd: DRAPMRE GHshif aRNEAGLLAE Cells, and any precursor cell that is

commtted to f rogeny. normally classjfi pancreati c endocrine.
e el 1 expr o teReRR HEbln MRS el s B8l S5 BB arePAHARE Bpiale TS R
phenot ypi %2k Faeeadde rrallesipdrdetniely This frusijioncPrrides grapsienhiat St Reupesy ¢engspte t he

i sl et cel | urbpuneeaigeantitied! isietrraknitra —ceab bregenyeibat ere eommijiled todgyo maturristetigells. bet a
cell s secrete imstidotire thatoltine p@adek Airtie inlofnaton ©f Bé RodeiR braiddstigionsietbis cel | s

sec'r' _et Ie ¢ pﬁ?ﬁé fﬁ@efrﬂiioﬁ." El%lsb( Qngw%eis fiﬂensﬂ'ill?slr&ﬂﬁl%z of m5vpg§§3ic%lgrc;é% be" hs%{! ﬁt nlaslgﬁrg{:ur sor’
or "isle em.c IS LS c -t ha e substant] al ly
secrete ent S'E:”}afenecsa', det‘)'ﬂ?pmﬁhg's arfdhfg"lé é'éegaﬁ%”."‘% i"fa9ag€rge"§f’ fg olnfhiog'sétrééaq?n{& Iif’]’eetncee'rI ate
ternmi nal | y®&“*¥¥r entiated cells. It may al so have the capability to
self-renew. Early islet progenitors are nultipotent, which neans that

they are papeadke of formng at |east two and potentially all four mature

islet cell types. A "pancrea r nitqr", Dprecursor stemcell. is
capabl e of f or MOHRBE A DAL 6 S ot o B 0 el PP BURERF ne

cel I's. | n #Heeripopiieand gry wequisorordl! dipk ffycommited fodfomt prrgRay mempll cfagsified @t ed” i s
a rel ati vepanereativ enlloctiok. fThesal Btpressee domege thk 'accegedanombbidgicalHerturdsand remgpiessed
further domskdrd@xehgnied RPWERitale daidunay of haBettcBRingwb.| Matire aphdRiid@erete

conpar ed WytBaon! hatdrs béta ENPRERR SHsSinOhatdrd) bisha &Y SRFeteOfmbthddin: PPWah QL&A
enbryoni c stngeng.gell Iesﬁaen the course of normal ontogeny differentiate
first to af endodePi€ell that is capable of forni ng pancreas cells and
ot her endoder MNCEFPOBPIRES TSIEERIPIRRI Or dfigt PP &4t ip 2t ipig) Rell taahpgs popsubpiantially

pancr eat i csepatelendeprinesihe hes the gazakiity to pioliferate sl gedprate §rmirai JHEEIaWDC@S/ 01511249
PCT/ US02/ 328850 has oeapabibas sefeenevd UEsyibi&fprogénitors Ead milipoed] whith medmel thaidy becone

endocrine geldssie dFRMing aBEHEIARE Arid BotérBail Sl 16t Raturk Ble@b dife@geni tors, which then
differentiate fAJJ' atl hrggs Iro %nﬂor‘f JQ&:'rs'oP E\' e F’::QI 9 ar Lﬂféeof% ir|1 Snotﬁgg%}egtlcle% ogmel il
i ng I-'lcl n,p 5 uc ’gon Ipn, (0] pzfncr r{ c'

secretion of insu a , sonat osta r ati c polypeptide.

A "di f f er efPHLEEN “PGERE™ as used in this disclosure, refers to one of a
col l ection of doivpewisyPf cell ontogeny, the adjective “differentiated” is a relative term. A “differentiated

cell” is a cell that has progressed further down the developmental pathway than the celt it is being
compared with, It is a hypothesis of this invention that pluripotent embryonic stem cells in the course of
normal ontogeny differentiate first to an endoderm cell that is capable of forming pancreas celis and other
endoderm cell types. Further differentiation leads to the pancreatic pathway, where -98% of the cells
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that are used in culture systens of this invention to produce
differentiated cells of the islet Iineage (including precursor _cgel Plrgm@d
terminally differentiated cells). No limtation is intended as to t"

node of action of the conpound. For exanple, the agent may assist the
differentiation process by inducing or assisting a change in pheénotype,
promoting growbbs@igel s with a particul ar phenotype or relgcdigget he
grow h of others. It nmay also act as an inhibitor to other factors that
My be in blemdBEintdd@kulas YNinRBEdeREhd ~BY béchifie GrRbdrind @ Ealy ddbchildabus\wRul d

ot herw se e lNi <At | n. the. . . el
type. Prot oy oat e et BSLEIHBR A el i, ol S
pi uri pot enfns%glgﬂu‘é"“ ?i‘e?"f’\’?t@ﬂat‘f"'r"bﬁﬁ?aagpOE’H‘TB’F({}poni c, enbryonic, or fetal tissue
at any tine af teidffpreniatonjagent'i 2 msed imitis Hisnlasure. liefers kpenne eft aegoliestion ¢ eompPayedsng
capabl e undet arapses apeuiat eyseoRadi his aiventiaf toPFaacleCiiRGnial0 gaIn Y BF e wreag
different gglulind ¥RESorthdbndtbMinalf SR ER). Mo RithioRk ikdlfoalabloR ARE B Nal

| ayers (en er nesoder an ct aoder accordi to a sta rd
1< nccept S0t gl SEROAFT RSk, B S0 ) ep 8 ORI cdun oo B BUERE B
ol d SO D nPeisingpiehangein phenpiypey Uﬂ%“%‘t‘“ﬁ‘ A Se'a Mith & Prsteulpr PRESHRSTOT AR | s of
vari ous ki adwth ofgthdrs cleinhysalsglactas anendhibftar trethprrfactnes  tiat mpygie irghe rggiium oggyeshesized

pl uri pot enby iné cdpepulannet wollsatse direcl d¥@toi@@sh don thB @atilel kddntun@diieateip PS
cell's are gpgbryonic cells of various types, exenplified by human
enbryonic stem (hES) .cel | s, described by Th on at al. ci ence

S8, Tods. 3008) o, TRiecPPIRS kB ERE” PR A, s palsp B cple S i e
Rhesus st eATRENE.SLTPTHIENR JpIA dipsudfit any fopeqaiter tpgitigation@agthaveshs chaaegystio bergs 4
1995), nar rapgid usibeampoepiatescofdiivosTeiomodetingagrogenyBefodeverdRaifferond .celbBpe2 Bt a0 96)
and human a#diyRn &I of 3R Mirek Efanal QB SentisdBd T e ddbrmAkind ctodenhl] SGordidgat |a.

Acad. . Sci . st%d%éh%&?&l%st, %&%ﬁg the ﬁnﬂ% for#'ryaqgr&orgg in 89& Héékgxﬂ‘ééi&tmgéée I'l'#leﬁelﬁir e
al so incl _udgudel P t he }seqr#;ri\esAF%e celjl S0 g{ésnar;tde I‘(gro{)tﬁleggg hart ar.e ugehgabl e
of produci NG 9P PULERYSPHTApes gt BemeErs Y PHF §8 %0 P ISP Pea Lo R IRT e Py er s
ar e i ncl udé@ plurreigatindiredaaanas fesgivet her t hey were derived from enbryonic
tissue, fetal tihadgiesnthedefiotidnef pPSaells aesmbridnie celPE veriphd tgpea eeenpiified yherdny not
derived f e@RoRic 3ni (gHBRBls, SRSHE by inforkéh &GS (SeRMle 84U, 1068); eMbryéAY: Stem
necessary) Libqhn L& pﬁlﬁ%t%? P& :Jéqnfhé(sg% XtBﬁnCcélsl(YhomEé?mr JT%I.,:P@P%& Qbda, 4! JgAr €s
nditrer 1§

d d when_ f
el 15 ana R 88 PSR PR Rl RS P RS o S P RETET e

char act er i 8tMcBE@feelsri@hamblor eheli roedNaefirad, Sci- YBa9F W728i T98PIn gRINes HiPRY °%t hem
from di f f epleirbiestteld aealsb dicloded @riprisra. any calthiol pringtel cgjgimthat drechiapable cemadueiicged pPS
cell's arepRgsi it edeneiivet ecalltfect JIRGHR 8fels! dreSifloiid, ted@raigss tof wither theyerzal | y

appear in tLog. 4 e%gm%is&@,smgfﬁssae, oP bt OROP1 fhe B SVl Bo GRAAN fif aecC el |
wi th high nuclear/c OLEI asm

i Cc, ratios an rom nent cleoli." It IS
indor ot god WTRATHBRBIEE of B HEAY CPURL PUDB doeBrp L I toa Bt  on
will often™®@lsurrounded by neighboring cells that are differentiated.
"Feeder cells" pRSectmlitlas anf deguried tay radifteleatategt whes @ substhritial pegorion bistepadeliss  of
anot her typ@y théiOdeRVaB)h G tha PopuRibni disBiByTRBIbholoficalhafddtelish® of Qhditretateli RGIsSecond

type can g EIQQ%! dxgﬁlﬁl.ﬁ)s?ti’gﬂlhgﬁ{ 9§§ difPJrenE)JtDeg CFIE lo# b '3r Qﬂﬁl}a ﬁ%lppeﬁd}ﬁgrg?ula%%’ %ﬁ Jeﬁgar y

nouse enbryoni g Sts, | rtalized use ryoni.c f.ibr. sts, or
hurman 1 br B85S eoPRe Boible SR, YR Y ATCOPRORPHES Soio SmBes § =

popul at i ongICEEris ¥pwintcglomes of gally Wity high| nuSjear/fyioplasmig rajog @pfidprorginent| rycleojif It ish e

cel | s have ulsiegiodyihgvaolotiésr of Lptiffegentidted soels withe theo papdlatih willroftiepbe surpymded By whi ch
fresh feedgéigh6®@hd Susth aldaffererdsleled t 0 support growth of the pPS cells. -6

- 6 JUN 2006 VDrQ34Q50240ofiHohiS2/iRPR0S fecih Mg SERNPL, BOligsan | S @
term of arl, SynenWiouz il Adabeaal c.hodl €y HEl Sobd O L0, Jadnegat es
of differeRMTAIEY ARG ORETT PIEFSRPIAIFE T SETAYPoLY BERF AR R R el | s
over grow i aY Wﬁmnggs@ {embryonic fibroblasts, immortalized mouse embryonic fibroblasts, or human fibroblast-

like cells differentiated from hES cell. pPS cell populations are said to be “essentially free” of feeder cells

if the cells have been grown through at least one round after splitting in which fresh feeder cells are not

added to support growth of the pPS cells.




cultures, or are maintained in suspension cultures. Enbryoid bodies are a
mxture of different cell types, typically from several germ |-af ¢k 7006

di stingui shabl e by norphol ogical criteria and cell markers detectable by
i mmunocytochem stry. A "growth environnent” is an environment in which
cells of interest will proliferate, differentiate, or mature in vitro.
Feat ures of t‘%@@_\ﬂronmnt i nclude the nediumin which the cells are

cul tured, any" JPoWth factors or dlfferentl atl on factors t"ﬁa’t‘ls‘ﬁé??"sbe

present, and a o[t tructure as
CrTace) ©T pr cBRET bt pdet i idin il i SRl Feol iy

"t r ansf ect éapregiippeohditerepistep goyndiferertiied rals "E‘b?@PPar wirea ARY ey eI GOt cel |
by any sui talkes ormpamsitaiid aistspérision alituresa Emprydiciiotiengre @mixiuleef difetehteciogesd, i s a
progeny of wypbdR@udaf deGirdd gdrin Yayath, iR lirRGsHERE by rhdAMblodharcriieft Mk icéiBkhndid Qetectable
pol ynucl eotby :gmﬁmoﬁﬁﬂl%h%l Techni ques General nethods in nol ecul ar genet ics
and geneti C englneering are described in the current editions
Mol ecul ar O oni WA PARBELT 527 SMEHTET It e s o dueregt will prolifergi, P'He@fﬁ“? ng
Har bor); Gematurefin i f RepturGR o thsresviormenaghrie e mediumein Wwhich(th4 ¢eflscqre QB oy
eds.); andguhignts dPutitrotials fictrsMidt @@y b preddhi) begy suppdrinlstndusuBeh ok al .

eds., WI egub&,agq,n§)m,,d Saabde) ir@bAIY prot e| n chem stry, and anti body
t echni ques can n., Cur.r

o s.in Protein
Col ligan at al. p ceGJ is sal?/\?q l;e ggnegcaﬁy ?Itere&or ran%fecﬁﬁ,dotavoco golynuc {Ber?iras O| O
(J.S. Boni frapstefiRg inipy the.gell bV"’W F‘é’?b'e&“%ﬁ‘gf“”&ﬁtf“a@l&\"iﬂﬁﬁt“ Wes st '§3P’H93”V of
| nmunol ogy thé dridRally @tskeld icejidirat hag inheglted thed@gynuclapiideey & Sons. ). Reagents, cloning
vectors, and kits for genetic manipulation referred to in this
di scl osur e gt 8 AMRllRb! € from comercial vendors such as BioRad,
Stratagene, Tnvitrogen, ConTech, and Sigma-Aldrich Co. Cell culture
met hods are des‘éﬁ"i’fﬂié@“’@%émlew}af iopnetion @nccgenetia sRoineering jarsrrieestibedirl e pugens
Ani mal  Cel leditionsof Miauiarl ClaingBa S kimratapc Maiva|USarttook et B, exlingpyingeighrion)\Edney &

Sons);  Genefadier VaEYhAtmath cCoRlindPdl daldd s S; Mhd\Currehidhdidc8® R MteduiaFBioibgHe
Canbri dge gﬂw Aasug)er ﬁ%ﬁgds ﬁ@% )y%ﬂ'b%o t&&%u%lanlnﬁtg %%HBQQ teg@q“EEé?ltbQCOl S

(K. Turks I Ssu ents are
avai | abl e (B BURHEREPdr PRI e Dk FRen R, kY & SeB0) et Relfkoe

| nt er nat i ofFe! BigipgyS. Bprifpiine &t al. O iley 8590 PN UBbPrefErols A Immuglogydi-BIGeHgsd wor ks
rel evant t etd.hdss wikyscloosi Reagemis; blordres vadtoes, £0 Nisder gérieticanaripylsiorolsiegpy todd this he
Pancr eat i C gibsids@tb are BMiladie Fom BivinRRial voRtols 8GR bs BiHab, AFatdBRS invilRRBE C8RbdnCanki S| et
Cel | Regengj ggr.amhépd G owt h, by E J Vinik at al. eds., Kl uwer 1992; ;
and | nmuno t1on of Pancreatic ? %Pancr eatic_ | §I et )

Transpl ant at i on° Gen Gpre f)gth"%freﬁeﬁ‘}"be\?&ﬁ'?ﬁ‘ Voff the, purraj gdition & (¢yfiyg g Anipal Gellin A 1 994,
Sour ces of Mapugtef BaskciTachimedR | Froehney ednWisyk Yoes)fenerd! iTecbelouas ¢kl GNteniMeel | s of
vari ous typesson AmBngeet CérbgdgetUnivi Breds), and Sutinboail Biemfaais: tWsitods and Prdteolks (K ent | on
are primat @uddlehl bd, PR PR MTCRBiureSupilestt irdt@bhts 46 MVvahidviSiem bamdrag af ter

gestation, ,sueh. g bl tl@ﬁq@éﬁé‘NunantetnglFoﬁgl S BREN c‘éRﬂ' Qndtlél@é%:?eduﬁa?ske” any
time during ges%]alo turgs or

established lin §°'%Tege‘7’f{5 YRR @tt&%dﬁgqsl"g "B’E'gee% cg a@”'ﬁe’?’?ﬁ’%"é’( [og the
exenpl i fi edansEpisfiel PheE (Reph RpersYerse 198k FenqraqiiFietiCoheoareratipnsioT Gawh, by
i mpl ement ed.JdVinieet hlyedsi, tkuwpr 1998 ;yang ninmyromoatiation df eadreatict Isigis@ancreghie risiati Ng

i sl et cell grafdplm@bl, York), AR ILEM¥REN el dpfingbV@llagheese the potential to give
rise toislet cells -7 - 6 JUN 2006 WD 03/ 050249 PCT/ US02/ 39089 wi t hout

first estahlishi n undifferentiated cell line. Under certain
; ces f Stem Cells . . . . .
ci rcunst an ods of this invention may al so be invoked using
mul ti pot ent ceI 1his idverdion caprig dodctived usigl Sepedelingf varous gpdsai Amoagiuthé stbrh sEles.
suitable for use in this invention are primaie pluripotent stem (pPS) cells derived from tissue formed after

gestation, such as a blastocyst, or fetal or embrycnic tissue taken any time during gestation. Non-limiting
examples are primary cultures or established lines of embryonic stem cells or embryonic germ cells, as
exemplified below.

The techniques of this invention can also be implemented directly with primary embryonic or fetal
tissue, deriving islet cells directly from primary cells that have the potential to give rise to islet cells
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Enbryonic Stem Cells Enbryonic stemcells can be isolated from

bl ast ocysts of nenbers of the prinmate species (U S. Patent 5, 843, F30 2006
Thonmson at al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Hunan
enbryonic stem (hES) cells can be prepared from human bl astocyst cells
usi ng the techni ques described by Thonson at at. (U. S. Patent 6,200,806;
Sci ence 282: 1wé%3n0sh288; Curr. Top. Dev. Biol. 38:133 ff., Pl’.‘%ﬂfé?iﬂﬁm

Reubi noff et at, Nature Biotech. 18:399, 2000. Equival ent ce types to
hES cel|s il emﬁihﬁg B ihkhdatifdlcel fRI UNRE deMBS ciroshiiRced Shehdtiidlid df VR

ect oderm | 'ln%&ntj Jy}als Av§k’ed %%%&thdoleﬁt‘%gls lfrg}n %/Ag bQo%é %pa r%g cfr %ﬂg ﬁns)sues hES

cells can beotaln T om prei npl'antati on enbryos. ernatlvely
invitro fertilized (ZVF) enbryos can be used, or one-cell hunman enbryos
can be exp&méeehicem ¢sds bl ast ocyst st age (Bongso et al., Hum Reprod 4:

ZQO 6’2 #{93 g |921 ipgfgrﬁg%m@ Gi€m GJI'M: éa'r! L& gol&t%l f];o eola@{oﬁ@&& ggﬁéﬁﬁe@ & ﬂr'n %CI% éﬁg d

pel | uci da i {;@8’ 1%?"65%' ﬁé{/e?lr%p'%aa cﬁﬁg gt ALY g"‘bifqgé Hé%’a" BUE™ o
pronase ( Sil¥¥bgels cppbe prepaes rerphumanilasios st eliscusihg e 'Qﬁf@tﬂu%weﬁcﬂﬁ% hoBarsgeerty, in
whi ch bl astbtys Psters6,2008a8) Sdapck 2821 @5, 3 950 Chi. Tapt Heo.rBiad 138: 13l i 398)and Reubivatian

spl een cel let ANtk rewich.Ofe:33d) 26300, Equtvﬁlaﬁ MPHRRs feE calshdugb meﬁeplu'hg&o!ﬁts in

DMVEM and d t (G bco) for
3 mn (Sol CaraNE Sutcfas%w*ﬂv? egﬁaﬁﬁ et & Wit oS PEREERRen) ° 7L
two further wasReseelsfan pgeRineq ?%HWWRSWFU’G@F‘W@e A ‘Enaﬁ‘feB ip @‘l’ﬁﬁ@@edf rom

t he intact ((Vinewbryeetdn heausel, 01 ORfcelbiumge minbreos papbe expatgled toathel biadiesyst 8hgepl at ed
on nEF f eeq®ingdoayar Bum Abdraars: 2061 BsdhD EFBYS, ard ddMEId 6 @k llafBtssa stgrih Gegl and

out gr owt hs @benedisd ?c%%@teﬁaﬁi FoRif. @teﬁldé@wslegefl‘lthg%na MIUGKQXSQQ@ME@&OHF&%W um

Zggogﬁggef I(!)J*ésg&:&gtse 151 chQ exp suga/é aoe |3ronase (glgrBa %h ;rﬁaer cel‘ma‘sss% ayseyl ésglgteg' ?y 1mmunOSU{gﬁry by

m cropi pet f"é”h'CaHHs‘?ch'%sr‘F’er%qu%&t%G15?1"“” P”F"f'?“ pritibwpan SRR A1 antiseRi M g0 ©B1 oni es
havi ng unditfeh emssed fond wid thesripboh GYEMazne ckposkcs a5 diuonse Beipdaed dogplement

m cropi pet {(@bcop@ChiaiAkadr biyal. 0Rr&S RGN Ada8 Bei. 0$072H0eHTPETS). FneH mapira:t\ﬁdhes BS-1i ke
nor phol 0gy pymChak ﬂé‘p‘h@c’ioh@rﬁ gell@ﬁre rérdE30h t&%té&ﬂhr%ﬁce%&@ (%MFWQ@QIB ety 9N

nucl eus to c 19 }“ rom nent nucleoli. Resulting E cells
are then rou 'g pa%?""f'é':qeeger ayg ‘2 weeks by briéf trygy ni zat i on,

exposure to DuI Bféeéc?é“ ® @Bﬁs'"“ﬁ(’éﬁ'h‘f‘%’f aidiier %‘QWWF‘EEIFR)SSW@ B B FuEPE: Sty ye | v
col | agenasexfes2O® tdlcivin; anGi ripguspiumfred phospikietifiend saine (PBRYiwith duaM EDGA.OM es by
m cr opi pet tefposud 1dMRpaSe Zr@GpsHf ord Biddharktddl diBockBdh vatE b Infcropip@ie Ot itham leplatind yoni ¢

S?.r ?D%: Lj Aﬁ#msm»ﬁo %lvo?vm@@cﬁdﬁeé h‘ﬁﬁ} urﬁﬂkrkrﬁiat@@rﬂorﬁﬁlow a?&@cﬁ\lﬁﬂau{: Siiteq % 11

weeks afte rcH) ge =) ?cﬁar?g:%lg ?Jssoc(:s{aitec{rj %? (I:Iumc?s agj eelag%:l gg |ke éno é)ln ?giy 1S characg;fz%g a s are
descri bed |°H“@F|‘é’ﬁ‘6’l‘?§t‘“’l"‘ gnpargtly h‘g'F‘I”EJ?,US “Né[f"P'aS"ﬂé‘Qd”d EEE’P'“B“U@W@‘S Resulingd=S 1998
and U. S. Patlierdre thén 0006 20t eBri b2 Iwgeks g rori¢f lypsinizalige sexprswe s Selbbctas RESr m

di saggr egat®ehaifif b SwM ESrAYr Gpdstie MR Ehaim tHadohed/\-2600RL; GBb)-orDydeldgios 6, 2200

mg/ L rrMNaI—,ngqgu a a. 2 MM gl ut arni ne
(BRL); 1 nmM sodﬁl%%{%sgb?ﬁw?'bén% %Jﬁ%%%oﬁ?o%béﬁlsﬁgéﬁ%% Irecorrbl nant

| eukem a inhibitory factor (LIF, Genzyne); 1-2 ng/nL human reconbi nant
bFGF ( Genz &Y™ 48/ M f or skol i n (in 10% DVBO. N nety-six well tissue

cul tur es? Ioat es | ﬁﬁrﬁan@'n@@&ﬁ@@enﬂﬁ(ﬁéﬁii S ¢ SOFHEPald€ Hbm |pﬁWcﬁcﬁal @émf @R ARdserkt & Lls G
e. ) e
Grovi mandifL R e A4 el
TET R gl e Y %wi FHe o
mL of pri m&P§0.8%8r m cel | (PGC) suspension is added to each of the wells.
The first passageefly, genthbrngesafdeessedie fbon dagmeghtad dals. GEguatvih medichn ks PMEM, 4500
transferri ngiefgttose, 2200 mg/l mM NaHCOs; 15% ES qualified fetal calf serum (BRL); 2 mM glutamine
(BRLY; 1 rmM sodium pyruvate (BRL); 10008:2000 U/mL human recombinant leukemia inhibitory factor {LIF,
Genzyme); 1-2 ng/mL human recombinant bFGF {Genzyme); and 10 pM forskolin {in 10% DMSQ).
Ninety-six well tissue culture plates are prepared with a sub-confluent layer of feeder cells {e.g., STQ
cells, ATCC No. CRL 1503) cultured for 3 days in modified EG growth medium free of LIF, bFGF or
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well to one well of a 24-well culture dish previously prepared with
irradi ated STO nouse fibroblasts. The <cells are cultured with de&j[}NIﬂﬂB
repl acenent of nmediumuntil cell norphol ogy consistent with EGcells is
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Cells in an Undifferentiated State pPS cells can be propagated
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proliferation wthout pronoting differentiati on Exenpl ar §CT/US02/39089
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It is a hypothesis of the invention that the production and enrichnent of
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anot her fashion. It is not necessary to understand the nmechani sm
resulting in islet cells being enriched in order to practice theg juN 2006
i nvention. What follows is a non-limting |ist of candidate
differentiation factors. Table 1: Factors for Differentiation of Islet
Cells frompPS Cells Factor Conpound type or fanmily Proposed function
Initial workigggyganeentration Cyclopam ne steroidal alkaloid
Betacellulin EG- famly nenber Activin A TG-S famly me FEESEERHYI n- 4
G ucagon- lﬁnlyr?g di e?s?%h&%ﬂ% r@a%@%)slet%ﬂﬁ?@%?ru&é rk‘? rpept ide 1 agonist peptide
hor none, one i uc romthe gl ucagon gene;
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of chol estanptogr fail[pnNMsmptgggﬁﬁqanénsqngerstand the mechanism resulting in islet celis being enriched in
order to practice the invention. What follows is a non-limiting list of candidate differentiation factors.

Table 1: Factors for Differentiation of Islet Celis from pPS Cells

Compound type or , Initial working
Factor family Proposed funclion concentration
inhibitor of hedgehog signaling; may
Cyclopamine steroidal alkaloid also act as inhibitor of cholesterol 10 uM
biosynthesis
mitogen and promoter of beta cell
. . differentiation. These two functions
Betacellulin EGF family member have been ascribed o different 4 nM
domains of the protein
differentiation factor, causes ductallike
Activin A TGF-B family member  cell lines to differentiate into endocrine 4nM
pancreas cells
Exendin-4 glucaggn-hke peptide More stable form of GLP-1 {see below) 20 nM
agonist
peptide hotmone, one
of the protein induces glucose production, insulin
Glucagon-like products from the secretion, induces beta cell 20 M
peptide 1 (GLP1) glucagon gene; neogenesis, induced beta cell
G-protein coupled proliferation
receptor ligand
. Increases beta cell mass in transgenic
I;I:gztro(cl}{gl:():‘.romdh :_;gzndotor the c-Met animals overexpressing HGF, induces 10 ng/mi
ot beta cell formation from ductal cell line
T - May affect ADP-ribosylation and/or
Fggﬂgﬁg}?&) gl?nr;:ber of vitamin B oxidation state of cell; promotes beta 10mM
Y cell differentiation
;zzt’cl:rn;"ﬁ%gfgm Peptide hormone Beta cell mitogen 10 nM
Histone deacetylase inhibitor (used to 0.5 m
n-butyrate produce hepatocytes) to2.5mM
Eaﬁntrr:r:cs ;‘-\cnd Retinoids differentiation factor 10 UM
Growth Hormone . .
(Human pituitary iofz;;otropmlprolacﬂ beta cell mitogen 100 ng/ml
Somatotropin) ¥
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differentiation. These two functions
have been ascribed to different domains of the protein PCT/US02/ 3@8&@@6
nM differentiation factor, causes ductallike cell lines to differe @
into endocrine 4 nM pancreas cells Mre stable formof G.P-1 (see bel ow)
20 nM i nduces glucose production, insulin secretion, induces beta cell
neogenesi s, induced beta cell proliferation 20 nM I ncreases beta cell
mass in transqu}j <A mal s overexpressing HG, induces 10 r}%/m bet a
cell formation fromductal cell line May affect ADP-ri bosyiQ{ 1 8H4¥d/ or
oxi dati on - ; -t ta

state—of—eelt—promtes—beta—10AM—eelH—ditferentiati-eon-Be
cell mtogen 10 nM HrghoP §-ae8RGSH Dt Ratibh B 1bbticRlis thadPskS defls 0- 5 MM produce
hepatocytes) to 2.5 mMdifferentiation factor 10 pM sonmtotropin/prolacti
en n fantcimpoundBpdH0 ng/ m -Progos#[}%l? 2
7

m t ogen and pronoter of beta cell

beta cell mto 008 WO O03@apRAp Tabl e
1: Factors fofDifferentiabi on of

| sl et Cel BPS Cel | sonbattior
Compound type or famly Proposed f“”iﬁréa&@pét  EASRYa g cell mass in
{i‘ﬁ;essi LNt m tzpg@R during

transgeni ¢ aphdRk sacRyer eXPRIBEBIHEABL, Jbgk s
pregnancy Initial working Poncent r at mipgen Blriag@ahaky Lact ogen Vascul ar

Vascular Flt-1 and Fik-1 are X . -
endothelial growth receptors. par:es;zl:;eo;mtogen for endothelial islet 50 ng/mi
factor (VEGF) PDGFVEGF family P
. similar to IGF-1, mitogen, not as
;zifélrn"";(lggrﬁ‘)"m insulin family strongly implicated in pancreas 10 nM
development or function
3-Isohutyl- phosphodiesterase
1-methylxanthine inhibitor, increases increases insulin secretion 100 1M
{IBMX) CAMP levels
wortmannin PI-3 kinase inhibitor ~ may increase insulin secretion 30 nM
Gastrin Peptide hormone May promeie beta cell neogénesis 10 ng/mil
Cholecystokinin Gut hormone May aid in maturation of islets 5uM
?lh?év:) growth factor NGF famity increases insulin secretion 50 ng/mi
Epidermal growth EGF family {see transgenic overexpression resulis in 4nM
tactor (EGF) betacellulin above) proliferation of beta cells
Keratinocyte growth . . .
. ransgenic overexpression results in
fkﬁoéé}gﬂ’ FGF family member proliferafion of beta cells 10 ng/ml
Platslet-derived .
growth factor PDGF family (see potential precursor mitogen 50 ng/ml
VEGF above)
{PDGF)
Regenerating gene . Plays a role in islet regeneration after
(Reg) Reg family pancreas damage 100 ng/ml
Islet neogenesis-
associa;ed protein Reg family May play a role in islet regeneration 100 ng/ml
(INGAP

Other ligands or antibodies that bind the same receptors can be considered equivatents to any of the
receptor ligands referred to in this disclosure.

Typically, at least two, three, or more than three such factors are combined in the differentiation
cocktail. Human proteins are preferred, but species homologs and variants may also be used. In place
of any of these factors, the reader may use other ligands that bind the same receptors or stimulate the
same signal fransduction pathways, such as receptor-specific antibody. In addition, other components
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The efticacy of any of these factors can be determined empirically using a matrix strategy fo
arrive at combinations capable of promoting differentiation one or more steps down the islet cell pathway.
Efficacy is assessed by monitoring emergence of the phenotype of the iniended intermediate or end-
stage cell, using the phenotypic markers such as those Ii;ted ‘below. For example, factors believed to
induce endocrine pancreas differentiation or proliferation are tesied for their ability to induce Pdx1
expression and subsequently and insulin expression in standard culture conditions.

' A fractional factorial design strategy can be used to screen several compounds in an efficient
manner. Each factor is assigned two levels: for example, the culture matrix would be assigned
fibronectin for one level and laminin for the second level. In 84 facior combinations (64 experiments), it is
possible {0 determine which factors {from a group of 15-20) significantly influence differentiation in a
statistically robust manner. Combinations suitable for anatysis by this strategy include cyclopamine, TGF
family members (TGF-z, Activin A, Activin B, TGFB1, TGFp3), Exendin 4, nicotinamide, n-butyrate,
DMSOQ, ali-trans retinoic acid, GLP-1, bone morphogenic proteins (BMP-2, BMP-5, BMP-6, BMP-7),
insulin-like growth factors (IGF-l, IGF-I}, fibroblast growth factor (FGF7, FGF10, bFGF, FGF4), other
growth faciors (EGF, betacellulin, growth hormone, HGF), other hormones (prolactin, cholecytokinin,
gastrin |, placentat lactogen}, TGF-B family antagonists (Noggin, foilistatin, chordin), IBMX, wortmannin,
dexamethazone, Req, INGAP, cAMP or cAMP activators (forskolin}, and extracellular matrix components
{laminin, fibronectin). The emerging cell populations are assessed by phenotypic markers, and
expression pattemns are analyzed to determine which factors have a positive or negative influence on the
differentiation pathway.

Directing or monitoring differentiation using genetically modified cells

In optimizing a differentiation or separafion strategy, it is sometimes helpful to use cells that have
been genefically ajtered with a vector in which a tissue-specific promoter drives expression of a reporter
gene.

Suitable promoters specific for islet progenitors include those driving transcription of Pdx1
(NT_009799), Neurogenin 3 (NT_008583), NeuroD1 (NT_005265), Nestin (NT_004858), and Ptita-p48
{NT_008705). Suitable promoters specific for mature islet cells are those driving expression of insulin
(GenBank Accession NT_009308), glucagon (NT_022154), somaiostatin (NT_005962), or pancreatic
polypeptide (NT_010755).. A minimal effective sequence of the chosen promoter (~0.5 1o 5 kB of
upstream sequence) is amplified by PCR and spliced into a standard plasmid, adenovirus, lentivirus, or
retrovirus vector, in a position that drives expression of a suitable reporter gene. Sultable reporier genes
either encode a fluorescent molecule (such as green fiuorescent protein or luciferase), encode a
detectable enzyme (such as alkaline phosphatase), or produce a cell surface antigen (any heterologous
protein or carbohydrate) that can be detected by antibody or lectin binding.

Cells transfected with a tissue-specific promoter can be used to optimize differentiation
procedures in the manner already described. For example, transfected undifferentiated pPS cells or cells
in the early stage of dificrentiation can be subjact to varlous differentiation regimes, and then analyzed for
the proportion of celis reporting expression driven by the islet-specific promoter. This provides a rapid
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(I NGAP) possible mtogen for endothelial islet precursor 50 ng/ni

simlar to IG--1, mtogen, not as strongly inplicated in pancreas 10 nM
devel opment or function increases insulin secretion 100NM may i ncbedddllb
insulin secretion 30 nM My pronote beta cell neogenesis 10 ng/nm My
aid in maturation of islets 5 /iMincreases insulin secretion 50 ng/m
transgeni ¢ overexpression results in proliferation of beta cells
transgenic o M%?SS' on results in proliferation of beta cells 4nM 10
ng/ m potentra precursor mtogen Plays a role |n |sI et r%%‘é?ﬁ??lé‘{"?ﬁbn
after panc USOZ 39089 50 ay a role
o ob PR e BBy A e e e e el 35 Do Che
sane rece ﬁl% P%“SE‘é‘f‘r‘thb’é"aﬁﬁ‘???P 8@? @@e@fﬁfl Wﬁaﬂ%ﬁr‘i‘b’ goppigtionsgf the fslet lpeace fhaldaystaor

| i gands r eétzegepaydeo in this disclosure. Typically, at |east two, three,

or more than tB&efansisidd With s ts@ieSspaie pmdid ciHasbo bolused g (hebhBER B omBkhiN

cocktai l . [JH0mo, &Hﬁ%eﬂof‘&anﬁpﬁe‘athgﬁr&ﬁo‘?&h dnv?ékéra%l%ﬁ‘&f aeaﬁ.ug *F'e‘.?,rg&ln? d@@qsuéﬁa” ants

may "al so be - used may use
ot her | i g&hH¥E "EITHEN SFFECE R LLRMRTOLEEBIS 1S ‘hBF"‘%P‘*WhPrd‘Eeeb""ﬁ‘F@“" "CIHESi gnal
t ransduct igerne. frdiiheeass snce &g edis are difesentigiadotheysypectitufeid aittathe drisgel promatgouggsdint | on,
ot her conpone BdsBed-ckiBtype. G\Ite}hm/e&ﬂ%revwer(b%h@ﬁ&%ﬂ&wﬁ UokdSRALRBHBE oayisebe

Lchggggn!{eﬁbréosgﬁl %Q&té&%ﬁe gurra&e%rgar 17 @l.sfckﬁ c%ﬁsfoemeregfm%m rrorr% Q-Stgpgl'éh%n that may

ef fi cacy Ongrantrate O(feﬁsttﬁ gr:éll é;orf %n%? rgr;[ ertger dr[:?ct or m recg Iuores%fnceh%g 1mmu o¥dsora%
matri x st rAa?‘@W"‘{at'j’e nopyintagating veetes n(EHC'h at o ﬁ%e”&"é{bhtﬂc'é’ Cidlvi Bﬁ?ﬂ)t“i’ '@“5'9”"

di f f er ent iratsieotivn guvigg the soring eters el digenutiube shiskeient pelifdratioa biiweoell, leatifef | cacy
| S assessa chywithe Riildehddge.cmer gence of the phenotype of the intended
internedi ate Orqe‘%&Q car iR YE gdn& céuy allé%h FbgthE ol;’@(ﬁ 'apeé%%\ﬁng% %rﬂﬁmeﬁ‘d&ﬂ as

those lis ocri ne
pancr eas A FEFEIRAPATUR B B 1 T QL ARSI L OPRPSRE, MY ERFRRAF | 1y 1o
i nduce Pdxepulaien of eegal geen prmaly Boeege it the/ isligirells Wi'éﬁﬂ”?ﬁfeséﬂﬁfﬁ@%t@fﬁ‘?) ARl fo

st andar d cath#t shecpesstin ehiptelshmnprofile appropriate for more mature isiet cells. Suitable genes include

those that encode transcripion regulalors capable of influencing downstream gene expression.

Candidates for pancreatic ontogeny (roughiy in order of their position in the pathway) include Sox17
{GenBank Accession NM_022454), Hixb9 (NM_D05515), Pdx1 (NM_000209), Neurogenin3
(NM_D20999), Pax4 (NM_006183) or NeuroD1 {NM_002500}, Isi1 (NM_002202), Nkx2.2 (NM_002509},
and Nkx6.1 (NM_006168B).

An iflustration of this approach is provided in Example 6. Neurogenin 3 expression induced by
transduction of cells in an islet cell differentiation paradigm enhances expression in downstream
regulatory genes, and genes encoding islet hormones. The neurcgenins are a family of a neuroD-related
bHLH franscription factors: neuronal determination genes active in the developing nervous system.

Characteristics of differentiated celis

Cells can be characierized according to phenotypic criteria, such as microscopic observation of
morphological features, detection or quantitation of expressed cell markers, functional criteria measurable
in vitro, and behavior upon infusion into a host animal.

Phenolypic markers

Cells of this invention can be characterized according to whether they express phenotypic
markers characteristic of islet cells of various kinds. Useful markers include those shown in Table 2.
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A fractional factorial design strategy can be used to screen several
conpounds in an efficient nmanner. Each factor is assigned two Iev_elasmN 2006
for exanple, the culture matrix would be assigned fibronectin for one

| evel and laminin for the second level. In 64 factor conbinations (64
experinents), it is possible to determne which factors (from a- group of
15-20) signi higaisbNe | Nfluence differentiation in a statistically robust
manner. Conbinations suitable for analysis by this strat eG?T"Pﬁ’@Pﬂ &
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Directing di#Bhitoring di fA8#¥fiati on using genetically nmodified cells
In optim ziNggsa di fferenti alia@diraikerseparati on strategy, it is sonetines
hel pful to use cells that have been genetically altered with a vector in
which a ti SENpeci fic pr AFBEE™ i ves expression of a reporter gene.

Sui t abl e prombeidnssipeci f i omdupdbelasdnet progenitors include those driving
transcription of Pdx1 (NTzfg 97&99), Neur ogenin 3 (NT_008583), Neur OD1

( NT_005265)™@fh  ( NT- 00 @%ff,s and Ptfla-p4B (NT_008705). Suitable
pronot er s Saeebtlciplyskgige Mat wreelss| et cell s are those driving expression of
insulin (CGnB ion NT_009308), glucagon (NT_022154),
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m ni mal effective sequence of the chosen pronoter (-0.5 to 5 kB of

upst ream setfitnce) is anpl i FFEFBAPEHLNPEN i ced into a standard

pl asrnid, adenseisius, | entipahiskiselnafker retrovirus vector, in a position
that dri vem%&pr ession of a gléi Fnablke reporter gene. Suitable reporter
genes eit encode a fluoteSecent Hol ecul e (such as green fl uorescent
protein or HNEG f erase), enceadeermmatiat ect abl e enzyne (such as al kal i ne
phosphat as or produce a | r ntigen (any heterol ogous

protein or E%’ie(311r7bohydr ate) th%ﬁ'ﬁkeaeﬁgcg'gergﬁg?(%ct ed by antibody or lectin

bi ndi ng. Celniylgset r ansf ect ed expditecalist | ssue-speci fic pronoter can be used to

optim ze diff.erentiation p e { he manner already described, For
exanpl e, tr'IaE%sf ect ed undi ff%?cg%%%(act gsd*“gﬁs cells or cells in the early

stage of dirkfier enti ati on caonetelfie! parinjoese marksr var i ous di fferentiation
regi mes, angyl RaRnaNal yZed difing ddlEuPRRRRL L loQtefihr iRlebSom BT NG
expression driven by the islet-specific pronoter. This provides a rapid
-14 - 6 JUNK2D06 WO 03/ 050 25rrepticPrasaet Bosiglgraneraaic pieurseif ef f ect i ve
differenti afjoon agents, cul §dssu®Pbhdronnments, and timng. The opti nal
procedure can then be used with untransfected cells to generate
hi gh- qual i tRpchRIpIM%teons of "efgsereiessr®f | i neage that have a native
genotype. (Rlobtfentd RA&dBE T €Cherchd] raepicr SSUE- Speci fic pronoter can al so be
used as a freafrs—for—acconpttrshing—rechanical—sorttng—For—exanpte, the
pronoter may drive expression of a drug-resistant phenotype, such as the
neomycin resistance gene (conferring resistance to the drug G4182| or the
bl astici di n r eSPUEERGEE mag@pean Jereleqigddisipgriy sultghip immpnologipab jephaique g such as
di f f er ent ifay @dundchtecperaistey far gdlitsurfaeedmantietshor tirhreunehistaghamistrp i@ moingle, oliixgd @l h

or tissue sections) for intracellular or celi-surface markers. A detailed method for flow cytometry analysis

is provided in Gallacher et al., Blood 96:1740, 2000. Expression of a celi-surface antigen is defined as

positive if a significantly detectable amount of antibody will bind to the antigen in & standard

immunocytochemistry or flow cytometry assay, optionally after fixation of the cells, and optionally using a
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~ Also desirable are populations with a low residual proportion of undifferentiated pPS cells.
Preferred populations are less than 1%, or 0.2% SSEA-4 +ve, Oct-4 +ve, or posilive for expression of
endogenous telomerase reverse transcriptase. Preferred populations also have relatively low proportions
{< 5%, 1%, or 0.2%) of certain other cell types, such as hepatocytes (albumin positive cells), skeletal
muscle celis (myoD positive), smooth muscie cells (smooth muscle actin}, cells with fibroblast
, morphology, or neurons {B-tubulin itl or NCAM positive celis).

When derived from an established line of pP$S ceils, the cell populations and isolated cells of this
invention will have the same genome as the line from which they are derived. This means that over and
above any karyotype abnormalities, the chromosomal DNA will be over 90% identical between the pPS
cells and the islet cells, which can be inferred if the islet cells are obtained from the undifferentiated line
through the course of normal mitotic division. Islet cells that have been treated by recombinant methods
to introduce a transgene or knock out an endogenous gene are still considered to have the same genome
as the line from which they are derived, since all non-rmanipulated gehetic elements are preserved.
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any sui t abfeed Rl o2ty iYeHda pieb Hiflv TIBUnegesel i 48, £000). | §90TIPhIhiSESsSesleri st ry
for cell - soef deetesroy 20e680sveelsr Therimmoehels¢daeihaedy sibpesrs (d igr sirglrankion hofen f | xed
cells o ftypsFul@e£CONNEe 6f Typhl did6ed hrtlInite vtk 1BRhdne SHE kRGQUITREERES. A
detail ed nmo%) g aTQ&lmJnlolOWeva&)%g%%y Q%@%Xd@l‘ f§r spontaneous Type [ diabetes was recently

reported by Lenzen et al. (Diabetologia 44:1189, 2001). Hypergiycemia can also be induced in mice

{>500 mg glucose/dL) by way of a single intraperitoneal injection of streptozotocin (Soria et al., Diabetes

49:157, 2000), or by sequential low doses of sireptozotocin (Ite et al., Environ. Toxicol. Pharmacol. 8:71,

2001). To test the efficacy of implanted islet celis, the mice are monitored for refum of glucose to normal

levels (<200 mg/dL.).

Larger animals provide a good model for following the sequelae of chronic hyperglycemia. Dogs

can be rendered insulin-dependent by removing the pancreas (J. Endocrinol. 158:49, 2001), or by feeding

galactose (Kador et af., Arch. Opthalmol. 113:352, 1985). There is also an inherited model for Type |

diabetes in keeshond dogs (Am. J. Pathol. 105:194, 1981). Early work with a dog model (Banting et al.,

Can. Med. Assoc. J. 22:141, 1922) resulted in a couple of Canadians making a long ocean journey to

Stockholm in February of 1925.

By way of illustration, a pilot study can be conducted using pPS derived islet cells in the following

animals; a) non-diabetic nude (T-cell deficient) mice; b} nude mice rendered diabetic by streptozotocin

treatment; and ¢) nude mice in the process of regeneraling islets following partial pancreatectomy. The

number of cells transplanied is equivalent to ~1000-2000 normal human islets, implanted under the

kidney capsule, in the liver, or in the pancreas. For non-diabetic mice, the endpoints of can be

assessment of graft survival (histological examination) and determination of insulin production by

biochemical analysis, RIA, ELISA, and immunchistochemistry. Streptozotocin treated and partially

pancreatectomized animals can also be evaluated for survival, metabolic controt (blood glucose) and

weight gain.

Genetic modification of differentiated cells

The islet precursor cells of this invention have a substantial proliferation capacity. If desired, the
replication capacity can be further enhanced by increasing the level of telomerase reverse transcriptase
(TERT) in the cell, either by increasing transcription from the endogenous gene, or by Introducing a
fransgene. Particularly suitable is thé catalytic component of human telomerase (hTERT), provided in
international Patent Application WO 88/14592. Transfection and expression of islomerase in human
celis is described in Bodnar et al., Science 279:348, 1998 and Jiang et al., Nat. Genet. 21:111, 1999.
Genetically altered cells can be assessed for hTERT expression by RT-PCH, telomerase activity (TRAP
assay), immunocytochemical staining for hTERT, or replicative capacity, according to standard methods.
Other methods of immortalizing cells are also contemplated, such as transforming the cells with DNA
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Wlilianms & W.lkins 2000; Diabetes (Atlas of (inical Endéf#¥nology Vol .
2) by C. R Kahngeadert. €080% srBhaamieve! | 26Jmeaun299; andpbhdi cal
Managenment of Ty¢etichs Di abet @ DM80 Edi t i ong OMsGraw Hi | |30 dBhecE)se of i sl et
pelts for the treatnent of Type | di abet?nM wity@dlescusse@noml TGEngt h i n

Cel lular Inter-Relationships in the Pancreas: |npli catiﬂéﬂrﬁﬁw%ﬁ*‘ | sl et
Transplantation, by L. Rosenberg at ] tyrate
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al ., Chapman & Hall 1999; and Fetal Islet Transplantation, by C'M-E,NNIME
Peterson et al. eds., Kluwer 1995. -20 - 6 JUN I M WD 03/ 050249

PCT/ US02/ 39089 As always, the ultimte responsibility for patient

sél ection, the node of adm nistration, and dosage of pancreatic
efidocrine cells is the responsibility of the managing clinician. For

pdr poses of comrercial distribution, islet cells of this invention are-
typically supBPi¥% the form of a pharmaceutical conpodiCEFU§HR/39089

T2 70 2 S B 0l B SRR P LA BB

conditions for nistr _ ve > séts of
¢l | s that B EYUmRE4OLnDagificaion. Gy ¢ Payg nthraresensedt BFWae- (o thari88% of 4siein B%, or

se. The cetutursge Broe bdiemeterecopimyingleradiiunieitandianolfr citprpiasenRevok)eAlierd days in SR

opul at i oNsSmebREChe beislwére stildied tHEE| DELIags i2ierX @ lcbik aRthdidlicieaied, ahd isd £d t 0
type of dllalfsg{l g&ﬁ[ﬂaf ﬁ;ﬂ%qﬁcﬂp §T ‘B?ﬂ;' dé?sqn HE@' rlwlt(nbcﬁela@é p&ﬁhrlaﬁ%eclﬁ %}Q l:Jmmon,_and

ecursors, es d so, 0 .n._combination Wt enti at ed

LS cei 1 s o piEr i Py Ehprihanas s prbe b ferrn e ik hiegev e S ae
bnone.  Eactioe Bl rfefalseatqeries (Hew Bet nay be packaged together, or in
bparate containers in the same facility, or at different |ocations,

fder cont r glamgi 3. GG HERN-EBklidy Xelld frontléafif RlistWihe IRBAbd b BSnvERAr i Ng a

b#isi ness rel ationship. For general principles in nedicinal formulation of
cl | conpositi of¥ulinspeingceifoyers deriyqafiomnEg cels ot 9 inprising gymodiisatiootibe |

TE anspl ant atargeryte GBaventiafprenreipry desgrizdd @diellagl Bxamdlermrunot her apy, by G Morstyn
& W  Sheri dan amisny, iCarbr, hEg eeidnen giosh fo)tolietsafter B8 0ast pitage @vp@Fistdapn | S
bt onal |y PAGKABEERIndian SoHakGEY By mGRNLAINRRE fitblabls WE hdsb@By h RRAntplGL I, ONS
fhr 2 desired pULnosGy BUSRAA5.d e SLEAAENL, O BBEhRs 1 BRXhCES The
cBlls of thie tAveRt onean areo" be trear as ™t R R r onal Conponent in a
Bchani cal Hed YeorageYay Agd. mes e SR eE CHvEd I9F 4 FRsT & SEP HiRe cel§ase Fiitad

ol ypept i defr GfdaysdnrMEE40 resdiue ity B gliriplemert, montaining 8.5 mivl betgratef{Sfpldrjower tren Hlevi ce
cont ai ns t hesppitfe gentmend pMsyddparsid, k sM bailih A dndal o SRMiigamabhe celgweb mane

g \6/1|t . 2 r e‘éﬁt”ﬁa%/g?%%? tﬁ%ﬁ,eagg fstaﬁnébefongiﬁéuihnn E@faikgri]oﬁt(ﬁsﬂﬂ ’ther§(;§r1]1ﬁ| rgduQQ rOnBerE}GHaI' %%i-}n%lﬁn

ster et ed by 2 pRaed 135 afcolilierl it 4 895 ofler 37 RRb B bhlaid e

nm cr oencapstyeeFPMIIEs P%a‘l’yl SHityriRg ford ! fAgYs R HFMepplerganigd el $2% 3 e t he
cel I i nt er aeossitderisiet difigrentiaiian fofters  dedi fferenti ati on. For exanple, U S

Pat ent 4, 391, 90 ¥igdrRACshbvdand redulin @kdhl tfe BRGRRSUHURE @CEidpv RithS4HMRIERING, 4 nM

sem per meab} e OEFP{ARNEcHRAEY 1P hictnis 26eNahh oL LB para rPlenRL - W .

that are cr I nked so. at 1t 1s perneable tq profeLns the sijze of
el e bR IS P, TS i SRR Rt BRA RS TokTs e
6, 023, 009 d8ainng Beresefing psuinwpiesized g et vitkindhg cplh tavag estingied et agrid % Pbfibr ane
made of ageiioistheantivagerepgtnsvin. Nb psuic sgungl vas oskrvédin stheraeliipiuetera prethe
adapt ed f or sapdBigBbiSd thaibdypéiconidl.0 t he body cavity of a diabetic patient,
and are thought to have certain advantages in reducing histoconpatibility
ggﬁf'eﬁp”fafre SASCent Lol L e LA DAY B & R MOn S vEl 0L ALS rrg:x![gesofr ® g'rso
extracor por eal tThieeapyle prolidss arlFausietidn ofth3stéhwEd ibdudis OfisiddeiSomepRS agiis, iminticging |
endocri ne ghahdng Qbichan: Bt Bdurs ifutd:s.acor por eal segnment, a subcut aneous

segment, and a rﬁ?hgﬁg g@flin% oﬁl&é%éﬂ@ RIS}% grgm af@%q:mlu@r%e L%lrf‘gcsﬂﬂ{a‘?ﬁ%@e%ér re& &ﬁﬁf&i\s.n 9

COVQTTOLYT C O

cells. U S. Patent (4,289 descr 1 .0a .a ancreas having an
Tl et chanbioh sSu R e s 5 B PP T MR ARSI DA v P
vascul ari zi BEPUHEHsepremedevith B27d|nYivagem andiree of the Bllquno alggsives: devi ces
typically have a clhanberddtdegheilricontoipnt ai n the islet cells, and a
chanber separ at,ed, fif Qi DebgjsingiCel | s by a sem perneabl e menbrane which

collects the secre roteins from the islet cells, and which may al so
pernit signalingd bé%%”%g'”fnﬁ’gmfugfgﬁmg}cel |'s, for exanple, of the circul ating

gl ucose level. ° both Activin A and butyrate together.
The medium was exchanged daily (with the exception of one day) for a total of 8 treatment days.
At the end of this period, the medium was removed, the cells were rinsed with PBS, and a cell
lysate was prepared by the addition of 400 pL of RTL lysis buffer (Qiagen). RNA was prepared using the
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-21 - 6 JUN 2006 WO 03/050249 PCT/ US02/ 39089 The foll owi ng exanples are
provided as further non-limting illustrations of particular ertosdiNBitt s
of the invention. EXAMPLES Exanple 1: Feeder-free propagation of
enbryonic stemcells Established |ines of undifferentiated human
enbryonic stem (hES) cells were maintained in a culture environnent °
essential ly fwees@bsheeder cells. Conditioned nmedi um prep%‘?ﬁ)shi&w@s vance
using prinmary nouse enbryonic fibroblasts (nmEF) isolated according t
standard pragedemessy(ND k biddind 6 the aGifeuletLinamctiom eThp BBagedreand dith

Efgg ; I geLg [1 PNﬁ&ﬁ-Brﬁ%rﬂ&r@Brﬁ@d BBl ORR ms@ﬁ aa{i tilg 1RLRRoGE préda@uncﬁbﬂ ﬁ.r&L es
me § nae ese
*ran% IBNIPKW#OIIT@@ n‘gnlpa%tuggé &Q% darH re%ftl N%E%%FI ('Ea man Wa carfléd

condi tions con i nue ogy.
SSEA- 4, Tr Urraech oy Simp&elus'"&ﬁﬂ“%lakdaﬂ’r?"t‘iée‘s p'ﬂfo%%ﬁa NEl@iP{ ppd ‘é'stF ¥ by
the hES colnomilies exprssion leweiss Breatel gamianmusaoey tuo edratiestobgandiprer s for tygonbikre
di fferent i adppidd @RbsBmé) N TRELMWRE BbuhiBcCd ko is@itle BhbHrddRoh @RRILaVBS GO I Ned

%ngbl EC(; oD Qatel Gk r%delfa%saa@unékb%%sﬁe%fa@g&n%for ”ak' " partlcul ar cel |

npl
LW er ont§at e HOHESSIoks prSthoR vah f P PaKES BrautFeD: EETee s sages o
char act er i $ejegmsesgipn B@hin human dgis PRIERPRse isg Shawy fon cagparisereig Jhetieyeljoh gxpiegpiop ing
gl obal di f usdiferehtiagt hES el (e aisSnguesli ling). DMk ninrkars vade @dindel thesh bifectvely byliee. The
cells are tc&ﬂfhainoﬂ%”&@ﬂ&&l%li erdrgomﬁpa&wytgoﬂmae B ésL-.e% Jax.gﬂi ReeA@dirdidi@n of

Na- but yrat %)C(Prg?glémﬁ in L%dlﬁerﬁ\g%qué c%h:':s t:n.? w\évse Eq?qu’EB\? E?‘eliai?l c-,ixpre??:on e-lvél fw(ﬁh {Q e oat ed

culture con

were 50 t o 2886t F‘ﬁl@ﬁ?""gr‘ﬂi"ef‘ﬁ‘?é "h‘éﬁ‘ielﬁﬁhe\}é‘ée' ‘Ei’(‘ﬂ‘f‘f&‘?‘?d"éﬂmw f"ﬁ"‘a“ﬁ r98'6-°rf8’f”t i oned
SR nedi um c@ntiaenietigpancrass DIVBOIneSHe prricieas Mive toan| 10GPEIIdwinpreastle diNFalietay wi t h
SR nedi um inc@ised frahelys tran o5 tdheve erptessiang 64 of 6 (Bord Mo Tokbit intrae). Bhe 1ediel bflum
cont ai ni ng Hh%an)hé]-%bmmr&ﬁ'%ss rar 1N (Y RLiGh 1V toovshh 6 Nmdrb @¥an WBRR T ed
daily for 6 d%ﬁ (Step I'l1). They were then replated onto collagen, and
cultured i N°a hepat ocyte maturation medi um containing a cocktail of
hepatocyte-fri eTﬂ?I ropust dducfiprhot et Bres mpders gonfinp thatriiasedieg dsdygy eellp gave key
sunmar i zed charcPadtitse! Qut enfindiTg:  Ihespieghia bre ogxt sub@itfiddeane hikated twiito factits teldwinde St ep

| St ep || St @pnclebd 1Sinaan, Imdnilored by ihEtonbiitRkealepas aay pddepat ocyt e
Pre-differentiation cellsdifferentiati onmaturation (G oups 7-9 only;
(until contl uepts) or‘Feederref{e 0% SR nedi um +20% SR
medi um +HCN t : 1% D

but yrat el0 ng/ n‘[he'FEFnea)i HESi:@llsrvgé grhwrl-mundrﬁeréﬁuamfdmlnymmmdmrﬁas in EGmPIEIN 2006
WO 03/ 05024‘9eyﬁn’@ﬂ\é59136413ﬂ@&9en310n culture {forming embrycid bodies) in a blended medium consisting

of mEF conditioned medium and DFB+ at 1:1. DFB+ is DMEM/F12 medium supplemented with B27
additive (1), insulin (25 pg/mi), progesterone (6.3 ng/ml), putrescine (10 pg/ml), selenium (in the form of

selenite, 100 ng/ml), transferrin (50 pg/ml), and the thyroid hormone receptor ligand T3 (40 ng/ml). The
next day, 10 uM all-trans retinoic acid was added. On the third day, the medium was changed to DFB+
with 10 UM all trans retinoic acid, then fed every other day for 7 days (Stage 1).

To initiate Stage 2, all-trans retinoic acld was removed and replaced with medium containing
Noggin {200 ng/ml), EGF (20 ng/ml) and bFGF (2 ng/ml). The cells were fed every other day for 14 days.

For Stage 3, Noggin, EGF and bFGF were withdrawn, and the cells were cultured in DFB+
containing nicotinamide (10 mM). The medium was changed every other day for 5 days. The cells were
then plated on coated chamber slides for one day, fixed and stained with antibodies against the c-peptide
of insulin, or somatostatin. c-Peptide is a component of proinsulin that is removed before secretion. It is
useful in distinguishing insulin synthesized from the celt from insulin present as a component of the
medium.

Figure 4 shows the results. The top and middle panels show staining for insulin c-peptide at low
and high magnification, indicating a cluster of mature pancreatic beta cells. The bottom panel shows
staining for somatostatin, a marker of islet delta cells. Tagman real-time RT-PCR confirmed that insulin
and glucagon are expressed by these cells at the mRNA level.
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Figure 1 shows the hepatocyte-like cells that were obtained. Left Cé) ﬁ@bﬂﬁ
10 X magni fication; Right colum: 40 X magnification. By 4 days in tJ
presence of butyrate, nore than 80% of cells in the culture are large in
di aneter, containing |arge nuclei and granul ar cytoplasm (Row A). After 5
days in SR nedium the cells were switched to HCM Two days | ater, many
cells are multinucl eated, and have a |arge polygonal shape (Row B) By 4
days in HCM WRPP%Hc] eat ed pol ygonal cells are common, aHdUHHPEIa

dar ker cytosol (Row C), by which criteria they resenble freshly isol ated
human adul hepa_t ocyt es hegat octes (Row E). Exanple 3:
bt ai ni ng FEER PrPiiatieend. . 109enl).3 geNe SXOMBSON e hepat ocyt €

pat hway | nsuli nﬁq&eaﬁeemrmgemkﬂaﬁs %rﬁeﬁﬁ’nééd%dO\fefeQﬁfbd@lEésaﬁﬁHé Sola®hl dedein HO
line usi ngre@ru:{ﬁﬁ%‘g@r\e%?&résggh p%filekﬁ?actempéﬁhgfs)é{cgll Iﬂbggfe Qﬁrﬁ%&h&tlﬁa G.ﬁQérﬁéﬂBFO'

descri bed in

0 GonT T uence. BT S ponsice s e oo et SpTe UG Rg.
medi um conthend grrstcopip! ¢ senEtitaivh promBdierc ATNIBY i B repirtion deficigeisie!r piiced- deleteEx anpl e
1. In StepcddinaithdnovingiSasedasstoeccotimcigodingihd dMAXTOmRclor tcorametbn SRMnetix um
cont‘ai ni NgebaEMSRroricR Vs &dm 645 bp kBN ka8 RN k RR_04B9)3#kd Gibhea RRGOESE Cel | S

were cultu I o 11
days in RP%;E‘%% Z[gcrlor% Jﬂ:@t}é Cm gﬁuri% lCrtorh{%ﬁov?@s&bﬁme%é Eatgl"%&é pmog E\r at e
(250l 0 1 ol et A CANAGE) ITTRipEl SPREat o1 476 Fn Fofon, s BBaerhar Y
activin A 8Weenaug KeRAK$PEIBRcE r%ﬁ"i“ . ThEnghuiie plpsiiid geptainipg, g NQF?aF‘%Pé?ﬂ'élﬂ'e Af-*l xed
and st ai negdenbit piaﬂSdJl(i\dMPﬁ)qIBBlBiS)SWeﬂmccharfsleﬁgd ibth € 1-Sipgadngrads sels mp haadiogsal
anti -i nsul iggomsfetoh b&s!:zurama@eémé@tsba@n@d e vha IRQ) wANGhpRRY N BB SHIR] £H8GheWd T h

DAPI to de t ! 840/ B27 by
cul turi ng l% ped Py B%i gens'ty ﬁaﬂ%\)\?&t"hﬁ 408 Lféﬁ'gl’ &n%ht?aﬁgg%g H&%Qc ) nw ni 2‘
possi bl e i §’?t'éat' dedi‘f’"P’Fe‘\”é ﬁ‘fq"éet'?f?i’ﬂwf t"‘5‘? gete"l‘—"f'edﬂ’f gansard iR 2 resul ts i n

whi ch the cel | sHumap ES eali$ of thedd liveryvesst syppendyd aidtchitured ipNAlegdadimedipm As in Examile

bet acel | ul B.nai-tchfs radvbid fofc-(o, pvaiveb adi@edmdthenheiiDintha aed dke. SelbradayOaterchacEBs @breéS | N
the upper pagein NiHRSSHBRE+ hifim pABEF t@b niSdnabrde RgAA). Qitter ifd Ry fuftds €

stai ni ng C@J‘E %érg glfectgd \anqherﬂ 3%9(9& a bda ! lQiGl:f F.FI %@J dIaIeMQrE&ﬁ 8(?!%‘!’""% thle

st ai ni ng, represen | n nsu eSI ze

was esti naf¥8 ' Hat" f‘% nt '2[0*@)“ 8?‘ € &‘ed 1@ ifepSPTAMiEoR) WRs H9ed R ? %99%%?"5‘?5. ng
i nsul i n. N&dNons erl AMRFRtiras #tiap fOhRf SO whserpliea direrty togetiein Swiel plated ipnd meOFBR t he
sanme sl i demediun dontalhiey EGFALOHDEN)ED A b itdn addibesenimicof 48 shrnd reddiuAgvat iled Bkt cel |
pat hway bywaptthmnzea.mﬂwésosgmmee BveBf ott3biday RRLAAEE roBIs MrShaR¥ AEHY ﬁrﬂr@\ﬁy@les an

illustrati Qf@htﬂ mFeQ%n ?ﬁuﬁmﬂlmﬁg .sbﬁ?QH&t haq)\};'ls QJ reAI ﬁrjneqs'lsPéF{a%rn &E{?;ﬁ&f li_fﬁs’ lated

m m cki ng

't ne of | HES TETHC S o TGP BIETIEH e SRE B AT ENG HO ERFep oo
condi t i ons With apfitiogstrodest ausepon & 11840k fallewed byflECeophivgrted goat anfrmousk BEAT¥8Nt . To
initiate di f f ermdgiré Bdhbvaimmirioeytoardhicalsaivag ofataduagregnin B Oaristitivbd ctIB4Qiays after

suppl enent g Mkdoh. e plaé& BMbricOBaN 1o d sQREniRf 1eveh& dnftlobyodMeBiEble giycagon
alternatives: .no further additives (rredlumcontrol) 4 nM Activin A

(R&D system?j CUS mM sodi um butyrate (Sigma) both Activin A and

butyrate toget Hégure 6tNand {8 shons RRB'!A BREITLA el g Neprqait Hraptced sdestifon of

one day) f bars)acotmodred with ftheBnegatiee tamen (hatteeg Sharsy\t RealtisnedieP G5t dettehis sopdizeddtd, t he

medi UM Was espreavM@dels ih et Blat @nueee rinsed with PBS, and a cel | lysate

was prepar ed bYIt WBE 1o inkdl Merﬁfgeﬂéa%ﬁl-aré)ti wiidhlearh Y65 INGur f\lftgrwe(eq;rggtﬁﬁl . RNA
a|

was prepar Epd regl;'lu?ateQQn ttrbeetrans ced t%!ls lgompapeg corQ%KSOSIQ% %1 Cﬂq—/l\h%éqzz{mg’rg Q)gt

substantially upregulated by day 2; Nkx6.1 was upregulated by day 8. Insulin and glucagon expression
were also substantially up-regulated by day 8, indicating that the gene transfection strategy substantially

It

improves maturation to cells making the clinically important end-stage products of isiet cells,

The skilled reader will appreciate that the invention can be modified as a matter of routine oplimization,
without departing from the spirit of the invention, or the scope of the appended claims.
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Q agen RNAeasy M ni kit according, to the manufacturer's instructions.
The RNA was treated with DNAse, and random prined first strand CDBAUW%
prepared using the Invitrogen Preanplification First Strand cDNA™ 4

foll ow ng manufacturer's instructions. Standard real-tinme RT-PCR (Taqgman)
was carried out on each cDNA sanple using priner and probe sets for
Sox17, HNFl al pha, and HNF3beta. To normalize expression |levels, ‘parallel
Tagman assay wess#swily Usi ng the probe and primer set for C)gégRGi | in
(Applied Biosystens). The relative abundance of each sanpl'e ' C ij‘g?"ed to a
pancreas SEaNGALA Yase mmhog% 8 FilsebtRdd ) jubiiiRidAS Ptk Wy bepBRle  Afbims

(Appl i ed Bi ﬂngﬁt gorps Figure 3 shows expression |evels of the mar [<ers for
gut endodef’ (1§ are standardized to the expression |level in human
fetal pancreas. Al so shown for conparison is the | evel of expression in
undi f f er ent i1atradkolaeSeet bruliiol biitadned biadifterenitpiinpetihaté pluigdtent siéne(pP$ircels, imshidber s
vere induced npgist 6%kl teledeyietd Yne di thore GPIRB tollink BRtelE rddPh endgbrokid Bbnd and

sodi um but yrat,%ulln %%re ato%é&rg; gatﬁtpolgbe%ﬁfl evels (2.3 relative

expression) in un I at ed was induced to 32 relative
expression level with the two additives (nore than 100-fold increase).

I n H7 cel | s,2 tAndsolated edh clyteriobigiead toy differantiasingwsimete diuipaiantisiem (RFGH ¢elis. fampriaing. 007
times fetal paBBr@aERCcE® INddn télsma sbadteduchinaheads taracetesbraabstkih 000-f ol d
increase). HNF3beta increased fromless than 0.5 rel ati ve expr ession to
:Sni'r g;sg d3 f I(’ Om cet1l go;%uﬁxg' on ogqﬁer Pre?e%:{\gf gfalm m h:cg §'1t l?aghsgﬁ o% thgr:ell% xpress at Ft)a_al_s? Bvo( or e
than 10-fol d qﬁ%@@&’g‘é)“a"‘%e%?“o%@t'"si“ﬁdﬁ R.peNSE1-t hese three mar ker s
confirms that these hES derived cells have key characteristics of gut
endoder m Thes@e e bbfilatn@f aAeprécedingafim, tompRshgdlshnieahatbromidids phaedior s t hat
induce pancreas formation, nonitored by induction of the key pancreas
mar ker Pdx| '. taining islet ce si.n iti n

| ona-t er m adyr 8@%@"%%"?“%? avres C'F"i'"n‘("—’zh"%‘fw“ﬁrli@p%'eefdl o &3‘%’8 \ﬁ/)slgﬁr'i"'cﬁn

undi f f er ent i atca¢fes 16FtAg glvroseitse! kP GpPRA0 Mg/ dEx anpl e 1. They were then
grown in suspension culture (form ng enbryoid bodies) in a blended nedi um

COS_Si sting liprthEEl 6pAakiok 1008 ChredBiHg Ui NehiciRBE :@Er; aenltzcezll%S r7dmﬁ)43?b/EJ§1 F12
medi um suppl e sulin pg

progest erone ?%%e e}%n%%t%gr{ptrag%ﬁﬁem?ig%)e?InH] selenium (in the form of
selenite, 100 ng/m), transferrin (50 pg/m), and the thyroid hornone
receptor |i daﬁ@ewpem@ﬁ?ﬁ'g’f Liid P’.ece‘lﬁﬁ%c'a"ﬁfé‘ﬁt‘i"“ lﬁy*}e s3e GeRPe 9s ap peiaRlisheddipe #loi c
aci d was addedyim@aerthnit Bkemebliday, the nmedi um was changed to DFB+ wth 10
pMall trans retinoic acid, then fed every other day for 7 days (Stage

1). To initigateg gk & R n e da@n pl aced
with rredi umbony §%’¢r‘3ﬁ" s‘*] ans; R oSy SRR LA P 2

ng/ ). The ceﬁ"i"’ée"?/\}e?’ '??ef’ 'P'He“?sa Pefor 14 days. For Stage 3
Noggi n, EGF and bFGF were wi t hdrawn, and the cells were cultured in DFB+
cont ai ni ng ra. cohétnamr digaitidpoipdeptide-Ihetingrdis Hmpuaing change celser tieigidgeny day
for 5 days. Thea miubesor WRI I aﬁehmt.&lf&to%dmgagygaaﬁ. &l pdpigion mlvinde s 1dagl ONe
day’ fixed andS/sn;f%‘egglg sg\érénpat?egét OPEOQ%%%;E\? o%é’nstf rﬁaﬁ; FI%?]&E‘%U ?ene nsdhnsUI in,

or sonat ost at m rnsul’l I's renoved
bef ore secr et i B9y t5°'Fsé°StaU‘s§'Fﬂ?“cﬁehhcﬂ?‘?{a‘?t‘ﬁﬁw shi ng i nsulin synthesi zed
fromthe cell frominsulin present as a conponent of the medium Figure
4 shows t heta etbelvibtsod of higimtspyphegemdhamPddblis apartelesiasdowens babrvidigdiésoor cellBsul 1 n
c-peptide at |@Wenard@ridiésBhhepR@itbs dr GatddeReiukh Ndi cating a cluster of mature
pancreatic beta cells. The bottom panel shows staini ng for somat ostatin,
a mar ker of |s|l et delta ce g B‘EI'e n }}
insulin and" “ﬁEﬁE&%“a?PE“SéBZBr“E@‘? d"eb *‘f’ﬁ@%‘ﬂe‘&é'l? fea'fa*'?'h%° W‘”i‘%% -24
- 6 JUN 2006 {yne Q‘Mgﬂlwwﬂcgtg@ggﬁ cyclopamine, betacellutin, and IGF-1,

12. The method of claims 9-10, wherein the mixture of islet cell differentiation factors comprises a
TGF-B antagonist and one or more mitogens,
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Exanple 6: Driving the end-stage islet pathway by Neurogenin 3 gene

expression This experinent denonstrates the effectiveness of - 6 JUN 7006
overexpressing an islet related gene in recruiting a gene expression
profile characteristic of the islet cell lineage during Stage |11 of

differentiration. An adenovirus vector was constructed containing the
transcription regul ator gene Neurogenin 3 (Ngn3) under control of a
constitutive WPHHBIHY . AdNgn3 is a replication deficient, PELUSOAMSES-

del eted reconbinant adenovirus 5 based vector construct ed usi ng the
AAVAXTM  vedt dhe B ok des 9id Tiher compigipagsnsicalpiitgdy e s to orese §RES5°N °Ngn3
CDNA 645 by ( GearBentk rascrptiwifagiar, sbciNM N320@98B. was cl oned into pDC515

shuttl e vector downstream of nCW (Mirine Cytonegal ovirus |Imedi ate Early
Gene) pr onmpger,. daﬂp\'entiaég é:!eg%puétﬂoﬂ Hcﬁ&&ﬁg d AR otk PR oA S o e WRBhS &Q@CP“ ATG
start codon was. I € consensus Kozak sequence GCCA

shuttl e plasm o 88rﬁal ning the Ngn3 insert and the Ad genom c plasm d
(ADMAX plasm d) were cotransfected into El-expressing 293 cells for

hono| ogous 151 eceiibd aadrddodngtreulioGicegon, Bisatuestvenmerdrgol at ed, the viral
stock was anplifi epcugtunn@@o%fe@ﬁdale§eeu@mnaﬁm&omﬂy{olcfamd shayoreHEd acB@dRitd Y

gr adi ent centrl fu?]aé f9|a|m '15 4 particle concentration was determ ned by
measuring optica f A260, and the infectious titer was

det erni ned by st aH’d‘é?’%f"’ﬂ?I"EiE{Ueg'“é@%VSO’Fﬂ?Pé?H“ oL Y ARl 17 1§ ne were
suspended and cultured in blended nediumas in Exanple 5. All-trans
retinoid acied Aldddcepdvine pRsuctd dethullnOgliciyen, Edmbestdif eontinl: day. Seven days
later, the EBs wepe, dlﬁér&rnﬁgl ééﬂ pd@Ritoh G6dokind td Hailkd BE oM BlidENaRbiR g BGhRe (20
ng/rri) and bFGE gc?ogl ter five days in culture, cells were
infected with THe A %6‘ Vector at MJ of 50. AdGFP (an equival ent vector
containing the gBrfesRPMgRhieaPRmPIalG IRl PrTNs RIFBR%RT! e cRibROPYSlRR PHEMT,

di rect diff er esasagetof iogyljn, glaesgop.Sespmaiestaiin prrpled bwtke ebprpelgbn.  AANgn3 or AJAGFP
virus at an MJ of 50 was applied directly to cells in 6-well plates in 1

nL of DFB+ 17”&%&%&9[3&!%5@03&11 E:Q‘ﬁprﬁl%)a @ﬂ!rmlglteidfc@lr poﬁulgﬁon écl?c%hg%j&iéu%é ‘pﬁlal 2

mL of the sane ac The nmedi um was
r epl eni shed e\?reorya'"eéjﬁcw?ftg}q?ﬂ%hoggﬁ‘ca'msg1&e| | s were harvested 2 days or 8

days after the infection, and RNA was isolated for analysis by real-tine
RT- PCR as i1 Bxaetpideot AcreaOiBh lascompogivcetyr itsoabiliyHa mivdulates iskeidet fifnglion, comprising
i munohi st oc heemtsiing hewerhguid witt @ ditidterdfied 1N pdp@aioRhdeiydeciaild 08, eshainand

stained wth a@c@HnF%qwe AL Bdairg! w@a&gnm(nig a;l.p&@mpx; o &&m@ ckaﬁgéélm
conj ugat ed goat ochem cal

stai ni ng of t il qﬂgula%ﬂgnnag resulggcf rtgaell,z]'lg &oncmpmad wm?lﬁes coglpaund a\px@ F%rrelatmg t(__a}e af-;LaSnaeuc tion.
Thi s pl ated er‘fﬁ*? Avimeid B’d’&fg}"’@ﬂ%’?ﬁé" 'a"dé‘ﬁtﬁ§%°5$PR“|°HP9“|‘"e$)‘€P9°Bff°' somatostatin.

anti body- det ect abl e gl ucagon expression. Figure 6(A) and (B) shows nmRNA
expr essi on {oe\iahetnoll b réddestitNRY IsRORINMuRcEh it ArodlBEky GEbrisi ddBinitBdl tothe siécS )
conpared wi th tcﬁ@reﬁlﬁg@tcéllvp%ptﬁéqghtJcEUrdn(gh@-ElQltﬂ?q8 Qﬁ'&ﬁﬁmed R&3ldink td¥Re RandaGR dat a
is normalized qure55|on | evel s in human fetal pancreas. It was found
t hat several geneg hat are downstream of Neurogenin 3 were specifically
up-regul ated in the transduced cells, conpared with controls. NeuroD and
Nkx2. 2 wer e20bdt hethog (b Seatirt Tyad || diebetps ‘egiulse!ﬂ%td cqmprighg\ad@inisifig@e the wabiect a

upr egul at ed byifidlantiaBa cdinspuldtith @twligl tol claiehe N-s ¥dbemSd Budordilide i @hedh@idd of
substanti al |y ;diRzk8gul ated by day 8, indicating that the gene
transfection strat egy substantially inproves maturation to cells making
the clinicall ortant end- sta roducts of islet cells. The skilled
reader will?'a ‘? 8 ’f’%lfj'ge'?'ﬂ%{?d %ol &R HVBﬁP?°E?H9 dnfEBR TRt Pained 25E8rie ielft er  of
routine opti mmeted ofglaims }i18 hdhetoregiaipfiar efiatepdicarmsnt ferlyeatragnk of iatcongition 4geociated

i nvention, or with&fiseops inalin, piie@gappentedam! ai ns. -25 - 6 JUN 2005 WO

03/ 050249 PCT/ US02/ 391189 Enbodi nents of the inventi on to be prosecuted

injurisdi CJZI q‘ Sus% Q(%grdlﬁg fo Olalm wkergllu tﬁe (%eé) tieoﬂg el g"abae es.
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include the followng. 1. An isolated cell popul ation obtained by
differentiating primate pluripotent stem (pPS) cells, in which at |east
5% of the cells secrete one or nore of the follow ng proteins f r ong aiN 2006
endogenous gene: insulin, glucagon, somatostatin, or pancreatic

pol ypeptide. 2. An isolated cell cluster obtained by differentiating
primate pluripotent stem (pPS) cells, conprising cells that secrete-

insulin, cellsgy$hagysecrete glucagon, and cells that Secrﬁ?ﬁumnmmlg
somatostatin. 3. The cell population of either preceding clarm % whi ch

at | east 5%pfrht B& doplidisn, 8MRE BRod lor §s€asdordhn aonmJe&ﬁg bk ndlein GherpREKET S
PdxL, Nan3, 1 NS dbook et AR g iy o1 L popUl att on ‘of “any

preceding claim c I'sing lTess t o un rentiated pPS cells. 5.
The cell popul ation of any preceding claim which when inplanted into
hyper gl ycen?4 TROEE!Irrcpuations devise Snefhds tof yig agfowion beany ereesting dairdrvdpreb diecniS200
ng/ dL. 6. The @elake Hoapidmbtybransteofcel@ny precedi ng cl aim whi ch have been
genetically altered to express telonerasé reverse transcriptase (TERT)
at an elevated level. 7. The cell population of any preceding claim

whi ch has the sanme genone as an established line of primte enbryonic
stemcells. 8 Two cell populations, conprising the differentiated cel
popul ati on of any preceding claim and the wundifferentiated pPS cel
line fromwhich it was obtained. 9. A nethod for obtaining

pol ypepti de-secreting cells, conprising culturing pPS cells or their
progeny in a mxture of islet cell differentiation factors, thereby
obtaining a cell population in which at |east 5% of the cells secrete at
| east one of the follow ng proteins from an endogenous gene: insulin,

gl ucagon, somatostatin, and pancreatic pol ypeptide. 10. The net hod of
claim9, wherein the pPS cells are differentiated to formenbryoid
bodies, or cells wth characteristics of hepatocytes or gut endothelium
11. The method of clainms 9-10, wherein the m xture of islet cel
differentiation factors conprises at |east one of the follow ng: activin
A, nicotinam de, cyclopam ne, betacellulin, and IG-1. 12. The nethod of
clainms 9-10, wherein the mxture of islet cell differentiation factors
conprises a TG--R antagoni st and one or nore mtogens. -26 - 6 JUN 2006
WD 03/ 050249 PCT/ US(12139089 13. The nethod of clainms 9-12, further
conprising genetically altering the cells to cause expression of a
pancreatic transcription factor, such as Neurogenin 3. 14. A
differentiated cell population according to clains 1-8, obtained
according to the nethod of any of clainms 9-13. 15. A nethod for
produci ng insulin, glucagon, or somatostatin, conprising: a) culturing a
differentiated cell population according to clainms 1-8 or obtai ned
according to the nethod of clains 9-13, and b) harvesting insulin,

gl ucagon, or somatostatin secreted by the cultured cells. 16. A device
for the production of insulin, glucagon, or somatostatin, containing: a)
a differentiated cell population according to clains 1-8 or obtained
according to the nethod of clains 9-13, and b) a sem perneabl e nmenbr ane
that prevents passage of the cell population, but permts
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passage of insulin, -glucagon, or somatostatin secreted by the cell

popul ation. 17.. A pharnmaceutical conposition, conprising a di ff”eé)ﬁmzﬁé ed
cell population according to clains 1-8 or obtained according t

met hod of clainms 9-13. 18. A nethod of screening a conpound for its
ability to nodul ate islet cell function, conprising conbining the
conpound with at differentiated cell popul ation according to clains 1-8,
or obtained according to the nethod of clains 9-13, determ ning any
phenotypi ¢ or netabolic changes in the «cell population that result from
bei ng g¢ombin n

i 11ty ot oo bs btfnfis Rl s Rnd QU B0 ol clnd W W o bl
somat 0 jdgrived gom gaith PR Gal's i a misduss, f isiet cel H‘&e’P@IaEQ“ 'E%?"f' s‘f'ﬂi?ﬁ?tfPB‘rF"?“f‘P 'an
subj ecticoticavig, cywlopgming) wetacaitlior IGRQ, dnd bulyates whgrain the paS del e fiest Hifferbstidted e |
PopUl arlcQieaif BhithcishR of bl oPendBlerlih b%}%@mﬁ,g&%b b BB Gnidfpe1 O

of clalns 9- of treatl ni tes 1 n an subject,
conpri €fRg*% ‘ﬁﬁ'ierﬁeﬁ %ﬂcfeffgatt’??s'tcﬁ‘é of fhp ffellpyin pm&f"Pf”@F‘eﬁ'i‘t?"ﬁ?"@EP”@@PFe dBﬁB‘M- ation
accor dglmggér samagistatin, br@pancreatisipbignepid®. according to the nmethod of clains
9-13. 21. Use of the differentiated cell popul ation accordi ng to clains
1-8 or_obtaiped according to the nethod of clains 13 in the

prepar &t i on e mpHd gl dal n‘t’hefe&“‘?'i'“é%{fer?@ﬁ‘?"%?b%{hE‘B‘HHHW%H“‘%{%‘EOU ated with

deficiency of insul in, glucagon, or somatostatin. 22. The use according

to clagm 18, 5 o olthifin w@aﬁu@m ¥iS cbmg«sae%mn 0% cols & ahthjod006

WO 03/ 050249 %SO%@% he ation evi ce l? P

use acP¥¥esidRE NG e A ! "frﬂ%“%lﬁt"'%%ﬂnpgs'%% § Bgeny

of cel aagohistaandembef ar gnorey ﬂIQO WHegait ttleypﬁs c@ﬂ areTfirgt ditiérentipteg drite cells rwith

devi ceenamefehﬁ& ofte Mﬁ:ﬁ%@@élf&g&lkﬁhmwmt% sbi@ PPS
uman e om C N 200

cells em ce h

Cbt i PR EoB TR 4 %c@re'ﬁ'b“eaw P SREERELR BRFT FARERSPYs o
enbryoﬁqmam@m erd phorregtiegolpeplidesai d pPS cells in a mixture of islet cell
differentiation factors selected fromactivin, ni coti nam de,

cycl opam ne, ,he el | I Us v, . t s are
first %l ffer-g%tl ated P?l#t?'os ceF'FI" thg?ﬁ':?h {"gtr\s% tﬁiﬂ“@@fé@ or
. endodeWW@W@BW%@WH@O@"@mU%WMW in whi ch at | east 5% of
*the cells secrete at |east one of the foll owi ng proteins from an
“.endoge ousge l,u t gst
*pol ypepg)tl dg% Eﬁmcﬁ]%?wai od “gf4 %ﬁgﬁﬁ}ﬁ@%eﬁlfﬂ{ﬂfﬂe m xtal%rﬂgﬁ{:(gﬁ%rl ses both
.,activin A BEFR!“‘HT!IT‘%N ate. 3. A nethod for obtaining polypeptide-secreting
’..Cel |'s, conprising culturing pPS cells or enbryoid bodies derived from

L.said DE’S Cold rﬁeﬂ'lda oacssﬂnémsrﬁm%tcdn%aﬁg Genbtcafli ditbriiy Y defid th @4Ush @krddkisn of a

-conprl sin nt agoni s e or nore mtogens, wherein the pPS
coils B?"E'%thcr"?f‘scﬂ'?“f’? ﬁg h‘e‘?’?ﬂ"B'" el ls with characteristics of

hepat ocytes or endoderm thereby obtaining a cell population in which at

‘e .l east 9% of i Rethdd di %Iaﬁr%cf—@tvﬂerﬂiw theSFst cel fre Alimbr Emirfinic QU@ bradoRitdds

» * tYom an endo en nsulin, glucagon, somatostatin, and pancreatic
pol ypeb‘f“?ﬁ‘@m'%g m’?ﬁggmeﬂ “ claim 3, wherein the TGF-P antagonist is

Noggin, and the mtogen(s) are selected fromepidernmal growh factor and
fi brobbast OA @ethbBa for6tt@ing ibsuli 36crétag Bews, compadirgi M5 1 to 4, wherein the

cells are furtper gﬁllfuimegr 558 LAk OF ef¥yéid bbdis Aved fidhn said pPS cells in a medium

comprising Activin A

{b) culturing cells of (a) in &8 madium comprising a TGF-f antagonist and one or more
mitogens; and

()  maturing the cells from (b) in 2 medium comprising nicotinamide.

9. The method of claim 8, wherein the TGF-p antagonist is Noggin.



ni cotinam de. 6. The. method of clains 1-5, further conprising genetiimazld y
altering the cells to cause expression of a pancreatic transcri pt5i 006
factor, such as Neurogenin 3. 7. The nethod of clainms 1-6, wherein the
pPs cells are human enbryonic stemcells or isolated cells cultured from

a huma I : ale taj.n ' 1N .- et S,
Conpr1 sitho TalTebSH pshind, Bttt rdbes . rod o Bl RRIEY PR B
pPS celdd ifedi um conprising Activin A (b) culturing cells of (a) in
a nmedi um conprising a TG--p antagoni st and one or nore mtogens; and (c)

mat ur i t he r N . LU I Sl ni coti nam de. 9. The
ot hod o o 2 o BB by IR SARD L phiity | SO Me7 A 9 L
2006 10. The mé®hoduBHing e qeilsoin apspersion cuiiee tafarmm gebryei ected fromthe

~ group consi sting ofcultushy thb ESHE trorA () inkerhearua domrpiising tiaihs-retiorgeaicisod f or

Cel T i n°a sucpEns: Bl PGB R pOR s e BRI 1o g BT | 1o

cells from (a) mqse@ftqmﬁ:enﬁ conprising trans-retinoic acid; (c) culturing
the cells fromgp) Murﬁgﬂﬁdél!dﬁbﬁ@dgﬁfdrﬁélc’ﬂﬁm?ﬁ@ﬁrgﬁﬁo%ﬁﬁamﬂl Z't and one or
nore m}.o0gens; an mag.urjn s fr c) in a nedium conprising
ni cot i n&n'i de.ﬁrhe s °4’%)é"al%{1h8’&”%? B‘Eﬁﬁf'ﬁﬁi‘f@"\'ﬁﬂ%}"&?&{‘-t he TGF-a ant agoni st

is Noggin. 13. The nmethod of claim 11, wherein the mtogen is selected

from t hey, gr oughe GRARE S LBG 19 widdin mebﬁﬁfenagdeubaém Int Igkdp carfbistiny dTBEGFOd
for pro i ng islet cells frompPS cells, substantially as herei nbefore
@’gi an betzrf: n.

descri b

14, A method for producing islet cells from pP$S cells, substantially as hereinbefore described.
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