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coMetlon is managed by regular injection of insulin, constant attention to diet, and continuous monitoring
of blood glucose levels to adjust the insulin dosing. It is estimated that the market for recombinant insulin
will reach $4 billion by 2005. Of course, the availability of insulin is life-saving for Type | diabetics. But
there is no question 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 transplant diabetics with islet cells
isolated from donor pancreas. This has been made possible by recent advances in the isolation and
culture of islet cells. U.S. Patent 4,797,213 described separation of islets of Langerhans. U.S. Patent
4,439,521 reports a 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 reporis 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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Figure 6(A) and (B) shows mRNA expression levels in the Neurogenin3 transduced cells (solid
bars), compared with the negative control (haiched bars). The transfected gene causes upregulation
downstream genes NeuroD1 and Nkx2.2 as early as day 2, leading to enhanced expression of insulin

and glucagon.

DETAILED DESCRIPTION

This invention solves the problem of generating large populations of human islet cells by showing
how to efficiently differentiate them from pluripotent stem cells.

[t 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 facilitate outgrowth of islet cells. This invention provides a system
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may also have the capability to self-renew. Early islet progenitors are multipotent, WhICh means that they
are capable of forming at least two and potentially all four mature islet cell types.
A “pancreas progenitor”, precursor, or stem cell is capable of forming both pancreatic endocrine
and pancreatic exocrine cells.
In the context of 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 cell 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 cells and other
endoderm cell types. Further differentiation leads to the pancreatic pathway, where ~98% of the cells
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“Feeder cells” are cells of one type that are co-cultured with cells of another type, to provide an
environment in which the cells of the second type can grow. Certain types of pPS cells can be supported
by primary mouse 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.
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Sources of Stem Cells

This invention can be practiced using stem cells of various types. Amongst the stem cells
suitable for use in this invention are primate pluripotent stem (pPS) cells derived from tissue formed after
gestation, such as a blastocyst, or fetal or embryonic 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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Ninety-six well tissue culture plates are prepared with a sub-confluent layer of feeder cells (e.g., STO

cells, ATCC No. CRL 1503) cultured for 3 days in modified EG growth medium free of LIF, bFGF or
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positive control for SSEA-1, and as a negative control for SSEA-4, Tra-1-60, and Tra-1-81. SSEA-4 is
consistently present on human embryonal carcinoma (hEC) cells. Differentiation of pPS celis in vitro

results in the loss of SSEA-4, Tra-1-60, and Tra-1-81 expression, and increased expression of SSEA-1,

which is also found on undifferentiated hEG cells.

Materials and procedures for preparing islet cells and their derivatives

Islet cells of this invention are obtained by culturing, differentiating, or reprogramming stem cells
in a special growth environment that enriches for cells with the desired phenotype (either by outgrowth of
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transcription factors can be activated by direct manipulation that causes progression from Pdx1 positive
pancreatic precursors to mature islet cells (Example 6).

This step-wise approach to differentiation is intended as a guide to the reader, and does not limit
the invention except where explicitly indicated. The differentiation pathway can be broken down into even
more stages so that step-wise differentiation can be optimized in an incremental fashion. For example, a
potential intermediate between pancreatic precursors and mature islets are precursor cells committed to
form pancreatic endocrine. On the other hand, depending on the circumstances, effective differentiation
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that follow.
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bri ef collagenase digestion, dissociated into clusters, and passaged in
non- adherent cell culture plates. The afgglre ates are éﬁd every few days,
and then harvest &ablafii EacterssenDifisentiafien pidatet ¢efisifioq) RP '8 days™ (Exanpies 1
& 5) . +h—sere—instances—dirfferenttTatTom TS5 enhanced by of he

tactors in
the medigyg, for exarfomeound 9§ %oi c aci d (drpasgaliecih or di neféb?worﬂ

; f oxi de
(DMVBO). Depending on™M& conditions aggregates wi - general - start by
form ng a heterogeneous popul ati on ifpbitd ef Heddeyrpesgnaingohaydi ng a substanti al
f r equencycigampedoder nteeilal akalohe emisp yopslintigidr @shaissierct hen be WHbersed and
replated for the next stage in théioginthds enti ati on process, on substrates
such as lamnin or fibronectin; or aRPslorhler obbERRNSI on cul ture, using
non-adherent plates and a suitabl e difedhtation. Bhdsesio faticfider ent i at,i gn or

di f f er e®eieediBn i n adGiFdeyal B€MEAn  heverteer dsoited tofdieretthe pr esence  of

endoderm cel | s using the markers | idemaick ditepwieirOnce a sufficient proportion

of endodermis obtained, «cells ar %iﬂre,%pt|aﬁ5nagct&,rca9geg@;M"&e mani pul ated to

begin Stage A1. 1N Ceidrad il ifombdrs aNmESto dfibbtae@ i drabaried) Or 4mmi nt enance
of islet cells may be enhanced if thher«aekdis are kept in mcromass clusters

(for exanple, 50 to 5,000 cells), so that al pha, beta, and delta cells can
i nt er actexghigrect | y. Or%‘f’@aQ‘?Q‘ékecPB N Niregahit fororof G-Il seabaowrade PONM hi s
manner, they can be cf%U¥ed with specific differentiation factors and/or

—

i nduced wi th islet-spegidchamgen@e or pronoters as described in the sections

that follow - 11 WOfI08POBD249 PCTIUSEENSTOPdudtisn Bsuiyy differentiati on

further Glusagandke i s| etPredupts Bomylle ng  SEPEH9NANY tb§tra§e'geﬁ1 order to2@mMve the

cul t ur e PPRIEAEF-Fdbwn GHTRIVENGS of PRETREY € UCSLRIREY, pPS cells or their
PRy b cul tured 1h a cocktail of islet

differentiated progen] ;eggyl-g
differentiation factors. A| one or in conbination, each of the factors may

i ncreas [ OB N Caafli o RN AES| OTErease deia CabRASS KHraRSIPNIC ¢ y se

out gr oqu;;bgﬁcg%gl I's wi @%'Zp@roi sl et pheﬁr@@%ﬁ%ﬁféﬁ@w ~GrOMED of elgtn @f cel |

types, or enrich for islet cells in another ashion. It is not necessary

to under st and. t he mechani sm | t | May aiffect ABP-gibosydioh sndwei ng enri ched in

or der tﬁ%%’ﬁ%?ﬁeﬁe thef@i”ﬁ%\?reﬁ]tw?a%ﬁ'% Whexidatjop istatss cellePranoips Rete i mi t i AG™i st of
ITfe

(ni

candi dat'e entiation factors. CPABff¥eHiaiofact ors for Differentiation of
I sl et hdufin-fik gRWRPS Cel |'s Conpound_ t or Initial working FEactor famly
- ) ;
Pr opos (e:aagtm QlGFON c onertiderhgimoss, Betél (Peﬁ mitogen 8%
Histone deacetylase inhibitor (used to 0.5 mM

n-butyrate produce hepatocytes) t0 2.5 mM

Retinoic Acid Retinoids differentiation factor 10 uM

(all trans)

Growth Hormone . .

(Human pituitary ﬁc;r;"nr?]’ﬁ);ropm/ prolactl  peta cell mitogen 100 ng/ml

Somatotropin)
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i nhi bi tor of hedgehog signaling; may Cycl opam ne steroidal alkaloid also
act as inhibitor of cholesterol 10 pM biosynthesis mtogen and pronoter
of beta cwbDlo3Bstacel |ulin EG- fam |y nmenber differentiati @oT/URE3®84 WO
functions 4 nM have been ascribed to different donains of the protein

di fferentitation factor, causes ductallTtke Activin A TG--R fam |y nenber
cell lines to di fraBledniFactbes fonDitfereniiidion phigletiCellgfropaplR$ Celts cel | s

gluca- i ke ide M ahl @ o6 alis he -0t O DA =
agoni st (see pepti de Gropowwagypeone of the i hcligpduces gl lidggerking
pr oduct i%’ﬁt?r i nsul i n Gdiyagon-1i ke pr oduct@g@%%ramﬂ\dg secr et i (A7 H fces bet a
cel| 20 nM peptide 1 (GLP1) gl ucagpn. g8 HrRAEMESAend Nduced beta cel |

G pr ot eiglgaM Pl CPMAEFRINPEIRCY 1 agpils@lerdb@adtd FsReiceryt e Goeywh Li gand
for the c-Met IncreadddMfeta cel |l rmasgenidurigipeasapeni ¢ Fact or (HGF) recept or

ani mal s over expressi g’% HGE | i1nduces 10 ng/m  beta cell formation from
ductal ¢ ‘T“"%i ne N a gé@aﬁﬂfﬁé’ REb e rpossfiblesmitogeri for eBddtieyial isfef ect  5q n/mi

\/O a

n-4 1

WATAY J V

ADP- r i byt ' rgmgndlfsy HVH L i ani Risyrsdrani |y oxi dation state of cell;
by .

pronot es beta cell differeénti at'%()tnpanFu! i n- Iniﬁtkag growt h Peptide

hor none |BetA; MM togen 10 nM f aER8F© Tl OO, NAL5ut yrat e rate Hi stone
deacet y|}§ﬁﬁﬁg§hp| t oringUis3dt 0 0.5 %ﬁﬁ%‘/@ﬂé?%ﬁg Syt es) to@lr.1 v
Retinoic Acid Retinoids differentiatlon Tactor NM (all trans) G owh
Hor none siedtatyiot r opi n/govsphadidsteraséluman pituitary n famly beta cell mtogen
100 ng/ m-metiSoemhing r oprikitor, iloreases 03/ I0E@SepINsPITELEISDR/ 39089 Tabl®#Y: Factors
for DiffEEehtiati on oFAMPe¥eE Cel s from pPS Cells Factor Conpound type or

Proposed function Initial working fanly concentration
wortmannin PI-3 kinase inhibitor may increase insulin secretion 30nM
Gastrin Peptide hormone May promote beta cell neogenesis 10 ng/ml
Cholecystokinin Gut hormone May aid in maturation of islets 5uM
{\I'\?éVFe) growth factor NGF family increases insulin secretion 50 ng/ml
Epidermal growth EGF family (see fransgenic overexpression results in 4nM
factor (EGF) betacellulin above) proliferation of beta cells
Keratinocyte growth transaeni . lts |
. genic overexpression results in
factor (KGF), FGF family member proliferation of beta cells 10 ng/ml
aka FGF7
Platelet-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/m
Islet neogenesis- o '
associated 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 equivalents 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 transduction pathways, such as receptor-specific antibody. In addition, other components
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somat ot ropi n/ prol acti I ncreases beta cell mass in transgenic Pl acental
Lactogen n fam |y animals overexpressing PL, beta cell 50 ng/m mtogen
during pregmafpsiz4d/ascul ar FIt-1 and Fl k-1 are possible m Pogarsoi/znoss

endot helial islet endothelial growh receptors. precursor 50 ng/m factor

( VEG:)mfy[@: Hﬁﬁéd fi e | edluRiste reltralizekBe @ficebiotisdr Mctody thtiomdyGhe fresant tooljien, not
as fac in famly strongly inplicated in pancreas 10 nM

|
devel o‘%%é‘?ﬁ'atlﬁ’ d?"m"f"cw%‘wp%a%iwa&but yl - Ehosphodl esterase 1 -methyl xant hine
i nhi bitor, Thecefisasyed an et beseeactorh Saf) dejerpingd PRircpOUTNG @ (MR f/%a WP | evel s
Wor t mediieht Bdmbhalidne 8gable Bhirérhdtiag dif@rgntiative easencrasedsidaws te isiet ¢ matB@ayn M

ng ;L%}g%gﬁfsl e Oc{ Wrﬂ&ltgﬁé G%L;R,fépée of At Sneﬁ&)tple o?‘%gﬁt@r%lj %t&&edﬂﬂé gt end-

nin I N matga] ef§ QM Nerve
gr owt hStdggcaet rusigthefPARROMYICi MdieEaRIeR af fhesh isipd SRIRY: e? P" ‘?ﬁ‘a@é TR R AN
Epi derifmlce (Ehostkite EErehaniifbigntaganeort pralii@gioniae tpoled dxptheis shildy) to BdygetRdXi n 4 nM

fg?‘g;[/\fr #E@%n DREAREIUehtlyaRd RBAN Blprddsienh infsﬁﬁé’atrd d@xﬁur@&onlaﬂbr% cell's Keratinocyte

ransgeni c Over expressi on
fam |y . menb@rragio! f&FCE’f'%{tdg?J?P Nl eﬁ)é%gnsg ‘I’ﬁeg e Qse\f—n‘g&?m‘g—ﬁ%%éeglrme% iy eérl?n\t/gc?: PDGF
fam | ymésee @Eaowiaatof EcassionedE@E letsisy efor Glfﬁ"m il cyBvre RSO O PBJEHISH ng/ i
((31 FPS:) f.ldgggﬁtm%%é R Qﬁ]ﬁgﬁﬁ?rif@@b&o}ﬁd RVay B 62 fdcot @nibMaiichb ¢4 exEg@pEs)at is on
Reg f amsﬁyleﬁ&yetﬁrl% vg'acpqiacrt'ors ﬁr? ?3{[‘:‘3‘9% l1§é Hﬁ&QWﬁMeﬁc@ﬁﬁQ&ﬁlﬁkﬁ% 93)':13 n
| i gandsaiisticaintopusdeipias:. tQ?Hlb'“BtioﬁﬁS‘{'tﬁ@e @aﬁ@w?'é%‘mﬁa@ewﬁ B%CWBE@?'B%%F

equi vajaRil $nether§rtYG|€1& hewRin A, ecBpt Br TGFpaAMARRS), ef:@endied] ticotinamidenirsbubiiads| osur e.

Igfr{)fﬁégg%a‘i F‘aéns det_F’IPIC Wy &.I:'Fr’ % Cho ngrmcm&{ g n} h&ﬁelﬁp - §U§I\WP EaphipsSeRpS),

O ko Fa o S SH el BReh Ayl £oB el e

t hese §Raihoh&ors t(BEF, r2adaiulinaywts Bormbriee HGF), géhad Bornbrees (bnohdtlnt n@leggﬁ}@nm

: gggpt %s%rgqg%ascfgﬁtgqéc?o:ggrg E@: B ?aﬂn? aﬁtb@)ﬂi@is Nég@fﬂsﬂwﬁtinoéhoﬂm) hBRY Swortiidfitin, as

PCT/ Usg%agngﬂ)g@ne Reg, INGAP, cAMP or cAMP actlvatoré forskohns ang g)Rrace lr}lar matrix c%mmeggl 050249
(laminin, fibronectin). The emerging cell populations are assessed by phenotypic markers, and
expression patterns 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 separation strategy, it is sometimes helpful to use celis that have
been genetically altered 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 Ptf1a-p48
(NT_008705). Suitable promoters specific for mature islet cells are those driving expression of insulin
(GenBank Accession NT_009308), glucagon (NT_022154), somatostatin (NT_005962), or pancreatic
polypeptide (NT_010755).. A minimal effective sequence of the chosen promoter (~0.5 to 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. Suitable reporter genes
either encode a fluorescent molecule (such as green fluorescent 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 examplie, transfected undifferentiated pPS cells or cells
in the early stage of differentiation can be subject to various differentiation regimes, and then analyzed for
the proportion of cells reporting expression driven by the islet-specific promoter. This provides a rapid
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may be included in the nediumto neutralize the effect of other factors
that nay be present to drive differentiation down a different pathway. The
ef fi cacy wD oango2ed these factors can be determ ned enpiri eariusousiosy a
matrix strategy to arrive at conbi nati ons capabl e of pronoting

di fferr@a[atdu%fleﬂébt@@@ff&énnaﬂbh Qgaitsepstud@wirohments, shetminge | The priinalvagceduretdn cacy i s

asses ﬁlé (TI stgéo Wll[h un dan@%gtgé@élg%%%ﬁergg h&;#&uaﬁ&%ﬂﬂﬁéﬁ% o@fhelislib@ lule@ée&ﬁﬂ@idve a

i nter henotypi c markers such as those
| i st ewab\@lgéwtypﬁor exanpl e, factors beI ieved to induce endocrine pancreas
di fferenti atdionarafecipd aiti 4 bssat dpecificar@nctes saredsd prusedhasi armegb$ for eapomplishifgiuce

Pdx1 rﬁ@&ﬂgn(?%ﬁéoﬂﬂﬂ apg e§ SH Batbisr REY L Stesdlorfof BRI FdsREant phesdyp actd

Cor Corfed BRSSO En FSEPER TR R RlpER RSl O

two | ejeed.sin tioraseoacqihesells fre diferentiated, theytard sultwedivith thandrug o ot oI Bithnect i n

for ong trl.eedégllredadéﬂi tylpé Wﬁﬁrﬁhtl\fe@[ th’b h&)oﬁ&c‘g@ﬁ@ mh@¥tbde 4 Muotebcdnaaiblecule; ontHusat i ons

64 o
f) f 1§X B')es§qn (ﬁi' a fdfet@%{‘ﬁlfkf rfia efa]ng%en fh thlg F% tc?ell fr?ﬁerw 'af\ek&oi[t&qoq{aspcfpnléﬁym 1’9‘ group

nce at I1on I n i cal
r obustdiffepentiaed ceam)hxﬁehaqﬂlr@rbsseganﬁ%r@r @reﬁfcﬂf ma'f?&t fik@ieéceagﬁ ?Wﬁ”&%f‘f’ ‘{ W’W ncI ude

cycl Oﬂﬁrﬁbﬁl%phc-gﬁé nBriimebridtlr@Bféblelf suéhl ed-aa , adéebirugi vectd) cAc b wised By trRGHKNE1,

TG: 3 eration I
TSNl o AR U BB YUy e

i nsul |’fheFQ"I¥‘éthQP6W?He"f° E‘?ors (IGF-1, 1GF-11), fibroblast growth factor
(FGF7, FGF1lthe dafisdan aEGEélQenemliyaiteregfooﬂm murbmtO(f)ﬂl@C‘(yE@ﬂng hecele &rhendon? growt h

hor mong, fiFehaidh B?ﬁw#%m@fa@ellé RBF meﬁ-cﬁdg@mtofsh Ollt %CWb&Kédkbdil that g@Béraienuph
n

| a tal |act
i o i il P RSB Shae AR iy
act i vaouis tef gnsticodxpraysionamadileesppropiiaé¢ fonimere W@Et”ﬁl '%etc‘?@'ﬂ?po%"ﬁ?'% genes iFUE n,

fi brkonlﬁgé:el mgt chélfle emga.bm lt%gthétorpoﬁidilt@é iof NSfudiclig admeseen bqnepd?)eree@)?pl tc
mar ker nd . expres i ofiact ors
éﬁg@iattei; it p%ncrea ic o?to@e%y t(rgtfqﬂﬁl i %e?‘g'fath%rzﬁég 3&? ]pqﬁé Eétm/e@/? \MMFPQ 18

have hega fl\g&tl ag 8’ Wil
Di r ect (GegBak rfisacssion i RY-eA2AF4r é’f‘i’fqgat (NMROQF81Hhg FfhetNELPISP F‘FP%G& ells In
opt i M @inng2@ogl Phar(rmtocatdsper MeuroDe Qv 0REN0), s r @wegrgzzoa)tthg%W?W@b
heI pful dtﬂxé’?gxu\ﬁ%b&%?that have been genetically altered with a vector in
specific pronoter drives ex ion af are
SUI tabl e pr éﬁﬂ‘t‘%'ia*é"rs%é@? ‘I‘ﬂpff’a‘?'”ti? Pfoviied in %?(U@‘gehgt @?‘g“%eﬂ'%?ﬁ e#'ho n%n%fd%g
t r anscirarptiicoon of céldxid an(ibldt O OFiEMntiatie Lracegisni enhBnENEXDESHEIN | dONéﬁrleﬁﬂbl
(NT_ Ooég;@é% l%#%%t 4 @Mﬂ%@)ﬁiﬁé@%t hcﬁrﬁ&he?t ‘f‘hejnearo@ﬁa&s aleMFarBiQ @7 HhguroDGeiated bl €
S

t t f
B e I U R e
(NT 005962), or pancreatic polypeptide (NT_010755). A mininmal effective

sequenggartierkite ccpseattd @dt er (-0.5 to 5 kB of upstream sequence) is
anplified by PCR and spliced into a standard [)I asm d, adenpv

| enti vi rus, Cells cap &g cearctaized\aseardpg to iPRengtypie &iterianpHop ﬁ%lf"'cﬁﬂsf?ﬂ? Ib%%(“ﬁ?‘ Wi on of
a sui tab}pao|6mofre‘aterres gleeion Shutiatitltion ofegmedsed celj eradksrs, feictidnal criterie Beesuggble

fluor esGRRt arﬁ%leﬁeﬁltﬁ gpog%{g;gn Ak HoSBRinfal uorescent protein or |uciferase),
encode a detectable enzynme (such as al kali ne phosphat ase), or produce a
cell surface antigen (any heterol ogous protein or carbohydrate) that can
be det e’ber@d/plbynad«etSi body or lectin binding. Cells transfected with a
e e el R TR fon (P SR HAEY b8 OB B h! ﬁ@;@&ar@sypqenotypg

pr ocedur es iR rea
undi f f maéqatswmr@qierpmf istef ¢els ervar@éqs kiads. Useful markers mclude those s’hown in Table 2
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in the early stage of differentiation can be subject to various
differentiation regimes, and then analyzed for the proportion of cells
reporti ngvexposese on driven by the islet-specific pronotePCTE398DViI des a
rapid -14 WO 03/050249 PCT/US02/39089 read-out of effective
di fferemtiation agents, culture environnents, and timng. The opti nmal
procedure can then bTahlesPhandtypicmarkexs for Eelt ldentifieatios t o generate
high-quality popul ations of the |slet lineagethat—havre—a—native—genot ype.
Cel l's ]Esmsﬁ ect eld wi t h aEtbgsiipstespand géringelsr onot er can al so be used as a
means for acconplishing hani cal sorting. For. exanple, the pronoter nma
drive éffessi one(rof a dng&?eéeé‘ig??dgembryﬁrﬂ%%% cfﬁrg?&guch as the neonycin g
resi st aneme@ediev onferri resi ) Lk UG afddilie@pd dam) bl asti ci din
resi st amoipigefEERT n t hi scg%acgéa?’e%@remt%ﬂge%g%' s(gg"re di ffe?eélti at éd, they are
cultured with the drug t QuRsQeHeRrePHbdidaByua for@tioh Mehetteginiotitle detiénutny pe.
Al t er nadiVel y, the ][epor&r&rgi@eisetompammaadmsoeexblbwed poeirg befasklscul e, or
cause expression a detectab surface antigen. In this case, cells of
i nt er esYCURPRNLHINIR: from"&ﬁﬁb‘%ﬁlegotr?%rﬁorg fs. differentiated cells by cell
sortingghag&d on either dipheedls or indirect fluorescence, or by
i mmunoadsorption. A non-replicative, non-integrating vector (such as an
adenoviMe@lvector) can bé’%%'d“%'ﬁ? transient transfection during the
sorti ng%&%ﬁpase and W Il dighyt8) idler UpOn subsequent proliferation of the
cell, Ieaving 'th.e cell with a native genotype. The cells can al so be
genetl chﬂsdlirym;p{hﬁemled f or tipdurghetaseise of directly driving the cells further
own the differentiatio way for islet |1 t hei [
( N nay et cells or eir progenitors. It
i's hypo?‘?‘i’éa_gﬁsf W that del Pjﬁeara e up- regul ation of certain genes normally
expr ess&dﬁ’eﬂicbdﬂ@epwbet ceHFcellsni | | cause less differentiated cells to
recruit the genetic.expression profile appropriate for nore mature isl et
cells. %ﬁ%ﬁ@gygﬂt@g i nddlelderket hose t hat encode transcription regul ators
capabl e"of "i nfl uenci ng downstream gene expression. Candidates for
pan?:rgalSEe’@ ont ogeny ( r oudgHgtynaker, dsodeyralGrrressiel r position in the pathway)
i ncl ude, $o GenBank i 22454 H xb9 (NM_ 005515 Pd

X rord Nk _AGGRERIPRA D ), Hxb9 (NM_ ), Pdx1
(NM_OOOB%@?, Y&Ur ogeni ns% ?E%A_Szoagrgg), Pax4 (NM 006193) or Neur oDl
,(A\NM'_PPZEQ@)’ sl 1f ( Nh/l_OOZe@G@)er,m e, 2 (NM_002509), and Nkx6.1 (NM_ 006168).
nillustration of this approach jis provided in Exanple 6. Neurogenin 3
expressﬁwﬁ‘mi nduced by tr‘%ﬁos Ue ?”(()eﬁ of cells in an islet cell ]
di fferepsiati on paradi gm@nitaeceisden pakasi on in downstream regul atory
genes, and genes encoding is]et hornones. The neurogenins are a famly of a
neur oD- f@Yiged bHLH _trarF'é‘E‘"r”f“‘b‘Eel"%n factors: neuronal determnation genes
active HF?t he devel opi Ng HekiHOptpcreasHap@ Characteristics of differentiated
cells Ce s can be characterized according to phenotypic criteria, such as
m croscoglic observati on ofotenipbprptitsPiegd BAKSTf eat ures, detection or
quantitatign of expressed, RLKELRench WNGulr Qe bafkdrdat RFha@ofTEasur abl e in
vitro, %nc'fqﬁg egeqeor upondsllgﬁglklél on Ll|![<en% oerg hoﬁranﬁﬁgﬁ alPhenot ypi ¢ markers
Cel I's otktdis invention crancrixgic duvhmaer possitechanarestie pitawso) 0 whet her t hey
express phenotypic markers cQar act eristic of islet cells of various Kkinds.

Useful fiF&ers include t ROE8RIRA™ n Table 2. -15
Patched homologue hedgehog receptor
Smoothened homologue hedgehog receptor

Tissue-specific markers can be detected using any suitable immunological technique — such as
flow immunocytochemistry for cell-surface markers, or immunohistochemistry (for example, of fixed cells
or tissue sections) for intraceliular or cell-surface markers. A detailed method for flow cytometry analysis
is provided in Gallacher et al., Blood 96:1740, 2000. Expression of a cell-surface antigen is defined as
positive if a significantly detectable amount of antibody will bind to the antigen in a standard
immunocytochemistry or flow cytometry assay, optionally after fixation of the cells, and optionally using a

— 16—



WO 03/ 050249 PCT/ US02/ 39089 Table 2: Phenotypic Markers for Cell
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N6, 5358 §iscPioqhn (PR R T g EPTRH ABPF ety B TERaRHLASs o1 1S
pr oi nsg17zeoyraaniyiesehBip@a sletidng A823BMELES Alahd Piagheptica (eP4/8 pancreati c
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nesti NnpRot Rt 5 a3 R6 &5 Wirher dckmb.! SEREKRIdaRa6 raricaagedregs sdtgniattingschslrecul e,
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(possi Bﬁ”ebeﬁgtﬁ'g?dééqm %”E’@Crd %E?Ssea?%ﬁég%{% %I ucose t raﬁs orter Pat heg'ar o
honol ogue  histigletsegssined &pt 6F dOS?rBW%@ﬁ@He'hﬁﬁﬁf’fer‘ﬁ‘ethﬁte‘gﬁvé‘{‘?ﬁﬁ Vgt aEess P

Ti ssuepsfeCiof H@mpBIHRT Br 64l pherde taistNgd3 tos by panreaguerdadine célarrtBPWgi cal

techni ﬂ;ﬁ&a%&eﬁ%&%“c@?y T % Ol I ofTREAREKE RGHAME Gitdrohtibh paRbigms UedAsa damekars, or

I Muno ) S or exanpl e, .of fixed N - j
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function is critical to many research and therapeutic applications, in which case populations comprising at
least 5% of the cells secreting insulin, glucagon, somatostatin, or pancreatic polypeptide are of particular
interest, as are progenitor cells capable of differentiating into such endocrine-secreting cells. It is a
hypothesis of this invention that interaction between the alpha, beta, and delta cells may be important in
preventing dedifferentiation and maintaining efficient endocrine secretion. This invention also includes
masses or clusters of cells (perhaps 50-5,000 cells in size), containing two or three of these cell types,
either bound in a matrix of their own making, with a matrix component supplied in culture, or by
microencapsulation.

. Aiso 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 positive 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 cells (myoD positive), smooth muscie cells (smooth muscle actin), cells with fibroblast
morphology, or neurons (B-tubulin [Il or NCAM positive celis).

When derived from an established line of pPS cells, 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-manipulated genetic elements are preserved.
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Genetically altered cells can be assessed for hTERT expression by RT-PCR, 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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effect of small molecule drugs that have the potential to up- or down- -regulate insulin synthesis or
secretion. The cells are combined with the test compound, and then monitored for change in expression
or secretion rate, for example by RT-PCR or immunoassay of the culture medium.

Other screening methods of this invention relate to the testing of pharmaceutical compounds for
a potential effect on islet cell growth, development, or toxicity. This type of screening is appropriate not
only when the compound is designed to have a pharmacological effect on islet cells, but also to test for
islet-related side-effects of compounds designed for a primary pharmacological effect elsewhere.

In a third example, pPS cells (undifferentiated or differentiated) are used to screen factors that
promote maturation into islet cells, or promote proliferation and maintenance of islet cells in long-term
culture. For example, candidate differentiation factors or maturation factors are tested by adding them to
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This example provides an illustration of the stepwise induction of islets from pPS cells, mimicking
the normal development that occurs in utero.

The H7 and H9 line of hES cells were grown to confluence using standard feeder free conditions,
which served as starting material for the experiment. To initiate differentiation, the medium was changed
to RPMI 1640 supplemented with B27 (Invitrogen) and one of the following alternatives:

¢ no further additives (medium control)

o 4 nM Activin A (R&D systems)

e 0.5 mM sodium butyrate (Sigma)

e 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 L of RTL lysis buffer (Qiagen). RNA was prepared using the
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cel | clsustiter so00r/nihansferrin (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 M all trans retinoic acid, then fed every other day for 7 days (Stage 1).
To initiate Stage 2, all-trans retinoic acid 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. |t is
useful in distinguishing insulin synthesized from the cell 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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pancr eagcy @éagi@raﬁ;\;@o%d trrearhfga&la@tt@éﬂ v¢a§aéwmin&poy¢e4naﬁd @A,Jeaasgy rret hod (Applied

Bi osystems) reSS| on

endoder m aggsﬁlg Z hﬁ\r,%\%a{' ?r‘é&”?p(?"defj E@Qb’?%?ﬁ'egﬂé?@?f%m AN ﬁﬁ%ﬁ’ﬁ] f et al
pancr eds A"Nawemtd\md {16M wapidied torihe mediundhd revieday.oBever gave datdrdie s were

undi f f gﬂaeé&dnaﬁa@@e@li&ml thé&divnt ;h& sérapb h@ﬂn ﬁ@i JrGFi@ey/mi). TArer fierdags ireuidser s wer e

| nduced g SRS i SEARind Mo SR 35! R R Bt Pl o ur

butyrate res expre 5|on) in
undi f f egeamtor apefiupmsoe Aragein, gt oxpeate i itpE LA e aptalion) b Hpdcl s @egfrﬁ%% &Rl | evel
Wi th t heiNgieor ARdEP irses af Mo ef 0hedd dbPidd fabdotly forvelsciasaell plarestify 1 melof BEB4 he

| evel %ediuﬂ%ﬁt’afnfﬂ& E&@?ofﬁgfnﬁﬁ fgrrﬂ{r%h %ddn%ﬁél @%Lfo? ﬁ%@’gam@%@&rh Wﬁéad;gﬁl]: al ea&ﬁ”cr eas

to 79 nor e I NCr ease)

i ncr ead®d- £1M8 r‘i’ief"é@é"’af FF&P?”'G“%’ ey 8??'&/‘1—?"@3@&%@3 ol Wase barvesigr 2glays ‘(rr‘ﬁﬂaiés t han
10- f ol cifterribe ielste), and REA wav Ebigted for atdiyFid & phidime i rREdsasdn Fxaompld 4 sl tidierd 0. 1

rel ativg cﬂme%sg@emr tmbh.ét&hwi@fry \errQ fikelAGH @?tpbﬁﬁrrﬂeﬁ)deﬁﬁﬂedblodk@@ r8@S@hed The
onrir

r obust t deri ved
Corl's il a b Ha e shkeR (1 B ol B Pk i ook 1Bl ol gl

subcul t ur ed Figiile b sleaas domytiogyiocherniead sigining aft thé Netigenin g iaradiuced cellsOraays ajar

noni t or@dsdadtioh N Akt JAsH Brhbrydi® béYshBd) & I'sBBstanti@ BTN of Phibody-H¥iadaie gibsagon
Cbtalnln%?lslet cells by using additives in |ong- t erm aggregat e culture The

H7 1ine Bf°HES cel|'s was grown in an undifferentiated formin nEF nedi um as
i n Exanpl e IFigure 6(A) and (B) shows mRNA expression levels in the Neurogenin 3 transduced cells (solid

bars), compared with the negative control (hatched bars). Real-time RT-PCR data is normalized to
expression levels in human fetal pancreas.

It was found that several genes that are downstream of Neurogenin 3 were specifically
up-regulated in the transduced cells, compared with controls. NeuroD1 and Nkx2.2 were both
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
improves maturation to cells making the clinically important end-stage products of islet cells.

The skilled reader will appreciate that the invention can be modified as a matter of routine optimization,
without departing from the spirit of the invention, or the scope of the appended claims.
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They were then grown in suspension culture (formng enbryoid bodies) in a
bl ended nedi um consi sting of nEF conditioned nediumand DFB+ at 1:1. DFB+
i s DVEM RA®D ogmeslizem suppl enented with B27 additive (1x), PAFASon3g0eb

pg/ M), progesterone (6.3 ng/m), putrescine (10 pg/m), selenium(in the
form o poaleBidr Ghe HAtidh0b MHe)proskéadtsih glirstittiogd thapglloml myitipendepeident ¢gimei d
hormone receptor.ligand T3 (40 ng/m ). The next day, 10 pMall-trans

reti ndf‘il,”dﬁﬁe(fd&ﬂ@g'added. On the third day, the nedi umwas changed to DFB+
with 10 pMall trans retinoic acid, then fed every other day for 7 days

(St age 1) . Anfisoldied dell bgiafinagRingd byadifferdntiating priredte plwripateatsieth (ABS) celisnipweiEh and

repl aced w,th i (AT i i Jlins. froR&@n dndéhendis kne: and
bFGF (2 ng_tﬁﬁ?@gﬂgﬂ%g@%&%Ee}gfoégggdgae(fg.lgﬂlgra%ay for 14 g%ys. rglbzor St age
3, Noggi n, nguti SWAROBFAIARRE RPYTEFRLEART! %fﬁae'the cells were cultured in DFB+
contai ning nicotinamde (10 mMM. The nedi um was changed every other day for

S days. SThg, €alibdcaRiuSter Jbb§Had BY @fi@éhiiathg@AMae diufdoiibesm giPsTiets, comprising day,

fixed and stalned with antjbodi es against r i kmsulin, or
somat ost at s heLseFRENTn; “sehsa{‘ﬁfg(ﬁ%eot% neoor aédrﬁl%lnsﬁtg%%%&? %r?a%{srsalr emoved before

secretion. It is wuseful in distinguishing insulin synthesized fromthe

cel | | from sl b&bu@gﬁs&gighea&eo@diﬁ?)mmnmmhic@ét lsdses5% ?ﬁmmefiegaatéeaﬁt tsfhgws t he
results. The top an 1 d : i\ or insulin c-peptide at

l ow and h?}’}gﬁff’ﬂg’&ﬁgﬂa@g'ﬁi (%%mpi?%gi'ﬁ%‘t%?%ﬁngﬁ%?gr of mature pancreatic beta
cells. The bottom panel shows staining for somatostatin, a marker of islet
del t a cel.| $he cERpSHARtIGrEAhnytpkaedidgloldPGRompising fasethan Haundiffesantiated PRIyl ucagon
are expressed by these cells at the nRNA | evel. -24 WD 03/050249

PCT/ US02/ 39089 EX le 6: Driyi .t he, - st i e
Neur ogen§-nTi® if‘ﬂrﬂ’ép‘g%?nig'? gfsaé‘}’ Brl"?cgfd\fl?lpg%@( WEPF% 'f'mg’grﬁrtﬁé@koreﬁgf’ %@9{%@%@3& i veness

of over expeasead faglingpludosé letel pakaatbeldwgehmd/dln  recruiting a gene expressi on
profile characteristic of the islet cell lineage during Stage |11 of

differentiation. ~adenovi rus .vect.or IKOGERE b _GrEdie
transcript iT'E?nC?"eEﬁ?ﬁgWé'ro gaé'ﬁé’r%?ﬁgoé%'ﬁ? HM@Eg Pez%e%uug%hgga @ont rol ofgpra
constit uti temprasetsverse trangidgiase (TERR af ¥Alevaled |o¥9t deficient, El- and E3-
del eted reconbi nant adenovirus 5 based vector constructed using the

AdVAXTM gﬁt@g@%gmgtigy&takygeﬁﬁtg(élg@g@% Mas thl QUG RME as BRlOBINed NgH3 CDNA

645 bp ( : accessl on was cloned into pDC515 shuttle
vect or dowRdrFieamPryMicHeFeUri ne Oyt onegal ovirus | medi ate Early Gene)
pronoter. A natural sequence TAGAAAGG i nmedi ately upstream of ATG start

codon wag ‘rﬁ@ké}%gm fohd) coifising B IRBRHRIIQRRKopEIBMHRNSE PREAI Slaiffmdsieut t | e

plasm d contalning the 13 .insert.and the Ad genom c plasmd (AdMAX
pl asmi d) wHPETEESY 8?1%3%%?@'5"50%"@"‘: I't-""gif)?t%réegﬁng 293 cells for honol ogous

reconbi nati on to occur. Plaques were isolated, the viral stock was

anpl i f:ceg At \f[@r%'bilaﬁxing 961§ibelbthi@@ecrélld§ célis edmbiysirge@hurioeprs ¢eysq ggmﬂipﬂgl?ny _
centrifugation, Vira r . t wdn AichRasdr | ng
optical defs? PPt Of,@%g?h Gtéfﬁp n{?aﬁér?f&%t? 'g’ct'g1 %%W%%ra%%gpg%@r m ned. by
standard plboidhesestnsecreiq Atiaastoge ebthe ©lleyring pefeing oM A eRHRPFNoL 838 8% ™ and
cul tured i QubigndesabRstiniundasncreatidpoyppitee. 5. Al l-trans retinoid acid (10
pM was added to the nmediumthe next day. Seven days |ater, the EBs were

| ated on Matrigel (r) in DFB+ nmedium pl us, EG-. (20 ng/m .
Eg/ m). 18ft78? "\eg%gb%@?g 9 el ‘P%P'k’éJ IR g %fE&%F%er‘ﬁF%@tegﬁW@mggﬂ&{%er C%Ngnss
vect or at Mih ciedfrachkisticAdiGepatdcains ecpyt erdbtheliimyect or cont ai ni ng t he

11. The method of claims 9-10, wherein the mixture of islet cell differentiation factors comprises at
least one of the following: activin A, nicotinamide, cyclopamine, betacellulin, 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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gene for green fluorescent protein, not expected to direct differentiation)
was used as a negative control. AdNgn3 or AdGFP virus at an MJ of 50 was
appl i ed dwpeswboz4¢o cells in 6-well plates in 1 nL of DFBPCTMSAY/80089
containing EGF (20 ng/m ) for 4 h, then additional 2 nL of the same nedi um
was added e n%@féb of M@ink 9-12 Td“ﬂaerrmd.bﬁsm\g\gamnmp hieringthe cklle toamaysecsibression
thereafter, gfpa@% 8 days after the infection, and
RNA was i SOi° ?re%}mr\!"l\ﬁsrc tlgﬂaégig a@N tplﬁg RT-PCR as in Exanple 4. Cel s
plated on chanber slides for |mTunoh| stochem stry were fixed in 4%

par af ornml Alereeiateb batlopdationadosingiormizitns 148, tohtained ddberdiyy tade Mahodgl eyahon
(1:1000), fqliewed by FITC conjugated goat anti-nmpuse 1gG (1:500). Figure 5
shows i munocy ochem cal staining of the Neurogenin 3 transduced cells 9
days after transduction. This plated enbryoid body shows a substanti al

| evel of5. ahibibodtipr predusiog mblie gycagongo emagositie $8MRISING'Fi gure 6(A) and (B)
shows WRNA expg G‘cﬁl‘ﬁjnﬁ@ahﬁé/rsﬂxtﬁteu Bellt JopuldNBH QBRI o Gailhs BB Sdaltatbdaetdrding(tsol i d
bars), nBar eﬁ %II e r%atl ve control (hatched bars). Real -tine RT-PCR
data is noPAEFing %fca5ns Q?essmn |evels in human fetal pancreas. It was

f ound t hat sev@ﬁ@rveﬁléglégu"ﬂ 9lieacgp.or SRAARSIafR sRsTeld PRI FUYESICR'S3 wer e
specifically wup-regulated in the transduced cells, conpared with controls.

Neur oDl 16 3‘? g«%\l\}%%?)r%he\éﬁgo%gm?%ﬂnsu Bﬁéaﬁgﬁ b?éohﬁtok’cﬁ’tfnegﬂr\{aﬁﬁn@d by day 2; Nkx6.1

was uprs nsulth an ucagon e i.on
subst gnt ?al ly &)p? P@@@P"&E@d’ewo%@yo%a"cf”ﬁﬁp é%\glia' ﬁi Srf%ﬂ'éed aé:ﬁ%rd'ﬁ 7 ans? ection
strat egy smbsbédditiamis|oy13, andpr oves maturation to cells making the clinically
i nportant end- ﬁté’"g&nlpernqu-&retrﬁen%franlesttlme@bre(}&{té Bassab&f Sisickll pspurasahd Buit painits

appreci ate thte the I nyention can p it ceﬁedb‘gg\e%élp% rr%w]er of routine
opti mi zat i BATSA9eRK PRYN uﬁﬁgﬁﬁroffcﬁ'ba‘}sra MECRECSHI It fof 't he i nvention, or the
scope of the appended clains. -25 WD 03/050249 PCT/ US02/ 39089 Enbodl ment s
of the ifave Bﬁérﬁacéu@cab&mibbﬁtﬁ)ﬁcdémﬁlswlgm Jittsrérgigted tdll @ppuldtibadccaidingw ¢laihs 1-pl e

dependent ¢l gs 1. An isolated cell population
obt ai ned by gafnie%?%cﬁfdm tﬁﬂ%ﬂ%ﬁoﬁgbgﬂ% u?| potent stem (pPS) cells, in which

at least 5% of the cells secrete one or nore of the follow ng proteins from
an endog&nNAURetIRNE: scrdenisyl ki ddmp@ind dargienabilto tremaonsitaet isiat cadr fupRliers ree@prisig

pol yptEpt ' Idg i tgffﬂt " ofﬂd@ﬁth%%f oreflidtit @l p&ﬂfa@dn%ébr@b/g Wdiclafn@red) bt adtdineg
primate pluripotent stem ris I

i nsulin, cé‘ch@'“ﬂﬁ%ﬁheé@é}ogé ﬂ%ﬁgiaéﬁfenﬂ?@)%nglp}] r%{yﬂ'ator ggtaéﬂgghaﬁg& 'mh@ atin.

3. The cel bellpmpulbtmnitiosn resfilt &6r heing pantined iwitty thel cemagunilrAngFPEHatiag ”1%%?%”&995% of

the cells gxpPLESIinA the@8ftousd¥® modfiaté relien dt drsininggluvagdnesrsomaesiatin. Ngn3,
insulin, 1APP, and Nkx6.1. 4. The cell popul ation of any precedi ng claim

conprising less than 1% undifferentiated pPS cells. 5. The cel b u[I ation
of any p9.eAartithng of fegenstituting isteh calitienstiandp pasHbiset: ?WPBS"FWE}”EW'E%Ht m ce
causes f ashidi@rapliaédssd pogurtibn bazodngpo bieinew-& 00ckayied laccaddingTiadhe mkthod of

popul ati on ?% 3Ny pr eceding claim which have been genetically altered to
express onerase reverse transcriptase (TERT) at an el evated |level. 7.
The cel |l popul ation of any preceding claim which has the same genone as an
est abl i gahed héthel off treafing Type & dieldtasyio rh sukieansogetiging, administering to the subject a

differentiated cell population according to claims 1-8, or obtained according to the method of

claims 9-13.

21. Use of the differentiated cell population according to claims 1-8 or obtained according to the
method of claims 9-13 in the preparation of a medicament for treatment of a condition associated

with deficiency of insulin, glucagon, or somatostatin.

22. The use according to claim 18, wherein the condition is Type | diabetes.
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8. Two cell populations, conprising the differentiated cell popul ation of
any preceding claim and the wundifferentiated pPS cell line fromwhich it
was obt aiweds/om249A nmet hod for obtai ni ng pol ypepti de- secr elPCagiSox549089
conprising culturing pPS cells or their progeny in a mxture of islet cel
di ff er eps.i @hd e doputdtion Sevitd) etettby, colosenacpudigy do @wldrecpdipudiaimi wierdimthaipPeh at

| east 5% gfs LIS, &k & cSIEEHERS 1Bk 4 RASH biBG&yaf the fol | owing proteins from
an endogenous gene. ‘i nsulin, glucagon, somatostatin, and pancreatic

pol ypeptide. 10. The nmethod of claim9, wherein the pPS cells are

di ff er ept.i @Aeeckiitropdigiom deribe, yindd, s dbesscorging defnysrecgditchclaMayiatietePPScs of
hepat ocyt egeQbretidaf B ARIstelBelsl 1. The method of clainms 9-10, wherein the
m xture of islet cell differentiation factors conprises at |east one of
the follow ng: activin A nicotinam de, cyclopam ne, betacellulin, and

| G--1. 12. The nethod of clains 9-10, wherein the m xture of islet cel
differentiation factors conprises a TG (3 antagoni st and one or nore

m togens. -26 WO 03/050249 PCT/US02/39089 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 producing insulin, glucagon, or
somatostatin, conprising: a) culturing a differentiated cell popul ation
according to clains 1-8 or obtained according to the nethod of clains
9-13, and b) harvesting insulin, glucagon, 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
clainms 1-8 or obtained according to the nethod of clainms 9-13, and b) a
sem per neabl e nenbrane that prevents passage of the cell popul ation, but
permts passage of insulin, glucagon, or somatostatin secreted by the cel
popul ation. 17. A pharnmaceutical conposition, conprising a differentiated
cell popul ation according to clains 1-8 or obtained according to the

nmet hod of clains 9-13. 18. A nethod of screening a conpound for its ability
to nodul ate islet cell function, conprising conbining the conpound with a
differentiated cell population according to clains 1-8, or obtained
according to the nethod of clainms 9-13, determ ning any phenotypic or

nmet abol i ¢ changes in the cell population that result from being conbi ned
wi th the conpound, and correlating the change wth an ability of the
conpound to nodul ate secretion of insulin, glucagon, or somatostatin. 19. A
met hod of reconstituting islet cell function in an subject, conprising

adm nistering to the subject a differentiated cell popul.ation according to
clainms 1-8, or obtained according to the nmethod of <clains 9-13. 20. A

met hod of treating Type | diabetes in an subject, conprising admnistering
to the subject a-
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differentiated cell population according to clains 1-8, or obtained
according to the nethod of <clains 9-13. 21. Use of the differentiated cell
popul at i owoasosned ng to clains 1-8 or obtained accordi ng tPoTiUse2/3998¢ hod of
claims 9-13 in the preparation of a nedicament for treatnent of a condition
associated with deficiency of insulG@AMSgl ucagon, or sonmatostatin. 22. The
use according to claim 18, wherein the condition is Type | diabetes. -27
WO 03/ 050249 PCT/ US02/ 39089 23. The cell popul ation, device, nethod, or
use according to any preceding claim wherein the pPS cells are progeny of
cel | s obtlai Meidoltedeal Ronuatiemebisingd bodijesentiating primrie plgdpolentstanLPBE)icoks, indeighce,

met hod, or atSeases% 6f fk Bels s6orad Ynddr @RIk llcMind)protdiertdim ant dhBodeMses gerd: | s ar e

human enbryﬁgj“p %g%hs%,’ngt%%?tm gg%%e%%ﬁ ?/8%?89 PCT/ US02/ 39089 CLAIMS 1. An

i sol ated ce on obtain entiating prinmate pluripotent
stem (pPS) ceIIs in which at Ieast 5% of the cells secrete one or nore of
t he foll @ Agisgated edlintiskr axairan beditkogaatig Prigaa eluripotenSdidnt (PPSpdalS agroptising

somat ost ati g, A ??t LABEHREAR QuPRh¥asAL blﬁt%gor? andW3i1d RSB &Y srhdstafih. UST €T

obt ai ned by erentiating primte pluripotent stem (pPS) cells

conprising cells that secrete insulin, cells that secrete glucagon, and
cell's tha& Fecekbeulatmed eeairéadingclaimhie whigh At Igpepaik aitthaorelioéxpress ddrasipwecedi ng
claim in whirhoiRling ARkbrsSPaaf NdnBanEf, |iPrexingsst at | east two  of the

fol l owi ng markers: Pdx1, Ngn3, insulin, | APP, and Nkx6.1. 4. The cell

popul ation of claim 11, conprising less than 1% undifferentiated pPS cells.
5. The cé IT*ﬁ@BhP%ia'@ﬂﬁ‘ oh¢laim|1 gormprisingvgss d1an Wirandiffeiiltialad RtP ¢ei-0 hyper gl yceni c
NCD mi ce causes fasting glucose |evel to drop bel ow 200 ng/dL. 6. The cell

| at .
Foonar b T8 b JELED DOMO ARSI A EB AR .o
popul at i on Bf°°8 '8Y9H°Pr°p\)9ﬁlf’\°fﬁ it he same genone as an established |ine of
primate enbryonic stemcells. 8. The cell population of claima1, vvherel n

the pPS Cse| 1 B Boﬂﬁfa@&ed?)élau%ﬁ GREH Save BEA d%ﬁ&hcéll%‘éﬁ@r@d tbgﬁﬂg%g tﬂﬂﬁég@iﬁ%i oni

The cel |l ulat cl ali rein the pPS
stem cel | s. afﬁcr'p{f\% Tgéplat %%YF‘"&‘PW conprising the differentiated cell
popul ation of claim1, and the undl fferentiated pPS cell line from which

it was ol armaesdi pdaulatibn BEGAA, vRiEn ALY Bb BAME giRIMERE RN i dRbIRRST Bk Pritab | s,
conprising cul r)%] rlspe RFS cells or their progeny in a mxture of islet cell

differentiati ors, thereby obtaining a cell population in which at

| east 5% of the ceI | s secrete at |east one of the follow ng proteins from
an endogenore cgiepapulationsd blkim, 1, wiéreit #GQRPS cBIBERE PrB{dl bitellBdhthined Meiheadiuman

pol ypepti deolastocyst.

9. The cell population of claim 1, wherein the pPS cells are human embryonic stem cells.

10. Two cell populations, comprising the differentiated cell population of claim 1, and the
undifferentiated pPS cell line from which it was obtained. ‘

11. A method for obtaining polypeptide-secreting cells, comprising culturing pPS cells or their progeny
in a mixture of islet cell differentiation factors, thereby obtaining a cell population in which at least
5% of the cells secrete at least one of the following proteins from an endogenous gene: insulin,
glucagon, somatostatin, and pancreatic polypeptide.

12. The method of claim 11, wherein the pPS cells are differentiated to form embryoid bodies, or cells
with characteristics of hepatocytes or gut endothelium.



12. The method of claim 11, wherein the pPS cells are differentiated to
formenbryoid bodies, or cells wth characteristics of hepatocytes or gut
endot hel iwmo3/0A249\0 03/ 050249 PCT/ US02/ 39089 13. The net ircd/ush2/84089 m 11,
wherein the mxture of islet cell differentiation factors conprises at

| east onk ofetPRANESS Flaii Tlgwhesgit thg mivtyse ofislelsel ditigrerdiation daptargemmises at least

bet acel | ul i one ogiind folléskingl .acthih. A, Fibinsraitid) ogtiophmiad, dbtateldin, aMaesrei.n the m xture of
islet cell differentiation factors conprises a TG~ (3 antagonist and one
or nore mto ens. 15. The nmethod of claim 11, further conprising

geneti cal% y' I”Eeénofjr?éc'?‘ﬁ‘é1c"§]efe§‘ ti‘%mkffél[‘?soé'S?Rfﬁ”éig@ieﬁ??t"éfffa%{ors ﬁ%{PRf'P%T%F B
transcri ptiamagﬁrasitaoq!g)nesmmhrearstogdesxrogenl n 3. 16. A nmethod for producing
insulin, gl ucagon somatostatin, conprising: a) culturing a

dlfferen eII ul.ation accord ng, t laiml1, and b) harvesting
Msut 151 160 069 b s ieePdiealy STotte et PG daren o1 a7, A
devi ce for nan@re@pé'émﬂntlgmfa@iﬁr $uak ed Nevrogghiy8agon, or sonmatostatin,
containing: a) a differentiated cell population according to claim1, and
b) a sem_pe [ ey ssage. of the cell popul ation,
but per Est S'& lqgtﬁgdf% f?ﬁ?iﬂguh g%%aggp or oma?ospa?r} [olo] I’ISI{I%St atin secreted by the
cel | popul ati orﬁ) CE‘J ””gﬁ@ Hifespriiaedset Pwlat'%tﬂ%@ﬂﬁﬁoé'ﬁ'm t8fbri sing the

di fferenti at ed i)@hivegtiogpiudutii, igdeagoi, ocdoriattsthtin skBreted byt bodre@telscr eeni ng a
conmpound for its ability to nmodulate islet cell function, conprising

conbi ning t und with a differentiated cell oulatlon according to
claimi, 1 é{1 ger" rﬁ@pé?ﬂwm'bﬂéﬁﬂf‘y%‘fcég%‘r O'ﬁﬁ'f‘%fﬁ?ﬂ‘"l‘“i”ccogtﬁ'ﬂﬁ%es in the cell
popul ati on t hata)raietentiatedert hpvlaiyn ecnetying éaiclaint!handhe  conpound, and

correlating t heo) Céhéﬂﬁl:%rrﬂ!ablg ndfhbRRé tHat b(re\%fwtstdégsaﬁé’ prlﬂéJ Beh 509u|£mﬂ %U@-F@rmlts
secretion of nmet hod

reconst i tutplaﬁsgage Ofun ull 8'ﬁfagf’naﬁci°r18tﬁs%tf” Sf?rgtﬁﬁ atb cﬁ/ﬁgpu?t'?ﬂ abetes in an

subj ect, conpri si ng adm nistering to the subject a differentiated cell

popul at i18n AgramiddbitigallcomsdslidnTtomprigdg thdGier@ftiatel BolophAbesticiant £d cel |

popul ation according to claim11 in the preparation of a nedi canent for
treatment of a condition associated with deficiency of insulin, glucagon,
or sommat'§st/aflefod 25 screening, & gorapourst @ iy 2Pty dp orviste isleitrel SInAliopheoTiRERIEd t i on

is Type | diombieingthe com@Bind with a differentiated cell population according to claim 1, determining any
phenotypic or metabolic changes in the cell population that result from being combined with the
compound, and correlating the change with an ability of the compound to modulate secretion of
insulin, glucagon, or somatostatin.

20. A method of reconstituting islet cell function or treating Type 1 diabetes in an subject, comprising
administering to the subject a differentiated cell population according to claim 1.

21. Use of the differentiated cell population according to claim 1 in the preparation of a medicament for
treatment of a condition associated with deficiency of insulin, glucagon, or somatostatin.

22. The use according to claim 21, wherein the condition is Type | diabetes.



