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WD 2004/ 050827 PCT/LL200 3/00 10 2 7 CULTURED HUMAN
woANAT4H C | SLETS, AND USES THERECF FI ELD AN

BACKGROUND OF THE | NVENTI ON The present invent Qn-o0o001027

rel ates to nethods of generating manmalian insulin 5

secreting cells and tissues by in-vitro culture, and

oL BR B A TSP RAAAC TR 5 R URES triigor

particularly, the present, invention relates to

FIELTEARISB ATk GRO®MN OIOTREBINEEN YIGNNCt | onal  hunan

pancreatic beta cells and pancreatic islets by
| Tl presewiuinvemtionotelatermm resthedsonf gerarating sransmaligndinsylin

secrefig P8RS R e B B i e, 8 Pl aby bR s for
trcahﬁ%%ﬂﬁa@éd Bﬁomhteﬁewiﬂ@ N@suliinS @efierys Qdbrat ﬁﬂ'ncularly, the present_'
aracterlzed high nortality and norbidit

invertioaelsigs obeersaeiéng apimally fuastioed #pmae &@Wﬁaﬁc beta
3 .

e PTGy
methadd etising suichi atllsyand|iblesas tsatadiabidies taeldiyus ih hupans.i cul ar,
di_abet es frequent |y resul ts l n- rgtl nopat hy | e%dl n

b1 PrRbres mellidyy iagdsyadol seagg asspeiaied aradirized by
high %ﬁg@ygy gh@ h&ﬁﬂgf@e\h@w& ﬂ{‘%efﬁiabHLfeE c(ﬁ&‘éh Eﬁ{f f@ﬂxﬁiﬂ&non

amage) require anputatio
Trial Resextle Grogy Y 9pR N EngFL Mdzﬂe BRH9E 7-&36613 ﬁhﬂs&ﬂfm}e bames tog-

Jcations during, pre such birth-defect '
term .W@iﬁﬁ%@% i e REHD Eh it < bopiy fggparicular, |
diabdlsABRRE PRGN gbau{;%%'mmdﬁes@ CEataiyMichbr discase,

adah
abe es may Lfa se 1nto t hreat eni-ng. di-abetic

'strokc,omhn&ww Iaadmg taslﬂdmeybﬁmhme keadoairodhys (n20e damage), aﬁd

5 t of th
may RS AT o ﬁﬁeﬁ?ﬁf) BSE atts e hetncre” GBrEs iy Jodd to
comphRRtshsaddRg t fredRfcy dubh A5 bREPAERcts! i HabRs okt eslwdihosith

al one; an estl mat ed 17.m | 1ion peopl e-over 6ﬁ§ercent
the disteaseh elfpuns diagriosed had/ gedﬁeébeﬂbsnmhm Bmec@n with dizhetes may

tapse T AR eartrife iaRa PBA A RS e e BBl SRS
degbA8-vaa6 Udis e om0 ﬁdlh&a&? Sipteefl @ioek fpmal tioh Ga@ing in

United States. Ominousl e preval ence abetes - .
age fram 2Rdo 7 Yeats, snd herce; eCitSn bﬂba&llwg npaelee olnt the United States

aloneiag.t? erLé Cétg(g SI,Z a‘l?ﬂ %‘ﬁ%g Bg y%‘t{lﬁéorg%gﬂ@ Hfaﬁetes

mellitds saRiNdach Aga@ dbﬁﬁmlsnﬂﬁdn Q’hﬁ@ﬁcam; ﬁﬁéd 20/ or gidetps d1agnosed Wl.th :
Accor di ng to recent estinates, e freguency of :

the digeasBelnd99% abows %ﬁ;wedicgﬁlépeeuﬂqume&r&&% With diabgtes in the >
o St ORSRRRE T o B JA0D B 0 e 5

mcremmt,e sape aadihpr BvRkdng efra;men@e‘aﬁ{dngyﬁlel popllationaofiisegaatts at
great econhom ¢ i-npact, as. h| ghlighted by-the fact - .-
mcre@ﬂt?dtﬂﬂkowctlﬁaé thegldedngie gbesre Hispaaic mzsb@ﬂiebmmmtx

grougfll ARELER) B FIEn Ik {h%tﬁéqu%@éy thfaB’&%seﬂn R UARA ates

one y
is expected to reach nearly. nmc percent of the populatxon by 2025 Beyond zts dlrect

health impact, diabetes, due to 1ts mdespread prcvalence and seventy, is also a dlseasc :
of great economic impact, as hlghhghted by the fact that for thc year 1997 alone the',

economlc cost of diabetes in the Umted States was estlmated at about one hundred'

billion dollars. -




10-

15

20

25

30

WD 2004/ 050827 PCT/1L2003/001027 2 Diabetes is a
di sease caused by uncontroll ed bl ood glucose | evels as

- WO p04/63082T of a namlfunction in the capacity ofrcorte2deedyioz?

to nmetabolize glucose, its main source of netabolic
energy, due to either lack or defect of insulin, a

hor none secreted by the %ancreas which uniquely
foiabétco iksa Higedse weisedlbgathcghtusibstbloed gheosclieecip ana readt of

is an 5 grgan hoth_structurally, apd functionall
a malfuagtioay imiistcapaginof Hteoqum*)d?'gty?ﬂ?e{] RIS 1 Bl gurce of

metabcﬁﬁ:o&{ér (?%Il{éoél&ﬁ} Jack %e{f%kgdqﬂ ﬁﬂgulﬂf ol Réinfnd %Eéltgéﬁ by the-

ancre pr oduc ucose controll

pancreh@ witxlesniguel fasctions ud ldwerziﬂowbglucasa lgivelsadba pancreas is an

organ {1 POl a0 BERRAEAL AR B e | B0 ofciet

endocriled&Rd e g r‘gﬂ% oncﬁEéChTﬁé fﬁﬂﬁﬁ(ﬂﬁ@f Weﬂdol@ﬁﬁ@ paﬁtftgas is to -

sodium 1 nate. The endocrine cells of the -
produqaabiooé aglucose amgaﬂugeuqmna@ sholk iageinsitin, g evelhip |gltyqq1gon

st B oSG SR LS SRR e excrne

pzmcre‘e%1 is‘ﬁ?}' odhticH &t dikbutive dnkney) sl bs biiglHRantd tipsse, afdlsodium

represent - approximately 1 pefcent of the_total
blcarbmms dhe tmdoq:mmeélasof th&]paqym%rmtor&am@ﬂeﬂ @ppiRFsiTesiely one

mllllol} E{%ﬁm g{i’s@y Fﬁ{l Iaﬁg, Srg;grvm E;lért{}@é&h yor&%l D &:\ﬁalu d I“%J:ty %? I}%ngrhans

(pancréfld iBletd) "SHichard AREsHtADhERIghoE {Hespan&@%}taﬁd tvﬂm:ln represent
producing delta cells, and pancreatic polypept.

approxpmeteli: i rpgrqent @fetbp sotalmnassiad he PangkeRsn tThe PRRGEHIC lﬂ%@ which

resum{ %g%rg? 2 d gg % epcla%rg%! nj.kl)cEf% I‘ﬂgéngtﬁn \MEEI gelfggk@ gﬁ?ﬁ:ﬁ%on

produdi@ §ipharels |1ﬂsdl\iﬁqﬁ0@t|1di1€g75ﬁa R:enﬁ,memaﬁdstam ];&bduo;ng delta cells,
concentrations of 7 to 10 mllinol ar

and p@reaiic POUBCPLEs PragiPBuy mﬂaogThMm#ﬁa d%ﬁ* %"iqls of the

el ROUERE B, BT 551,558 ikl g

which 2éspoR@ @antﬁ’érhm@@f whék glhceseraades annmla}ﬁhymoubentratlons of 7to

10 milkimgiar (it o, 156: CRA Coiorut At RS Tt 60 19991
Phys;o‘i Oql%%t%t)r 7. 8093 CRERHIRR%29008E] ‘@Tﬁ%@%talﬂ“@ﬂ%iﬁl\ggl’:leand

not “di splay synchronous activation
Soria ﬁtalal 20001 mgeﬂ Riehi-Buropéam i BhysibY. 418: b3 )Quisseandragh, the
1999. of 25 Langerhans..-Di abetes 48; 2390-2397
slucagpnScsRRELER P OB TG HAENYS SE BT SRR coTagseions

and h&l%% %ﬁéfpgét%o&lw&@'sﬂmﬁth ﬁg ﬁéteaisﬁlﬁf s¢h&@Ronous- activation

unsynchroni ze Soria at ngers

‘(Nadalreg hizk; B999pdaiPhysiBhyfieid) 410:85-9%) Qm@qouﬂt salt,i 1999. of -

Lénge'fh%-lrbqu@el %&fﬁgﬂpg@‘ﬁm 3! et Sttt Lan a&%g dfb@fgﬁls Willch

have aﬁﬂ&%@é%&ﬁ wﬂ 44@&5%&0&50 ﬁﬁ%%n‘ﬂ%a SNﬁﬁ ek B 22000. -

0-305; Martin 30 an Sorla
PﬂugeiQQ&chls}—Eihypetml I Phjmabl M0 4868B61hem}s,atxh:nmsdm eslease g ghe

stts o g bty 8 S i ftaabysiotogy (Sanfos o . R progers

Arch -Eur J Physml 418:417-422; Martin et al 1995. Diabetes 44:300-305; Maitin

and Sona, 1995 J Physml (Lond) 486:361-371), and alterations in this physmlogmal '

propcrty are observed carly during development of dlabetes

Diabetes is broadly classified irito two major types: the insulin dcpendent type

(type 1 diabetes; juvenile diabetes) and the non insulin dependent type (type 2
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Di abetes is broadly classified into two maj or types:
the insulin dependent type (type 1 diabetes; juvenile
WO&p(i%oé?sezg) and thHe non insulin dependent type Pé"—‘%é““?’““"’”

WD 2004/ 050827 PCT/1L2003/00 10 2 7 3 di abetes;
insulin resistant diabet esj). Type 1 di abetes is an
.. autoi nunune di sease affecting approximately 5 mllion
dlab%oWEHWF%téé%e%?% whi ch accounts for 5 to 10

PefyaRNt dRibeftsag %ﬁsa%%i&hﬁﬁ@tcﬁ&awaﬁ@&mgt@p&&gm% €Smillion

Theé "pat hogenesi s of type | diabetes invol'ves )
peopleuvaridmidacandt whick ascan® fgr S 6u il pelcent ofatidgmosast digases m the

. dNSUlin.secrefing beta, cel f._the pancreas. The :
Uit S8l EPALOR G AT e ch e DBt GI e R Ry tack and
gradi® CélfthinAGos 262 hd Vinfilint B&rARIRAC HBAS celi@Nst, tRS pandress| t The
sufferers of type 1 diabetes typically require daily A
consgqyente 1§ 3 grpdeal isbnsdawn ofthevinsudin seceehmgtaapacityred the paeegeas,

and, B ety oA PGB B g e S5bbins o
survied)V Pressniy)tit chass @Tthe bod's amniine UsRStior Of &k ®whbelghklls
to be involved. Type 1 diabetes occurs _npst often in
remaifgipkgowauheweves genetic fpeipesy and eiataayment faclong; such s vimses,
: t f '
o REHLPbe SENIALE 1T U lochU S i Shunl A o
childeaphewevar thayoldijom cyeacaur aeany age.. Shipeords df° pipetiediabates
bgf nost conmon faorm of di abetes, accounting for about
usualbappesr 9T gshgemeant, haweyssadual brtacellfspleyion graythagi years
earlidisual |y develops in adults aged 40 and ol der and,
owever its highest incidence occurs in adults over
t Mypa@ediabetés Tstiye fiogecomalyp forih off dibledtes abeuafihg for about 90

associ at.ed w .a metabolic syndro i ch include
(0 953 §F Carghe VS HPEI90 dsioa SEIE, SRyRIPRS BB E 40 and

older!dnRli Holveva! Bs hiMMBSGRLRBIR! dbcR RSARAR ovRE thePRRPLE fifty-five.
suffering fromtype :2 ed as

. ] [ ~diabetes are classifie .
Type oligketestia oficranmcrted Wigh 2 matabolid spedromeprhigh dickides ebesity,

' i.ncreasing a chi | dr.en, and, adql escents,ip.the ., .
elevaled DB SRR, 2R ats Blond B b O ReBRE e, B0 efont of
peoplR ORifFeRing Oftom MypeNg  dikBBResOhredbIagiNA&d Ss Afbebd, PEFwdthermore, - the
~__diabetes the pancreatic insulin. producing capacity .
incid¢nsettypst 2 aliabgtesde impacasing sspang childrendard adnlesgents nuliths Ypited

c . 0f cunknown.. et i .terned insulin resistance, the
State%{i)%?;!t gdg%rg Sﬁ%‘?géﬁ%{? ?‘?tfz’é“@ﬁs PREPN ef fecti vel y. The - :
Cur e tahe of didRiosls &ﬂaﬁ?:_ deihlfe@ésl_-mcid;sat@feaﬁa ifktihgAseucing
af t of . ‘

of insulin production er.a perio sever al

capaocjty i Sypighily: ldequatern tave e alie o cardisamef anlmewatatiolpsy,

oS RSESE R L R 1
of thé rdisdabd) yp16AIRP ehvRivd¥Blidckdatl® of insilin producfion after a period of

several years, which ultimately leads to the same 'devastﬁting consequences as type 1-

- diabetes.

* There is therefore a- critical need for novel and optimal methods of treating
diabetes mellitus. _ o e | _
One sirategy which - has been. attempted for -tr_ea'ting diabetes involves
transplanting donor derived beta cells or pancreatic islefs ;Ito a recipient suffering frdm_
the disease (reviewed in:Soria. ef al.;. 2001. Diﬁ‘erentiaﬁon_ 68:205-219).  Such.a
treatment modality iswpotenti_all_y .:highly*pdtcut since it _.cm,é#doxf reéipients with a
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30 One strategy which has been. attenpted for treating
di abetes involves transplanting donor derived beta

WO 2009/03983F pancreatic islets to a recipient suPCEALRY3/001027

from the disease (reviewed in: Soria et at.,. 2001.
Differentiation 68-205-219). Such a treatnent

nmodal ity is potentially h'i*ghl y potent since :it -can,
capacign ﬂuwhyémaqglmmsrewhwd insuND epenses oapble of curing type 1 and

some ?%é I%g %%DC?B# %é%’ﬁ%ﬁ re ‘%o neg géshg%glfo%%ﬁhgg g? h%hhﬁg fé&ﬁiété(d_ dye the

difficidydof &ﬁﬁﬁl@@ﬁﬁpﬁforéaﬁwﬁBnﬂstﬁﬁBI}eBaplbﬂpe%ﬁkcheﬂmchlt donors

. procedure is hig _}/restrlcted due.the difficuylty fo ,
from (ghigh niongiselals b cTOH tm, oy SROQ0D: iy reapired v effoctive

loat e the:
mw%Qgggsﬁ%H@dﬁ%gogé s requdf ?g%l»%? g_fBeS? fective 5
t Oae %ﬁhﬁgjr asthmmhz(sSimpl pr@p@tedm ovedote the Eiﬂjc‘:rﬂlty\/hdobtaining -
343: 23 ?é One strat %% whi ch has b }Q olgose i
sufficigye puy Paficrsatic ety cffls b PaprieAtc ‘EfFf‘ ¥QIgr sencrating
sufficRHREESObe ARRTLASb fisshBd By FI dRancreatic islets

nvol ves generati ng iclent nunmbers of such cells’
oSextaraslspner layt approathes havet been aBempted| fqur generating in-vitro

et R e B0 B SR L e
bgi;E gi\?gfﬂat:ﬂ%@olf/&r cil GQcéilsa@éﬂ\%% frof RIS 8AANhuman

i nvolves culturing of cé€lls derived fromadult or
pancrdatic dissbesinpitemppis do gatsratetquiivres of iimsulin peedicing pancreatic cells

om0 S Sl s R PR 8 b, 200,

Proc ﬁgﬂ Mé& OGS ABORIO09MB0N:; shd Bkindhnsad0® Q& ol PROGD. madlecular
Sci US A 97:7999- 8004 and |tkin-Arsari P. et

Endocamcl@'wSMé%hl ar 15 Endocri nol ogy 14: 814-822).

RalteE PR B0 olyEY Bt Riath b Bnink ARl HhfPin te

'home&ﬁﬁﬁzﬁﬁ ‘aRReription fﬁtbxe}'fDRSI irpamﬁlﬁﬁ 8. geribvdté guRtared bf betazells.

cells. (ItKin-Ansari al ., 2000. Ml ecul ar
(ItkinAnsad B. aorle 209 Mgy EPdOWIWd%%H & oach -

S4BTl 0908 R OB G i s
cell “dulRPSC Wi 1the RaaéalonRDX- ttanscription efactoy i PBK-1 “via retroviral
transchupon fraitsERnts 4 BSEHP FULiRE R ?n”sih‘é‘%%r%%'xgt S @l P.
et . YRR ARSI A BYP22) - oy SUlT

approach 1 nvot'ves enp : ‘a cell” trappfng _
S Bl edfiothes | Aiprachi solves caiptosingra ceig tlapping mtemmhtgaan
mar ker gene to . isolate |nsuI|n seqﬁﬁtlng eI

insulia | pypeeter isavletsd: saleciable usarkem aeneg & dsplata B Ehﬁ?%‘i’ﬂ?% gelt:
o 143 o O S oo
Dxabef@oftgel-ﬁylg ceI |'s derived from . .

A further approach involves administering insulin secreting cells denved fmm
cultiiréd mouse embryomc stemn cells (Sona et -al., 2000. Diabetes;49:1-6) or: cultured
cadaveric human donor derived pancreatic islets (Zhao M. -et.al, 2002.
Transplantation 73:1454-1460) toAtreat streptozotocin induced diabetes in mice.

. Yet a further approach involves culturing of mouse. embryoid bodies under
conditions ‘for inducifig differentiation of pancreatic progenitor c_:ells__'_ followed .by

conditions -for inducing proliferation of such.progenitors-followed by conditions for-

U

st

,.‘(w(‘.\
2y

L

Gind .
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cul tured nouse enbryonic stemcells (Soria et aL,
2000. Di abetes 49: 1-6) or cultured cadaveric human
WOZBMASOHEr i ved pancreatic islets (Zhao M et &HCT/IL2301027
30 Transplantation 73:1454-1460) to treat
strept ozot oci n. i nduced di %bet es mmce. Yet a further
roach in oI es cul tur] of nouse. enbryoid
induqyis Formation, g puriace g 6‘?&0‘1%‘6#“% WANCTRG (@i generahisich {ike gell
cxust&t; cBﬁ‘iﬁﬁﬁﬁ@frﬁ:&luPéﬂ%‘s@ide{ell‘é %Lhﬁ‘lefsﬂ#(l Lowe DY sGend 19201580-
I nduci ng proliiferation such progenitors
1394) oI | owed by conditions for WO 2004/ 050827

PCT/) L2R03/ 001027, 5 i duc:| for i on of .surf.ac

ol 2o b papashy il ilipro o fyueh Arab e sty gl
undef Bbh adBérbit @uditons A udcBked PRMLn %’&Efng n%n@:ﬂté §mbry01d

(Lunel sky et al., 2001. Science 292:13 94)

bodies-qoptaimag ingubin seerhting oells(Sshuldineg |Mng‘ adf, 2808=kroc Natl Acad

el U MO0 EFIAE Pt el PiAglR P s A o6

bogh: edladivhal adhnBivbivies SRCtERE N6l Eﬁhﬁrﬁ efnbeloticlishah cells
M et al., ﬂpO Proc Nai | Ac:adg Sci US A

undewd@zgmcﬂmd@ms onsead phstigin attermpiroty1genprale éasglin secreting
7 t Oofb@ oach involves '
censgg‘?&g}?én%ﬁ%f u@ﬁ&%?%rgyom c stemcells under '
adbevert, aliindf tthensfossinanihed fppasidhes i suffat t fomt slgm)ﬁcant
enerate insulin secreting 10 cells (Assady S. et
disad ?ntag‘?‘EOOl Di abet es 50: 1691 1697) .- However, all of the
pp? e%@tﬂz‘?x?é; ' hﬁﬁé' b
di saogvant gg(glgﬂ { rt ap %ﬁ%rﬁfgéf)g%llﬁl lgrgufc to generate
mnsulinudetreting geld arasuheptined| fos mddellﬁ telhpulsure mne;hm&:r giphicable to

i nsul.in secretin |1's ape subopti mal r
humapg cplis,, AR e BRRSECOR, ofdr c SERGHRE el S, J%human.
admimBfa@e unsatisfactory for generating cells suitable
for human administration. Prior art approaches ‘ai-nmed
atPrgEn art aammgac:hdsh enmnd aiclgenenating | aiherant aweéls or tissues are

oI, 48 8 il e R, o

mefﬁf:i@htﬂﬁ%}‘)ﬁﬁhbﬁbgforﬁ&v&ﬂn@ art approaches enpl oyi ng
culture of adult or fetal donor derived cells or °

-t iPsiog eyt 4mr%phm1§0ymg qybinesr off adudtyon fatad doner derived qtrlls or
tlssuegeiﬁr ?l%}n:ﬁ% fof engroa e Fulgtgl?g ??ges avsreecttg&ggm I% %9 {%gl}c%%a%e the,_

' dlsadmmigebldflrmmg 6t Béndrtelived nAErial Whishsdei frahibeiedy dlfﬁcuk

ener at i rg)gfhpancreatl c cells at désired devel opnental
o obirygEsuita ﬁ}rrﬁweraﬂna penereatigl cplisoati desired idoeclppmeniel sipges,

and it e SIEHrb FleF Bolehoart b el 8 o7p < 0

Prior art approaches using culture of immortalized cell lines in attempts to

b4

géneréte cultures of insulin secreting cells have the disadvantages of generating such
cells mefﬁclently, of generating cells not having the- potentlal of embryonic stem cclis
to generate pancreatic cells at early developmental stages, of having karyotyplc and/or
phenotypic abnormalities, and hen_ce,bemg unsuitable for treatment of pancreatic -
disease in humans. . L , ' _ , ) | |
Prior art approaches involving generaucn of genetically transformcd msulm
expressmg cells have the dlsadvantages of requiring genetlc mampulauon which. is

cumbersome and meﬁiczent, and/or of generating cells bemg mherent!y uuacccptably




10

15

20

25

30

generate cultures of insulin secreting cells have the

WO wogeRyant ages of generating such cells ineffdcqignbdsNonas
of generating cells not having the potential of ‘
enbryonic stemcells to generate pancreatic cells at
early devel opnental stages, of having karyotypic

isky ARCASpr t #hsin APMARRBLIL] S5 2 A0fhs bst Reir bei

" ky' unsgﬁ?é}g?’geffagr treat rren'nggjfib%gﬁ%r%atl CQ&%%'%& gf;g%ér ibr?mg

geneticgliytmesformedt. i or art approaches invol ving generation

TS5k, R SRS 5 R et L o

‘tissues MANbRehIE | O 0t GhrepzofobliD $AREE diFBEtes Shi hiiteMmploy an

.. .and/or of generating cells being inherently _
artificigiyadugndanpal disparsanodd sptrickdpes noDgaistatodly madelilskn
d o] for . h n,adnm.ni.straki.on.as a_cpnseguence -
pancredle° iR ok vt Rttt BF GRINEY sreBBpE CHiS "
animalappr oaches usi-ng-adm ni stration of cultured insulin
ée_creti ng cells or tissues in attenpts to treat i
PPe ftlo 2BRT9aches) HyabuBe dFulBEings moyssy essbyapico gtean cells in
iy t@ f hCdrah | Yo NAUGES ol di e = Whi
attemp@lo ghiich, ol PEHGEE, TohiaRlng MEARE ARRGhinkl olll 1898 e
disadvaahgéonf iganahting anhiurdssof alétolke thistissl lcofitabsing &f isigoptimal
cells from anjmals. Prior art approaches involyving

proportiog, of jpsuly Seetrliesessble, ehdisplay g anchinsatisfyctosy drsubinsseprstion

capacicf YTHEHE Plonca S RIRNT 1AL AOMNE Y Ulfn ol RIS ShilRr o
exhibitigg subepimabin-vitdodbngdwiey. cl usters contai ning a _
. suboptimal proportion of insulin secreting cells,_ of
AU ATLIRPERP A H?E’i‘iﬂpgfc& 1ERg of humpp gribayowie st cells under
- ; - - AN .. 14 -Vy-=) .

non sARRREh o] f AR USRTHL IOl oty SR Tt
secreting wbldphaveathe i disadvhnagéoaf) proidiying Rultaresatdntainibgoa efitesptimal:

nvol.v_i_ng Eglnlln;r f.ng of human _enbryonic stem C{S' Ihs )

ma*i“iat riJaportig M - g5oretingn ¢ells.o 5 coptaipingyiells having an

'unsaﬁsfédi?ex?erﬁ;ﬁ{iﬂa? i Byéycpef@ﬂgéaglﬁci% hal g R I%qu/?[% E%u gzllprzla'aity to

eting cells have sadvant ages

Sec
generategslet lilkeselladadtedsni ng *a subopti mal  mexi mal proportion
~Qf insulin secretipng cells, of containing cells havin

| TngS ‘ﬁ’zg'a?q %ﬁé&?ﬁﬂayh%kﬁmfaﬂpﬁé% prqw%eaé\%Pwt@@gmoﬂ or

ceratif Sh-fird h1ehaY | 3%k RAGLLY. 410 .generate.isles ke

goneratif iy Vigo G Sl SBARRRL Yocip or SFIBEE Uile? eatit 16

1 us,

. treating diabétesinthmnpmeyi de an adequate solution for generating

. skn-vitra cultures of insulin secreting Qe'l l.s or L
- Theres de dhwe h gvidely aisrestized need ofori rapddithbwewld be highly
: | ‘hus: a ‘wi:del.y.. ( [ d. 1, .
advantagQIP R ek S/ Frcifod: B Rentliff i QARLES b ESSHak Bheroting
qelis or tissues devoid of the above limitation. - - . S

SUMMARY OF THE INVENTION -

In one example embodiment, there is prc_)videdA a -r'nethod of 'tr'z!a;ti;g
a pancreatic disease in a subject, the method comprising: (a) subjecting

mgmmaiian embryohic stem cells to a first set of culturing conditions selected suitable.
for differentiation 6f at least-a portion of the"hﬁinﬂralia_n emibryonic stem cells into
<cells displaying at least one charat;teris_tic associated with-a . pancreatic -islet cell

;ifogcnitor Pheﬁo@f’_éﬁ (b) subjecting the ¢ells displaying ‘at Iéast:one" characteristic
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advant ageous to have, a nethod' of generating
WO RQM0H%2T 0 cultures of insulin' secreting 25 peiiI2omre1027
ti ssues devoid of the above limtation. SUMVARY OP THE -
MENTI ON I n one exanpl e enbodi ment, there is provided a
nmet hod of treating a pan@reatic disease in a subject,
associhied with hipgheeaitip islet dell proggnitue iphendtymoto30sesrudradticd culturing
.enbryonic stemcells to_a first _set of culturing . ]
conditiauifeloisds subles farclosmatian| of SUBioe diopd el £ 4EiFBningluding
insuli?prddaéml & | @) [Anihiik rmiamgﬁ' GO AdSive LR of the
st cglrls [ toll?fg{gﬂ @oﬂ 56 ayiriﬁ% at | alslt one _W
insulicpradecing celit tochastiait gheatbyittchting thegnueeaiid distaseet .
cel | )rogeni t or phenotype; (b) sub%;ct i%(}.he ells
diAgsPENGg tat fuehst . feptireschiy aptalpied | Snigydiments
descriBRDHERINBAE RicHiohL 3P QRLBAE0R pankredfis Odikse dubthbh cdmprises

. _pancreatic islet cell progenitor phenotype to a_second
isolating tthe surfaset batindgeelk olvdiers and apsicvaliye thes insulil Ipsoduging cells
thereﬁrfoor”atri an eof urface bound cell clusters including
|H§W?r$5$8(§ ing cells; and (c) adm nistering a '
t Aedopditg tto Gl Fur@kl Fedtines iflQmefepiledt ditbodimends] the method of
. producing cells to the subjec thereby treating the

t .
treating grpanemetie diseassfyuheneqrapasosy(i} disseniating: the surfageboynd. cell

i . . hel . i .
clusterf RO FATE BIPREIRY the SR pREGoRE O AR ShORCR e
single celld @td tgrd d2€ of dlilkhadg bondidogcddectddsiitable fondnaintaining the .
. ..optionally the insulin _producing cells therefrom
-msulmmrp@;cmajce\éls anyopligre foratdeast A days prigrte skepd€her feat ures
At he b SHICARALE TR ih 1Rk %b%f(ﬁ'}'\éﬂts,t_ fiRP e dPof
pancreati c “di sease*further conprises: (1) dissoclating
treating kepaicrdatic adiveass) durtlee! domrises tisslatinghthe misulin @rodeingscells. -
. .Including the insulin producing cells; and (ii)
priortQfgp €t i ng the single cells to a third set of -

Fhebiing To SO KRR Tt S ih FoHAA TR A AEn SRl Bellodtr -

- treatind 4 plmygeafit idideateo fintlep doiprists Gwlatingothesusperded eellt tlasters

. _features in preferred enbodi nents,. the. nethod, of
prior tojsieR {QBat i ng a pancreatic di sease furiher conprises -

I g LS o orior |
(ERoRES R ARBH, R B Hr e enodihbdle alelmSi8Y of
treatingeatpadisentic discidecfunhbn oomefisest theatdphof seleivelye hafvesting the .
- .disease further conprises isolating the suspended cell
mammiglians egbsyonis stym teslis: Gpm( a) cultuge. peludiagnipedsr oelly jand tho.
e frt t UL es i errec enbodi nents, the nethod
manun{i)l?gn {}I?térg{nl%ﬁgﬂag? %%L%?Igggt% %g{cgi?g)éasé further conprises

AiBorduie o 8fill FatR&! fesinds hRpreirtd @nibodimems e methiod of
enbryoni¢c stemcells froma culture. including feeder-

' treating'a|pagcrgatic disease further comprises isolafing the cells displaying at least .

one chiaracteristic associated with.a pancreatic islet cell progenitor phenotype prior fo.
step (b). o - _ o
A According to still further features. in-:pre;fcrréd embodiments, the method of
treating a'pancrcz;tic disease further comprises (d) dissociating the cells displaying at.
least one characteristic associated with a-pancreatic islet phenotype into-single, cells.
displaying at Icas;t one characteristic associated with a pancreatic islet phenotype; and .

(e) 'subjec;ting the single cells displaying at ledst one characteristic associated with.a

pancreatic islet cell progenitor phenotype to a fifth set-of culturing ;ondiﬁoﬁs -_selccté_c{-

e




mammal i an enbryonic stemcells prior to step (a).

According to still further features in preferred
WeMIsEr®weht s, the nethod. of 25 treating' a paoeghesiobborozy

di sease further conprises isolating the cells

di splaying at | east one characteristic associated

Wi th.a pancreatic islet cé| progenitor phenotype

surtaifeifor ptadiferatien of He. celisadispliyiag tad @it bhe thurhdtefistic associated
odi nents, the t hod of

features .in preferred e
““thrP%‘éﬁf?‘ﬁﬁ iglefs %%Hf@%filrtefa DORPE RIATIREED (ohpr i ses. ()
d'ﬁ&:@@dﬂé'tﬂgsﬁlh%ﬁﬁérj |1ﬁyb{&@er?éd emb%gxdlgrﬁfttlﬁnﬁlsulm

characteristic associ at e pancr eatic Is

.prodtp'mmdly pEE Symgenesd wg:hevr aﬁbgesled:r mbll ﬂ;ﬂ smgjeat I east one :
) 5 Ecc%f({}rgé kS : h@ lﬁ?}i Led levy:éll"gf rtgleﬁtg,; subject is a

humaﬂlosalxﬂulhﬁgmﬂtmdmgp one characteri st| c associ at ed
with.a_ pancreatic islet cell progenitor phenotype to

| a%ﬂ@ﬂ&@tsh&fﬁl@mfmwﬁg ie prefenredembedimeotsestep (W is effected

adfiitlelng e i 80, epbit o Borieds . one

cAac@@tr%rmshqumﬁ@qeatmt&m pi&fdrfedPeriBotimeats] Step £9)94 effected
cell nitor phenotype prior to step (bj According .

10 by adl%’ﬁﬂ%i?ﬁﬂl‘g %gmﬂecr@ékdwmﬂmsebmct ed enbodi ment s, ,
%drgﬁx ltb EUIIW?&%%]% glcér%fegr £ i%l?cgie 0 glllt%,o 7} {]CI) is effected

by adxﬁmidtd:tﬁrg memmssuspezmeafcen cREtepshndk BBjLGL t he subj ect
or a non human manmal . According to still

f%FQQﬁé‘rﬂgft@e‘iPl! dher feafuees dn predersot sabadiments, Sheasdmig)stering

S C oupd
is effSldd by WonsPlanBiTh Moo kBl o fhel BRYRR YL g@? MR the
15 _pancreﬁsmfihersubpeﬂ;ures in preferred enbodi ments, step (c) is
: effected 10 by adm nistering the suspended cell

C|nu SheT Sspbd, th&e Sfé bbr%gitded AL gﬁﬁd b %shﬁ’n Zﬂ)(}dc nfgl'I ELiRReFor the

features. In pre erred enbodi ments,
- manufgeiver 0@ mgdicamenhiiart beating pancrealis| @ﬁ%ﬁﬁesm@i@ébe dasylin

produ&hgréérerase b&ameefrémky REthodeSARMINPtnE Yepliok!  further
features in preferred enbodi ment’s, the adm nistering
is effected by transplantation or injection of the

(a) subj@(ﬂi%b infarith SR @nitey ghed §t§m|c€ﬁ Bulfr€to é—ﬁrspﬁ? of Q%R cddiions
eCt here is rPr ovid a use

of
selpSlishlatls SRaEPRgREnIof of rstiorharal sed P aian gmbryoni

steffe e MRtat célRr displa@hg Nt RABEC0RS! EikarfbteRAE Cassobiatedl With a
uci n cells are obtained from a

paqu?q{@dglgt(ﬁeﬂlpr@eﬂ rt"ﬁ@ AyR&@f  (a) subjecting
manmmal i an enbryonlc stemcell culture to a first set
Sui t

ul turin ons ect e a
®) scBierfl SHEL BRSO ASBAYED FlolSH vBor I BHeBHC zgeiated with 3
pamoeatiel isleh celivprogenitar phenotype to a second set of culturing conditions
selected suitable for formation of surface bound cell clusters including insulin

- producing cells.
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stemcells into cells displaying at | east one
characteristic associated with a pancreatic islet
cell progenitor phenotype; zand (b) subjecting said
cells displaying at |east g%e characteristic
associated with a pancreatic islet cell progenitor
phenotype to a second set of culturing conditions

sel ected suitable for formation of surface bound ceLOd

Acgerdmedo ARENEFAASRECh A RrRsenb FyaTanBere & previded a met

of prodieaf Hisilin,! eafiehbe coippeing: ¢4) &ﬁlﬁcdifngslﬁﬁﬁlmanaﬁrﬁmb‘@omc
there is prOV|ded a met hod of producing i nsul

stem ceflsdo adtiploist ebeuringonditions 3@15‘#@% swikaplovEantafteratiation of at

teast » BRI the BhRRaFE) B forly otchTbE e oEty bl gt toat

one cha’iﬁctenétﬁ:a&tcocﬁam Rkitho# p@icrédiie iseroel pﬁigcﬁimfphmqu; and (b)
cells into cells dlsplaylng at | east 20 one

subjectmgatha celly displayingsafJeqstiore © @ﬁa@kvnampﬁw%ﬁd vithg pancreatic

st cof 5L B RS e S5t g, SR ot

for formaRAC LR CHbbInE celDaRsEAdhtRding Bhlin fRIJucipgagdls) thereby.

., phenotype to a second set of culturing conditions
producigg tecimadin ui t abl e, “for formation of- surface-bound

cel | cIusters@blncIudlng i nsulin prqdycin el l.s

P1eePEing s briheT gattire ihserefqired A@E’g’roa igst >SCERRd her
below, ftﬁ@tn’tgtﬁ%ﬁ:i b pidkediRg iredlie flnad fﬂéﬁipﬁsékeic)r Iﬂaatéstuﬁg? ltrey,

the nethod of producing insulin further conprises: (c)

insulinparyvesting the |nsuI|n Accordlng to still further;

AFSRbSR P BB SopndBh 08 bopr

producifi#! 'iﬁs%ﬁﬁ f%%&dc&ﬂbﬁsc%l (b;t@lm@théﬁmeé RRAd kel clusters and

i'solating.the insulin. prodiucing cells therefrom:
optionalky isolatingghe insélinproducingtaes tltee@ﬁmzmes i n .preferred .

KRR B e B 0, O o

* producif Gl i dhet @oﬁbﬂ%e( ed:hsﬁ;ciaiﬁﬂg%b %rﬂab@ ouhdslli dlusters

producing cells; anti (d) subjecting the, single WO:
iiito singlgoeptissioghdireOherinegvepaducias calsyend 0} subjecting thessingle:

_of culturing conditions seletted 'suitable for
“maintaining the insulin producing cells in culture
for-at |east 14 days. ‘According to still further
features in preferred enbodi nents, the nethod of
produci ng insulin further conprises: (e) isolating the
insulin producing cells. 5 According to still further
features in preferred enbodi nents, the nethod of
producing insulin further conprises: (e) isolating the
suspended cell clusters.
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According to still further features in preferred
enbodi nents, the nethod of producing insulin further
WOeHH#HI508Es the step of sel ectivel y-harvesti ng RATAL2003/001027
mammal i an enbryonic stemcells froma culture
including feeder cells and the manmalian 10 enbryonic
stemcells prior to step Pa). According to- still _ |
celis four thivdrsef efxtuliueing iconditiohs selededesiobilenfon painteindng therjgeplin

of oducing insulin. further conprises isolating the
Pmd“ﬁg'lglcgﬁﬂwsfﬁ‘lltﬁ% ttqbat:\lgaq%g#y ne characteristic
apge6idaiee® Wil Purthd? YRSIEAT inCprefnell dbddimengetid atethod of

phenotype prior to step (b) 15 According to still
producingtinailinifushancempiises (Bfisolnting bansulineradicmgtellset hod

of roduci inNSul i the r :
diAscésgrc & F"nﬁ%l eé I ﬁ%%&g‘%ss%l rﬁ?eg%aa% ea!\léit% )ﬂgh éh e method of

‘produeh@riaaiiariiskdreonpeiocd: §)dsolutingtha sependeidalloclisterst

phenotype into single cells displaying .at | east o‘ed-f
c Hencarding (osstilk fughoscleatoess W piteared frebedipepts; dpgmethod o
: ) i _‘ .
produfiEAALNRC A cchfnioed Y SEB WP BILHRCH) AL G P sopunmalfon
embryorz® spemn aelatfroin i 5 loalhreee inchpting deddeorceflh canst fipe mammalian
~fifth set_of culturi conditions selected. suitable
embflf%‘lwﬁ?@lqu%Pf&?[itBﬁter(gfhe cell's displaying at |east one -

C?ﬁc@ﬁfi kS Edif Clo@fufd inpreRrRaPERSSBRbhE, tRd flethod of |
ce progeni tor phenotype prior to step (b). According

‘producings tinsulin f furthtwe rcofrpatses dsolatngprthé arellegdisplaying at least one .

emhodi nents, ;the second set. of . culturing cqonditi.on
charapiFRpRASSOAIPY HR L PAECAE et Slgppagioy Ppiqldat plightd step
(b). Characteristic 25 associated with a pancreatic islet.

cell progenitor phenotype in a, culturing nmedium and

whercerdingh g stéld thumigert frafuressial prefarepdegrniqdisgntsy the method of

har vest.ing...the cul.turg dium Accordir -y et
produlfig s St FoPritetc ey FEbhiiPine SRR, Mo Bt'at Joast one
charaBlef¥tic doduted®iiitos pohcref/RekRt bRghodflel itacsinglel elisfdisplaying .
secreting insulin, the nmethod conpri sing: p&lg) - -
at leastiynsc ehanepteristrnissecialsdowiibng Pagewsatic dslFs phgnatyps:; pad (d)
, a portion o .
pancré®ig@let a¢ll progisee Phenotgpe o £ fifth se oftomltasihy coddniohaytleged
. .at. least one characteristi¢ associated with a . - ied
suitabe, e ralifesationsqicibe ceflp displyang #tolpash npRhpeteTiiiig aspqpyated.
4 AG...t ] shlavi.ng st one .
with S EEHL Mo pf ot bl por e 3%, TS et cel
- praagenlifigto pilefwibyp fahaeaimpefondd\WMtidddné@5082 second set of.
PCT/1L2003/,001027 1Oin?g§t,th of caj turjng ;ongi ti ‘orfgls. s i '
cultuging eenditons ipeludrsecylBiringohmsellofispleyng 4t 4e8 oG fPapagtastc.
assocflbELEh deReit SR AT B R MU 84 LR tyddiPAE R, an
wherdifi barwditivg; the ifsulin ieeffdosal by kavésting thef arledmediogi nent s -

descri hed ) ‘ . ] o, . '
‘According to yet another aspect of the present invention there is. prowded a-

method of generating cells capable of secreting insulin, the method comprising: (2)
subjecting mammalian embryonic stem cells to-a first set of .cult;nji_r;g qu_x_ditigns_

selected suitable for differentiation of at least a portion of the mammatian. embtygniq '
stem cells into cells displaying at least one characteristic associated with .a-pancreaﬁ§ .
istet cell progenitor phenotype; and (b) subjecting the .cells disp}ayigg.gt least one

characteristic associated with a pancreatic islet cell progenitor phenotype to.a second -
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bel ow, the nethod of generating cells capable of
WOZM4P23g i nsulin further conprises: (c) isSolPEuyIngo3 001027
the surface bound-cell clusters and optionally
isolating the insulin produm ng cells therefrom
According to still furthert® eatures in.. preferred

set of ftfuring roaditions, sekastadb quidable den dornitinn of susface duivnd cell

chustdls iRRRE) 3 PR e il 1edeobP BRI ot sapabis of pegetioe

I SSOCI
insulmi ngl e cel I s i ncl ud| ng the insulin producing-cells;
and. (d) sub{ ecting the single cells to a third set,

of chfainggloc JHEhe talrew| iactneefesed t embediments described

belowTRhe AR Joft | SBpY ¢ 0 r
S e bl O PR Sy el inde

compfiegst lﬁt)etsolannglrtlhé enl‘fe@bblbﬁiﬁix?bﬁlmh&tcrs tahe d]ﬁ?ohﬁﬂ)f( (iéolz;]tmg the -
atin s, capabl e of secreting insulin further
ms““@ ﬁ‘ﬁ{“f’ §%““E§3 e drating the insulin 15 pr oduci ng -
cel h&d P56 Slred.
cbsrdinC rthS &Ew&%wb}e{g&&g&w it the mo ethod of

preferred: enbodi nents

generatignekilisicapable sofssdcedtingdinsulia Sinftkerf mmmem &t)ndm@dldtmg the
| uster

e SRS, e 01 R b s e
(d suﬁ%tﬁ%' tie Bir@le ée'll;e. to AURRE A cﬁﬁhrmg %QmﬁhUﬁzf &rléct&i §mtablegfor

har act eri-Zed by a proportion of i nsul ¥n producin
mamtammgéhmswdm producing cellpir adtore farabledstnigt daysst i | |

rt r easii:l'lg S |E|¥referre nbo Fﬁ%ﬁgas Qfﬁgfmu%dle?‘)f

generahhg c§ll'$3 bfGBEreting Mﬁ%ﬁhé&@ﬁpnsb@?} 13@1 the insulin

m crouni ts insulin=pérone hundred thous per .

'-Pl'OduqujﬁeHSZS According to still further features |n

g g B EERL i R A bl i sct of
culturifip %Mﬁ&ﬁk ﬁ%iec&ldth‘iﬁﬁf)ﬁ fol Snairthining ﬁ&t m@li\ iﬂg‘ Je?ls in

i nsulin per one hundred thousand cell ng-

- suspended rell ¢lustenser features in preferred: embodi ments the

t hod ner a cel | s.capable of secretin '
Ketffine R PPERRED fofflel & ety Rigntdimenir e suppbnded cell
clusters HiePaasRErRRH lhyCh w?fﬂa,
features in -prygf gﬁﬁ{jﬁg}r@ggﬁn&iﬁggﬂp #c@’gsé?g%eas“l
percentcul t uri ng conditions is sel ected. SUI tabl e for

i.nhibiti of ubst anti al insulin
éﬁ%@& 3‘9 %‘f?‘% %SE’BPF" |t@b@@,nmm¢n mrsulm
Secreho’fpﬁ%’ ey E&tf oF tﬁ uhéuh%l maé ?éﬂéﬁfetﬁek &I,c? lle usters isat
od| nt’s, e su ant| non |n ulrm p
feast 6 nmtrbmm;rlﬂsuimydvme dndded thmd bdi®pert@ul.s . -

" Aecording ‘to-still further features in- preferred. embodiments; a total msulm

. secretion capacity of the insulin producing cells-of -the suspended cell clusters isat

least 0.50"microunits instlin ' per.one hundred thousand cells: SRR
- According- to'still’ fitrther features .in preferred: embodlments ‘the. meﬂaod of
genérating cells capable of secreting’ insulin -further compuSes e) lsolatmg the
suspendéd cell clusters. - : _ . R :
' Accordmg to still further features in preferred embodlments thie. thtrd set. of
culturing conditions is selected. suitable for mhlbmng growth of substantlally non

insulin producmg cells '
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According to still further features in preferred

enbodi nents, the dissociating the surface bound cel
WOAF2E into single cells is effected by PCT/IL2003/001027

trypsinization of the 5 surface bound cell clusters.

According to still further features in preferred

enbodi nents, the third setl of culturing conditions

i Actardiig, @ stidhflirthieo featiebe it petférrahembadigieotsp the substantially

.consisting of a substantially sefumfr cul ture
non ik pftucihe SeliSarershin A00L bRV 5t ee oul t ur e
MRGEHIIngtoCstiil WirtheSEHthE 1R phéieirBd ehibe@ihdldl tHE disBociating
cul turenmedi umincluding. a 10 synthetic serum
the surfaop bernd tcellaclusibrsunte singlicurells s ieficied byt trypyinizaiongof the
fack nce(Ptrl tion of 15 mllinolar or less, and .
surtace parKs v ﬁl“gt&ﬁerence of the insulin producing cells to

AACSHEIRCER stAE @kl TBathes Shigrbfefrétl teitodirB@ithyr @8 third st .of
preferred enbodi ments, inhibiting adherence of the
culturings eriditignsonedides =« eendition seleated (fromctliei group reopsising pf a

WL ] [ [,n [ 0 _
s 5 bl LSO b8Py o
medivhg Coicdlitag inedivin lihcliding hecotimandids, e cultupr alediune dncluding a

.., enbodi nents, the nethod of generating cells capable
syntheic seaun supMemens a (e dnedivn eepding glucosp at 8 capyegiration of

i rMESE : gupazt b
15 wiffp PG oY 3L, RGBT S bR g e o 2
surfacgamal i an enbryonic stemcells prior to step (a). 20 ..
According to still further features in eferred . . ..
eEERTAMEN LS, stih e&ﬂ%t&%@ B Pf'éﬂeﬁFf’ﬁr?‘%o‘i‘H}?Hﬁ j ighibiting
erbride S t; ' fQlis ith (RS is B . b9 eulturing thy
wor e S 6 R o0l 1 1 AR b g
insulip prodoeifigcelsion aisobktantiatly non kel fdhaentydastiofsutfade. ur i ng

di ti ons is, selected bl e .of § nhj bi.t] h
o RS B SPGB B BetTed. PROpeRt, B Hefiticor

 generating/¥eH9 rcﬁ%rﬁslﬂe (0¥ s8érbtibg fdlih Fhrtlle@ AlokipRised thePstel OF kélebtively

enbodi men _inhibiting adherence of the manmalian
harvessingrtho mammaliamensbiyonictstern cslls fragea chliursfineludiag fogder cells

: acul I _ | i [219) ' [
and 6 kit kS B, " O O akL T S ace. -

Apeedrilingdtot &ils tfhdther! fathRBlin prefitededmbdiimestse teeflrst set. of
enbodi nents,: the at | east one. 30 characteristic_.

culturiggconditioasiingelastod itable don induging Earmation of FEBIRIG bpdies.

DR R Bl B s o
culturiiped @iditeshseRbME N Egpablehef mtitiads ldhe@ate odtthe gnaehbiian -

. capable of secreting insulin further conprises ‘
embryogis stam gl thea Bufacs. WO- 2004/ 050827 PCT/ 1L.2003/ 001027

1ﬁccordin'_g to “still further features in preferred. embodiments, inhibiting

adherence of the mariimalian embryonic stem cells to a surface is effected by culturing
the ‘mamrnalian "embryonic stem cells -‘onra. -substantially non cell adherent. plastic
surface. _ _ _
' According to -still further features i'in preferred embodigrnents,;the at least one

characteristic associdted with a pancreatic islet cell progenitor phenotype is expression

" and optionally display of nestin:

According to still further features ‘in preferred embodiments, _@h(_:met_hod of

‘gé:’nf;raﬁng”cells capable of secreting insulin further -comprises _is'ola,ti_t,_l_g___th;-‘ 06118




10

15

20

25

30

di spl aying at | east one characteristic associated wth
a pancreatic islet cell progenitor phenotype prior to

WO 2008050827 . According to still further featuregCrmL2003/001027

preferred enbodi nents, the isolating is effected by
subj ecting the cells displaying at |east one
characteristic associated2with a 5 pancreatic islet
displagigl at feasy ond bhrrraqld&’rmﬁmt@ssxmutted withouparivrentt iglét coll PIoEEmitpr
condi i ons sel ected suitable for inhibiting growth of

Pheﬂo%el@qli taying the at |east one characteristic
a%% Wit RurfheP 3044028 1H qgreﬁhea cRBbliinRin®g hé ti®lating is
enot According to stil'l further features in

eﬁ‘ectqai by eubjedtinertbe deliredisplayinget ﬂmsm qhhracgaeﬁm assopigtadevits 2 |

poncr SRR SRR P B RS PGl piions

select&h anaghier fopt inﬁrb@t%ﬁgi)%r lo\ﬁ/l ddlis andtadigplafinizCihe bElledst one -
e ce

phenotype into. sin | s di splaying at | east one

charaq;m@rsmam mthgmrraa@umht cell nrogarrrmr@hwmesl et O

nOtgi}/fgnEf gtﬂ?lﬁérg%ctrsflgj%mgstr%p ferl s‘lt I'C assoc:| glt elge%ofi hOf

generﬁlr%&!éﬂfs Sapable bfebictifi klsulih FaEivr tofmpiRe (o) dipociating the cells
h set” of culturing conditions selected suitable

displayisg aidlenst pre ehareterdsticiaseocirted svidy apangtrrtg 1slet phenetyps igfo |

smglclgeilﬁ hﬁg@g@ﬁg ta% tléa%h Iz oc?fa%c?&s% a?so%la%ﬁn Wﬂ?a‘% 'p%ncﬂeéﬂtce islet.

enotype prior

phenof\gr9 g 1(g) Eﬁbjﬁéﬂd@ thk wildlerceflle displaging ot leastf @rer ebthracteristic
enbodi ments, the fourth set of _culturi ngﬁ& nd| tf@ﬂ

associpies) Wik & Danerepliq islet gell gwegeniton Phenobgedg &

condt-ﬁé)r{c}zs kér&été‘& so blé f%ngaé{)ﬂfé}é tin ¥£ 36 I 128&’1’1& ‘é‘c Yeast one

ure |um|nc udi ng 1 nsu
chara@teﬂrstitraesmw m:ﬂhrmj:mtremgcuslernmnlqmgmutoaphmatjmeqmmcm $kap
including fibronectin, a culture nmedium substantially
(®)- i ncl udi ng sel enr um . and facilitati ng adherence of the

c ﬂch&dﬂ! ng @’F fdaRifted 1@@1%&&@@%(%‘&&1&&5 Cthe fourth set of

associ at a pancreatic Islet cell progenitor
culturpigecomiditipas umlurkswrﬂmuag c&udmrodlsnlgcitsds from flie gronp Fepsisting

R i g s

culturé ﬂﬁ&&mﬂ% ihdhdife ERRATHAL dcihird BediANficAi ﬁtfrb@éctm a
cel progenltor phenotype to. a surface is effected ¥h
e

~culture uhtdmmngzhsmnd@ limcluding selopiung. 2nd fasiiating, adherence of
act er ass ciated wth a: an eatlc e
celis 3PS eS g oeh 008 rermpt ot dre e S OR ST ket cetl

o cﬁffu,lt eﬁogﬁ@{@gsm@gtl .C..surface. Accordl ng to still
prog rtﬁher atures in preferred enbodi nents, the. fifth

étccafdmgBtb still tfmthargfce@m ini preferredcomlnslimeants o thsi fﬂicdﬁatlﬂg
‘sel e d fr

adererise AL 1Ff a19L) P AHITEr B 1608 roiie HERTC, 2889plelRs, vith =
pancréﬁ%ﬂ:' isiet bé'lpbl‘égbrﬁﬂ)rgrh h&yf)é Ry 28lrdkt is efQdd oy adlhaing tae cells.

cul ture nmedi dmincluding ::a. synthetic serum

' displayingpitdrastone ahatacteristid assacinted willtaparaeaticoislet lsell pepgegitor

phenq%mq%n \fé“%gb‘ﬂﬁ%% gast one ‘%Og%cl 6%‘f értfac associ ated

-According to still further featurcs in preferred embodiments, the. fifth set of

culturing conditions includes a condition ‘selected from: the  group consisﬁng_:pf a
substantially s'erum free culture medium, 2 culiure medium including. 'basiq,ﬁbgpbrast_

growth factor, aculture medium including -a- synthetic serum jsuppleme_r‘lt, and

' facil‘itatingfaﬂhérence of the cells displaying at Ieast one characteristic associated with- |
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13 a pancreatic islet cell progenitor phenotype to a
surface. According to still further features in
WOAHEP$23d enbodi nents, the facilitating adherciImeowsfooioz7
the cells displaying at | east one characteristic
associated with a pancreatic islet cell progenitor
phenotype to a surface isl®ffected by. culturing the
a panceehlicistet deld ptagyiibyg phendtgps to onefachar act eri stic

e R TR NER N I

adherdhéd ofethdt télisOUispRiyirgl al VighshCone ARSALEHAL a8scRidied with a
further features in preferred enbodi nents, the second

pancregtic slet gell progienitprabandtypo tsa surfars|iseffecdedhy. culbiring the cells

oA R B BBt L ShlsASLI BBl by st oo
phendtipein cdnEREWathiaQlastib stufadeidatdivitigeldith 61 pidy-3elysiieed ‘
consi sting of an increase in the ‘

fromthe gqr: ou F S
i HsaFprding Ecstdt fsthenfrafuehin préfaredpribpdime e thaiserondast of

cure EESAorg]s MBS, S 4510 001 LB it g

produdingocdlls capabtonf displaging dashargsih aminkilin scctetiohiin response to a
,gécr%eéai on wherein the _ drug 1s nifedipine,_ and a,. )
drug slegierdiem; the BrRUPIGQBHFIRE Qb BereaR IniAe felhn serelion yhergin
. [ r- D - » - . -
e SR D, SARREE 0 RS GBS RN,
a-decogase ittt ithn insishic lsetetiorn wheredn theodrugels atitzedide; anddchmse in the
. .group.consisting of a' .substanti al serum free,. .
insulifl SOrRIGY FBREHIDE 40w & RO B Srdetieate H T (gin ppcgetion

- wheréill iiddifg i ®AH4Rb]1. @ cul ture medi umincl uding

ni cotinam de, a culture nediumincluding a synthetic o
s éagnrding b gitbftrthen faatiresiineproBaiadmnitodimeitaghg lseespdeset of

_at.a cencentratjon of 15 mi) Lipolar or |less, and ‘
cultuiily RpRGERT ihTides e Rendior arBeice) Fomclbe rays rnaflivg of o
substARRHY scAINE fret RalvelBEditfk] 8 LASISTRrablad pibdth fctor free culture

_pancreatic islet cell progenitor phenotype to a‘ L
mediugpy £aadture medhmiingudingsnicotinamide, he cultergt medmm fncluding a
apreferred. enbodi nent.s. the facilitating adherence of
syntuPhEsehiaRupPEER, Zlre mifulrditiold 2iihed SLF EpRERflion of
15 miESolirafrgessVabd filiRaAE apdretcd of @k @B ldiglHeanat tast one

phenotype to.a surface i s effected by culturing the

charaglgristic assosiatad yfihanangreatic ikt sell prgenitarnhenpaiyps £ & surface.

assagi . - tic.i DEOACRLT Qf it faiin .
DASRGIAE b Wil TutnBERGRFE L plefdeila GfbqiREART MG Bloiliating

adherghdeh of ethat talls Alsphkiligngt tleasstond chathétbeistid asdosiasad iwith a

preferred enbodi nents, the second set of _culturi napcens

e cel

pancig@iraisiet el progenitar pbeselypei o apuréace 4y eflenierhby swiwng

csp RS e Bl oa SRR et ol grogantr
phenotgpoindionthct with aiplastit Bty cobrdtwitiegelatin. pref erred
enbodi nents, _.the third set of culturing conditions is

- séeerdiee urilhBirder Sty irapreburedrenadimentacbe #geond set of
culmﬂé%lr:%lﬁ%sqg Eél@ctedjgtfimb?ée/%??\?ﬁa&gﬁ%ﬂmﬂ9 1sters .incfuedt_iu%ie ?Hn

eristic assocla pancreatic rs
produpheelly peintainable in culture forat least 7.days.. =~ . .

-7 According to still further features in. preferred embodimients, the ¢hird ,Vset' of
ciilturing: conditions is selected suitable for formation of cell clusters including pelis o
displaying at least ene characteristic associated with a pancreatic i_s‘let‘_ce!l phenotype

seleéted from. the.group consisting of an endocrine cell precursor. pl—leqo_type, an alpha
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selected from the group consisting ofan. endocrine
cell :precursor phenotype, an al pha WO 2004/ 050827

wo Béal/okds2903/ 001027 14 cel |l phenotype, a bet a g8l 2003001027

phenotype, a delta cell phenotype, and a neuronal cell
phenot ype. According to still further features in
preferred enbodi nents, thet at | east one
cell (HRAGIHHE 1 bt LIPPRARLAEA WlfahcANp d, M dC£ mkuronal cell
precursor phenotype i's expression or di splay of an
phenotRpés of a transcription factor or an nmRNA of a gl ucose

\oe di Sstill f her. f [
SR LA A0 b P o
charal@¥iftic AR6EaEH ReitH Bn %hﬂd)dﬁrfctﬂellllﬁécdrﬁﬁtpﬂeﬁétéipe ipegpressiedor

~_enbodi nents, the glucose _ttanspodaf is nt2..-
displaypofmpaaR¥idref a sanserpiror E10R oF an E&Nﬁt &% ajglugose frapspoger.

e@&gl'_cgﬁgg?s%ﬂt Eﬁt@? f%a‘éﬁ%g élg F}Fef%lﬁ&ﬁé@ﬁ&ﬁmeiﬂ; the transcri tri1on :

assocl an a enotype. 1S’ expressi
factopis Pdiképl ay of gl ucagon nRNA or gl ucagon. According to
still further_features in preferred, enhodj nents,

Lurt . . th
atAdgEing dntll it BRI i1 ARCEEPERPRATRAL, (1 Slucose
 tmans ;(ﬁ{glr.jgi?(?ﬁl@t.y_p?_ is selected fromthe group 15

onsi st ng of "expression or display of an nRNA of a
-t rAaecdingtd still findicp rfeatares iRkipefofred egibodbeents, the at least one

. -transporter, an nRNA of a gl ucose nefabolismenzy
charaglegStic, SEROPREHRRIR analie Sl PREIOGE] 15 PRI b A wIsOf

- glucakBn BIFATL of odiments,. the transcription factor is
' glucaggﬁ'ect ed fE%Fn h

e group consisting of Pdxl, Isla,

' BA@@ydiimaodstilh fortex dedtureddo qurelierrgd embotlithents,uibhe g deast one

ctarsp b sl S s Boacaf R &t el el e o o
consiS@iftl 8 @PrdsioR bE AR 19 b A RAUNACIT aStrarksBiEp i £RER, an mRNA of

metabol 'smenzyme iS5 gl ucokinase: .:Y  Accordi n'gl_to
- a gluense iangporieh en mEN At effacgiucisn mpatabiobismepzpmsoandriaalin mhEA.

S0 B ST T ST ZA A bbb

factoBREBlcOSl %hﬂhégﬁ@fﬁﬂcﬁﬁisﬁﬂg 8f Pdnt1, 911 tipas2, fread Wind@ SNKxS. 1.
preferred enbodi nents; the at. |east one .
c Hacardieg ite tstidl furdhsri Getwesnin prefered; rnkadiments, - the glucose

. i s a neuronal norphology. According to
tmﬂs@%ﬁ%%@ﬁ‘her features in preferred enbodi ments, =~
t h@ccﬁﬂmi?ltd) agtilie flhep nfeatuzéscin getfefedrantbodinrRnsihy @hwse
S:

- .stemcells; :
metabolism enzyme is glucokinase: -

- According to still further features in preferred embediments, the at least one.

chaiacteristic  associated with a -delta cell phenotype is expression or display of
somatostatin. | | | )
According to still further features in preferred embodiments; the at least one
chatacteristic associated with'a neuronal cell phenotype is a neurénal morphology.
©* Accordinig to still further features in preferred embodiments, the mammalian
embryonic stem celis are human embryouic stem cells:

According to- still further features in preferred embodiments, the human

~ etnbryonic: stem cells are selected from: the .group consisting of 16 cells, H9. cell

derived cells; and H13.cells: -

According to still -another aspect.of the present invention there-is provided an

G uir
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in preferred

- woSefseeyding to st ill further features .
embryoni c: stem cel | s PATEL2003/001027

enbodi nents, the human
sel ected front he: group consisting of 16 cells, H9
cell derived cells, and HL3 cells According to Still

NS B R ) LRt S

provi ded 3

culturmﬁwlat keapt bél deyspovherdih aQhropbiion GRS ik P%(%'é ellstm the
ure

I1's being maintainable in
cell Sch“Sit}g%SEf? er‘imfere?n a proport| on of the i nsul i n
P Bt it | REwrlh il cthadiments dpsesed

ccor ur

per cent
_ beloweﬁ’ﬁd%ﬂ?ﬁ%’i’ﬂr@fdég dngutie grodueingvelis iretheraefl adstarns af 1da8€32
percentnsul i n producing cells in the cell

cluster is at

| east 32 percent. According to still further features

i n peedrding &l stilvfodhersiebturate #C prdigtkd bﬁibew.vnéntbedééaﬁb&d n
ulin oduci ng cells

below 6 LR sbbfort BRB SRR T BE, T rou e el Bt

mcCro

-' 'ieastémmawa l@%ﬂlmmpenc hmdrcdﬂnnnmi ¢elisper lgur] | further

features in preferred enbodi nents descri bed below, a
t ot &fcordisgitd stils Efmmir'f@ﬁtu?e%pﬁhchéfengd E%oﬂ:ﬂ%ﬂ d cﬂascnbed

below, 4 s at | east rouni

sow e?&gﬁigg i gécé%t'%%&a&ﬁﬂ of dhe dnsujig seducing GQJ'SS!Sl atl

least éptmrommmhnpmwmé&&oﬁﬁmﬁ% nts, the cell
C%%‘%? furtﬂ |ses cell's displaying at- | east -

' one Fip&de a1 cra tle@tqﬁmtd embadinpa; rtha tdell cluster
I t d f t
futhdrsbabprises) bells SEBIOANE Sy Buie bR LB Chanie with 2
pancr%h%ﬂ@hac Bhd:nommmélep:&i ﬁamb.ﬁ{, &%l ﬂnﬁgﬁwwﬁﬁm ocme cell
na

| | type, and a neur
precufgBt ticiiybe, AL altbe dalk pherotspmtarbels éail phefosypescs delta cel

phenotypepshd® hisrondl 6’8; produci ng ‘cel | cluster
produces humanlalgln u?ﬁg 0 According to still further

f Asearding to spil ﬁ&ﬂr t
o spilefathee dfca@i®e Gh "Freftred Bﬁbﬁiﬁﬂ:‘nﬁg cglrc dlmr%ﬂm

ster |ncludes hunman

produﬁ%oﬁgéif R0 EC iggulim preferred, embodi rrentsI I
H9 ce

- derived cells;
pr “C!f!ﬁ‘tﬁlﬂetﬂustaanciudeshmnﬁ{eélgrred embodi nents, the .119.
gﬁ de@}ved cells. are-H9.2 cells. The - present
Frlif e stilt Suddbier foarrescial prsformed: dnsbodahents Chie Meisan cells
ti'ons by prOV|d|ng a

f
haveagéﬂﬂd’ﬁ@‘l@@ﬁﬁgt %’?‘ﬂg own (el u” 3-8flsr yoni.c.

net hod of gene

vﬂ

According to still further features n prcferred embodiments, . the H9 cell'

derived cells are H9.2 cells.

The present invention successﬁllly addrcsses the. shortoommgs of. the presently‘ -.
_known conﬁguratlons by providing a method of generating coltured human cmbryomc :

-stem cell- derived pancreaﬂc islet like cell clusters being morc optlmally dxﬂ’ercntlated

having a higher pmporuon of insulin producing cells, comprising cells having a higher

insulin secretion rate capacity and a higher total insulin secretion capacity, dlsplaymg
greater in-vitro longewly, and being more suitable for trcatmg human diabetes than all

prior art-cyltured embryonig: stem cell derived lsIet like clusters. Unless - othcrmse

- defiped; all' technical. and scientific terms used herem have thc same meamng as

-

tﬁﬂéboi’diﬂﬁntoc Sl sigxﬁ%% ?C%lél?ffesncn ﬁg@&g Lo l{r:qegilgjpms; the _ insulin
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stemcell. derived. pancreatic islet |like cell
clusters being nore optimally differenti ated,

hi gher proportion of insulin produc:| cel l
wo Q@%rbg £ LHaL S0y R01027

| ng cells having a higher 30 insulin &
rate capacity and a-higher total insulin secretion
capaC| ty, displaying gr gat er in-vitro | ongevity, and

commafl'wn feraspod by e Sl erimtrg Al ofi b ottb i CBNER dBis; egion
belongsS ﬁﬁthl)ﬁé’t? - éﬁtﬁfge;{rﬁl mAHER SsiRiRE oM eglﬁlvaﬂﬁf k@ 8Rbseaddscribed.

ni ca . sclentific terns used herein have the
hercinsambe msanl] nm gleqsammmnﬁgmzﬂe REFe ipGRB B uaTe mcahods

co d by,one. of .ordinar LL in
and e G AR Py S o RRen T BRI, R Houed
other fifcheRs erﬁélﬁicﬁneﬁ It iR areOfncEipotaiéd B trefeferich @ L EftirtRedin
erein can be used in the practice or testing of the

case qn"r eodtitt, |hhvepﬁtcldn$pe$1ﬁcam einghding slefigitipnpm el | congrohr eln

addltl%Zt? [ b el Oﬁﬁdgrﬂng ely{:g{theg tatf? ﬂli.\?trgtiw% :?né% &uéd not intended to
belmﬁlfg[g_l oned herel n are incorporated by reference in
their entirety. In case of conflict, the patent

specificati on [ ncI uding definitions, will control. In
4de . matar bl Sodiplhods, and exanpl es are
BRIE G{q. i o ended to be limting. 10

B‘ﬂl&ﬁl@ﬁﬁéﬁhfﬁéﬂﬁ &‘_scr'ﬁbﬁ W}kﬁseﬂ'hﬁplb'w@nt\bﬂn réfrence to -
exa

herein descrl bed, b | e onl W t.h
the acpemparyiag drasVingsh cWa %‘(ﬁ@ﬁ‘f}ﬁﬁ yeirErnge angst{e waringpiacdetaib it
is strgsgde &y gﬁ? ﬁ%c‘lﬁa& o @%\4{ g?swé)ﬂ g&n’iéxgirﬂgl% bhd fbls g%uposes of

resse partiic

illustrtkandibeussiod of e pne:fqmﬂ&mmfdxmeﬂth uftheqbnemt dmantnms ouly, and
of the_ preferred enbod] ments .of E 15}‘ i nvent i d
Lo, by th, "ﬁljia“ '

are” prgpnged Hhﬁlelﬂi?“ﬁ? of preddngaunatiis St 4t
rca&lﬁh\gﬁede'rﬁoyfl 1&110 0PShk hﬁnﬁ@ﬁl@s uaclﬁf lé'on ijual r 238kik Yof the

rstood ption of "t princip es and

inventiam cmuhmabgadpm@ a&cm;ft i$ tmade tonshemt stomtumhdettmssoii‘tbg gmvention

o o300 R eSS 1 0 S bl b,
descngﬂ&g #1RA LAln 18 @%ﬁﬁl@@ﬁhﬁﬂg QbpareRt i!orﬁﬁ@:ﬁ%t ékﬂ(bd ihf€e art how the

escription taken with the draw ngs making apparent to
severdl foses eitht inswntion thay beetmbedigdtiihprackigeseveral foris of

? i nyention may be enbodied in practice. In the

Y erﬂjé’éwmngG lais a flow chart depicting the

© Cp{GULd ROa BI0Y 850t ARy R duRubRE Pretbeol\dmplb{&l to-generate
i nsulin secretin beta cells and 1$Slet |ike clusters

the nxsﬁlm lvecrplies énta ¢allsemdi islet flike rmlwriers ofcthp myesent inveafion from

hi Ibs 25 tF 1 1 b-g..are_ phot om crographs depi cting
uma‘f‘ﬁgl LY PLAP SRS 8t the cultured human enbryonic stem

CEits 96l B PRASERMrofBMEN BbsIblistha ApPéagiRe of te Miltured

_of culture,
human embryomc stern cells of the present invention during Stages I to VI of cuiture

respectwcly

FIG. 2 is a histogram depicting a comparison of msulm secretion levels in

undifferentiated embryomc stem cells (Stage 1) and Stage VI- suspended islet: lfke
clusters. ' - L ’ ' '

"FIG. 3 is a set of photographs depicting agarose gel electrophoretic analysis of

~ RT-PCR amplified pancreas specific gene expression in cultured cells/celt clusters. -

" FIG. 4 is a histogrdm depicting markedly higher levels of insulin secretion in

:1' e o
!
R—
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respectively. 'FIG 2 is a histogramdepicting a
conparison of insulin secretion levels in

wo Yhrliosdrent i at ed enbryonic stemcells (St agepé%nﬁmmmoz-,

Stage VI suspended islet |like 30 clusters. FIG 'S
a set of photographs depi ct| ng agarose gel
el ectrophoretl c anal ysis RT- PCR anplified pancreas

| Ci en I
N
comﬂﬁtégﬂ%rsubﬁ? ¥Rs@rOfrovishl Imonhﬁatmmms i(h7 \EniZiadlat3b8 gicose

PCT/ | L2003/ 001027 17 St a%v V. surface _bound islet |ike
concerityasios of Madiym 2iusedvion (SUHPS FORAUPESY ucose)

c r i
(R C{ D “é‘t}’“g{‘ﬁi‘; fisOUGHBGAE HTRES pioporiidl ol idulin,
gluca%oﬂ§aﬁi tﬁ@ﬁat&tme ek;?]tessuigt callsn gespmimety, am é)ta%elfv ca;lrfa%e;g beund
are phot om._crogr aphs roportions o
islet llh%ﬁlluﬁtﬁfs (%10{5}11’8&:‘5{8‘8\‘1“ ?‘é&%"%ﬁi‘\%ﬁ 5%5‘?‘3 é) n gxpr essing -
| |eili S REh %&a}fﬁh&mﬁr{k Biagsl R@di'ﬁ(f; ffsAliR Qedidtion pictiles by

USt ers ["'ow ng i mmunohi st ochem cal stal ni ng.
Stagd:WC‘surf‘ace bowndisit dile alvsiéepincesmgst i Eeawient Wk dOfmisromolar

oG54, RoRcFihr FEFH. 50, BBl PRty %5, Ao

diazdRidd, Q@ |1§"rmcrohi31£%ﬁﬁbﬁcﬂe AsdBR were perfeinasd UnddX<lobOzlucose”

m cronol ar fedi pine, 500 mcronolar 10 di azoxide,
@3 Bmﬁdﬁrrﬂci}arhnc‘r‘lugbghnc() (kﬁa%hnlhmalé@&?%dlﬁéﬁse performad 3

(1B 7 histpRaR epistiiia s Shapp Rl 8 LS prtifiSevels

in sﬂg@ hatduSgered Rt 18RaEIRs1ER GERESE td StagBS\ﬂlsuﬁacﬁael@mﬁﬂl iolet like
l'evels in Stage VI suspended islet like clusters
cluste@L ative to Stage V surface bound islet. |ike '
gf% 554 LoveliHniidndoRdi& 't”%%fcglu éﬁﬁﬁﬁf&oﬁﬁﬂﬁ 0%@&10118 |
crograph sections epi cting expression
depltt&ﬁgdé}tpﬁesis{bn&ﬁ‘ ipalmeints0gieraek b cell‘s i6itStage VI sespspdertistit like
islet like clusters, immunofl cen&&y alnedf?tdo
clusterss tivmpnofiiosepeenyly stpinsd dok Iz % Sﬁ% Sipsterd ETT pratec on
gelaﬁr? actogfédlf?' B gbﬁséov%f’\éﬁ&ess bl %éurﬁ:ﬂdwﬁhggtﬂﬁéh Bntl insulin
nea pig anttT-irnsulin prinmary antibo and
pnnﬁf;ﬂamgmﬂp dndAITC ceﬂ_;bgztted YE-sbbiiga rsycfmdtaIYcﬁs@}Z’Odyl'hEhe slides -

e e B RS R R, L .
CORY@QE aé’a—?]afér Y %ﬁﬁ%alpﬂl%rgﬁo?ﬁr gﬂhﬁ?ﬂﬁr@@ﬂﬂi@td@@mgﬁuﬁﬁuno— .
stai ni ng insulin, Cpeptide, somatostatin and

stalrgﬂlgl dagdnswin, T-poptidel somatostatie. and-igluagen oof, stgge Vi cgters.

Flgugq ?)h gﬁé fe%’?{zrg‘%&gﬁgﬁ (IE_ . agrfﬁluﬂg so?n?'@s:l{ilﬁlt ﬁﬁlhﬁlg and
glucgg&k‘ Eﬁﬁm?é’ (ali 9 pRRA). 9?1@11@@3096}?%/ ghd oHelksdctivels Wepiet insulin
staining (red). Figurés 9c, Qf and 9i respectively depict co-staining of insulin and C-

peptide, somatostatin -and glucagon. Co-staining is seen as orange. Slides were

-analyzed usmg a confocal microscope. Bar = 10 microns.

FIG. 10 isa ﬂuorescent photomicrograph depicting TUNEL+ and. insulin
stainéd stage VI clusters. Stage VI cells ‘were stained for TUNEL+ nuclei (green)
using In Situ Ceil Death Detection Kit followed by irmmmunofluoresence staining.wifh
mouse anti-insulin antibody (red). Slides were analyzed using a confocal Tmicroscope.

Bar= 10 microns.
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25 staining (red). Figures 9c¢c, 9f and 9i respectively
depi ct co-staining of insulin and G’ peptide, '
t st atin and glucagon. Co-staining is seen as
wo it

27Sl i des were anal yzed using a conf oca‘TCT"ILZ(“B"’“1027

m croscope Bar = 10 microns. FIG 10 is a fluorescent
phot om cr ogr aph depl cti ng, UNEL+ and insulin stained

| ust e stained. for
pEsGRAFioN of 1 tu Cell Death

QHGHE RRRH hérk 1
%uséﬂgﬁ?ﬂﬁ% iﬁqsu [ rfﬁg%ét ?%%éé]y (r gd sgﬁﬁ‘z %\/\gr%& cells
and twauetsyfzmd stesi ngiseandorffmathbdnoCusisg ey, cellBand tikBues to produce

04/ 050827 PCTII1,L2003/001027. 1 .
panciBl AOHRG B i REL D ORIl o SRRy, the

presehd URRBAH G cAnSbOlse RS E&fé‘r’at@%u&ﬁféﬁﬁﬁ&dlﬁ%eﬂ%ﬂﬂ? fbb&ncen hke cells
pancreatic cells -and tissues fromstemcells and

and pascitesds iskdt filrs icel chwters insludsngasnghtaells by sn-visrqedéue @f human :

ancreat i hog nmones ,and to . .t.rea anche di se se
embrS GRS SR C&socht PRy (1 Drehet anferoR AR PR JBH 16 R EE fattan
1nsu1ﬁ§£ﬂtb@reﬂﬁ:ﬁﬁfa@és€in¢1uhfau§ ed insulin secreti ng beta cell
like cells and pancreatic islet like cell clusters

i ridetore gxglainiag atlspstonpembedunentfdhe tyertiosr inndatgih it is to be

unce R B RISt R e BRI SRR PR

the folloaag descriptibn oR&emphtied by thx Elxample@g Tht inveagibn @€apable of
enbodi nent of the invention in detail, it is to be .10

~ other gypRadimers of Abbeing Bracicehen Gisdowdp Varigps Ways.n Alse it is to
be ugﬁalsﬂo%‘tth&”tﬁeopﬁl% Al % rgﬁﬁi{lhﬁ)gf%xelh méé&‘ %]e%&hl 8%&Gthe_

tron or*exenp

purpms&\céﬁbmwiptmn and sipalbd sotdie regzirﬁed aehimittipment s or  of
bei ng practiced or_ carrjed.out in varl ous

i tTreaimegt of edighriesy bY sbalyt MECHOReCH SN ROy 5thaigrd prior art
thera ?rtﬁﬂeg QJOP géﬁsﬂ}:girﬁ% g)g?‘%ﬁfn giten%ébﬁltgf?ﬁ Bpgatha@ lébﬁg’eﬁfleﬂ €3 of thJS

escription an e rega Ing..
diseaSe.eat ment of di abetes by daily injection of insulin,

e SR0E G, pepetsmic dfteapdse by b BRETAE o ppastRatic islets to

rempié‘i’lfbsﬁﬂ%@ﬁ FPorR fsubl dfseasds S8 A&RnicAl P FELRNE, IfwBRD AR %‘ﬁ'afégy
di seases by transplantati on of pancreati ‘c islets to

can ucécﬂ)qorc@hnslysmﬁﬂmedr@ef tootheserdtenti didhedly 08 obtging cafiigient

ble. h t 20 t b
nurnteE 8 ey SR b S A oneB, eo i 11 oul ty - of
. ObvakdusngpatidsOreting iAURSESINGE 14 36 eRinY BRI HE@ing cells

islets fromadult donors. Various approaches of using

 or tigshes puitable: fart tma@ng dligheotes bave bepsuatiampsed dudhe grissjars One .

approaatcp é%cﬁ\lrj%.scu tumﬂ% otcl;ef%o({eglrvgg %%gonora&%rwgé dﬁ?ergnt?a?gcpcells or

tissues: in attempts to generate insulin producing cells or-tissues. Anot_heg appr_oaph_

- involves genetically transforming differentiated cells in the. comtext of various
strategies in attempts to generate insulin producing cells.- Still another approach |

involves culturing of embryonic stem-cells in attempts to generate: embryoid bodies .

containing -insulin producing cells. Yet another approach involves  culturing. of

embryonic stem cells in attempts to generate adherent cultures of insulin producing - - -

cells.  An additional approach. involves = modeling tréatmgnt of .diab.fetes, 'oy

administering cultured insulin producing cells or tissues to animals ;_M_th.Achgmicgl;ly' .

induced diabetes.

N
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approach involves culturing of cells derived from
donor derived. differentiated cells or 25 tissues in
wo 36d4f5RbLs to generate insulin producing cells gy 2003001027
ti ssues. Another approach involves genetically '
transformng differentiated cells in the, context of
various strategies in atfenpts to generate insulin
PrEfiGIpo 1P igni
CUREIeROaT U e, Aohko @R 3 LR DR achly Ba Significant
disadgeniagest e; enbryoi d bodies containing insulin

e R HHES BRI EHBh P doren BB HFrelppfgels pp issues
in attgglpl%gi?&t %g@a [ it ?P"{Hﬂéﬁf‘gsc&fs NGtk aRy Qﬂ)‘é?ﬁﬂﬁl since these

_ ditional approach involves nodelin .
utilizt reells mertissods dhivhetresdifficultdoriabtan catcnynsuifhblgr oy generating

penciehit Ty P 0 95 oL S BB rive

_potertiadl 6%%@%&9(@% BdTs, of RegiindeNChise ¢ laryitypibaly and phenotypically

af orenmentioned prior art approaches have significant
abnonthal aitymentaliged . celpinesac Hitategip dyvalyng ugengrations ofj gepptically

iyed diff [ l] j . ' -
s S L BGOSR P U, D PLLGRR e

maniSHIRAeE iofedells ivifieh i @Smbefsorid hhd énefAbient, aind binseiabe use of
which are difficult to obtain, are unsuitable for,

genetgealiymaedifiefl pallsds ebunnsoran satety end elficpey fordwaradepigiration.
S e SLFI ol,l.f erat.ive Ny :
Appré%&%?fl ‘é&g%r{]l ié’peg& ?eH § ?{bg?m{r}{éq%ﬁ] e(E t eﬂlugté&g N @Energte
embrigaidy @b&i{ak Ccziiél’tamiﬁgd%mhlém oprpdiiciag | yellsabreosnbdptimal since such
Inmortalized ce ines. Strategies j.nvolyin ‘ -
embrygidcbodigsyrpniFin 'gghfamreaémrypor@mgﬁgf Shwiin pradifii cells, have an-
s BEEH FRSLL S a5 L AR Seachions esuisd o
genemteipanvedatic cdlaitke tankss iStoegidsdnvaeingfculiyang of embiypnic stem

B sl ot o AR 9 =

unsa@E2Q0R! #AEY SuchlAREeRl bfinibs 8édteubop@mSIpRpBiRns of insulin
enbryoi d bodi es containing insulin producing cells are

producisgiicolfs, haed ars imsatisEgtony. ieavlbinysstrstipn grpaeitye Al suboptimal
. _.subopt i mal ti f insuli ' el l |
i gL o BE 01 ol AR HOBF UL UAs0, Bpprprches

involRiE SbadRieIHGInGRUTRRES Waddhigistdthguattirdédinsglin protueing

pancreatic islet like tissues. Strategies involving
cells o lisses fyammals ity ehgreicaliy indused diabetes arersuhpplamplsince these

.emplgega%r %ﬁlgig%?lgg gltr)]ct:e ﬁ']lnh'}é'i 'edﬁse% i { 'vﬁ:m%ﬂ éﬁg#f 'alrﬁg g&t@fﬁcﬁoxﬁy

ory since $Uch "datieren :
mod€lohugial disbers.i Nandesdypall t hemdacHesi empldying padntalicedls are
cells, have an unsatisfactory insulin secretio e
unsagigfpetont $pr aesumiglymmedabagcuburing of hymgn Wéerﬁaéwé{)fowmdmmg- .
: / . t [ ic islet |ike tissues. _
cens}ggi‘rs%%é%ggawﬁfﬁgé'ggl?ﬁgdﬁoﬁge fﬁﬁ)tél'treatrrent of di abetes” :
- by TheNyaNipsioe it g proabhes adploniig inrvippo edliwiimgof cells and tissues

have failed‘to_p‘rovide cultures having an optimal proportion of insulin »pro.duéing cells,

having an optimal insulin production: c'apaf:ity, having optimal .in-vitro longevity;—

comprising pancreatic islet like tissues, and being optimal-for human administration, -
While experimenting with cultured human e,mbrydnic stem cells, the present.

mveiﬁtofs unexpectedly uncovered that culturing human embryonic stem cells

according to the method of the present invention could be used to g;;nerate, for thc_ﬁ:st'_
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cells or tissues to animals with chem cally induced
di abetes are suboptimal since these enploy an

WO %04)0% J,al |y i nduced ani nal di sease nodel | no”e(gl{ﬂmng3?001027

not Satisfactorily nodel human di abetes.
approaches enploying aninmal cells are 25
unsatisfactory for accuraigely nodeling culturing of

time, BYFRGLAG Fsk SR e ﬁﬁwﬁé‘r’é’%ﬁhﬁ%@ﬁ%@e o iR, pna
are chaRRIPBEH @. ffy&’ﬂbﬁ @f iinulih prdiueidgl délis r&en@ff,poﬁaingso mpper
ti ssues ave ailed to provide cultures having

physwlpgicnlarangmm béing forf greatsuthan thaloeilell pgor elrtlcslltureﬁaslﬁhbke
otustefY, R4 PP Bl R SIhERRE Hobls al0R KL e kdBfare

nmpri si Ag pancr eaf i

culturks l@f Ikleﬁ Sﬂ@sceilaﬁﬁls&% R@vin@ Pt sighifidantly hipker insulin production

adm nistration. _While experinmenting. with culture

‘capacHyi#af tevire meevisy ghancal PROT athemBFyaTihptem W&Wﬁg cultures -

uncovered that cul turing human enbryonic
OflSIé{nl%eglgltcﬁE{éfaccordl ng to the nethod of the present

i Henod,iin shapuonitast topeidr bn cgimedainehrybtit stenecéll derived@elis
2004/050827 PCTIIL2003/001027 20 time, purified. islet
and: tisppes, g culinigd: istes Wi el shustery dnglydiggrthe colls ol g pregpnt

mvenflﬁl'? S{aﬂ e %L:mgg%ﬂ in 3§ tlgl?f hlialibd ﬁg?%!rsaanﬂrtﬁ&@g%'u% ftreat

I ng c S "correspon per

pancrpzitysdméas@ aeh asahgmtesanmuhmnsyg:ofxdcntgyeimmorttteatmmmhavmg- .
. of all r|or ar cul t ured Iet like | uster
desirad| Rt SR G RDEUPIOBY R PLBU PR GRSt Sich

treat gded fésgﬁié%ﬁt:ﬁy of € P i anﬁfhu.'n'?(Jn Slankidafic fs@étl; and islet cells,

usters having a sign tl'y higher insulin

to mogiebﬂia qfatlmgeneswdihmyamﬂxdbew&, aind tcoclhzumtgmet lmdvainleppnd islet

stem cell derived cultures

cell bfalp g inf iR lehs it 45 Boms e ion deerap et i %@qul%gy

DWI&?w@b}'gEM&rhﬁkﬁ@zﬁmfs}é&% f,r%bmn cel |l derived cells
and tissués, the cultured is like cell clusters

i fidsdaeeprding telthe moesenh anysngienntherel gs ipowed on meghed of

' essent.d al,dy unlimted nunbers and
generf‘ﬁlége %cagglgeogs?crr tg%glﬂgnlg%’/eatl c di seases such as _
dllﬂi@&h@@lod s BEEEBE byl frst Slépddting. amgalion stefe a¢lfemot culturing

having desired. effects on human islet and, i sl et gell
1

condlghy%$latabba/fortd®ff@rsml¢ﬁozleofaﬁﬁ prastaPpreipothesgE pito cells

(also pEfthayURIIRS R a@f"xslmmsen pﬁbg%hebIeS) and to characterize
. human islet and islet_ 15 cell 'biology incl udi

 adpeceson eiamesotis meshodef (e TerByEFUoTa he islet cel
0 I |
prop Y, b 0 g SDRBRLA S 1 (11 B0
bound s c¢ll ovludieds awhiehh dﬂclode geuﬂar apiodgcing| lcsllx alpsint eprferably
secreting insulin, The nethod is effected by flrst _

maini@igplediy cifurpionat least 7sda¥ cel I's to culturi ng

Preferably, the insulin producing cells of the present invention are capable of
diSplaying: (i) an increase in insulin secretion .in. response to toibuts_miide;- (i) an
increase in insulin production in response to IBMX; (iii) a decrease in insulin secretion: |
in response to diazexide; (iv) a decrease in insulin secretion in response to nifediping; -

- and/or (v) a decrease in insulin secretiof in response to carbachol. -

As used herein, the phrase. “islet. cell progeni'tc')r'”‘-' refers to a partially
differentiated cell capable of differentiating into one of the islet cell types.

splaymg.

at lea% aﬁ% cliars czterlx Sg&g%tg bgﬂ({r%!atﬁf 1sfe9 2By gﬂ:%%t ﬁ&' M@pe: .
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20 conditions suitable for differentiation of at |east
a portion thereof into cells displaying at |east one
WO 86iafosgsker i stic associated with a pancreatic igg@ie268lobio27
progenitor phenotype:. (also referred to herein as
"islet cell progenitors"). .In a second culturing step
of the nethod of the presgnt invention, the islet cel
ph i J. 2.0t l: ' pLions
CATHSR) AP, Bleoii WL Sitello A I GIpBONERL TS
cAusdrdirg whd phefernal erdbodinent ohthermethod g toe pleseri aivegtion,

f bly . i ntai nab ' t f t | JA
the isfgayell oEVEITDIE PGSR P pPBAA i Seapd. Spripp gtep
descriBE Ve (eiitbh %?s&?fce%ﬂﬁ& bRisRls). HueR YAt is béivan@ieous.

I ncrease In 1nsulln-secreti _on In response tC_) . .
for genetating anifie: béirid clastersiincindmgeni enrichsd ipropastieniof theggsulin

in respopse to IBMX - (iii). a decreasg in insullin: ‘
produgBa-glls ghibeanoreit PuEtis A SemEso R e Exahet goltion below,
such ORSIRRSE is askOiilel "witie G Bbdreibell NpropoilieASES tiksenchymal cells
ni fedi pine; and/or (v) a. decrease in insulin

whichs grrvest fcoincraase dlasp bmgevityo of thepinsnbin prodicingeeriisctfcthp present .

. .he. phrase, 'Islet: cell progenilor; f to a .

ivenfcl i S by prevafitia proa VLA Bty 8. © f-
didol RIANGH Rk 11§18 el Zﬁo%aﬁto@é plitetol ik atca@ dulinying step\Wen be
2004/ 050827 PCT111.2003/ 001027 21 As used herein, the

advanfageawsly sffeeted by shibieatingthy psletelprageniigiforqylfeng conditions.

.. JAcegordi-ng. to [r j _ t he net hod of |
Smtablleh Orﬁqggglﬁ’lg %rﬁvg]ﬁn(;%ﬁ,la%%zm ggéé{:ﬁﬁ%g S'pr ogenitors are’
prehenalthy deeatdcalthrirg step,t thet Bkt setioprdgenitdrsi raren greferaply
descri bed above gormati on of surface bound. cl uste{)lse).
ta for

dissocipiedh inie| sipglencells ard anbiegiedule BIPHRE RARIHHINS T

. f nd clusters including an enriched _
proht%:kﬁ%é@?%r%ﬁyof the insulin producing cells of the

pi¥isseniatingy et ider. céld rogarioe cindn stlectibgatipnesto culturing
.sectiqgn below . such enrichnent i,s.associated with a
condiiges BHGBI 5 P POUPTOHOhGEURC P BETeFRbe gl mofbbers

of suél?f:«%l%swﬁﬁ:hi, FRASEunl BeudANBL Ghhdtaliig bPEmbDawhbéts of surface
producing cells of the present invention in culture_
bourid ylupiess; entlion gudfaer beundt dlussérs tecludion aradptised] | soportion of the.

. l.IsoI tion e?l% tfﬁgeisl ett.celili.5 rogenitors. prior to the
nsu ‘5@5%%3%‘?_ Y BEES B 0¥ advant ageously effected -
bysBRIiRE tth Afle Ph@entSInvbnted], |theigleeedll pragehitors ré pedfagbly

. condjtrons. “suitable for inhibiting growth of ngn
subjeptefl do thelchltpring epdidenscalitable for jiphibitme: grewdle ebpan islet cell .

cul tur, ng .st 1 he,.isl.et .cell i t QLS ST,
proeciiar B Pt b GitPafied By ulblERENto el ifing conditions
suital§ie Fhe Ged pEsliferabibhlr | Tigs cassled optimab pidlifbladoh @if thd Gslet cell

proli f_eraPi on thereof. Dissociating the islet ceil ‘
progqmitotye sincerdeplatiensefyjascisics gell mepgangor Gel{s proyles culture space

-~ conditi-ons suitable. faor. Iy y .
an.d f{jlglg?tﬁ g %rgﬁgef%tf&n(gf tfgg tl?lérﬂ;‘?éllr n%@ggﬂrx%ctrg Rh%(’:kp{;mﬁﬁlnotﬁ&mse:be_
used by highly proliferative non islet cell progenitors cells such as mesenchymal cells:

" Preferably, following formation thereof, the surface bound cluste:st-af__e\
dissociated into single® cells, including the insulin producing cells of the present

invention.- The dissociated cells are subjected to culturing. conditions primarily.

suitable for m‘aintain‘ihg the cells in culture for at least 14 days:

These culturing conditions are -preferably ‘also- selected suitable for:

(i) maintaining’the insulin produ,cing eells of the .pre_sént_ imvention in suspended
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_ wo.ﬁﬁgés%%furface bound cl usters including an o'%ﬁ‘ﬂﬁ

of such cells which, in turn, can be used for
generating optimal nunbers of surface bound clusters,

proportion of the 20 insulin producing cellsS™0
present invention. According to the present invention,

the islet cell progenitors are preferably “subjected

to the culturi cn't.io% u'tabl%.r | DNLDI LING, - o
clusteré SR PEIPORE 15%\18]? cg ipa %?%g creent; é@laersle%{;ul;%r {§O aving
an inseh QErEHi S LRI G et 8URicesiRE ih&xlidT?erchﬂet hiridAg thousand

conditions, "~ suitable for their proliferation. This
cells penhisbre §iiig genoralingoeadlsibawingts Wil dpsulinescrigtion capicty 24 at least

rogenitor since,depl etjon_ o bsl-ef-

0.50 «fipat igTin gt 355 GRS b Gei oB0E (L dBhivffte the srow, of
substah@41lyPmehi mehlat ippdtiRingt bells; dndforc@h fopimagemidfosuspertded heell

~woul'd otherwi se, be used by highly proliferative naon -
clusteiss insiudieg | celis odieplrye salc é‘FﬂSg age

- cel l.s:. Pref.er S, 0] | ‘ 1510
pancrfi e CYCRRAORRY sple 4150 ghEbRle O e pich e, an
islet afifal &1l pHabtigengh- ishe Yetisedll phquotgher andslcieddla afl plienotype,

present. 30 invention. The dissociated cells are -

and/orsaniplst nerond cell PbeRatyRe- conditions primarily suitable .

' gg{/gl[@li_ﬁcs -gﬁiﬂi@g?%et?ﬁogl%f ‘&A%g?escﬂhfcﬂriﬁcﬁlﬁé ?.gﬁogglﬁsﬁ glrdsbg)rticin

ese Ccu con Ions are pre

of inssldlgemodakciny ictlddfahé present(inyentivn andiwlicyethibit adengevity of at
: roduci ng cells qf the present inventipn.,in.s nded
teast {ipdzrdhgsesesisietrel destmefbone e Prigrbl bRl Bug o

mﬂnmﬂgpportion of such cells is at least 4 percent; (ii).
~g€herating cells having an insulin secretion capacit

! _ etion ¢ y
offhigathe pEcsent iventios prowddés mefmdolngy Whicliris suithblasiondhe -

cells_ per hour, (iii

penerpiipgy of FSULE AEpdusing SlscH @@Hﬁgg A5 st o Bhdbnptes

sectiol 1 WhiSH Fbliw, ik icBIPEF cRBRr a8 Whafhctdizes aRdoptahdl Sjancreatic
(iv) inhibiting the growth of 5 substantially non L
beta icrBulsperific oaut i pancowiic s islein dipeeificy differeniatiosn apd function,

respeqiRtt Cpcanech Pl ibiednd Mot Pu e Rodba R 16y of

insulih StRtmeP bk ophRARY YREFSHER] afpadded $0 edsemtiulycuitinaitabhimbers
precursor phenotype, an islet al pha cell phenotype,

in cultme.i sl et beta cell phenotype, an islet delta cell — = -

DA P sE bRt bRy i

more id8fil 8 diEBnaPddsBiptionDEMPAIE be Foumf iri thei Exdnnglep santioni wigich

cells of the present invention and which exhibit a
followssngevity of at’ |east 14 days, the dissociated cells
-~ d %,riiché?g above.are preferably isolated ,prior to .
c uring. Thus, the present invention provides

- A hidel atepg el if@in icsseatiallypbhe hanmibien speciee nayabé onltured.

Qf insulin producing cells or clusters.

As IS .
accorflingiie thepleyei deserhedmnefipd tasgenerate the msulin producing cells of the -

present ‘nvention, the method is preferably-effected using human stem cells. Use gf _

human ‘cells is highly advantageous' foregeneratin_.g' insulin préducing cells: of the

present invention and clusters including such cells being optimally suitable for human

specific applications relative to prior art cultured embryonic stem cell de:ive_d,insulin_

producing cell clusters and cells which have enly been, generated vsing moﬁ;se; cells -

(for example, refer to '_Lumdsky' et al., 2001. Science 292:1389-1394).. Such buman

specific applications “include, for example, producing human insulin, or_treating

%(1%%/00 1027

rhigactrasiien apsprited with a |
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section which follows, such cells or clusters are
characterized by optinmal pancreatic beta cel
wO 3ppeRsdskr and pancreatic islet specific diffepefpiisiobado2r
and function, respectively. Critically such cells
have the capacity to secrete optimally high | evels of.
insulin, and may be optinmasly purified and expanded to
;mnmeaﬁeﬂkuabhbeﬁhmnlted nunmbers 20 in culture. The
fall owi ng section’ descrlbes ‘enbodi nents of the present
e 3B (65 of Humap pbEan stemsls marhs ererlerad ipgeperate the

msul@g[ﬂ'loﬁbaﬁg Q?lsf gﬁ@glqrgseggﬂvﬁlﬁﬁ 42 rxrs?%gl gapﬁrt’%ljmqgcludmg such

cells.essenti al | y any manmal i an speC|es may be: cultured

accor di ng t t he above descri bed netho .

¢ fireferaycel 5 b am et ﬁ'gllsésﬁwglbéyoqxﬁéerrb?ei‘s@?ﬂgﬁ ?‘F%’ﬁd‘“g
to sté.ﬂﬁrd;&tt hﬂ&h@)l@%ﬁ be raaﬁggﬁ 6f hﬁfottﬁgujr Sl ARt Hbryonic

: man ¢ s Is highly advant ageous f
feedeg €NEI tdeHg atenssedi Suph dehder n@la:@lr%sto whintdie the s'ficmsm;ﬂs in an

ti d t h | -
RS o o SRl AR gB ey S S o o
cell rﬁﬂsaﬁﬂ &/ Blab@cRit] 6 erdbivofid! dtethediie 'g@ﬁéfﬁiéﬂ (bysﬁee&‘i'f&?édtlatlon of

derived insulin producing cell usters and ' cel
dlffclmtlﬁhdhdlssn@}anemewe@enerat ed using nouse cells (for

, ref to L e 001 .
5ot Sairyonts; s SRl erBe F AFPRREHEE sale may be
enplbyed. Wple \%[daﬁt‘éﬂfﬂilcﬁatal gdsltkﬁh REIEFRIifREAtiR cells, such as.
treating 2004/ 050827 PCT/1L2003/001027 23
adultsgHa ris provided ivdhe ditgrpiurruphiths. arikipr expoplogeter do: Wolva, I ef
d, 1§§s}3 I‘]‘{a%c% gtdﬁﬂwgﬁ.l s may be enpl oyed to generate the
I'n produci ng “cells of the present invention and

| SWﬁiIe leeteoCvativue tfpds e Thushangeehuides seebdimble for practlcmg the
Preferably, cells of an established enbryonic st

methed pf thejpigseatinyertian. a'e@oqealimae DicETally gl @ e cell Tine, cells
of an'ﬁé hogd r(rib%n 1048, &r «#e@ég:"f ﬁg{gtcgﬂ Il?l?' Préfor tgé’ rived cell
er e uc

nouse enbryoni ¢ s are
linexéedblhneﬂél?.l S serve to. ITB.I ntain the stemcells in an

undi f entiated state in such c Itufe Al tern
r’g &0 QRlaip gy PRI g sk mapupp a“ﬂ%&“b‘? Etglenéls SUCh
as, thé) ha&&@&eéaﬁbe@éelﬂméswe Pr&vidb®m ARl liSraa88 U Tkt P¥or example,
de-differentiation of 10 differentiated cells :

refer lmﬂ'lwlsdn, It efrahal 298/ Sciembe 8l #4514 AY; and R@bdmff ééd etal,

ZGOOdﬁwﬁid'f egfg%%gg d cells may be enployed. Anple

ing stemcells fromdifferentiated
cedihSo, a8 Hichtigfed Resthibdve! feederd oseu@ lﬁm@ﬁ@ﬁ do idhibib@ifferentiation . |

literature of the art (for exanmpl e, refer to. WI nut,

of st¢gm eglls, stem cells from stem -ceill lines cultured on a, feeder cell layer are
preferably substantially isolated from such feeder cells prior to being subjected to the
culturing conditions suitable for generating the islet cell progemnitors. o

Cﬁlturing éonditi&ns‘ : | |

Islet cell .progénitor generation _ o , R

As described heremabove, the method. of g_cqeratirig the insulin producing ‘tli,cl;ls._i
of the present invention is effected by subjecting the stem cells to cglturi_ng. conditions -
suitable for differentiation of at least a portion thereof into cells ,disglayilng_at,l_e_ast one
characteristic associated with a pancreatic islet cell prog_enitor_phgnotype.. Pfﬁf‘?‘fﬂﬁl}f, :

this characteristic is expression and/or display of nestin. -
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al ., 1997. Nature 385:810-813.). 15 Wile cells of
various types of human cell lines are suitable for

woﬁo%gdsi'} ng the nmethod of the present inven_t il’e'?‘flLfelﬂglﬂomz'r
celTs

cells are preferably cells of the 16 cell Iing,
of an H9 derived cell line, or cells of the H 13 cell
l'ine. Preferably, the HO gerived cell Iine is cell

I {,ne. H9. 2. I ui dance f.or obtai-ni ng [ turi
MRS RS IO ity TR0 T A a0 et
characl@stici hateC 6t Isidt Bl progenRbAVIfeeekantblé, hefek ith-cHaklke Bfand
_the art (for ex_arrﬁl e, refer to: Thomson, J.A_ et at
Stein Ybg¥00sBieshers Bigphysiies Compmung ¢l :kberd; BalervshEL gfalq200L.
. . i, Bi ot : - e, nas nenti oned
Disbefig 35216, Softh B oot pfiiaeditbn B A, TP
dEkresfen/dRplagnof Glestid gprotedd [Ray Heervp@hichtlyr amnitded via
cell lines cultured on_a feeder, cell.layer. ate . 2

5 .
standasd danypehistechemicah ttedmiques &y Bsiag anth pedtincpntibodifs to stain

fixed %egiﬁglfc{r%&iiﬁﬁlet Pefélftio P?‘?ﬁ%ﬁéﬁtg?g%‘?(ﬂg E?ﬁ:nce?i’éf: 1%‘8790%94).

ions surtab e 1slet ce

pPaganblyotis. isietibdlLipioggnitam did garsatéd by sulgedting the stem cells -

rogeni tQr generati on As descri bed herei paboye, .t he
to cul qggoaorgkn%nsgwaﬂené)r.tlﬁau?% J?thﬁpo%{]gpﬁ@'o%ﬁpgles,s@dlor
mcludgégeﬁ]nﬁﬁ 4 ERfRkent U ! i el f8&kfde by subjecting the

mce to culturing conditions suitable for )
dEffbeyad bodics ere aabilatrechemsed by ferardimaritylskiltadf artisanms being

RO RIETEVI N N W T AT g

in culRE (18} ¥RRnpIET 1R 6 BbhuldinkhME of DA TOCPIG NI KBad Sci U'S A.
expression and/or display of nestin. WO 2004/ 050827
97:1130F 13120 6dricdooRide nedtnpesifive iskt aelt progenitiracls (for exasiple,

. Wiodel y,. nhzed Jjn rt -bei . 117.118: Tumels
refer 8 SFantblofind; oOf pity - ek SiaPRA B Lh-1apsL ey e
al., 2001288lbfoe 2792t B3Ot Boqkiunzi ker E. and Stein M, 2000.

Bi ochem Bi ophys Res” Commun_ 271:116-9; Zul ewski H. et

- aEmbrpad bodes apethsopbmmallygeggrateddiomn sigm cellsdy culturing such:

e i ERERS RSO AP oS RO B gl o

pro Vi a
stafidas thethody o Mlabitiapedheehcd adtupédistes: dejls ts hsgrfac do as
nestin antibodies to stain fixed cells (for exanple,

to faqilifpier gensratipRepk RYbEI0Id thodisothereloms AEt kogwn ftegde 1ordmyrily

skiileigﬁﬁfs%gabl y, the-islet cell progenitors are .generated
y subjecting the stemcells to culturing conditions
s Préfalably, faocordinguni thg inethoedt dfothe ofresentb iywintohp thieeanbryoid
or 10 including inhibiting adherence of the,st

~_and/ [i.r he, Em
‘bodieg arq generrted By cripEng Meodp ol o 2 sbsfantiallinoy cell adherent
_plasjt.iéi%ﬁﬁﬂwg Z§fisoMal he QrERREH) ¥chikhdd, 88r RkdhPRNbRuREHAY the.

stem cells in a plastic Petri dish.: Ample guidance for generating embryoid bodies by

culture of stem cells in plastic Petri dishes is provided in the literature of the art (for

‘example, refer to: Assady S. et al., 2001. Diabetes 50:1691:—1697; Ttskovitz-Eldor J. ef

“al., 2000. Molecular Medicine 6:88-95; Soria ef -al., 2000. Diabetes 49:1-6; and
Schuldiner M. ‘et al., 2000. Proc Natl Acad Sei U S A. 97:11307-11312). “Inhibiting -

~adherence of embryoid bodies cilltured ‘over a surface can be enhanced by culturing”

such embryoid bodies with shaking:. Aliernately, the embryoid bodies may  be

generated .Ii_sizig the hanging drop fechniijﬁe, a method in which-cells are cultured i 4

drop of medium adhering to the underside of anelevated surface (for example, refer:

e
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coal esced enbryonic stemcells displaying a
characteristic structure and. norphology in culture

wo bdo@loseyanpl e, refer to Schuldiner M et alL 2@e@4Li08601027
Nat|l Acad SciU S A 97:11307-11312) which include

nestin positive islet cell progenltor cells (for
exanpl e, 15 refer to- Shgnbl ott ., 2001. Proc:

8; Lunel sky et at,
to- W%ﬁlp‘l\@g ?g{w’c@@léggk‘%%&%ggk)%i‘br yoi d bodi es may be
oaelmdbﬁd@eﬂerlaﬁtmed inotie Fxampbes| destxdnybeluw; guitmipgsigolated
cells under con s i ncl udi ng i hlb erence
stem qeflg i1 plagiic ROUEL LS i SR esf aﬂﬂﬁgﬂewgcaﬂ be
used %jhftf gﬁiﬁ{r gén%k%[té erd B&md? ®olifes!t © @sszg;ﬂfafllgc e Bafe cliflming

e generation of enbryoi ies therefrom

conditiors havewmeen asddhim the dirioamiti tp achleve lesagntially thersame results (for

a5 0 KGR 4 U 50 500 e B8 B Bh1307-

113123%&11&%1«?%&#92@16%6&&@20@89-@@*4§t antially non cell

heren

) p astic surface: This may be conveniently
goggnitorshy cul turing the. 25 stemcells

DeBhRbE ow%% et PR pEpe RS Lop T ELEH o

to bePgt dJubjedteah®Sthie Sculfudin A ditions Beitdll¢ eoafoiRtich dffle safface |

exanple, refer to: Assady S. at at, 2001.
boundylugienses 50: 1691- 1697 |t skovitz-Eldor J. at at,

2 L\/bl ecul ar ne 6: 0

D%acg%li 113 c Peé:ho %f; ll,he gc%seﬁtgmﬁgl}tmﬁr Eﬂeaisﬁ% cé\% 8{?@988)1’5 are
optimby |lsolzﬁ§di®y5§ﬁﬂbjddtlﬁg Amt¥oeild 13dfes 1dodiai)ing | subh iells iy cBlBuring

adherence of enbryoid bodies cultured over a _surface

conditions fablg rfew@bﬂmmg giorth pf pep islet eell RipERRRTFelSdi es -
Wt By %?agloﬂ% Rré%%lfﬁ ViGERled uszﬂéemﬁ ﬁ%ﬂdi‘?ﬁﬂk ?rﬁ:hﬁﬁﬁ(g Ba
e (e tec

generat e hangl ng ni que,

‘eulmneMMU@ﬂ‘lbei@ lsabmm:lyl serime dreien (iéa) a dobpreafiedmdi supplemented

|ntg ? t.he yndersjde of an Ievajed urf'g_é fggt
with elsz ransferrin;  Wesooemuy oRHYy BRI e/ {1 7 fcyiating
adherEﬁl:e o\f‘m%‘ﬁlet g@ggﬁfg ﬁtors 199 durtidef ferentiation 48:173)..

descri be ustrated in the Exanples section’
b é)epmdmgl | dru then gruigssk &mdd appdicetiometulairing eonslitensi picluding

Petri,dish u r the c n ondi tions.descr
varioys B Gl e i, e daperiert HefBR PyMERNEPE ghd FEftitating
condi ti ons have been used in the prior art to achieve

thclsms@hpﬂogbmsom he sane results (for exanpl e, refer to:

9 x %ff?bg'e r‘ﬂ% tﬁﬁ r%? o6t o RN Ffet %%% froggg%gxs §é11s 1S Sacﬁieved |
using 2838 SR incluaRioat b@lmOfed Slifie arldiuiicogRmiih@el oishe

descri bed herei nabove, the islet cell progenitors are -

_ aforeplp@m@}eélgugplp@@mgta@d fyrlhf@ﬁmg adberence of the islet cell progemtors toa

surface. B
" Various methods may.be employed for..faoilitéting- adherence of the islet cell
progenitors to a surface under such-culturing conditions. . _
According to the present mventxon facilitating such adherenee under such |
conditions is optimally effected by culturing the embryoid bodles under sta’ge
conditions in a tissue culture flask having a cell contacting surface specially treated for

facilitating cell adherence. - Such flasks are routinely used in the art for adherent eeli |

~ culture and are commercially available from various sources. (for: example, from.
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10 to being subjected to the culturing conditions
suitable for formati on of the surface bound clusters.

wo S%s95d to the nmethod of the present inven %!2&]%{"”7

Isle ceII progenitors are optimally isolate
subj ecting enbryoi d bodies containing such cells to
culturing conditions su'iable for inhibiting growth

sy BTSSPl 97 S S 8o,

such ab POh#gl bPﬁoly(L—lysﬁles ma?%%ﬁfpﬂ)yéﬁdasﬂ@sbﬂbm&éﬂbbﬁm ially
serumfree; (i1) a culture nedi um suppl enented wth

i As s describedand dlvstrated inbthe ésamules seriionr belewe slivgng the

embryfREyefesp et Gt BIH o BRRTRERESuRe hARukBhIA Rl

with iffRh! €&lsfaTin, Fbohedtin) @nd Sdetiihmpaccordiak dol It]ilgculﬂﬁmg protoco!
vari ous conbi nations of the above descri bed. nme

set forglp theorins ¢asnks uged tﬂé‘éﬁ‘ﬂmtb‘t mhgpit goMth aimondplet o¢ pgogemtor

cells. SgéTrn}‘ﬂglg §f g?s% ?zﬁgﬁﬂcﬁ ftlﬂ'!ﬂé &Md?t'l&dsnlgav%ha%eﬂ Q¥4 o Ahieve

progeni tors
similaPbf bseatidlly identidab résultg 111 the piopwtthugifig nemsée skl (foe bXample

rfer fondibad Hg @ SoriID; PEBTE MG PN I G HHTRISK TS 4 (2001

Scien 2B g0 21%9§S orenentioned suppl enents and faci I itating
QQherence of “the islet cell progenitors to-a surface.

VEBkpansinnoftifudeiad isist cbit pergphisgred for facilitating
adherence of the islet. cell enitors t
uAdareggesly &?F?ftheﬁn &lec@}c?a icghl d%% BC%A*&E%PEﬂ ?fgb@h@msmm‘fed

into sﬂgﬁsb%ﬂg 8111&‘ &ﬂgﬁé& fndér %Shcilh&lﬂst éuﬂ:gbl% Y6 p ﬁ‘ﬂﬁﬁ*&%\ﬁ&? thedtPhior to.

conditions is optimally effected by cul turing
being tsubjeertiripothd dotidiies condifensssuitable farofedingtiom ©fisurface bound

tissue culture flask having a cell contacting surface
CIUStE’ESpem ally treated for facilitating cell adherence.’

SycRohd ARKRAR 07 g'éﬁéﬁlﬁﬁ?kiﬁ 1éS81et £éll phfsenitors miPbe employed.

adherent cel | cul ture and are commerci al | avail abl e

Preferfaiblypthinis effiectabby trssting the embysoig) kodigs with RHTA, as descnibed .

0] 7 PCT/] L2003/ Q0
and ifpled AP ARl SRR A ta T g B BO U ed by
tream{;geiﬂe nst98idBbdicsSWRR agsro@elydit iefzpne Batly at tfpesiVieollageyiase,
be enpl oyed, as_described hereinbel ow, As is describe
diSpa@n Qr hypsis: eeticsally in cpmbmation Fath BRLA Hhr sxample. as described

o RHE 08 DD R B8 ool 4 oo, e

Natl A\éddfsdl UEY 4. B7: 11307911 812; iafd Sbiid el 000, DmbdtesdQe]nG)Jm -
* according to the cul turi ng prot ocol set

orth rein
ca”rhe paltusag conditions syitahie fpr Prﬂhfsﬂatwgrq{vﬁlﬁ et ?%EP%P%FPTS

I Ca

prefeliag éfnl &hﬁ?’e@'uz} % rstlaﬁgﬁ aJ gn?'ﬁ%tc turle' m, (ﬁﬁ&ng '1)8;!1 Eﬁﬂture medium. -

i ons ave een sed t

suppla@bhted &vith basic fibroblast: growth factor (bFGF)-and/or a synthetlc, serum

supplement; and/or (iii) facilitating adherence of the islet cell progenitors to a surface.

" Depending on the purpose and application, culturing-.conditions including

various combinations of the above:described- medium compositions.and facilitating,

adherence of such cells to-a surface may be suitable for proliferation of the islet cell

progenitors.

' ‘Preferably, the culturing conditions suitable for proliferation -of the- islet.cell :
. progénitors inclide a serum free culture medium containing all of the aforementioned

,eu'pp'lemeﬁt‘s‘and -facilitating adherence of such cellsto a s'urfdce;;-:-
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simlar or essentially identical results in the prior
art using nouse cells (for exanple, refer to: Lee
woO Sholtloseset al, 2000. Nature Biotechnol. 18: 675pciEan®mlossyioz7
et at, 2001. 10 Science 292:1389-1394). : Expansion
of isolated islet cell progenitors As previously
descri bed, the i sl et cellzprogenitors are preferably
%rt 1§ [3aing sﬁﬁﬂeﬁleﬁf‘ ds CHIshppiemhebindBsigned for
con tions su e for proliferation thereof prior to
selectbei mﬁers:ubgatﬁm cﬁmmmrlahprogahntMJ Vitlwn deinigdrsmd 4e egrasdigm,

for formation of  surface d ., 15 ¢l ust Vari o
the prEHTH JRETTS G0k LE SR AL Ao Sbervaots U Sy ohpifment
facilitiRde Efﬁe%ﬂﬁaﬁ%ﬁ df nelbRAI VA alko fh&hﬁitéssdlﬁffefeﬁﬁhﬁ&l BYislet celis -
treating the enbryoid bodies with EDTA, as described
due teebprdhiceMl ggtes being dﬁnqu@omarmmgn sestini paTitivelpsogenitor.

ALt I b t
SR b TR BRI e R, SRR o o
senjurd r;r)glﬁlﬂw%ﬂ ﬁonﬁﬁvﬂto“gﬁﬂﬁ enord prdféﬁb@' d\corttihatioredf tm_tl’u n
ination with EDTA (for exanp as descri bed

| t‘@l@@%‘ﬁ metimdggray) be employed fgg@@plhq@gpg pdhergngs: efgthy gé;lgt cell.
progegf;&%itg @fiﬁ%ﬂﬁéﬁéngcl%%?ﬁ%m 5091;(;1’1&(%18 r@%ﬁ%@ﬁ‘%@fﬁﬁng such

adheréftelnfler sddtecaditions i effecad byicaltarisgistebtellsf mrcontact with a
proliferation of the islet cell Aftgem ors

PlaStlﬁ Faifageoaied;widh gefatin or poly-Lidynen %dhisimat hpeffected
by oufihl Bl Bl i (shd ol frefed F&?%E@‘esan%?ﬁ%‘:@ For
examplenisesdribed deremaboppl enent ; and/or (. i | i) facilitating
adherence of the i s| et ceII n|to a surface
DA t6ih¢ FEessh: wgaﬁ%dg& bosorecf P?ﬁt?% with a
plast1€ %ﬂﬁh&é O54ed Pth ?@la‘ﬂiﬂ is \plikRUS ﬁe@ﬂﬂh@@%%ﬁmﬁﬁg ttﬁ’@embrymd

above: described medi um conpositions,
bodief aidér ¢sacrtial]y statidvonditions of a plastic Peiri étshoroated orittagelatin or
i g3¥ .be suitable for proliferation of the islet cell
poiy- P&genitors. Preferably, the culturing conditions-

Syld fkbh&cﬁﬁéd g fiidseaRbi iANhe EAabfpléssietioe Yelow, culturing the
nitors include a serumfree cul ture nedi um

pro
embrr:@d?tmdﬁﬂsng aaplastist Petricdish opalad riftogelatin on pehekdiiae, Apns a

seruty g s 7R 15 el e SR Ry HRE R Wehum

suppl&thﬁhi@ehb@r@lﬁg o the el terieg tproocel S&tpﬁ)h‘mnﬂﬂtemiesarg hedised to-
for - selective differentjation of neuron

efficipatly dnduce mgolifpraties el Bei gt Hﬁurﬂog@l@%arsdﬂlﬂéfnor cepratially
1dentﬁ%lec§iﬁﬁ& Q:\Sﬁ@ii:lﬁﬁ{hsuc Qlﬁ ugetlﬁo%hfé'vg nglam Ftelé‘s%ntlall identical

ser vat rons a supplenent
resuliih ftles piiddl At Lsing nfou@:ewllsr(ﬁr @akﬂpSe,a'bﬁo t6:daiel $.Hatez l., 2000.

di ff tiat f I 5d [
Natuie e t5chpIn -6 il oERF ﬁleﬁeéi%?aﬁ%ﬁ??@e
T prﬁﬂﬁ%tbg{md cluster formation

-.As described hereinabove; following. -differentiation - thereof] the -1sl_ct cell

‘progenifors are subjected to culturing conditions being, suitable for formation of the -

surface bound cell clusters, and being preferably further suitable for formation of cell |
clusters including insulin - pr'odﬁcing cells of the. present invention capable of
displaying: (i) an increase in-insulin secretion in'response. fo tolbutamide; (i) an

increasé in- insulin .in response to IBMX;:(jii) a decrease.in insulin secretion in

response to diazoxide; (iv) a decrease in insulin secretion-in response to nifedipine;
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Preferably, the synthetic serum supplenent is B27
serum suppl enment or N2 . serum suppl enent (both from

WO#}B ggen), more preferably a conbination of, Jakbeonaiea7

ari ous nethods may be enpl oyed for facrlrtatrn
adherence of the islet cell. progenitors to a surface
under such cuIturing condpgions. Preferably,

and/of 85 1debALEEf BUAM <cl Bl BEERAGRNTRRatN CONK 1) onS

ect ed ng suc cel n contact with a

plaasbiding w ﬁ@qxfesaﬁatrﬁdnm]ft htheg edtaifi culioring cbyditiehy stitable for

Alternpately, this y. be eff ted b cuI ur|n such
formsgion] &f RHTace hasad ell eiee PSR g oitufs pegiom

subs dﬁf&@%&r@.&% arld?r bf@?@'ﬁi?ﬁ caﬁm@eﬁ&rmraqqcmgrn@da@&ﬁl\éﬁnde

ng to t e present vention; culturing such

a synmltllc ssemm sapplanenty\ﬁmdroa ghtbsephtas chucentmfier of d6andimolar or

|1 f db t th
loss; @r#é?rrﬂ% Sciibuing adfirone S fuE st 2Pl progshisht R AatATOne
eRAiAg! 619 the ’%ﬁ]:lrﬁé ShdC QppIRGAOh ] Bﬂltﬂﬂ{gatcbﬂdlﬁbns including

poI ysi ne. s described and illustrated in the
vario&x ampbmstlem: of the dwivewlescibedimedyim lrempepiioys add Hacilitating

)—

adnergireifinR eolfs o Bt Siay 58 Sulfhifuror oBRadin d Gé ot

clustérb‘pm enented with bFG, and B27 and . N2 serum

suppl enent s, accordlng to the culturing protocol set
f direferabiy dhepuluringreon

aforeﬂeﬁﬂoﬂbﬁ%dppleﬂeﬁ@aﬁu FadiliGitihg bdiremsizutiabdlls th danifacal
results in the prior art using nouse ceIIs (for

e-Bapfstably ithe egynthstic | sesus, syupplemeny) s apgpplement dgsigned for

sclect AR e 9t ALpone BEFRSRNTC | Dt b or it on A

dageferdiyl thersghthatioverunt ehpplemeant di B2'Esentd aﬁp;ﬂanent or N2

thereof, the islet cell _progeni are .ect 0
serurg alrnn!ﬁmrmj (bethdram Bratregsmygno é?mbzyft&f’ %gr I%r

]E uI’Ir%F ur : a%f?&ﬁ? c%ﬁ#éntﬁitr%ﬁt ?rs%%ec?eﬂdfrgﬂ 1% ﬁ'hgé Jrabhy 15

ormation O 30 clusters.

millifnokk, unhroregprerﬁaalb!yns Isebdtwdr ﬁhgncthblmngf.f of Beto 1¥ eglimnolar, more.

entlncaabl of in:(i an in
prefepahly 13 S0t o Fivep Lpoisb it el iR pae £3Pfy is sfpeted
i ; inhil lmoR
from (CAARS 81 4 L6 nRIIA, bl é‘?ﬁéﬁiﬁ*@?ﬂﬁa‘“?éﬁ%&é rifimolie
di Ageseddeteiq the)tedn dﬂ:mue’amé‘ersmjtrmmemensecr etion in.
response to nifedipine, 0041q50827
“PCfaIqus Jogthods ey bezﬂendﬁa% or {51

resent invention turing condi tions

_surfaembdnahllcéusftem f-or mat:i on of surface bound cell clusters:’

prl?xfegara%ql y . ncl ydes:

effected by culturing such cells in contact with a plastic surface coated with gelaﬂn‘

Alternately, this may be effected by culturing such cells in contact with a plastic

surface coated with poly-L-lysine or by culturing such cells in a tissue culture flask

treated fo facilitate cell adherence, for example as described hereinabove.

" According to the present invention, -culturing such- cells in contact with a

plastié-‘surface coated yrrith-' gelatin is optimally performed by cultul_‘_ing_thc.embr.yoid

bodies under static conditions in a plastic Petri dish coated with gelatin."

| itiene quitable Exrtiprnatian of thegufece bound
f th I I I
otust oAb B Py Y A1 bEGF' 67 ELIRRCREBPEPon ik o or e

- Fettnecadbgmace pfithe et el
progcctﬁt%helt.d 2 JuHicd 9Qﬁﬁ gﬁ@lg‘tﬂ?ﬁo ?@tﬁﬂfﬂms AGEBI R FotRatilif of the

a cul tur -
y, facilitating such a)dherence und%r sudfl culturing COI’IdithDS 1s
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substantially free of serumand/or bFGF (ii) a
culture nmediumincluding nicotinamde, 5 a synthetic
woO S@ale50ssyppl ement, and/or gl ucose at a concenlpprdi 293681027
15 mllinolar or less; and/or (iii) facilitating
adherence of the islet cell progenitors to a surface.
Dependi ng on the purpose and application, culturing
C @Rk tth ASpIbPink Ul NGsHAT bRMBCHBNRITA MRSpRberdtavaivein
~descri bed ‘nmedi um conpositions and facilitating .
applications srhasdfeatnolt af gaheretic dissae.fascieseribedhergnbalow) ¥ may
for, formatiaon the surface_.bound . 10, cluysters,.
be desfapls; oy Fipriph Ao, SR U Ehdn e JOf (AfpfedRgpred drog
responfsmation of the surface bound clusters include a
serum free and bFGF free culture nmediumcontaining all
ofSuch enongtbring mean boeeerenigpily effesied inaweror aceulivrmg sigh cells
. her . of .su . f f b ,
in R TPEGG g e S BTl RSl FEC el Sle el o e
abovd @escribed SEh@r bt enctntrhengndf abduanl dinic@uickaalor tolbutamide,
progenitors. Preferably, the synthetic serum .
abouts {00} raigrorgelars fas IBNME, (iboul, 5P| isEamolay ipp mifediping, about 500
icrotARL BOFES r | e SbREIRNI AP eaduri
mior Rt S4B b, gt 0t 10, ARl E CEPRERAZ SR laucing
insulifGeoetion atdonding o thelpeetbesl séirforth tid therBrageplef sekbtioobddw.
-m|1inmlar, re preferably is selected fromthe, ran :
ofADIS Si@b‘idTglFff spted g e EZ‘G“‘ﬁheéfS&FE‘H} E?efgé‘” Culturing %16_'

ot : bl r r .
emb &hq%&rdg% in'd nggﬁzPQ’ [RORR Rbted 4ith fellih! LR %t %erﬁig feee..and

ref y I el ected fromthe range of

. bEGHiftdei ouhae ,medidmmesgtploneftet atithy 525, amboN} srum supplements,

o mllinolar. As used.herein the term"about" refers :
nicotgmi ABS myIRIHISEIHGROHEON G Bl g Frgpool set forth
therefn@€lul bé adddBr AHRAEA 6 s@ackMuh St 1ik8 clusteRs RREMiOmSulin

to a surface under the culturing conditions suitable
produfcing ¢adls wh thiepressht mvsnft@sm@mt&imbgﬁ inouligrecoy Jdays and capable -

. Pref.erabl facilitatin ugh her N C .
of disgiSpi Bhptreanci Pl -8B BAdRE O Ep HRle, Bl fltroase i
insulizhlréspofseCioTBALX, MtlédieRe Bl BStliCscrbtionde repahsetoWidzbxide, a

gelatin. Alternately, this nay be effected by .
decregsg {1l fSHN SeerRtien i gespARFOl Bidtdinipe.nansd/of & epigase in insulin -
: | poly-L-lysine or by culturing such
Sccre@éﬂ@lg%&gggfg%ﬁﬁe%@bl ture flask 30 treated to ' o
f aWiithi thatercaptioh cfthe rcartacholfrespoesgphiaras elssutidllyeidentical

her ei nahove. According to _the present i nveaié(i _%n, .

tidgntical results

 cultugipg cardifigns st baop used o adhieeimiaT o sssenlf

in thécﬂfi{na{rﬁuﬁﬁ?&lgdﬁs%éﬁk g@ﬂémlé SefePld: TRE ISV PSF LOr 700, Rture

uring. enbryo 8s under statrlc conhditions
Biotdchnel. pd:6%3;ifaukrdtkyi ezdil s R0GI0 StiedceR I PO BHH. WO, ‘

20047 050827 PCT/ 1L.2003/ 001027 . 29 Prior to.enmnl oying ..
- PEitsn 388 PhuoR PRgE e Sofhe; PES it e@&mﬂ%ﬂ@@ﬁfw offilar

chanét% in -insulin secrefion in response to to.lbu_tanﬁde, IBMX, diazoxide, and

nifedipine as normal pancreatic beta cells [for-example, refer to: Trube G. ef al., 1998
Pﬂugers Arch. 407:493-9 (tolbutamide: and diazoxide); Montague W. and_Cocl_)l_c_r.xJR.:,‘_r
1971. Biochem J: 122:115-120 (IBMX); Ahren B. et al, 1990. Prog..Br_a_iQ Ri:'s.m'
84:209-218 - (carbachol); and Rojas W. er al, 1990, FEBS Leti. 261265-270 :
(nifedipine)]. As such, the insulin producing cells of the present invention optimalljr ,
recapitulate the insulin production physiology of normal p_ar;creatig-beta cells.

- “The capacity of the insulin producing cells.of the present invention to display a
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appl i cations such as treatnent of pancreatic disease,
as described hereinbelow, it may be desirable to
' the capacity thereof to display the
WO%P@{!{Q%MI oned drug responses. 5 Such nDnltSFT%zor%{Wm”
be conveniently effected in-vitro by culturing such
cells in nedlumlncludlgg about 3.3 mllinolar

s OB L5556 55 PERUER a8, g
whlchrﬂ M@M&@ ‘insufiﬁ’ lsedrBlibH iR PAiifeaticARPA CelDBanbE e tdmoliGkate
a

bout 50 m cronolar for nifedi pine, about 500
the bainn@f: ofihsulinf pnodmtmolxqtureen thedingwlin proxycinscedisoifhe Pepsent

v 8 Ry 396 RS R Bu AR bR 06 b By gt

to the §Afié pmlae biut stifdull, 8s dezEibEDROMBMEr Géthil aélreatbeibw n the
Exanples section bel ow, cul turi ng the enbryoid bodies
i Buspepdethelpstefopnationy sh coated with gel atin, using,.a

S HEL SR B EEE, i SROEY bR SRR AR SIEA Sfea

into sigle ¢dlls| Dlchidig #HGake praicimpdiely dfthe Peesent mw:mtn:gl, and such
protocol set forth 15 therein, can be_ysed f

insulif qradeGies oils saief ekl FuioBng| FRILiEp beig suitable: for
mamtél ?i‘lﬁﬂl ﬂrﬂéﬁ’él el R AR g ?fﬁllé'«?s d%!}‘sg allf %§ﬁ%g)referabiy

I on na I'e T n culture ays
furthec aﬁﬁdﬂle forof(i) cgeﬁcriaayg mj;spandammibalsletermhamgj Ia| pmportzon of the

_ secretjon | ponse to tolbut n inc
insuliy peeqiein S5 Rd B SBoseat Mspationsof at st befperl: i gpnctating

msulu?ﬁ c{ﬁl in@"elld of ﬁﬁﬂﬁ‘@éﬁt iReMiAZRVIAE an ifulif %Eér@f?&?cdp%mty of -

n-secretion in response to nhifedi pine, and/or a
least 6legiceanis imsulinger ione tﬁ:ﬁdmddheusaud dells pes bows endéer having a.-

otal Bl Sedetia st o LSBT P STorbi AR R by

- thous&RNEd1lst ARY/oP ANRLRER thE SBIwiIP o2 GlbANRiallyhbrtinsdlin producing,

essentially identical results in" the prior art using
cells; rmdé)g (&g f(sn(atlgn (ﬁ'x@hlpclgstersefm}udmg celdse dgplqym%gt dgast one

Nat ux tech 18:..675
charaSgiic 5 g ind BB plinofie an st
alpha I@El@@ﬁé‘-ﬂd’tﬁp&%hﬁeﬂfeti béll PliepiaBile, A isbattdeltn celil @ablaxype and/or-

simlar changes in insulin secretion in response to
an isletgleppahsedephensivie. di azoxi de, and ni fedi pi ne as -

88 b PTGy BB e ol Bl A Tikblc ifons

requirdily of@aP ifsulin bproduatide, s@&ﬂﬂa@lltﬁe‘l ahetejtic Niseh.%gtteathﬁbnt and. .
and Cook JR , 197L Bi ochem J: 122:115- 12061
insulippredyction Testhods descritpddherambrlow i Prebaable osauobcféuszars to

' mcludfg%at%i’gﬁzg %63130(3&? géi?% ?l’?]SU}Afl p%dlﬁir{l% %ei'lg %g the ;ﬁ—génlt ﬁIvEntlon

| Mhak, the presbitom of del insulaf plodacipgesHnbf revpreséndinvention in
otlmall recapitulate the insulin production
the Stﬁnweéw@éf luseern &7 praferphly @t loast 4 persent more prefgpply at least 10.

perceﬁtgv it nlf. ﬁ: fQ{abB&ﬁ z{ﬁg 35 ggvglto 8:3)34/: ggeégx%l;ifat%as? he pRfceREMore

prefefaGly itUB&b?%Qﬁi&ﬂ? at'Jeast 32 percent, more preferably at least 35 percent,.
more preferably’ at least 40 percent, more preferably at least 45 percent, more -
preferably at least 50 percent, more preferably at least 55 percent, more preferably at "
least 60 percent, more preferably at least 65 percent, more preferably at least 70,
percent, more preferably at least 75 percent, and most preferably at feast 80 percent. - -

- “As described hereinabove, the'culturing conditions suitable for maintaining the
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30 non beta cell specific decrease in insulin

secretion in response to carbachol, a drug which
wOouRsLBusxat es insulin secretion in pancreati-c ety Salslodiozr

can be used to nodul ate the balance of insulin

production between the insulin producing cells of the

present invention and no gfral beta cells in applied

t

nsu B 055508 Dl REE AL EARIBORFL 105] B4 085 e
prefdﬂﬂilﬂlﬂxrtlikﬁ'r@itﬁlﬁe Ifav\forﬁusme ofedl elusseire [nchmm@t:a:llxrﬂlﬂ[ﬂaymg at

descri bed herei nabove, the sur f bound cl usters are
least omgclpmBleristis asseeatad aith anyelst §‘i‘fﬂ1fF‘€e cell precursge P{a‘?ﬂ |

I t { '

stet bl efl FEACES, D8 1 boa Xl rRaRiyBE R ilelYEH Lo Phé“b%
amﬂ@nmimkin@ummmddlpmmmq@ejng sui table for 10* '

CBER D A ol B RGE AL ebons hafniat Subeflvit
vandi@ rconﬂﬁah%ﬁ@&f Qichriﬂctsééﬂpﬁ{éﬁﬁﬂ( @@Hay@e%ﬁt%i@ H&iéh&'ﬂg%n the

proportion of the insulin produ0|ng cel I's of
purppsesmeapplieationt i on of at | east 4 percent (ii).

ge erat'ng inﬁ% inhﬁio ucaﬂggc ﬁ%ﬁgEiﬁgkpres nw&xmuc
assoél%atm&lﬂbfdlél%etato%llpﬂéﬁdtyﬁb per one hundred t housand
cells per hour, and having a. 15 total insulin

- sebrendente h@a«p thei qapacw tatoptisaly perfoonpanasesiictislet fusstiopsthe
clustz o l{l‘)lyj cfej: 1§ gl'ijﬁ%ga@gr&cﬁii ft tlo?lﬁd%?i%aa{eﬁgﬁp 'aés!ogﬁtedhﬁlth

two. amh/ zaret celi F»heﬁo@ypmt more plefeaily thlesSueh &ldtneliyshengtypes, and
cells dl;@ ﬁ%ﬁn at Ieast one characteristic
2

mosrd%f%‘iw gameationed ddefeHipRene¥Pss- precursor
| [ ; .
DeFTHYP: e TRl Rlisi uRBBAER inPHEGkY PRiocel Sl Bhocursor
phenafbdfeae exﬁ&sﬁdm IDS Haplagmfrmnmmmf apﬁnmoﬂpm fdctorasrdgincose
generate suspended clusters optinally suitabl e for '
transg@ I-cations requiring optimal insulin production,
S uegafaam e ma&r@a&ﬁ FactirSE S add BB EIRDEe ﬁ‘ﬁ}g;poh&slh' 2.
producti on met descri bed herei nbel ow, . : -
pr Bfederabllyetheothasetehistit astoeiaged wih the cﬂkttcﬁéplmcaibphmtypc is

t d |1 f th
exprfis i asRe B o BB opor | on of t he

| NPt AbRT QU R RLL %ss&flat&ch itk @2eBlet bBMEAl pﬁbdorype is
t he suspended cell clusters is preferably at |east 4

cxprg‘sumem diSpk@y of apmeRNAa0l 3 tansdripion fador, apglueesst trangperder, a

at Ieast 1 ercent;:nore preferably at
ghmgﬁﬂg?m FEEhE; © ‘guppreferably at | east 25

- PEPEEBLblyathd RABEHRBIPREERNS PAIP! B DIEAT, abky @t NleRss thc
35 percent, nore preferably at 1east 40 percent, nore

glucheetf@rsm%r EN Ty thl%glpe@seemtabqiﬁﬂeemrq@rlegb\cabﬂlys%t
5 .
pof D acp R S AL B, B B en phenotype i

 exprids@ieéaditplaypdf doaRsdstfin, pal ﬂﬁ%amﬁléh@tl@is@ﬁﬁﬁﬁmwiﬂﬁﬁ neuroual :

| east 70. . percent, nor e preferably at |east 75 °
cell phanobype:is anenrrenl mosphalegwbl y at | east 80 percent.

- As described hereinabove, the surface bound clusters may be adyantggeoué;ly
dissociated so.as to generate single cells, including insulin producing celis of thé_

present invention, prior to subjecting such cells to the culturing conditions suitable for

maintaining the insulin producing cells of the present invention in culture _fox_"et_ least
14 days., '
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As descri bed herei nabove,the culturing conditions
sui table for maintaining the WO 2004/ 050827 ‘
- , 2003/ 001027 31 insulin producing c
WOZE‘%&Q’% invention in culture for at |east 1Aell!'éo]S %O {&?027
preferably further suitable for formation of ceII

clusters including cells displaying at |east one
characteristic associated?with an islet endocrine cel

| pVedoussway phdam:ic;qmmg thersurfase douad! phisteresd aplocsraeipiesingle

cells H&HB Sl . Stpg)d;xﬁ (f%ﬁ P‘itk%lpééseﬂelﬂ:y%#et n&ae)ff) x%ﬁioéf{: ype.

%Héd:@f th Hidka ifRinkion G| dsbBIBLET i Refialipeffected by
char act eristic associated with various conbi nations

treatmefit ofidhe ichistars ot m@ﬁomy@‘é@b}myn [sembiatigp| with EDTA, as

escngtf.Fgaergf g]esr?g}sgaﬁcﬁ an Jgauﬁg aniy esa%%tlgﬁ g{/ﬂllc%gfoélt%g;ise ?g?grﬁété@l #uch

dxssoci‘diﬁ:h%ﬁ)? bt sffe@ed bY taabn&itaties tyupetIFV tdlngerdsetor hitdmase alidne

phenotype. In order to have the capacity to
or in pembisetion witr asmt@ 5 mcéar ¥ER00 1o5rt0 tpaincel BPOERTA in the

o 5 51 P58, g PP a8 sy i

may b@hfpﬁﬁﬁh}’digﬁadvﬂﬁtagedﬁ& &b ge:&bdty optimally sisble sm;gle tello@bsefsen K.
pheno

d f bl L
et al SXBoEmiR 14T EE-50) | Aptiis atigpace for shigpeatipg pryoreatic
1slets élh l[% & MRE 34 Bkl l%gmﬁ’éﬂ AR Wl dY8nd %?for%ﬁ Qﬁgfdé ]iflﬁer’

précur sor e i S expression or |sp
to JosafseﬁlRNétﬂf 1896. rlmnmblt tD:14%54). or gl ucose

transporter. Preferab fhe .t t f .
paicidab bed Bergingb o fJPﬁ%%ﬁW@ﬁﬁgs‘?“&ﬁ Lfll“g‘-‘r%cf i iatloh, the
msuhﬁ> g?tgcﬁ{ ﬁ'fﬁp e'llstotﬁlﬁcc Lt iS¥dnibh §95&@hﬁé€%§liﬂ idoMed prior

a cel enotype | S expressi on or
to beﬂigsmbggct@i tcgltlwcaglumng?wndmorgsl smm@tm formetnémamgythet meulin

procuggifaLy BUR SresgRR BBt SR By)eBt T of o

t RARRAE Wys T fs8fatiff the stgle mnhrﬁaceam%g Qklls @f the present
gl ucose netabol i smenzyne, insulin. Preferably, .the

mventlma faitowipg dissodiatimat thesupihee boneg alusteestmay beawpployvsd.

N i s 5RO  PRSBRE Sl bl e 90t B

clustefr@ ffr(ﬁﬁ‘ HoACtlaktefldl SelRSHA6 & @hsutibiling hiee Ichismrs deSuch cluster
phenotype i s expression or display
zsoiatmnmays it pifEcteh byt RecchRBiCalc disrafione ﬂ?ﬁ%%(tfc PRdeq strqoseepic
eur on
ovse B8P g 1t ARG & PRUSRRAL TOIPOS B harfSing

of thdBisadvadlagesusitly a palled ghsotiiabpipeto bysutmnng eAﬁemamly, the

single cells, including insulin roducm (“. 8
single insulin producing cells of the present mventmn may be zs lated from. 1soiate or

non isolated surface bound clusters using standard FACS sorting with a detection
antibody spécific for a specific surface marker of pancreatic beta cells, such as, for
cxéihﬁlc', glucose ‘trangporter-2 of the inward récitifying potassium -ion’ channel
Kir-6.2. '

According to the. present inifention in order to optimally generate the insulin

producmg cells of the- present invention, the set of culturing ¢onditions suitable-for .

maintaining such cells in culiure for at least 14 days preferably includes: (i) a culture |
medium substantially-free of serum and/or bFGF; (ii) a culture ‘medium including

nicotinamide, a synthetic serum supplement, and/or glucose at a concentration of




10

15

20

25

30

present invention, prior to subjecting such cells to
the culturing conditions suitable for maintaining the

| wo hitakkdsd7 produci ng cell's of the present i nventdcqfrbhddsooio27

culture for at least 14 days. WD 2004/ 050827
PCT/ 1 D2003/ 001027 32 Various way of dissociating the
surface bound clusters sos@as to generate single cells

k f r
I

| Nugrndiag, of uﬁb irpeecarit iapplidationy efilturaiy yoadifient aethiding

treatnent of the clusters wth é({wp& n, prefera

variogs eepbinations wi tthe pbYYe dgeribsd gredipmpeeogpritions Sl Yoiting
t ction which foll ows.
adhe %?g@ﬁé{cglcSﬂsiJh%E |ssg%! gtﬁrt%ﬁ may be effected by
t rBafem:my, the chltirjggeconilitionk Inmj;e:rcasﬁrmn fdiesddF Glafromeulture

in c:orrbl ation t h ahout. A-,-or b ‘
medipiroSAERDBAIL B BRI HoreBBBlEensy atdh g5 therence

Ofsuef,eaf‘sql))étgugfag@zyrre The use of dispase for _
dissociating islets may be particularly advant ageous

t oPrgfmarint éheopyyintteeticy sefuab| sipplemgng dw| designbds dos evelactive
) J Endocrinol. 149:145-54). Ample
dﬁeljﬁ?t‘ﬁ%%‘éf’?eb‘Fm@fB@gg?lgtrf‘ng pancreatic islets or islet"

| i pRfegiy, MleUihfleticistrudh @upﬂ&ﬁeﬂtmstm Iseﬁxﬁr sipplénaft or N2

the art (for éxanple, refer "to Josefsen K et al.

. serum smlemerm{bo@r&mn ﬂnvm'agen:lmsor@@efemlid@@@mbmon of both.

ove, | owi ng surface boup S
o BEEERATY o’ Bt nEpRHERE 0t Riedhy ) Sy peronee of
1to ﬂﬁﬁiﬂﬁﬁolhﬁ\tﬁdﬁalp@é&fmlg Resehdwdniarg abel stmger ¢l & &0l niflimslar,
15 to being subjected to the culturrn? condi tions
mores prefexphly if éﬁleﬁ‘ﬁﬂ frem tho gpner ofi 5h t I malitprobay mory Preferplly is-
Y ‘
selecgéd ﬁ&ﬁ\g - 1 ogg B{/\J/zla Posg E#ﬂl?lg%llrng taﬁﬂn%?t{éeée?ﬁnb&?tés +tﬁ3§1ﬁ ? n‘lxﬂlrﬂolar _
prBﬁ!ﬂ&tatFlg, thelchﬁum’ig thditpome Saitible forvienniatdon dOIhe Gmrfang; bound

di ssoci ation of the surface bound.clusters mﬂ% lg
clustgrgingytbase RBfabledommaintaiii e wgln pradugmggelip et the present
invehtid] tﬁtcartm%r SQka% 14 aﬁmnp@ur E@%@an@ﬁnp @dcr%@alcduﬂﬁhﬁé fedia.

rom non cl ustered 1or to disSociating the ‘
cl Watieusstechiquesahaysbeemployed ft inbibinadhebence fof gt singlp ynsulin
cha‘agaij di sse%tl on thgor eof under st ereoscopi c
prodpgag Fells gidhe RIesHRt VPR P {FUECri ¢r opi pette or

M BLASAEY P Rihibified Eﬁ’d’l@ﬂjdlﬂl/clﬁ@ iy 8fbd18d byulfufifg Ghéls @éﬂseﬁ_n a

clusters"with a pulled glass mcropipette by suction.
substabtighnacme Icgzll almeentgplaggicesurfasul Snchpmbubition of edhergnest may be

t he, pres i nve na L.sol a mis
enbayecc, B PRl iy, R St i o Bl R, Bl of
adheFdfee Iﬁ:gr bk REhED b dtﬁhﬂﬁ% is@fh cally Liiag the pafgihi qxrépr:umre
speci fi'c surface marker of pancreatic beta cel such
techrigue describedchgrpinabovgl ucose: transporter 2 or the |nvvard

re Icr?:cl)r]a%ﬂ 'S 8 tp{f'lg’sséhy {Hv'er?t?onc %ﬂﬂmmg the. cell% &1 a substantially non |

cell adherent plastic surface is optimally effected by culture thereof in a plastic l?etr;_
dish. o |
‘Preferably, the non-islet cell types whose growth is inhibited by the culturing

méthod suitable for maintaining the insulin producing cells of the present invention it

- culture for at least 14 days are neurons, more preferably mesenchymal cells.

© Asis descn"bed and illustrated in the Examples section below, dissociating the

surface bound clusters mto. smglc cells, and culturing such smgle cells in a plast;c Petri:
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According to the. present invention, in order to

optimally generate the insulin 30 producing cells of
wo kil oRfsssent invention, the set of culturing Cloé‘fl/*;ﬁio

suitable for nmaintaining such cells in cultur

| east 14 days preferably includes: (i) a culture

medi um substanti ally-freeg,of serumand/or bFG (ii) a

oS ST o A e B S

serum bRl AR SuindRkale,| dnd D IBRLZ Cﬁ]ucﬁﬁe J&coiding toothakculburing

I'ess; andlor (iii) |nh|b|t|ng adherence of such _cells
protociob Stat fodhftherein, cBe perigeh o dm EMETaiE ,cgh'g@s &f gsolated suspended

pancr Flﬁg{l ﬁ@stg:?sl fx%vgxll g\%(g&ghéﬂ 8 $hd ﬂl%fg[g gﬁgiuc}ﬁ%r deAYDF the

cribed ne

preserft GfifRQ%ioh| SFB0 pérdentn{ii)bidneng: chsier being sﬁbstsnmﬁlyo@plcﬁed of
to a surface may be suitable. 5 _Preferabl

meselmhymalr icAkS @BA dRquresss (ilﬁcg%nféatﬁ Jdustern mc %ﬁw&cﬁ?—éﬁpbﬁﬂg- |

|
charaglf skt it L AT REN PRUGRRG FIE pRowisdF phenopype such oo
exprestiors UE Mgy of 20 Paxé mENAe and’lGiﬁé.’r aiitlyAt r(er) sganetude ichasters

serum suppl enent i s desi gned el ec
including pellscioplaying ﬁhéﬂacﬁﬁééﬁﬁrﬁéﬁocﬁtﬁ‘g ity 2 et tpfpha cell phenotype

such 43 8{}) mésgﬁ:lny or B@ﬁl{@%@%@a@ﬁn SRR G Eﬁﬁt(%} fﬁ&%?te clusters

Ser u serum suppfe nrent oth from
includify béllsaglepl)aymgwtamt@fsacsamsyczatedmbh raatlsloh beih dgﬂtlﬂlethPC

SSRGS, LN, e

d?akm@ hAD gRicBkingse: feratd émétafs,mcmm cells
pfieﬁ&r ably I's sﬂﬁ%ecte fcrorlrlw t hgwr}z%r?ge of & '
dlsplajmig mlmiaatensm asspmmt@r atithy an3181615dd§ﬂ @@Heﬂhﬁfﬂo@met Rech as

expreg% préi ggﬂllﬁyt ﬁmna%sta m’ffvgﬁ ot esxl‘a € tbsttegg ecflg c¥11§ (ﬁspiaymg,

chara&@ﬂgﬁcts' Sciatdat fthCar @let ﬁéﬁiﬁhﬂoﬁelpfphbﬁkﬁy}%&l rstigls exsbreumonal
clusters and those suitable for maintai nin

morphoisgy;i and r(mil) cgemgrat@; elusters finglnding insalin prﬁ%iﬁé?ﬂ icghs jof the

prescpﬁlgﬁ?rgtgoéllf e&ﬁg {raarlﬁn m%}r)wl‘eg‘" %ﬁ“@g?ﬁ?ﬁ %Q%?ﬁwh %Et h@;h%/ a% msulm

secre86P LRy ©o® 955 fﬁm@t(ﬁmﬂﬁ hruBnper ofic htvedrsd tglusandesellsi per hour,
20 producing cells _ of the present invention to a
and hevingzacietal Prsulia seasPion sapAeity of hy BiRAURIEHEFYiLRer cge hundred
thouss %C E‘d by culturing such cells on a substantially
OUSAY adherent plastic surface. Such inhibition of
‘ adﬂﬁhﬁ PeRs BPYrddent inPhiftivaetbebyriorbteur i ng-such cells - .- . .
Wi th shakl ng- Alternately, such.inhibition of '
afiﬂﬂ’flﬁ"’ﬁ@ﬁfﬁﬁ‘ﬁﬂlﬁ@lﬁchl eved by cul turing such cells "

ent In

e i i tg% ove %ﬁ% co Pg infilel a““‘ag defi %@\}gﬁﬁ HESAIEE %let :

ing to t e pre tion,

like smbfew i90.6 percest for auspendediinmant chisteys (Bhao M. et al, 2002.

Transplantation 73:1454-1460) or-'3,1‘;5-:,pcrcent for. surface bound/mouse clusters

(Lumelsky et al., 2001. Science 292:1389-1394).

The capacity to generate cultured embryomc stem cell derived 1slet 11ke

clusters- whose proportion of insulin producmg cells is at:least 4 percent is a feature

unique to the islet like clusters including the insulin producing cells of the. present "
invention relative to prior-art cultured embryonic stem cell derived islet Jike-clusters.
The 80 percent - proportion - of: insulin producing cells’ achievable- in the- clusters

including the insulini’ producing cells-of the: présent- invention represents a 22-fold -
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cell adherent plastic surface is optimally effected by
culture thereof in a plastic Petri dish. Preferably,

Woi«)ﬁﬁuﬁﬁfﬁ islet cell. types whose growth is inBiRjd sdshdie27
th t t%e

e culturing 30 nethod suitable for maintaining
insulin producing cells of the present invention in
culture for at |east 14 dgys are neurons, nore

increalgtf e(Iv%E 9&1{: g’@%ﬁﬁ? ﬁ%@f@gﬂ% &fl 8:6 Porckit QESREIRE %nﬁﬂﬂing cells

l'ustra I'es”selrion bel ow,
contaided simc ipabdf ragt chlteredsembpoeid eoml alludedral iisieo likei nipiksters

a2 o 300k H00s P Beruo M oAb svriespands b The gl

propovﬁmﬁ{nﬁ&Bﬁlé Ssufthl %i&ﬁféﬁlé beétE c@lﬁ% U GaldP Béﬂ&%ﬁﬁg@eﬁg@?}ig%é al.,

27 and serum suppl enent s, " ni cot1 nam
2001. Piffetentiaipdre8:20420%e, according to the cul turing

protocol .set forth fherejn, can. be ysed to: (i). .

oot Fatsity §f pamuenohe Fpha Pt el gt epimisnt ipeption in
culturk So 't hdake 14!d49§ FoRovARY | d1SkoBiaBbR RRELLO Froft shffftel BSuAdl Sell

producing cells of the 5 present invention of 80
clustesetsc apather( iijug) deatvrgt of tieuptesent inesntignsigiativantoi all [pyior art

et B B Satle o PEPETF oo i 55 SO QESIRRppobbind cets or

cell clofersa cirhi SEdpasinp provided optimi Flbxibility Foethe@RARMEIdMBe of the
cel | 'precursor phenotype such as expression or

msuligjpeysiugipg seligofihe prosrplaneandioal ut 2 nRNA; (iv) generate

. i ol Ls di spb avi et ¢ .
CTHE S6Iifty ) Bt Mlo SiRulin AROARAEY LR GRIRE BCSERG B fidon in

isolateals sesplendabidtnclasiesti i Rhltyres fes@ntialtyg deplatRild f eion Gluitaed bells-

. (v).,generate clusters including cells displaying °

is yet apathar (<Rire LRKRIC 18 0 Pl Y OROIEFe 0 Bﬁtpa%%@rﬁ cultured.

embryBRN AR Qe LR CRSLAT Shetf iy Bles fita, Byt

and rabugt binvestivgnafspurifiod propemtiomt ef theusspoled robistats vthout the
gells. displaying characteristics associated with an

nocd {35t harGpE] cQbiAtc ARy e e o e LYo RaTE OF sfllgfenase

treatrrﬁ,lhé}o réguirl rm&;e_égia# ighior (a# Ih1tGH8 R A §ofic UsER! Sell derived. -
including cells dispraying characteriStics associated -

surfacgibohng isl¢tdiletceHalustera (Leetisky healot300d. Sciehcea2d1bifi%hiad).

-phgl : d (Vviii. ner at.e usters including . .
such TR ReBRY b et paGos pdef pSufiersnt Gntihigfon with
non cheiREV/AdH M@ 3bbypeb Bf GbpatittorsOsf flchl SAGH at4laMS. Such

having an insulin secretion capacity of 955 L
enzyniier Geatmentsrasulf im sppmificank depradatéan ehbotnihe edl land pduster

vt S B 3 RSB P DR s

and cl€lers relfitheattt 8gean@ichitees ghem@u%bbmgw@nh@ eBiodabf the
Insulin secretion |evels The maxi inal BLO ortion of
B

present gventionpr Sawell by aneraciatest birthe rordineribyy skilled riispncthat the
optimal yields of undegraded cells and clusters including the insulin preducing cells of
the present mvention are-optimal for essentially any application. Sl '.

~ The ability of ‘the method of ‘the present. invention. to. g@n@rate'-;_cil__ltixrcd._” '
embryonic stem cell derived islet like clusters iﬁcluding insulin producing cells havmg
an insulin - secretion ‘rate capacity of least 6 microﬁnits.;insulin per- one hundred
thousand cells per hour, and a total insulin secretion capacity of at. least 050 '

microunits insulin per.one hundred thousand cells are both still further unigue fez_ttﬁ_st -

of the present invention refative to prior art methods of generating qlfltl_lred‘emblyoni(;;;
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stempeB plarived ishes lilse chstess.pHiveill berappescinie

25 like clusters is 3.6 percent for suspended/ human
clusters (Zhao M et al.; 2002. Transplantation

:1454-1460) or 31.5 percent for. surface
Wo%@f/ﬁﬁo/%%use. clusters (Lunel sky et al., 200 FC1EL2H3 00027

292:1389-1394). The capacity to generate cul tured
enbryoni c stemcell deri Vaﬁd islet like «clusters whose
ortion of insulin producing cells is at |east 4

pro C A
stem gedldegived isletdike glStP® 30 unique to the islet like

C S LR LSl Gisdfth rk%cxte:ﬁ%n | g¥SptidrnarP QG N8lef Bkt i@fters he 2.9

present invention relative to prior art cultured _
panogzains yenlic pet mmtetal proten iafteds inghetes Firkmoukeisuréros bouridslet

e 2D Rae oS RS SEub A A5 G5l Fomes

et alPTBSHC T Reerfe! 2- 19401 9. Pregs@Ntade it Nthe e PiBSRNHE the
A 22-1ol d WO 20047 050827 PCT/ | 2003/ 001027 35

aforeﬁnmﬂimdestlmivethefmeram)prcmm gmijg_ﬁrqf i cg]_is iﬁszSpiGOﬁ@ﬂLSe and gip(;f; .
one ngfeirh GRS sHRROS te AprrBRPi 2 2 hif ofdhnfig the maximal

total Fhufh Sedretibh WAPAGKY afd iAtulin2StetioBCiAMN @ such clusters can be -
292:1389-1394), and corresponds to the naxi nmal

calcﬁ}at&ﬂiorbpiw wicrouts pes ohe hugﬁrg@:gmm@qjig@girb@oﬂgcipg cells; and
mal. tic i.s|et i : 5 2 -
5.7 BREPRPISn a5 e GobiRd 1 ey rotyeing Bk per, howr.

respebtidly.nsul i n producing cells of the present invention

in culture for at |least 14 days follow ng
o4

diAsdescribedoreremabeiss the method ofdhe prrsemdnantion cap b used to

- ( r ' t urne _ hRSe Laveni e adin -
generpgel -ﬁlﬁ%gc? tegllt')gf]rﬁﬂcg rsliegnﬁ‘ ‘%;lt dé?-ﬁrgﬁl%lgg 1%? %Hé%%{ga‘?‘?%‘% insulin
prodiislg estie thaeiiprandnéulirsdeerstioalritedapacigchfl 95Suhicnoyritdosilinger

.cells or 10 cell clusters, Sych a capacj.ty praqvides . ¢
one hypdredethousand icaily peryhausy and bavingpigtab msdR SgfretpR, capactty.of -

955 Igﬁz?ﬂrﬂtltg i’[g:gjﬁg 4Gk Ble ﬁﬁﬁ(?gléd fi’ﬁon.&?ﬁi RIRS kh iaﬂ-‘iﬁé?%ﬂn%creﬁhﬁ rate-. |

intain the insulin producing cells of.

capadityeandrsaslea totalnnsuiin wordtion cepaitytoafdhe Bswpepuducinglcells of the

clusters in cultures essentially depleted of no Lo
prescal (3BT BRrle] Grpeenaaher VI s QST fy FRmal
insm%s%gﬁgbn kAt BAacRY 0?9:.7?& FEurli iﬁé.dlilnq;et Bfic Bhhdred tiousasd cells

k
ryonic stemce derived islet |like clusters.

pet hug knd abputi t YOUNELE dacreassiayer thefmiagimahinsulin rgcretp sepacity:

harvesting.of ..purified pr ations of t su .
of 0.4F EEEma B e % TBRGERT B vl AP SHSP AR Rucine
cells bf SRbFEA Laltured Chtportib Stk YAIBAeH LIk cladleradamedsky ef.

treatments, required for dislodging prior art cultured

al, 200brSeiavice 292:438¢4B94)er i ved.  surface bound islet like

- cell clusters (Lunelsky et..at. 2001. Science o
5ot TSR proBg il o prg ol v LA gy superir for

predﬁéihl% 1B0lih APidlel 18 TV broddi€ing RBRY eMiriciit @lltudal érabryonic -
W t non clustered/non 1slet cell types of . .

({E@t suchgijppptirnal insulin |

secreglpﬁﬁgnﬁe:‘éﬁ%ﬁéi 5%{1‘ _cgiitq.‘irgseflﬁl'ss[te%ﬁreﬂoﬁ'c%ﬂécfit'y‘?@tn{hedﬁgﬁﬁrg ?ﬁ‘déﬁ@ingr;- '

cells-of ‘the present invention is clearly ideal for essentially any application requiring

optimal insulin production.” - - '

A ‘described hereinabove, various pharmacological agents-can. be used t6

. upregulate or -downregulate insulin secretion by :the insulin- producing cells-of the’

présent inveiition: - Such ‘pharmacological control may be advantageously employed-

for modulating insulin secretion by the insulin producing cells-of the present invention:
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| evel s, and thereby | ead to suboptimal yields of
undegraded i nsulin producing cells and clusters
wog‘ﬁ,lﬂagds\ge to cell and clusters generated acco 1‘3’[‘7!%260@/001027
he nmethod of the 25 present invention. It w
appreC|ated by the ordinarily skilled artisan that the
optimal yields of undegragled cells and clusters
the . | produci ng cells of the present

1nthcchgﬁ€o{¥£ %@?ﬁhbﬁ for essentially any application. .

Ttﬂ’anﬁbatidﬂdf indulinhecoretihg celbfanticbusppresent i nvent i on to

generate cul tured enbr¥on|c stem.cel|. derived

. et ..
Pike. crpagte ot thdnelhphghiRG e DEIEPRAD PR S ke
cluste Ouiilr cgﬁ&ihbﬂs bl fof ﬂlh'ilﬂﬁﬁ% ﬁ%?@é'gﬁlyoﬁublsﬁﬁﬁiﬂﬁmn insulin

crounrtsrnsulin per one t housand cel per
produging c:eIED dueh taotmsencisuhil ncedlecisestilb anothpm ainigpe ofeatire of the

| east 50, microunits in one_ hun h
presepmgr&m retve 1 pEiop aftﬁn%tﬁ?ﬁsﬁ o ghefupe &Hpai?g ?&%‘P‘é glem
cell &gnvteﬁglsﬂ QRGN EIukAMENITIRG hBAAY Cadwvintddeb®, RF texample, for

s of generating cultured enbryonic WO

opttm’iﬁﬁg/tﬁsQﬁ@ﬁorﬁ@i’/dfuz@o&bﬂmm glisigrp rAngehencg efor \gegerating

*cptigl i 5 P TR B RIS

opting ?magﬁuétg@igﬁﬂc@emrlslgg total protein after 5 mnutes
_(nouse/ sur face bound) i sl et |ike cell clusters

i Sk i ’ o
Ce : é"bégg S é ﬁt?toacc r%f;% mtv‘?ﬁ{%g&? t e(l)'?tg cg}l %I%Séem
mcludl f@élﬁ;”&ﬂ%la?ﬁfgdtt&t HByve libed age r]agﬁd mpecttmm afo nharattendtics
s is

i cograns, and since one I ig [ nSﬂI [ n,
assouged éﬁﬁbﬁb@meapﬁrlélﬁt ﬁ@d(@ﬂyﬂ eI ‘ig]sﬂsao’rs Sl s, dsiet
beta ceﬂﬁs HENGRIIN cetlé) tgh Iél &a? @ﬁl‘ise%xﬂ&ﬁte% QHQ%'UEH c%férs mclude

|n secretron ra suc usters can

“cells Qﬁiﬂguhlghl@ddﬁﬁrdﬁ&a&d%oﬂg thequlpha, befpe and relth Uﬂlii ﬂmclages Such.

t housand i nsulin rodu0|ngocells and 1

cell typesrTspiesen the preahmajngiy PE M@%@t}%ﬁf F‘?}K“'p O girtue
of m%er er%ﬂﬁ@ﬁ ﬁigﬁ'[? dlfffafeﬁﬁ%a'lé’l@ﬂ Yell-Hfe HQEC hdBRsters including the

ove he net hod of the presenf invention can
insulire posdadirtgo cellpen® izt @resahtt inveutiemrey drerebys repablejof optimally

Peﬁ%&% q@ﬂlg\‘g%!rrss tﬁﬁquﬂ%taﬁér?ﬁgcﬂﬁ;’ di ngrag??%#ep% 50, optimal for
aPPli%ﬁ'E@g Sofuifihe 8pRmANg Hﬁwﬁéﬁt&t&mbﬂean@mts 15 one hundr ed -
u

I's per” hour, having a total insuli '
Seﬁmﬁbxmmlcaﬁmclmwsmnobf cel%gambl?r ofipraducingsislat rPeBe?PeCIﬁC

< h dth Such
horTace SUEAS PP RIS SRE0T OF S0 a0 LbfbrE rAfaheous
for a&?ﬁ@&i&ﬁﬁ iRfwihiBe if18s8dll BpRimdustivng, mrolidcionf of ;h&h hormones is

esent invention respect i vel repr esent about

desired0- Fwthdrinar daes inchision of eellsatisplayingi aisislst r?ﬂé%‘a?f@t prgurser |
cell Iﬁ}ﬁe}?cag ac] t}ﬁ%gcgu%st% S| gmi%r%u I?)P{l ou?&ﬁfﬂef tlgﬁ%utqﬁ%ﬁ(}lty and/or

" prol#&l8Rod Pbteniidl &6 SRGFCIRNES. the maxi mal insulin secretion.. .

capacity, . _ ol
. Thus, the method of the present invention can be used to generate hlghly

differentiated, highly functional human islet like cell clusters including cells capable
of producing high levels- of human insulin and being maintainable in culture for at
least 14 days. |

‘Methiod of producmg insulin .

Accordmg to another aspect of. the . present mventlon there 1S prov1ded a
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- of S5 micraphits lﬁ%‘éﬁ’t pegone -
3 lrlc@ &#ﬁﬁgﬂg itk tp?éseﬁtaihk/?rﬂﬁmaﬁﬂzl 8 Ed PhrogBiMtdré haduliifed |

of 0.48 mcrounits insulin per one hundred thousand
cells of the insulin producing cells of prior art
errbryoni c stemcell derived islet
Wog(fé“b grs (Lunel sky et al, 2001. Science
292:1389-1394): Thus, the insulin producing cells of
t he present i nvention areggvastly superior for 25
th@r(tmduc in l|nrelat|vetothe|nsulln produci ng
methog & pee Y%H“brt cul tured enbryonic stem cel
dehé HRehddSis Rfebicl By PelékBhS thel ihswitd prodiidng peltsast tht present
that such an optimal insulin secretion rate capaci t%
inventigydas desaribed herginabowes and preferablycharyestingtthe m%'ilm prduced
ther eb!?[roducmg . cells ofthe present invention is
learl.y ideal for essentially.any appl i cati on
I Bfioidet ROpRiduteraptithflslevdls oPpinadlic fin ﬂ opfifialty halwsstablb fdrm,

her ei nabove, vari ous pharmacol ogi agent s cag :
£t i the

the calis s pecfombbegiliuied aseordBgniocte f@ﬂflﬁ Protcplse
Exam?%végﬁdgﬂﬁéié F]cP E%gcpﬁfs G ihSuifd sdch&io erc 5 microunits

ar na 0ogl Ca contro

msuhﬂ@&ﬁﬁﬁeﬂbﬁﬁ:ltedi yhmmi&ge@ld pei' houlmmﬂm attalrngsulnsaﬂcmmon capacity

secretion by the in I roducj ng cells of the
SW%PCT/ I L2003/ 001027
I nsu

ecre I's and clusters The ca acity

ina hqﬁidtrhﬁdmmtﬂocg}bnahtd the cpil[sedeihe prasvmnnveimonoarg]em e cells of

islet, like clusters under .con t|o SUIta
the PresERtLIVERPT RETEF RO S dp Wla?'?ey o S f‘%“nma%‘ be
conveﬂfe‘ﬁﬁ'ﬁcénﬁ%fﬁ&'lehﬁyf h%ﬁﬁc@ﬁ @Eﬁ&ﬁﬁl@@ﬁ@h acrﬁédlﬁm | Suchtdollkction
uni que Teature o t he present invention
is preffafhhiyl peeforme thiyorentrifigimgt the ¢sil otfultgma @nétcpﬂgctmgl thgresgnliant
yon| ste ived | et I|k
superiaAg sy o S A TR oy BSTosr e pSHHTY IS uhsibor
cellul&ﬂl?rﬂ%&ﬁ’&ﬂét&'c@ﬂaﬂﬁndtﬁhet cell types in clusters, and
. hence for generating optimally differentiated
cﬁuﬁc&mr@ refiewery thovendt e medivgn |ra@a|00pﬁlfafﬁp$ |Sé‘H§1i’16 rigsulin
U|r|n 10 opt | fere
prepafefifi & SHit T ‘l% (o T BB BRA"RERL L fosulin.
Alteriaitély C fdtsdpphaanom &e@ﬁﬂﬁg Ihighi}afpuhﬁed rimmngtmfhmmmd medlum
present invention to generate cell clusters i.ncludin

may lzeeadvgn@ggw%)y peijedtebloapeieble cramatoge: rco%?aa@ae’a@r%?? S°-;

o A EBETGAR T B9cE 0088 0L ALY 0y Eeap o, gfmee o

chromzbghpHidalbe panmhg msulis fen aaeblutionds. mevuklddinl thb diterature of

e e e o £ A S SR i
ChroBSEo gﬁ'g% %ﬁ&t&@un%%gy"'joﬂﬁ%ﬁ s} h%%?) types.

reat™nhj orit ancreatic B
' I thﬁb ded bisulif fpmdndmyg wild toé the)fpresrmt unhmgos uah b ghd@ to
' dlfferentlatedlslet cellé e cel]|s, til Iusgers
producs aplignal giugpities of easily puri ed human. msplin which can. be used, for
example, to treaf diabetes according fo standard treatments, as described above.

. Since, as described above, donor derived pancreatic:islet cells, such:as beta

cells, canalso ‘be used to treat pancreatic diseases associated with islet pathogenesis, -

such as diabetes, and since, as described hereinabove, the insulin producing cells of
the present invéntion constitute highly differentiated beta cell like cells. capable.of
physiologically regulated high-level insulin secretion, and since the clusters including

such cells constitute highly differentiated, highly functional -pan_creétic islet like cell

| ip&%mr2003001027

R
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insulin producing cells of the present invention are
t hereby capable of optimally 20 perform ng the

Wofzhkﬂ?dsb@ﬁ_s of normal pancreatic islets, and arP%T'?‘ﬁ,%tﬁmﬂmz?
y

also optimal for applications requiring optimall
differentiated pancreatic islets. For exanple, the
i nclusion of cells capabl ggof producing islet cell

clusté@,es‘t‘llicﬁ clls DRI TRAES carSHE fscd%o $RABLR HRbhdds. gl ucagon, or

insulin in the clusters is advantageous for
apHethodidf eregting polirediic disensecel | specific cel lul ar
pr.aduct i on of such hornones.is 25 desired. . o
E FEEPHoreCortg oriBF SRS iveeln dhere dp pigyidgt aethod of

treatihglaqian@eﬁk%&ib&@ea{@ﬁwjéar ~cell phenotype in the
clusters confers optinmal differentiative plasticity
anbicomethed ds effeated Py adpbtigenngt thespsutieally eftcive dosaef the

sl PR Fi o O Rr L el B B RERS Ot onal

- huviadionss In@dthddsk ©f Cadrhinidtetiiige lthe | inghlidipraduing Sceilapahiebe
.30 of_ producing high I evels of human insulin and '
envisggeth gincluding: Sernesseple.nviaumjesten {5y cathetey based: delivggy do the

_ panc%%l: P ﬁv%]{ mftkg qg@ b9 ifSel dg?lgout ’éﬁx‘é?(%xg 'P@,galngé?cggﬁﬂéh Plheferably,

aspec esént i nv 1 on, rovided: a
the WRRO0PAHOEAS 20£1IPGEF laldhiA S0 hepIificaliyt adh afnsabdominal
produci ng insulin. The method is effected by

- cathefanay daseitbedinduither detal BTEBRREPKg cel I's of the present

1 nXenldaR@s Aﬂﬁé&gapﬁ‘%ugr%g%hmb@é@ is mﬁn@&rﬁfsﬁmbé% to effect

harvesting the iIn uced thereby. 5 In order

a bernteficial oddesired plinivall refudiy evidclodose wouldibe ddministeopt inmaleloy more

harvestahle.form - - the.cells are eferaply. .. ,
admig i rSREGLG PG SOOI P o HBPSYBE oLbY sgion can be
admihREdrBd o %&%@&@?@h?%f R Glah&Rad) AepiidiriPom theltPpdloBpirdyeatic

~an insulin secretion rate of 955 mcrounits ~insulin
diseager one hundred thousand cells per hour and a.total

i nsulin.secretion.capagit of. 955. m crounits, | NSUl :

e s, gl araioss i Fhsaliy nedyetion 3B Spqre@otl Gt HBpigloshy in,
therabB@id 1SS e leMMERMd/GNraté BE ihsiliatpro@idedphnd eptibmilly fcteted, .

cultured in a liquid nediumto generate the cells of
fromtsgeh E‘Fll_fsfé‘rﬂusitm@rlitfﬁfﬁfﬁbllaﬁ@ie@iﬂﬁ@gfql]ﬁ@“%g"?’?f%ion)theffaﬂ% .

pr i 8 :

DT BRI R USERATHE WO prpobcthgo Rl oty of
such hoelly esdyetle Bypllel €6id gupls hrefer vedLumelsBy eh of. pROGL tScdence

is preferably perforpmed by centrifuging the cel] .
292: 137 13%)- Brederablyy ther msglin jsecrelaen canamity ofcthe jpgfiin, producing
cells BF tﬁf} préefi® 'vlaﬁ‘dc@;”ﬂ rﬁéafshféde&’shﬁ/ a 6EANREial PcrdfliElkSGizyme

insulin Tn thé absencé of celiular or particulate
immuoosssay, asdfldsoribed in the Examples section below. '

The method is preferably applied to ireat diabetes in a human subject having -
such a disease. The method can also be applied fo inhibit future onset or development
of such a disease, so as'to thereby inhibit such onset or development. -

. The present invention can be advantageously used to treat type 11 diabetes, or

more preferably, type I diabetes. -

_ As described hereinabove, the insulin- producing: cells of the present invention
have the capacity to secrete, under physiological regulation, insulin at a broad i‘ange_ of-
secretion rates. Thus, the insulin producing cells of the present invention can be used,

for example, to ‘_secret_f:-phys_ielogically regulated.therapeutic le\_rei_s_fof insulin so as to’
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“the URREF

Fol | owi ng recovery thereof, the, nediummy constitute
a suitable insulin preparation as such for various
tions not, requiring highly purified,_ins
“K)QW$%? tely, for applications requiring high 9Tﬂ1mmsm0un7
purified insulin, the harvested nedium 20 may be
advant ageously subjected j,0 a sultable chr omat ogr aphi c

oo P SHE B i 0 RS L M be

dlseag‘etheogmb%at ographr cally purifying i nsul in froma
solution is- Erovr ded in the literature of the art

(Smcee&&adﬁce c¢ bewinabeve, Wosor ferisdcikie edls, suciHiagbeta cells,

have g%ﬁ y)? gr%'g gt(lg%)p%nn%rtggﬁggh%fzhsg ﬁ' at %%Pes at(xﬁ/ sihce

the maﬁlrml pydaging ells offthd prs@it aﬁmhonlaﬂaﬁrghu@ @uﬁm tBquUE &¥nor
produce opti mal quant ities of easily purif

dcnvqﬁiﬁ?élﬁ, it iswell wAthym fhergrasprofifbe aedduprily ékﬂleéﬁatnqanéo dptsnnme a
thera ﬁﬁ@atllyggigaﬁt\)rgsdoég f ql ﬁiﬂn&nog%tsegwgﬁ% glglove rto%ldeﬂsby the

escCri ove nce ono

literatder of dit pancPrefdrilly; ddtetminstidnsof an iffeatvd el(:@e caelflusher be

can al so=pbe used to treat pancreatic d| seas
based i dagtarscmdiyiduni tg) eic p%&brr'@@eweklrdglg, fop csamRlcasweight, age,

physﬂibg*&?f leédl 'iﬁﬁo ﬁa?t%ﬂ:@ el eécfi%\gg)\é.ﬁcre&&? disease,

in pro ucing ce

such opfateixhmple, meghklﬂudrlﬁéwneama@mdaﬂaeitﬁoﬁaldlaHenkeuhjebti LDre. -
_ apabl e of iologically re uI ted high-|I
skilled 38 fhe; 41t §8€‘f‘gf'¥ f}h %er, dnoye greigeab a%ﬁré%cmo lﬁdWHBId be

able tﬁ Uelrmgle f‘ﬁe GRRek b iRulth Q)%dﬁl E{gf ée?lé i%l[f'tth v@bg%ﬁﬁ%gg% on that

functional pancreatic iIslet
wou!dDGTﬂsﬁuﬁe) @8/dtt0ed dos9 apdube epimab nefleced Admanixiration thereof

<the ers can he.used to treat such di seases. Met hod
wi 08 urg 833‘?‘?{5“ #i¥at i ¢ di sease Therefore, according to

t RenilE eRRMlink Y6 bbi¥omihd) Sh@apetnib! ibMispRMBoARs N8I efusters
treating a pancreatic disease in a subject. 5 The

incluc}m isalin secsgtingceadls (he: nadeieaticistaty) mge availebleipethie ilikerituye of

e oo IR 1S Fion PP P BB it fBeres
and Iﬁgﬁfﬂrﬁdz 9hé Kilakyt Deseh$is (NIDD, QﬂFWYWwC:ﬁBJﬂS niiByoWETitus T. ef

envrsaged including for exanple, via injection or
al, a0t er EBasedRedel | Moy t Madhe %an@ﬁﬁ@&h@ﬂ | i hep//arew-

- ennmlglﬂS? éMJHJa Ofgbgibl%rh&{’{l %IP@HBHM rﬁk Gl 20 YRR “Brimer

erab rnsufin proaucing ce

on Txaﬂsplmsticef eZhd By dtheaatl o, |AmeicanaSodiays ap o[@ﬁﬂspmntauon
catheter, as described in further detai | herei nbel ow.
Maldens MpssBlagleyel} Scicace; B ldpeut i cal 1y ef fective dose is

desi | ni cal reésul

 technigdes, mi sicggonchses ultigowid tw0guide ﬂdmrmrﬁtdf at $rals catheter. through

Prerégrabl Y, a sr ngl e adnministration is enployed, The
dorgen and, e liver of the subject. The insulin secreting cells are-

then injected throughi the'cathetcr‘-mto the liver. The patient preferably recetves a local
anesthetic, however if the subject cannot tolerate local anesthesia, the surgeon may use
general anesthesia and perform the transplant through a small incision: Typically, for-
a 70 ldlogram subject, a suitable transplant consists of about one million pancreatic
islets. 1t takes some time for the administered cells:to.-attach to new blood vessels -and'

begin releasing insulin, hence following transplantation, the blood glucose levels of

the subject are closely monitored and exOgenous insulin is-administered as-needed:

a?‘o?‘rr%’%tﬁh shifidd CoeHle tn?suﬁﬁf g&%etg%s k?:@ﬁ§ fi é&qghm%r to: standard .- |




15 adm ni stered into various regions of the pancreas,
depending on the type of pancreatic disease. Since

wo 5dol@kiszvari ations in insulin production and §@fﬁ§khﬁﬂnozy
can be significant in therapeutic uses; the |evel
and/or rate of insulin produced, and optlonally
secreted, fron1such celhs or clusters is preferably

until gg)ae i TLOGE; iz ta!:lﬁ&%ﬁﬁﬁﬁi%b@ﬁ dsNE813betdd a@ Digidive and

ods 0 erm e |nsu I n produci ng/ secreting

Kidnejimisds)(mbmﬁdmb /@emeldtﬁ:yuhgoeﬂpl oyed (for exanple,
refer to:Lunelsky et al

ofyo desgpbed ggw}nabpyee ithg gﬁp@n pfq;ffélqnlgsfﬁ‘.pﬁ OF the, present invention
may bf WAGLd 18 LR IHE btk RIOEME! WBichCAb deriobd Hom @llesaiith

Invention IS measured using a comercial microparticle -
5 have mmyfmmed partrafaes tisspe bemgdisher Bedkloped: then theablgstogyst stage

i RS CELRR 5 RS B 5 FORLS, SR it
produ'&ﬂlg RRAE of The f@&ﬁqavéiﬁﬁn%ﬁﬁ Heederivp@ | fr@fl skean icolls Qeﬁerated

ure onset or devel opnent  of such a di sease a]31
from differchtiateByellsidhi as diffetnigaiodeeiby of pexpamgEven sub jitioin which

case ﬂ? Blél%'ll} paq%g%;@tgézgﬂs 8? fhels s%g% i e%g@%g%h»q Hec‘g)q}g'eﬁel& Wil the

10  subj ecl abetes. 30 As descri bed her ei nabove the| nsulin
- produci ng cells of the present .invention_ have the
- cﬁb@s itheymethod seaycheepractifngd LyiipintsiesRedas ’l"d{:}ﬂ&%ﬁ“i‘gﬁﬁus of
the plfFff?ély lnhvgﬂf E)% %eﬂg &ggg%r%rlgér%orc {??:IHI)Q Bein Ezﬁ enldid! vith the

e prese I nventi on
subjectan be used, for exanpl e, to secrete phyS| ol ogl cally.
regul_at ed. t her apeutic |evels of Lnsulﬁ1

2B0Wilbos 2coRuTFd Lz shilgd PragiEigeh hfe gl\é\gnng
15 alloge?u%t b omﬁsgueﬂgﬂ'seauﬁag eﬁineﬁo tﬂaﬁtlﬁél J ﬁﬁfnun& H%E:@cmﬁ of such

rea ngt |ntesu1ec |nce
cells segssuesoby tlteeﬁuﬁ)ymbdmas, the nethatbof ﬂwecpreslnenm@etlm‘s prederably

: . as beta cells, e bee r.evi ous ed to
furthep spEPEEAS) TS éf&—'s%l% lmf%‘ﬂﬁ’é‘é%" %ﬁ e P’tsef?erﬁﬁly
prior 't(;] %H{:ﬂ\ r&dﬁﬁﬁgﬂﬁhﬁg sSe:H fo AfhihiP Sublh 8jRBtor. n\lﬁﬂhlhrﬁﬁu@’résswe_

y simlar to such donor derived cells, it _is well -
protocnls Fominbfbiting allqgeotictdreft sejgbtien, i fby exumple eda Adpinigatiog of

det.er a thera eutic o] _
20 cyclofiin Aot HE Gl ARRSE VG YRS Wilesfhead and
smdgﬂi Aclheielcihize art. Pr eferabl Y, determ nation of an

' ective dose can further be based on factors h "
i ‘| Mpvndiuglonttbe enplication Jaeétpurﬁm?él thei ingpliny de@%ﬁr?ﬂés of the .

presei, ot W o BB B ARmyhRHE o B KAt at apy point
during kS f 858 vafibedo1dGink Qf2geX@dtbiibed lidreintesied ual insulin. . -
Secretion capacity of a diabetic subject.

25 s Brefeenbly, in order & ireatqsaeicaiie disp4pen f‘iﬂb‘éft"%ﬂ highdeyels of m-suhn
secreft $ e:fs%%ﬁb | ydlaﬂeteesr] C{Bg rclepéj lapeg héﬁlmlg%’(léhdaiﬁ? being, subjectec__lljl_te‘t@er-

culturing conditions suitable for formation: of surface bound clusters, more prc_\_fe_rablyi

after being subjected to the culturing conditions suitable for maintaining such cellsm 1 o
culture for 14 :days, as described hereinabove, so as {o generate '. cells .having“meximall,;-

30 insulin secretion capacity. R o - ,

| - As described hereinabove, the. opttmal in-vitro longevity .. of the msulm
producmg cells of the prescnt invention, and of the clusters. mcludmg such cells |

confers optimal ﬂexxblllty for the timing of the use- of the msulin. producmg cells of the
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able to determ ne the nunber of insulin producing.
cells of the present invention that would constitute

f,({ tive dose, and the optinmal node of
-Wog@ﬁf%ﬁ sg ration thereof 15 w thout undue PCT/IL2003/001027

experinmentation. Anple guidelines for performng

therapeutic transplantati on of cell clusters

i ncluding insulin secret it 1% cells (i.e. pancreatic
present §)vepBn. 5 Thisipaparagilaly nseiRb for uehdpyive efll thempyaprotocols

[far f e 1
which ! ofe IR, b, ey o LB Shrldhy, 4Bl Y K epample,

attainnférd nefy opliseb sosupdidpbiessivint /tbiammbjecﬂ @kionith. @h}@enelc cell
Titus T, et 20 at, 2000. Exp. Re

admmggﬁitl@hbgpch Hptg@a]/ XAt lgpﬁﬁn@'btg s&lllxﬁeﬁll tl(\)/? generatmg optimal |
numbe?é: J)Lfkééi&og gOLp- éﬁ%ﬂ%ﬁ_?ﬂiﬂsﬁﬁﬁ?%ﬂbﬁa@ﬂ gﬁ&g&a bhfdhes to be

ri1mer ant ati1 on”
asyncHranously, prNduce@mz]mﬁa:slﬂl &xmg emwltahedirsanhzm'wﬂﬁt i on,

den Bl ackvve . SCi e 01
TPt P RSB (e SN <o PR %ﬁﬂ&fe ffrggntion may be
advanﬁ gmnﬁ&tewaﬁarﬁemgéuﬁje&w w&esouu@nﬁg &;eﬁ@aﬁoﬂ§ Sitable
t rasound to guide placenent of a small catheter.
for fonhatmmgtxf smrll‘wedpqmmd cﬂb&tc:me nAs adwcmbﬂdthmmabWﬁe rfopwingethis

cells are

ubj Th
culturii AAER A PRSI P R R A HRU B E GO B ipgretion by

the m:ﬁﬁfn' ﬁ@ﬁu&ﬁﬁgfcﬁﬂﬁak Yhe Be8éntSiventoACrhile aRRSIRbILY increasing
however if the subject cannot tolerate | ocal

that ofmerswhbsiazells hen be rugefgh foreppniredinggha belanceab isylis sgeretion

betwed e SR b SRt PR 8 BBk GFREP e e
endogbhdRBRtaMls 6P i sibfec@f about one million pancreatic
islets. It takes some time for the. administered cells

* t Bependinghor éherapplisnen and pyaposeatly ingtyl Hrtham@géie}i@ of the

presentl ﬁllereﬁt'ﬂj it :gp %e %d&%‘ﬁ@t@]%dt C% pén‘r’i‘@ aLd1p rl:us)}&etﬁglogl 1(§)nally

ucose e sub e osel nonito

follovsaﬁghsemgﬁ idisof, o6 pilelarably b@ohﬂrmnﬁ,tramd ofiglustessdiaitaiifify such
2004/ 050827 PCT/ 11,2003/ 001027 41 until glycenic

cells. control is achieved [National Institutes of 'Di abetes

a??ClP?\ iﬁéh)éﬁ Bg 1316% go\%(ﬁlé%rigﬂgﬁﬁlﬁ?hmﬁsulm roducmg cells.

vwvw n| escrrt bed here nabove,
of the tph@enmuéntmnps 0ﬂtlmlah@)r teehtrserd of tebeies csaoe, a5 desenibed above,

e derived fromestablished stemcell 1ines
this dlé‘?"ée &% S R d?%‘r’ffﬁe’aimﬁsaq@‘et

transpintAion'is % GmBEFR Yrehi %\E@Bﬁt@? ViaboRgdls bﬂﬁf‘iﬂé ﬂ?ag integrated organ

ast ocys st age an woul d norrmal I'y

struchare| ughnﬂmg;;siﬂt nkutonel eallsjresponsitle Grrraptietal, sytiebrantzed] insulin

secredpa i, B Prlim ShemmeiabisaRandinadhe SRR arriuin erl oifbe
preserﬁein'vénuoixu ﬁﬁhﬂfc &“lfr&ﬁf 8Pbdraln® drodikefontibicd CARTBAIAINgG cells

subject, in which case the insulin producing cells of

. dxsplayhrg phmaetﬂnstmv efitd areumoml dslkee @jinpbawitypesi stcht [ekustery) are -
optlm'alllly sultable for providing the aforementioned integraied organ structure, and -
hence for use in ireating diabetes. Furthermore, the inclusion of cells dispiaying an
islet éndecrine precursor cell-phenotype ‘in. the clusters including the insulin producing ..

cells of the present mventlon as described hereinabove, confers upon such clusters the .

optlmal differentiative plasticity and/or prohferatwe capacity required .for optimal in-

Szru engraftment in the subject.

Cntlcally, since essentially unlimitedﬂnmnbers- of human pancreatic islet.like
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Thus, the nethod may be practiced by adm nistering
insulin producing cells of the present invention

wo%?wdgo -yngenel c, or nore preferably being al nggﬁﬂgjogmomz-, |

subject It will be recognized by t
skllled practitioner that when adm nistering 15
al l ogeneic cells or tissygs to a subject there is

s S8 A s sl o 4 g

inventiony fott dxamply bf enkixeyscakeruyt héculwqp’pllg@@ andéon ohgumbrs of
subject with an i munosuppressi.ve re f

culturgsy s 808 QE eaIFTRAY SOERPbFLEaL OXECrBeT 1 BRIt ShEaTteo

trem%ﬁ SiCdibifes JIN BARHRRESSS i&s whidH €aRbs plagticdllbd dbtaingd
al'l ogeneirc graft rejection, for exanple via

in suf@ﬂmtmm&foea;tl on of 20 cyclosporin A i rmunosuppressi ve :
anti bodi es, and .t e are W :
s e eoehsiane i rren! FrdlonibioG RS o on WRAC be

used t%nge&kﬁte%ﬁureﬁhﬁumérﬂ%éﬂ Ik E:ﬁ@wﬁs Ihgvmgl d digfer tpreportion of

ent invention may be advanta eously ad nlsaered

msuhu produsingub¢ltc andita higheponglin HGF9 W@ %WC'GY ppgy et
turin desqr i e

e A R e i

preseﬂteﬂl%xﬁm%f eAHIST | i ghifiS@Elye freadr lwﬁi’o dengtvitp ethes alk pogor art
s are adm nistered after being subjected to the

-culturccmisianﬁuknglue‘@rﬁall tions suitable for formation of surface

g%? % ggsl S:tﬁt’f, resamy ﬁg@{xﬁ&? g?é%lti[y/t fa@flftzﬁ&s Behfgent Uy 8EbRErs

ng con I on for maintaining,
asso:;ﬁté@hviﬁﬁinbﬁliri defickaticyure for 14 days, as descri bed
her ei nabove, so as to generate cells having maxina
30 insulin secretion capacity. As described -
d%]ktn)?lgﬂftﬁ ec r}ﬁvé}ﬂﬁ%#abnd Aovel FdaBirkPBOMY ipkdseaf invBtion w1ll_
i Asulin ing C the present invention, and
becortd appagent Itmsﬂieemﬂmanigc slibled i the avtipor ekaminagignof e foliowing:

pt | fl bi | f t t
cxampo e 5 SO B Rt e ons
embolfdrtd a ﬁ?&) ﬁf Qtscbfliﬂg pfeseflR ifve8S6H hs dBN®Atddohereifitbevd snd as
particu y useful for such in-vivo _cell therapy

claimpd dh othe| dlaimshsecHomrhslaw sintst eerent) %lpa@ésmoﬁle following.
~variable duration, such as, for exanple, attainnent
eXamPeSopt i mal i mmno'suppres'si on in the subject prior to
al l ogeneic cell  admnistration. Such optinal in-vitro.

longevity is also useful for generating optinal 5
nunbers of cells si ncﬁ)ﬁﬂMéﬂd% es. an optimal nunber- of.

ture batches t thed tvith th

ool Rty e s SRS BT R AFH S Rey bth he

abovd B&chipEoHs, Nubfrad vicd mgelqaiﬂ 8 anontlhmtlpg ésshidn.i nvention . -
may be advant ageously adm nj ster fter bei

in e
- sfgnecatlyd theonompamclatie lyqspc}]bergy@r?dth % oralory JIPL SHures utlhzed.

in -the present. invention include molecular,. bicchemical, . ‘microblolqglcal_ and.

recombinant DNA techniques. Such techmiques .are thoroughly -explained the

literature. See, for example, “Molecular Clpning: A laboratory Manual” Sambrook et

al., (1989); “Current Protocols in Molecuiaf:BiolOgy” Volumes I-1II Ausubel, R. M.,
ed. (1994); Ausubel et al.; “Current Protocols m Molecular Biology™, J Ohri Wiley _agd
Sons, Baltimore, Maryland (1-989)—; Perbal, ‘fA_Pragtical Guide to.Molecular Cloning”,
John Wiley & Sons, Ncw.Yoﬂc (1988);"Watéci)n et al, “‘Recombi-naptDﬂA’?, Scientific
American Books, ﬂe;v Yoik; Birren et al. {eds) “Genome Analygis; A _La‘bqrathj{.
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for formation of surface bound clusters. As described
her ei nabove, following this 10 culturing stage the
y of carbachol to induce a decrease i
Wo@@@?@ﬁ?on by the insulin producing cells of I}dﬂ@i%m}%m”
present invention while sinultaneously increasing
that of nornmal beta ceIIs an be useful for

VGOS0 0 L L PR oy

methddoRpet ab rﬁé@%ﬂﬁﬂa@ﬂdst heat. mogﬁae@gzé?e%swdzs 4%01,531;
t he SUblj ect . pendi ng on t he ‘appli cation and

5,19263P pde; 2?&@57,n‘s@¢1|1 Biplagpud Agberldry Bindboek”,pVebms 1-1H

6“1533!‘%2%% RBoTBy iRl Bl I G o e L Gptisan I
, edr(l 9949f Stiedsl & By (eﬁ)l NB&diE &hﬂ@lxﬂ&a!ﬁrh&%hﬁ&l%gfﬂ 8 E&i'ﬁﬂn),
such ells. Such adm nistration of islet

Appleé%&t Ieﬁ%ecb‘ﬁt‘ﬁalha GE @ Re4) Mighalhanst Sleig i(pd)c @ﬁl@tcctME@mdS '
A I
in CABBHRARIOR P, T S LSBT vt

immuhmsa}&fuir%xﬁeﬁmbaytdeeaﬁtéﬁal i tbcypaém :Eﬂdswiéﬂtiﬁafhtelfaudﬁm for ..

erived_islets. | et transi) antation is opti

cxamplpe 3 §ngoti oot 3994526 343

e for op Synchrohi zé

4 098;5@6; esv@,m@;ys OFL, a'/mhd s 28558t £ “@ligomicleatide Synthekm’d Gag, M.

ed; (0T DincleiB AR T i Gatonp et 1D 8 o dAigginsa b, ods.
(19ss?e*ﬁr§nsch ﬁ(l)rpgﬁc{‘g‘rzﬁﬁhln% n” @Ia%&lsaw g é@%@%ﬁﬁ”&%‘.,‘ &8, §f984),
sSuc C sters.. ar

a neuron i slet cell phenotype,
“Aninggd tGalieChlursti Fresbhey, fRurl. pado i bR g Trineobiafi zrdetieli amhBEazymes™

j nte n struciure, an nce u [
m'ﬁf?%aﬁ%?d.% Chigal aﬁﬂhf@el}%@sglaf Rgmiﬂﬂ%f Pertah By (1984 and
“MetHds Eﬁkﬁﬂol@E{' vel. qL3W dREddeRfic PFAGUWTIRAL PARbéols: A Guide To

phenotype in he cluster's including the insulin

MethqﬁSomchpghcmn 8lAcadefmic Haesarﬁ‘emelatcgo,rﬁen(tl%m Marshak ef al.;

St 5 P Vipl L FARERAIT ot CE ek Nghr o TaBbBon' BBurse
Manufl’ CSHE Paéss\(B9BBPAE of WHidtae ﬁﬁ%rﬁ&ﬁteﬁﬂiy 1¥Bdrehdl asSif finlly set

engraftment in the subject. Critically, since

forth E@@@nt Other wenerel refewacenasarevided fieouahpi ibisedacument. . The

proce«!h]ﬁlase Ehet‘élh %ré’@gl?e%%é/ tQ%%S\%Z vk 58 qg 8%0%’ ZaZra p(‘% vided for the

convenlen Iy gen

conveﬁithtﬁlbfﬂhgrémi‘ehod of the present invention, for
exanmpl e by culture scal e-up of culture vol unmes and/or

- obnifahistheswise definedupibdechniral red eignific termsprssddirein bave -

f
o A OONSITROF F Bepeh
this invaniet belomgst | Adidughheehbigimitiatebialsnimilhf bicditalent to those -

(gggrs Thus, .in conclusion, the present invention
desan; rEECaRdeHisad i E\E RRAGLICR igstipg of the present invention, suitable

inethods and matenals are described below.

, EXAMPLE 1
Generation of high-level insulin secreting, highly differentiated human pantreat_igﬁ _

islet like cell clusters by in-vitro culture of embryonic stem cells -~

~ Diabetes is a disease of iremendous medical and economic imipact. " One. .

-approach which has been proposed for treating  diabetes involves administering’

3; p?.899-de2it ﬁ@Sprﬁ'?@g r3a8%°t3987 -
3, 867%93”3 g?%?&'ft %@bl fﬂF' %3‘3%143' §‘93&%g§9”33‘b9§ §hs.S 4.034,074;
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used to generate cultured human islet |ike clusters
havi ng a hi gher proportion of insulin producing cells
woabsk/odeddy gher. insulin secretion capacity tharp@iidi2eo3noioz7
prior art cultured human islet like clusters. In
addition, the cultured islet |ike clusters of the 10
present i nventi on exhi bi t45si gnificantly greater
Y 40
foncip{f b el 8K LI 15, bn Pl Eullie,  BEwiNER T P ac
appro@itRat dfy géirediinpt aichsislate anmimd leive diaded der provaks cditathethg
with insulin deficiency. 15 Additional r@g " 1
optimaHy fitfergatiatednePIIPRIE PRIHRHy BEOPOFHQD Ol sglify Secreting cells, -

‘ﬁp F&'E BT A0 I §Adulh 2R B b?@xﬁhl' Yor human
bcmgs‘%}l’ 4 n ek cﬁ)t upoﬁ exam na‘:1121I oﬁ of et hgg | owi ng ’
admiristedtiohe $hildredhciag chepesdnt invedton tapripetide, Hietpragent lnventorS.

e e Sl 3 SR SR W

sncré4tR i9RE ke cbi elusled EBntSAR] c@lls capable
hxghl)lgﬁ fﬁr&?g%gs exp e?l r%nt al ' suplpoft in the fol Igivgﬁ ng. IJ20

ofsewﬂargﬂx&lcvmmtsﬁﬁn #RdbBewhce i s now made to the:
| ow s, Wwhich together with the above
'dggﬁtf"ﬁ'lﬁltn‘%ffﬁ??%f’% ustrate the invention in a non
| it didpgird-ashion. . . 25 Generally, the nonenclature :
used herein and the | abor at ory procedures util]i zed ?A

t ﬂaaqmﬁ@si@mted erubryonisrsiem cell diaesbl 3 dpassages oot diorspn .
cua FREBLELSHON 35 g ORI AP M Fliar R0

¥ A.ndtl IO d IBRE (pdsPage. 45raY; Amit M)I mzm 20000Dmvi Bigl. 287:271)
| aborat ory Mannar' Sanbrook et 198%2 9.1{ §51
whiclpipacencs line pbHEL (Fhgmson; Jﬂ‘oﬁfya VB Gmesiqrcp 382:1145) were

cultu.{A Léuyob %‘Lz togg Matc 39 1ﬁ§1 I\%Ff%%%ﬁ)mcdélﬁ:ﬁlﬂﬁﬁhc &5le® and tissues was,.

rrent S ocol ST ecu ol ogy John Wle
achleaétﬁthe%vam@abtrelrmttanng/hmyﬁmlnﬂ)g@m@ﬁ)natlm beFiguteA a).

P t I Qui Mo) | '
So¥t aggel New. V8 f'fqésﬁe 4 Wetrs errc g ptirigd” blman
embrg{ﬁlﬁ‘c st%ﬁ @aﬂf&efvs}e?e g%ﬁ%ﬁ' Sﬁmmﬁgﬁ&ﬁly N%MN%H mBusd @mtYonic

none Anal ysis: A Laboratory WO
ﬁbroﬂ@ﬁW@dlsFiﬁT&ﬂ peren) bothomt DME%@Qa@ers@ml@@ckout serum

eomShi st SR Ssh A AL F Bt
0.1 nfiﬁﬁnolét\ ﬁﬁ@r&é@etﬁn@%@&nﬁr&mQSmGF 5,192, 659 and

Bi ol ogy: A Laboratory Handbook" '
: VoS’tageH + embrjm@ébbdjsformatz@t Usdifferengigied; hungsy grabayonic stem

cells Eire% %%%l > @gg)nongpﬁ?rgﬂy% Iye'TlE’TSc'léJh)el: élga%sﬂe(lr:rgeg ng% mg/ml
type BV éﬂiﬁgénabé"m* BR1cP 3¥ alloft ﬂleﬁddgtgtéga)mn ifppdabiyoidbodiage The -

Nor wal 994 M shell and Shi i eds
resuitaﬁéb@bty@@ﬂ Mgheﬂ)vgfgge cultured for 7 days i in 80 gercc(:nt kn)ockout DMEM/20 .

percent defmed FBS medium supplemented with 1 millimolar glutamine and 1 .per'cent.,
non-éssential amino acids solution. , ‘

Stage IIT — generation of pancreatic progenitors: The 7 day old embrymd -
bodies were plated at a density of 300 embryoid bodies per well in 6 well, adherent
cell culture coated culture flasks (Nunc) and grown for an add_itional 7 days in
“Medium 17 (DMEM/F12. 1:1 supplemented with 10 milligrams/liter insulin, 6.7
milligrams/liter sodlum selenite, 5.5 milligrams/liter transferrin, 1 millimolar

glutamine, and. 5 m1crograms/ml fibronectin). This stage produces a highly -enriched.
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in Cellular Imunology", W H Freeman and Co., New
York (1980); available immunoassays are extensively
ed in the patent and scientific liter

WOZQE‘Z?S"‘#O exanpl e, U S. Pat. Nos. 3,791, 932; PetiEroan0toz7

3, 839, 153; 3, 850 752; 3,850,578; 3,853,987; 10

3,867,517; 3,879, 262; 3, 98% 654; 3,935,074; 3,984,533;

3,996, 345; 4,034, 074; 8,.876; 4,879, 219 5,011, 771
populgfion f nasiin pogitive eﬁﬁwg%wresw@é cefit hesis” Gait, M

JS: I ( rfirEadi} %EN.?J'O'E 8ol 1% Stage

a. , é&ﬁﬁ gsgi"hg}u%f j , eigsg 5’985@H#r ar({scrl pti onge

I cwlnnie Fvaﬂsilssbcmtéd tdasingle BellsDby te&mﬁnbintgmthsl’@ chnfaigigg. 0.5

i 0 St e s AL E SR ool T

dissokl Et%asemlgr}gﬁﬁim y Qeﬁ’g Q\%tré Q@Ans@ﬂegetot leﬁéﬁ%tﬁctﬂﬁsﬁé culture plates -

Cl oni ng" " Per ba B. (19 and "Methods in _
(precaxed rmﬂngyher\m {erGaY, gelatmdelnﬁﬁ Pnegms/MCROPr btlysioek at a

conodiatog 813 x 100" e T2 (G fride i

N2 aR8 9827 DNIEM fshpplehentsedtdofdiag a6 Lthe | dahifdturer’ instructions, 1.

Laboratory Course , Manual" CSHL Press (1996), all of
millimplat igleaminen and jor nanegranys/mb HEE) cndaguliured: fod ¥ degs vaith a

e S RS g LDl Bl oo

gene@feqd@ﬁhggv@,@mcmmam/\ell known in the art and are
provided for the convenience of the reader. Unless

otStegaVs e grmeratinr ofisurfce theviad) inspdinsproducing, dstet like cell.

ctus P e A5y R BRSO 25 i

3” (gRbsdifree DMEMI =§1pp[6n%ﬂt&d)ﬂlthﬂ|0CrﬁQﬁmoﬂrhﬁmﬂ@bnﬁmi) hmds:ultured .
‘and materials simlar or equivalent to_thgse des ri hed -

for Feei-n s peluersed fien PNEM; 3¢5 wedomn ddedmpy 3fthe pglucose-
conc Bl BB okl S R Ao 75, TSI P Pildhfter
in Medisml3: n secretl ng, hi ghI y differentiated human
cre islet |i clusters by in-vitr . .
COIERR ¥ ot SEREPGORIY Selafed HEILD Fifgrerbiareds higlfael, Guuin
prodilink "SESFOIRH SsI0F Yire a&eﬂa%sﬁﬁso WW ldz A%l idP8ro longevity:

appr oach whi ch has been proposed reating diabetes

Surfacebotndisleatike nélk clasuemg&m &wW&s&mm@@’ﬁmsm@@:@/tw toypsin-

EDTR ey i Prered Al .2 3r4eks e pe SAUGER, Sontpsion”

condifonS SR §BbAtED pPAAGE Pt Qh%ds”ﬁE\{ﬁ-Eh@mB AVR. Miidh@f 3.0 This step

provide islets being optinmally diffeérentiated,

résult@dmiaprnlomgatupt pﬁmslctphkfpgcﬂ mbméerofumwglubd:}mr@e% meaekpga sharp.
1ncrc?§§sfﬂ uF?uPel n%ﬁ:glio Y aBgtEf e % éﬁt%ﬁﬁﬁ m?honl %\ferllesur@ﬂcal and -

mescASHinRdI S¢dIRt {0 Mhe \WRII SlubRAUC Tik tRE & 888N lsuspnsiohl Sfturing:
to'practice, the present inventors.

conditions has been previously demonstrated to prolong the longevity of insulin

secreting human islets derived from adult donor derived cells (Zhao M. ef al., -20_02.

Transplantation 73:1454-1460). -

" Tissue culture media and supplements: Knockout “Dulbecco’s modified

Eagle’s medium (DMEM), Knockout Serum Replacement, glutamine, non-essential _

amino acid solutien, 2-mercaptoethanol, basic fibreblast growth factor (bFGF), ._tylp'é

- TV collagenase, 100x_ Inshl-in-’-l‘ransfetrimSelénium solution (Cat. no. 41400-045;:
Gibco-BRLY, and N2 and B27 DMEM suppleiments were obtained from:Gibco-BRL;

£F
fi
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have uncovered a nmethod of culturing of human

enbryonic stemcells to generate

hi ghl y

wo Siolbsieent i ated, human pancreatic islet |ike eghhries/ei027

clusters containing cells capable
| evel s of
10 Cel

deﬁnlgé Eegﬁ

i nsulin,
culture

of secreting
as follows. Materials and Met hods:
Und| ffer 1}1t| ated enbryonic stem cell

‘%ﬁgi?ﬁ%ﬁé’%$§§@§§€§oggoﬁgé %fqgaRAUT ; FPShectin

hi gh

was bbig#ey iffctn Eidiﬁé dnd p@l@oﬂalymﬂe AR@tnicot@@ingB5Wereadbtain8d Jrom

(passages 45-80;

Sigma27:

et al 2000. Dev

271)

Bi ol .

G S Frof®

t|c |sles an

whi ch |s a cI oned |ine of HO (Thonmson JA. et

AR el R

éﬁ‘{)vas

isolafeld SRR Fiff@SntiAsd hoved ehiieydimt ket B@lsi’mﬁig 'IEIURéagEthS‘lgma)

net hodol ogy (schemati zed 1 n Figure 1a St age
accorgfg forthe Ennntachnerds mpommenrled profegod: ¢ Wﬁ%ﬁﬂﬁb?%eéofm
iR o S VY S SRR T (b

MadiS6n, WI, 0814 ). KNIRCHBINA E}MEMS adiplifiedcant th m;mlmnesemd m:zﬁ:ﬁioﬁ‘

reI

condmis ased 9 PPl SHER sRacies ae|SheYB AR

acement, 1 mllinolar glutamne

’laag)?q Pf{?%ﬁlliﬁcation

e s

, enbryonl c stem cells were transferred to non adherent

sfic Petri .dishes (Ein-S
PRkl 4% é’éerﬁ'f”f‘)‘r%Féﬂff'bﬁﬁ{:%mﬂ’f‘ﬂgﬁfamgpg‘ggéﬁﬁ}
mRNJij’u BB bESers THE 25 Tesul tant enb gﬁegm@o;{ms
specigder @-cul tured for 7 days in 80 percent knodqdmprature jproduct |
DVEM 20 percent defined FBS nedi um suppl enéar ed vv’sch(bp)
1 millinolar giutam ne and 1 percent ngn-essentia
glucagami NHASCCASACCCACTCAGTGABIASERID Ngeber at i orjS%of 308
_pang¢y-eACrATGEHASCTETECTORH 6SER IBNO:3).d_enthr '
Pax6 wer ¢5-SLEASACTAGECAERSTAG-3PEQBONEI yoi d bqthl es pef?®”
1 wel P CATECGETC TG AL (SEQADN& ) r~|l tyure mgff ed— 7T
glueco T nhd AT L34 ‘
(GCK%E? STl éé?“fg:rm- ' ':”a't yo—|
BetaZ - T TGAA A . it
[nA! |§_§%L&§%ﬁ§?“§,rﬁ . % e;r sodhl_ um
Nkx6.1. | "CCTC ddf&t‘f’(fc §Qt ‘@ feTTTIT 154 381
M
Glut2| T DIRIAGGACTIrCT €30
2004407 9e4TGTEd, kZ@@ﬁé@@%Q@ﬁqnﬂﬁop@@W atidn of nesgtin
Isii POST VIR TRe0eT AR I TBCRYe 0l @FQ e8NDsS13¢t age b0/ - [827
eX PANBTIOCAETHRETT ARG TRACYSEIDNEY: 18mbr yqi d_bodi ¢s
Paxd 1 T Oy SHAGECAGTATCOTGATEC AEr-2 (SEGspawd:aked t dssi ngl e {308
._cel l{s-1eyChCeaAGROACCITICTRES eQBiNG:m6) 0. 5 | =~ 1 .-
insulin 5 AGCCTTTGTGAACCAACACC-3' (SEQ 1D NO: 17)/ 55  laas
. _ |5-GCTGGTAGAGGGAGCAGATG-3' (SEQ IDNO: 18) 3
Pdx1 5-GGATGAAGTCTACCAAAGCTCACGC-3' (SEQ ID NO: 19Y |65 230
o “CCAGATCTTGATGTGTCTCTCGGTC-3' (SEQ ID NO: 20) _
somatqstatm5'~GTACTTCTTGGCAGAGCTGCTG~3‘ (SEQID NO: 21y 55 179
0 B“CAGAAGAAATTCTTGCAGCCAG-3' (SEQ ID NO: 22) _
Nzn3 5-CAATCGAATGCACAACCTCA-3' (SEQ.ID NO: 23)/ . 55 179
5-GGGAGACTGGGGAGTAGAGG-3' (SEQ TD NO: 24) , .
GAPDH . |5~ AGCCACATCGCTCAGACACC-3"(SEQ IDNO: 25) 55 179
5'- GTACICAGCGGCCAGCATCG -3' (SEQ 1D NO: 26)

40 thermal cycles were employed for all amplifications except for Giut2 (35 cycies) and GAPDH (30 '

cycies)

Insulin secretion assay: Islet like cell clusters were washed twu:e in KRBH

buffer (120 rmlhmolar NaCl, 5 milhmo]ar KCI,'2. 5 mllhmolar CaClg, 1.1 mﬂhmolar
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mllinolar EDTA, 1 percent FBS, and 0.1 m |l linol ar
2-mer capt oet hanol. The 5 di ssoci ated enbryoi d body

| re transferred to adherent tissue cul

WO%F(L‘ i%(precoat ed with either 0.1 percent ge llgﬂg{/ﬁﬁooggoomn
20 nanogr ans/ m poly L-lysine) at a concentration of
2 x 107 ceIIs/m in "Mediu 2" (DMVEM F12 1:1

NP0k 18y g B PG T S 2 o

withiK KB bl Ser ﬂippteﬁrenwa, with & 3LHInaRAL E
cultur%ﬂféog 7 days with a 10 nedi u@nﬂ%?nggl g)l Bi¥ers were

thendlgﬁgbat thg@relrsgm buffer sypmeinpand vatlt either 3 3 millimolar
hucBs dur a ure.

SR s ) A0 ot A i
CVBbr‘U@Il@dnnfgmredshsﬂng hidderapatticle ehidghe idmubBhdsgy YM system

S om the bFG- supplenented Me | um
Insuflﬁ&yﬁ e @99&9 UERho8. kahogatoyea wehiph ideteetstfeninax imuﬂ:omthouf
cros$Vrddcti ucose%%hhﬁ atg"\féae ﬁ‘(geduglgé Sired égﬂﬁﬁ%ré ce{lhtg}/mber was

Si nce
detergrined bu coynimgcrlisatia hmmbmmaem&séﬁd%é peffefhdd irPa total
n Medium?2 to 5 millinolar in Medium 3.

vol eomg@/}[ﬁaig z;‘éeﬁ%r ation of isolated, highly
dl th) edetéthdind 9f, th(f‘:cgg &g s}f% Iil Pié*ﬁolﬁg{/ ?lﬁélgingﬁlég pathways to

suspended i sl et
regulajen 1subip orelegag ecalt y:lustei’@ vire fiacebdvaling thes! Iﬁbsdn'cg CofCfhdious

mSta e V culture were dissociated by
p hm{;‘%‘%ﬁé&%a RIYS ﬁﬁﬁgo%fﬁfa gl geqreiiony podoresulieai issulin
secreﬂnﬂ@dvemereaﬂm%@ﬁt ‘suspension” conditions in

oated plastic Petri dishes (E n-Shemer) in Medium

| ee"t@PﬁWF@ step resulted in prol ongation of islet like

ond eks,. a sharp

|
i ncémﬁ:]ity.s{o(ﬁ{utacﬁﬁr ’: %asélgb?%’('ﬁea Anhibigr of %%é?l’@‘iieﬂfnmthislmn-

ease 1'n 1 nsu

chaml (mwrdcﬁdedh aDh cofenaAgn 810 A cARSARS E)ﬁg@ﬂ,utﬁei ﬁetﬁﬁxinl%l%ne
sters. The use of such suspénsion urtn -

Mg@n’i‘ﬂ ’H‘%?fﬁ) 5 SYHiSehMB); siar ed@cyatdaemnmtrmad)ftmo mleiomgar |
[ ng human islets .. .
and ¢ABadn8NogYI a:%)éagf dfnglgﬁ%%arnn ﬁg]g r@gl Fecepiors oWt added at a_‘ ‘

derived fro ul't
COHC@atratIOIQGDPOOmTaramepkant ation 73:1454-1460). Tissue
ture a a d suppl enent's. Knockout Dul becco's

'é’b“ ea%a%/atoa ﬁf éﬁWBﬂgpenm@btaasmsmhamml was -

sol ution, 2-nercaptoe
calcmpa@ha@pe](, Mﬁ&ﬁﬂdedqt Iaezondzétinﬁﬁbzh 8080 8R6ombPX
Tra sferrl n- Sel_eni um sol uti.on. (Cat- no.

4 ’Zﬂﬁmﬂlféﬁoc '@’ﬁ% ‘EFGQS’S Shdangrestia ’BZW@@EMpressimz ‘Single -

ol Som L SISO TEB A P s
culturg platgs z(nldm“mdutnoadmmﬂs bf Smgelyvl-vwwko %élls Mg_xe fixed for

addedReph %ﬁ&ﬁaﬂoﬂ' t'ﬁt 906 a it O v baglgnt th?(*]gipgb F‘Q@Pa&( Cﬂ@( %-—type .

20 mihhf25 9 Fi%é contammg 4 percent paraformaldehyde Cells were stained for '

insulin, glucagons or sematostatm usmg LSAB+ Perox1dase Stammg Klt (Dako) - :
according to the manufacturer s mstructlons R B

[Tmmunofluorescence ana[yszs Of Pancreatzc koz mane exbresswn Single ceils.
WELe grown and fixed -as descnbed ‘dbave. Cells ‘were" permeablhzed using’ PBS.
containing ‘9 5 percent Triton X-100/1 percent rabbit serum, and incubated for 2 hours’ i

at room temperature wlth either gumea p1g ant1 insulin or. rabbit anti glucagon

'(DAKO) prlmary antlbodv Aﬂer being ‘washed with PBS. contammg 0.5 percent
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was obt ai ned from Roche; and poly L-lysine and

ni coti nam de were obtained from Sigma RT-PCR anal ysis
- wo2bosp3mereas specific gene expression: Total Be4Wesisonioz7

Isolated fromdifferentiated human enbryonic stem

cells using Tri-Reagent (Sigma), according to the

manuf acturer's reconmendad protocol. cDNA was

TritorSXDEAUEE b&@Ent depitth, E170 eals\.lgg%ﬁea LAt %bﬁ?{\bfg@ %b&&dw-%txbody

reverse transcriptase m nus ( Promega,
{Sigmihnolias axdded\ko bU&AyabbftlmldnﬁMexp@ardﬂ)odMalﬁecb damplnsi wheh

CR. prj d d t ]
were thep reuhales Buiient SRE ety orlbmads: ARerAlthp g doj gfpulin
(Sigm: prﬁﬁ@guﬁﬁtﬁada?ra%dqrﬁ@ é%%&“ééﬂt@“ﬁt?%@@éj I@’G%H@ddd%ﬁﬂaﬂﬁtﬁady

er cent (?ar ose gel . PCR pruner pairs used
(Chenﬁmn)merpm mré‘ttp(ftl lnmlmo rCalls latiipd withRieondary antibody were

washe R TR “ﬁ%" V\%}?t ! ea 66 g&@c@@eﬁ%%&g?&gﬁp&g)es

.3:—'\4 A EicALCAREdA Ton3t 3 iRiE@ldsD ks dhides B 6308 culture
CAATGGCGACCTCHCTG—B (SEQ I'D NGO . Pax6

| platBS5 Fortaehthesrcatycesding, celbeayare faod B/ 2Gmings in 4 %

e BRI 1,00 B R BT o

and inb@Qd 6 criRAT G T T Gy GFEBAGCnb s G- B O Bod)a D0

- CCT TGAACGCAG 3 SEQ ID NO. 7)/ 55-65 . 583
. diltiogs ST BIRTSFROCHINAG S bR opids (IKRediiution; Dinco

T

. anfi-s@hatdGEACT ICTSIGCACROTATIRGeB;  (SED fibNADAKK)/ (Cabpdidtion, -

GTTCAT, GCAGGG- 3' (SEQ ID NO 12 Isl |
CafP“&"*“%&gr‘@ FATGTAE TGGTTGC-3' (SEQ 1D-NO. 13)1 60 827

A e T b eq 30 Soiald ancBtdy (1:100
diluticgl) andmmmeﬁmmdsammaw(mm dilutmﬁ) (bt from

SigmaGiduiots ne e o N ik SR icH G (1 npputpfd For an
additidiX hobr. - Kl W@EW Seehord and Phantdd With dSUrfting

_5' - CCAGATCTTGATGTGTICTCTCGGIC-3' SEQ I D NGO 20 _
media (VECTASHIELD, Vector Lab, CA). The slides were analyzed using a confocal
microscope (Bio-Rad MRC 1024, Richmond, CA). -

BrdU labeling: In order to determine the percent of the proliferating cells, the

BrdU Streptvidin-Biotin labeling kit (Zymed, San-]?‘_rancisco,. CA, USA) was used.

The cells were incubated ovémight with the BrdU labeling reagent. (diluted 1:100).
Following the incubation, cells were rinsed 2x PBS, fixed with 75 % alcohol (20
minutes at room temperature), and then stained according to the manufacturer’s -
recommended protocol.

TUNEL. assay: A TUNEL assay was preformed. in order to detect the amount

- of apoptotic cells. within the clusters.. Cells on glass coverslips were fixed for 20"

minutes in- 4 % paraformaldehyde in PBS and then washed three times in. PBS. -
Staining was preformed using the In Situ Cell Death Detection Kit (Roche, Mannheitn,

Germany) 'accordiﬁg to the manufacturer’s recomimended protocol. ‘The reaction'was - -

- stopped using 2x SSC buffer, washed and was then subjected to mununoﬂuoresence' :

stammg with mouse antl—msulm antlbody (Sigma Chemicals Inc)..
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somatosta - 5' - GTACTTCTTGGCAGAGCTCCTG 3' (SEQ I D NG
21)/ 2179 5' - CAGAAGAAATTCTTGCAGCCAG 3' (SEQ I D NO
CAATCGAATGCACAACCTCA- 3'  ( SEQI D NG 23
LT TN Al et ey (SEQ ID NO 24) XS R0r027
AGCCACATCGCTCAGACACC -3' (SEQ ID NO 25)/ 55 2179 5' -
GTACTCAGOGGOCAGCATCG - 3' 4SEQ | D NO 26) 40 t her mal

CE‘,J 83mkif e oyed for all anplifications except for
{) 35 cycles) and GAPDH (30 cycles) 15 Insulin

s é"cbﬁ eppamamms diyhe dedls eand ‘tslssdee geﬁérbtedldmsihg IS%ag)&? TevViashifere
e s che[hkn KRB buf f er. Illrmlar NaCl
are sV i Efemres i -2, Sesectivelit ! sulta chown otowware repasfable

using W6l BROAIP5 Q8244 BGT | L2003/ 001027 48 NaHCCB, 0.5
percent BSA, and 10 millinolar HEPES) and

pAe- shesubin é*cgltro r2, Zingydir secretidoh WéRBHsﬁ)afefxﬁanced in Stage VI

suspe@?{%lp ?@FEE Ec\sﬂf ttglé}?f: S rad {goetjgag% R 1 {ﬁntlpﬁﬁ ﬁﬁgﬁyomc stem 3

cells, lréfore ﬂié&ﬂb%@ﬂ&xﬁﬂlo%& RaP bl hRtd %o %eﬁ@rﬁt{a'iﬂﬁh rsecretmg islet

gil ucose | ow gl ucose") or 16.7 m[linolar ucos
like cgl} Fllilﬁ}ﬁfsg&% Ggél%ereﬂﬁﬁwlhumaﬁmwomn sk esllsl s wer e

(REREFdo 4PN el e RO pintslis RBbSTonboR feved using the

culturh@bplbaicﬁt bt i idRhash %dﬁ%%nwbﬁsﬁalﬁemfﬁf‘?ﬁfressmn of

cross reactivity to pro-insulin or C peptide sulin
pancreas speqifio gepesr A FhownibBigurss, thest wasim enhabyed: exprmsr@ of:

punc Bl 5 oD GPRENLARE S B3t Y658 S s

duodehhicharmddbor | UEATEX B) AtfRarel BaiflyOR fade HI eRAYA NG RN En

i\?r regulate jnsulin release, cell clusters were

stage '95‘-5%58“ and Negrogemise Adden8) warg leighly Pisaspekio aﬁ@fﬂ&! and
S tion, .and

wen 8998} 955 SASARLASK S Mrk LAl L3 byl soee

H1 andthen tdlaapp@trelkl Ba.x4 ekbredgion Ivﬁs&ncrbﬁdeﬁtﬂ'(ﬁmsﬁge I to IV and then

BTN ETULC I et T
conceﬁrdtﬁﬁ%yﬂedﬁceﬁei"@/d %gé‘hﬂ'ﬂﬁ? inchda3M Ria @ 'ﬂ]?b\?(%&'osg fin the -

%c ic AWP, was ad at a concent
mediup)cr Bapb avas nateede ar kHckioges af daﬁenenaatxcmf Musdar iand cother - -

pancre%pg ]_)5@6 Ics;,:pghgllcc éngsrzglckrﬂs;g%f.ﬁj iflbs?lt C%] ngrs]ltj at“lre%] only -

. notice@éd RN Afroai stdgdviggandent pot assi um channel, was .

Thus, Stage VI cells display a highly differentiated islet of Langerhans beta -

cell phenotype. ‘ '
©In.order to analyze the s_pcciﬁc contribution of the decrease in"’gli;cése =
concentration from 17.5 millimqlﬁ, in Medium 2 used in Stage IV relative .to"tfﬁea‘ :

glucose concentration of 5 millimolar in Medium 3 used in Stage V to changes in- -

~ insulin secretion by Stage V surface bound islet like cell clusters compared to Stage IV
pancreatic progenitor cells, Stage V-surface bound islet like ¢ell clusters were: elther?
grown in Medium 3 (5 millimelar glucose, standard-Stage V conditions) or Medlum 3 -

modified to have a glucose concentration increased to 17.5 millimolar, and assayed for

msulin secretion. .-Reduction of the glucose concentration from17:5 millimolarto 5 -

inillimolar in:Medium 3 was shown fo lead to sharply increased ‘insulin - secretion

" (Figure 4). Thus, the decrease .in glucose concentration in Medium 3 reélative to-




added at a concentration of 500 m cronol ar; and
ni f edi pi ne, a bl ocker of L-type calciumchannel, was

wo ARdeshsat a concentration of 50 micronolar:  peyIL2003/001027
I nunnnahi st ochenmi cal anal ysis of pancreatic hornone

expression Single cells fromthe end of Stage |11,
were seeded on. 13 nmm gl a3s cover slides, in 6 vveII

Mediug 2Cetitib@ed® t@ RS oBReveal %aﬁﬂ%@ﬁnﬁﬁﬂdéc&eﬁﬂﬁ 18¥e1st qaﬁum
IV-V culture. Cells were fixed for 20 mnutes in PBS

secretion deilhimpfage Newuskot bg‘aIChtS&ﬁtdﬁB@eﬂ ylisterCuietes fomsrddo display
cone AN kS50 ERSSRTRT o OR h

(Figurkd eansamea‘pa@cwaﬁr B pAAGaME] $MSmﬁlyﬂmﬁa‘vl«:Mea QR&CHNGRry high
anal ysi s_of pancreati c _hornone expression. Single cells

5 PTOPO@’@nméf to 3t espendief the sl eaxprassetinppiy WikbinecellGelbisters insudin
positi\gf%tgﬁx?? éehg evger Sde f%o b%o\[;“r%lﬂl 89 bS/ gthgle 88]? q&p;zl;’r Intlzgrqu ‘

percen serum an in
‘neurorspand g]laiagmd@crmiteﬁﬁ!ﬁl produeing téﬂsf_‘ hhd @tside G thepdall elabters
i nsulin or rabbl t antl gl ucag ( DAKO) gri mary
maintypaurppignd gagserrhomal felis.dere a0%rtad BEmre dBnt ai ni ng 0. 5

PES CErtRt Z0R4MG° 347 hgﬂééﬂ- 2(9195%&9 oérg;gl%xt ﬁgtaTr %Iitl ?Jf)leaiéic

X-100/'1 percent serum conj ugat e
10 physiodegical dagnaliagt patioddyys (oStapmuigte vthar adsi:eni tdizrehmhh tlicﬁlaﬁ’eéts of

v TS B AP Sy oSt
like cefl dIgt8 RAY exdMIHSE ADbhowR BN Fighre 6,308 gﬁf)e g inShiYn s¢ cretion

anti body and FI TC conj ugated anti nouse secon ary
profileg nfollovang Sreq et wﬁh)“lmm glucoes? (B3 dremlhntolarhsamldu pithier. the

oo NE Y b SR DL PSS, B

15  nifedigify (5StaReoNblap! aﬁuﬁazgxiﬂ@r oeeﬁl@&sm@mrﬂ%v&én&m&nsuc of
cover slides in 6-well culture plates. Forty-eight

pancregiic, b@taa-’«ellé-r Sy@b@ﬁ:aags thesefoze meavide furkhgr tonvindngiemidense for
ar de. abl lized usin -
dlfferegﬁ%n ?[' F gg IBBSE ﬁﬁ%n%@e aéBl grb ﬁ%} 5K i ncubat eg C

cﬁmwth@Iﬁtthe/\bdih arher Prazeay xtunmteld@ﬁdmoﬁpm fifiel pdrid@Ubhger
gma Chemicals Inc) with

ant bod@é‘% 10Q dil ution;
than 2 gyqeftg re i taksraverop g ¢ leiélre by 1o batr gell dincads ertlotypes,
20 uch agRRANE it trgBlagts R oRSwpRrance X0 surf Holn@ el kg cgtl
clusterafdatdawysh()ﬁm)zoo di lution) (both from DAKO Cor por ation, -

garqpl nteria 1 g@ 5 After rinsin secondary
Rtqrdstaig e qngé,slﬁﬁ e clsiareurarel Bedee(boungell clusters
from SEgW¥ COMlre e ARLociIARY '
el e it Aboq %?fﬁgﬂ%ﬁﬂ%%#&%ﬁ S8 dhQdiated
. cells. wmer groxduicsusperistoa indvipdiesy 3 wini a:hom:adleartx’fte:nbs;tfmel I()Sthg@IVI), -
ddi hour. Final l t ells s
25 Suspergd¥fl e AftEcCeH, Plers Wi, msooH (DR fpe formed by this
procedure (Figure 1f), and only cells that were aggregated into such celf clusters were
obser_ved to survive. . Also unexpectedly, levels of insulin secretion were found to be. _
sharply increased to 764 microunits per anl per hundred thousand cells in Stage: VI -
suspended islet like cell clusters from 40 microunits per ml per hundred thousand cells '-
- 30 to Stage V surface bound islet like cell clusters, as shown in Figure 7. Similarly, the *
percentage of msulin producing cells was also unexpectedly found to be-increased in- |
Stage VI suspénded islet like cell clusters relative io0 Stage V.surface bound islet like .. -

~¢ell clusters, as shown via immunobistochemical analysis (Figure 5a).. Examination: =/ -
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medi a (VECTASHI ELD, Vector Lab, CA). The slides were
anal yzed using a confocal 20 m croscope (Bi o-Rad MRC
1024, Richnmond, CA). BrdU abeling: In order to
WO e the percent of the proliferating cBFITAL20p3@01027
BrdU Streptvidin-Biotin | abeling kit (Zyned,
San- Franci sco, CA, USA) s used. The cells were
‘2 i incuﬁﬁt ed O)l(ern%gqt w th“the BrdU | abeling reagent.
Via OGS TR 68y oa P IrBToRy Terelecthiiab g Bercewlags of irsubin
expreskinBSRls 26 &8 Viisu§hndbd it Jike%ec G040k (fffggngsSS -d) was 80
m nutes. at roomten”peratures, and then ‘stal ned
percenchgr ighest troopdrtiome uhawdin expressing ecltmwsrdathioedt @cocelt
T ssay:. A TUNEL assay was preformed in.order.to
culmrcde%elgg%ioﬁrég‘ghﬂ'@mcs‘:3?08 ptotic. cells, within the
CThiS] @ieSnorCedHefer Rofdifions GRUEISEiaPs WikuRuld 1688 b WcrfBed
m nutes in 4 % parafornmai dehyde in PBS ancﬁ Fﬁgﬁg\%gcsrﬁ%gd
levels o imsulin secretion pBRS. a3 dncSeaskdi prgpewtion pofeinsniie dseusking cells
oL b ' el | ‘Deat hoDetection Kit (Roche, Mannhei m
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Both Brdi@staining, TUNEL and C-peptide staining of the cells confirmed that stage:

VI cells still proliferate and produce de novo insulin.

- Conclusion: The -above described results “demonstrate  for “the first time
generation of highly fanctional, highly diffetentiated beta cells and panéreatic istét like
cell clusters by in-vitro culture of human embryonic stem cells. - Furthermore, the
above described results demonstrate that the present method ‘can’ be used to ’gerieré‘te" o

cultures containing far higher percentages: of insulin expressing cells and having a

significantly higher insulin production capacity, and having Jonger in-vitro longevity .~

| than all prior art cultures. Importantly, the presently dé_scribéd results demonstrate that R
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decreased in stage V-H (high glucose. in the nedium,

but when the glucose concentration was reduced, Pax4
WOWJJD%t;her i ncreased (stage V-L, |ow gl ucosepéfhﬂz&ﬁmomn

nmedi unm). Pax6 was noticed in all stages of
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cell specific genes such ag Nkx6.1, Isll, Gut2 and

the ﬂggé Sf.n%l’ﬁﬁ%ecag[ﬂgélése@/?& %@ﬁpaéé g?lgg@%ﬁé&%agfg@ﬁ%élﬁﬁe St clusters

comphstl exfeproliferstthg, Iloatapobtdtianpeilapsdoeing cetlel dfter at least one
enof e. In order to analyze the specific
. tion of the decrease in glucose 25
COPRRN LR toOfhe | 4B Bmehitidned chddadBlidics, tH}
in Stage TV tel ative tlom%cﬂ]c ftg%%scg con%%ﬁ%olr&a‘qf)ilz%ésgﬁsem
invegtion F4n imllmcd it geﬂadiratﬁmﬁuhs esdcmtm§ﬁmgmn\bdlle aridang;ass being

SR TILE PRI TN CXC TN O

in MARAGER Wwell a8 efor %xarﬁbﬁgﬁ) Yencath ERH - PAIRES 5t ﬁﬁmz!tﬂ bﬁlcreanc
cel | clusters were :eithér grown in Medium'.3 (5

beta gelly andbistet gf- ﬂmha@t Ialwdassuesslm@e optimaligr tscmnm)ig@nd testmg

ot ppREHE GG A R, B o SGREHER IR bibreat
- hormongs! kidh. S, Qucal ?gﬁlwﬁid SoRbstAthe apl %Pﬁzewtro study of 1slet

concentration from S mllinolar to 5 mll molar

- cell apddisses Wolggy. shown to | ead to sharply. increased

insulin secretion ? (Figure 4). Thus, the decrease in

gl ucose concentration in Medium3 relative to WD

20R44 @ﬁﬁ&@iﬁteﬂ&ﬁé&&malfw&ee of thel invegliiot] whieB! kg, ifortRety,

ﬁ%’é{; %bserved ncrease in insulin secretion "levels,
descyibed i nthes sentext o sapEale srpbochimgats) |3y fakee tsoprevided in

combifiifin in :i(@mg%l émﬁé) ﬁlteﬁ{ S W&sefl? u‘ﬂﬂl&)‘ﬁg f&t\?l%g%fthe mventlon
expressi on [ nsu uca o, sonat ost at
whichram rfoh bsﬁxr[tyhdnmnhéd B;nﬁlley;ﬁrntext ()Fa @ingksernbodiment, may also be
pectively). In particular, such analysis revealed
PYOVfdﬁaﬁeM i & @ﬁﬁﬁﬁ[%ﬁ%?%hmaw to 80 percent, of
the cells expressed insulin. Wthin cell cl usters

insulin positive stained cells were observed to be
suAHbfmgheﬂlebymwnen Igas| beeny glessribedi il yonjmeciiam syitlarsgecific

e QDA SRR LR LAl R A ip B S aions
will Behprfarentes GroRBSRINAG: R A" A ckdingl iORtRfNIEE td/vaﬁbﬂasé all
- islet like cell clusters enploy beta cell specific 10

. such pﬂhtymaaw@ﬁgumdlﬁsatgmandgvmmmﬂmtfell ridhin sthe sphiéli and broad

copk 4k LRl R HASELRPS! poa S Bl B85Sk

. sequ@i&té@ adentifiod g ihsireiccedsidtiCnafibérs GhatioRE iVVBiS sBXATLAIRA. are
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incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such reference

is available as prior art to the present invention..
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cells along the pancreatic beta cell |ineage. G owth
of the cells under Stage ¥ culture conditions for a
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VI suspapsigdof shfeking liddsincel | clusters relative to,

Stage V surface bou%d islet like cell clusters, as

‘'shown vi a i munohi st ochem cal analysis (Figure 5a)...
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t ke pefi&ﬂiﬁx%%i@&uﬂfdb_‘étﬁduﬂd cBH RIS &adqgidoﬁam}n is%lzﬁ‘ﬁ? said-
VI' 'suspended islet like cell clusters (Figures 8a-d

was 80 ingwdin peeducingesllatherefom.pr oporti on of insulin
expressing cells ever, achieved in a cell «culture
derived fromenbryonic stemcells. 5 Thus, the non

agher emhe e@ftid dfAMEmUES ekitid? cSfnpaiSing! cul ture lead to
increased |levels of insulin secretion and an . )
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C-pepti de, somatostatin and. gl ucagon (Figures 9a-i).

" The r esuitable fer/maintainiag szl iisylin pepdusme gellsom tWbue ifpc at-
. expresging;£glls in the clusters. The cells . S

co- expressed Sth insulin and C-peptide, indicating an
“Uindubit abl e production of insulin. In addition to :

insulin, nost cells also co-expressed glucagon and

" stmat ohamethodwfickins, fuhercomprising: . -

(e) ~ “isolating said insulin producing cells. - -

5. The method of claim 3, wherein said third set of culturing conditions is”
selected suitable for maintaining said insulin’ producing cells in suspended cell

clusters.




known devel opnental phenonmenon of human and nouse
W Jf c pancreas (Polak et al., 2000. Diabetes
' 4%: é%@ﬂgz Teitelman G et al., 1993. Devel offef{2003/001027

118:1031-9; 15 Chiang MK, Melton DA, 2003. Dev Cell .
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pr oliferation (data not shown). Furthernore, the

reg re the 20. syrvivabjlity of the
colt o P MeBioll ob RS Stheyh gncip i pocietnp et pacit of
said sﬁmgﬂ ProducTiie celbebf Said@uspentéd Bel hRkSd W IenstTéJwﬁémmuts
onbi ned with insulin staining. Sone of the cel
ms‘ﬂé"c it P88 hppdied ﬂ%%lsﬁﬂd“éﬂﬂsbglthpUIUNEL and insulin,
suggesti ng apoptosis. However, in contrast to
previ ous studies..(Raj agopal J. et al., 2003. Science

29%: 363;‘he mna of clahﬁ 5, %Aitden 4 fopdNindudidSedfbtibd\pacity of said
|t|ve for insulin were not apoptotic
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msulﬁ&sghélzgﬁg(tﬁl&? pr o erate and produce de novo’ -
i nsulin. Conclusion: The above described results
d nst tetF1 %g‘ fir time generation of highly
functi P{;ﬂ aH‘i‘?f it COMIBIMEt a cel | s and
PIBP eabélaiadhd shoplfiod Blilngleiot ers by Tn-witro
culture of human e ryonlc stemcells. Furthernore,
t he 30 above descri bed results denonstrate that the

e
sclecﬁ:& BhigfHI¢ R nﬂﬁbitﬁl %ﬁ%ﬂsﬂ&t&h g&%ﬁhflﬁs%ﬁpgk%dg?in%ré@ﬁs.

insulin productlon capacity, havi ng
in-vitro longevity "~.' than aII prior art cultures.

| rRoOTrt I r esent descri bed r Its ) .
R0 e el o SBED 0] RESSInAHA (SRRmaly gnen - imsylin
produche celle senieuididaAlioP heséHthPRaliGedld. t0 generate cultured

pancreatic islet like cell clusters conposed of
proliferating, non-apoptotic insulin-producing cell s
afiper I th cul e us
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cell- chlsmmto singlawelt isffeera Bseaymﬁzamng@mﬁi@tseﬁc@%ha cell
secreting human cells and tissues bei-ng ~ opti mal
clustefS. eat i ng di seases associated with.. insulin defici ency
such as Type | diabetes in humans, as wel | as, for
exanple, to generate in-vitro cultures of human :
pmr edhé anethed af ¢hiih 3, aptsbréifils@id @iirdl0 o€ Chfisngd b&iﬁxtmns
I ssue beln opt i mal for screening and testing of
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supplement,.a culture medium including glucose at.a concentration of 1.5‘ millimolar or.

less, and inhibiting adherence of said insulin producing cells to.a sutface.

14. The method of claim 13, wherem said inhibiting adherence ﬁf said-

insulin. producing, cells to said surface is.effected by culturing sazd msulm producing




cell and tissue biology. It is appreciated that
certain features of the invention, which are, for
WO2PUOS827  described in the context of separ atRET/AL2003/001027
enbodi nents, may al so be provided in 15 conbination
in a single enbodi nent. Conversely, various features
of the invention, which afe, for brevity, described in
cells bhe sobstimislly abn aeib adighentpidscid side, May al so be
provi ded separately or in any suitable subconbi nation.
Al t hough the invention has been described in
CQR’j UNCEHO i t3h -'f'cﬁ,&géem_gg r j
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art .. ACCPrdi ngl ,. 1t 1s intended t:z enbrace all- such
and s3id, raarpmalign.embryghicsfem of Ut s68{®at i ons that fall
wi thin the spirit and broad scope of the appended .
.clainms. Al publications, patents, patent -
agdpt i catheonsthad df cleirg Ue mdewcin daidtiirsti setlobyulturgigr conditions is
cesslk,op nunbers. nentioned .in this.specification are
selccf%é Sﬁ%‘%&? ﬁori‘ ‘g%}%ff)g?%tboq %te%lgi”?‘dg?@ﬁset y by reference
into the specification, to the same .extent as if each
i ndi vi dual publication, patent, patent application or

sdduenddie mefbed pf ¢latin Hy wiheesiin said dusisictof eulivsing comditions is-

i fikcally.and individual l.y indicated to be
scloofBEapaplt §t ulitRBieA R igpor o syl bR P stom csts o
surfagd. tation or identification of any reference in this

application shall not be construed as an adm ssion
that such reference 30 s available as prior art to

t pr dnyent ,on: - 004/ 0O, 20 .. .
ph L 23BaPet 3T GBh Mmp A S itne pangrange of peid
mam0hligeaabgrbnioGiedetdlB t6 apabface 3feffefddly diliuling Yaid Mnariihalian
met hod conpri si n%: (a) subjecting manmal i an enbryonic
. embryqnicstery gells pp agubstgnially son gell agherertphastic suiaRe: i ons |
sel ected suitable for differentiation of at |east a
portion of said mammalian enbryonic stemcells into
.cdbl s dhsphethiodgofitcldianst, whereircsaidaat dedsstome characteristic
. Associ.gted with a pancreatic islet cell progenitor, .
associgfrdn Stilh e Pandertis) isdefhicell t progeitary Phaop@ediss (SFRYSSHER afnd-
. N5 -acteristic associated wth a pancreatic
Ophoéagl?ﬁsﬂg I?%b?%lgeni tor phenotype to a second set: of
cul turing conditions selected suitable for formation

. of, . surface bgund _.cel] clusters including.insulin, ,.
— p%&"ﬂuci‘ mefiod of heumy 1 dheher CAEPEEPES isolaifpgp Feid,eells

displaS iy’ 81689 oh® SHirhfleristic associated with 2 pancreatic islet cell progenitor
" phenotype prior to step (b). '

212 The methiod of claim 20, wheréin sdid isolating is effected by subjecting

- said ¢ells displaying at least one’ characteristic associated with 2 pancreatic-islet cell:

progenitor phenotype to ‘a fourth set of culturing conditions selected suitable for
inhibifing growth of cells not displaying said at least one characteristic associated with®

a pancreatic islet cell progenitor phenotype. -

'22.  The method of claim 1, further comprising: ik

o (¢ "'f"diéi:;ociét'iﬁg; said cells: diSpiayixi'g-at least one ‘chiracteristic associated:




2. The nmethod of claim11, further conprising: (c)

i sol ati ng sai d surface bound cell clusters and
WOSBHGASEy i solating said insulin produci ngPEEILEH03/001027

therefrom 3. The nmethod of claim1, further

conprising: (c) dissociating said surface bound cell

clusters into single cell& including said insulin

pr oduci wtheeparsreatin dsl(edphrsmtgjpedntm ginglei ctllsi di:g:ll@ing lat deast

to a third.set of .culturi] i tions cted

Sui tabl %"%??PWPHE & PrpHgtot Sl baroRhE G aber P nts

I n(ggul t sa?d Sﬁ@@séelﬁ‘ldQ?M?mg‘lat 18Rt r&IchQ;ﬁazﬁf:tenstlc

cIa|m3 conprisin I'sol ating said

i nsul i nﬂﬁ@%@t@é m@ mmnp@au@:sletneli nmﬂﬂndorqfheaotarpcrtcsa fifth set .

mhereln Lhir cond

sel ect e gl{m% 18 ﬁlghshg?lﬁ ﬁm#&%ggqropm "’r

produci dllgpla‘ﬁhg Gt ﬂ@sﬁb@ﬁﬁﬁeﬁ:ﬂe&ﬁb lassoelatsd ﬂritﬁ a Mdcreatic islet

20041050827 PCT/ 1L2003/ 001027 55 6. The nethod of

cl ai m seelliregawiar phgratpe PreRtteR@N clusters are-

characterized by a proportion of said insulin

producing cells of at |east 4 percent. 7. The nmethod

of23c| aiThehmethbé b Claim @1, wherkinnsakEfousth iseroff cultaring eaaditiyns

. d.insuljn prqoducing cells of. said suspended
mclugﬁ # ceit‘e&% pendition, gelecied frog thecgrounconsisiing of arﬁqbétﬂnuaﬂy

serun? %e%&ﬁaﬁh&&‘sﬂﬂmﬁ@' Sdififn’ 1nER15dfn Brsutli S %ﬁft&@dmg&um'
claimb erein. a total rnsulin s&cretion capaci t
mcluétﬁlgsuan‘sfemn,s al cultye odediinng irchiding dfbramictins aspdhoe oknedmm

substgfially JrlFaRe s ulhnf Srautaiag adheaenre, ot saidpels e a
least bk &ﬁa%ict@r;sﬁe absdlcRed witeh phibaic 1519“?&‘! géiﬁfb? gglasd&yﬁé foa

clusters. 10. The nethod of claim3 el n
surfagehi rd- set of culturing conditions:i s sel ect ed

suitable for inhibiting growth of substantially non

insulin producing cells. 11. The nmet hod of claim 10,

W el Mieamethod st @sibd ab) wheRh sdid Sfaélixfhtln@rMdene@ of said
cells are neurons and/or_ mesenchymal cells. 12.

cells gisplyang fat dpast ong: chnn?vtmshc s@mmmm at paepreaticd 1slet celi
progeifibs RN o e fctebi@h By ' Ulriyd By S s tinlifis af poost

one cHatiRtedistic associated with a pancreatic tslet cell progenitor phenotype in

r*rU

051 ots said cells

contact with.a tissue culture coated plastic surface.

~25.  The method of claim 22, wherein said fifth set of culturing conditions
includes a condition selected from: the group consisting of a substantially: serum- frcG.

culture medium, a culture medium including basic fibroblast growth factor, a culture

- medium -including a synthetic serum supplement, and -facilitating adherence of said

cells displaying at least one characteristic associated with.a pancreatic -islet- cell -

progenitor phenotype to a surface.

26.  The method of claim 25, wherein said facilitating adherence of said

cells displaying at least one characteristic associated. with a pancreatic islet cell

progenitor phenotype to a surface is effected by culturing said cells displaying atleast

one characteristic associated with a pancreatic islet cell progenitor phenotj{pe in.




13. The nmethod of claim3, wherein said third set of
culturing conditions includes a condition selected
WO tgoansaBire group consi sting of a substantially pgarmuBeosoo027

free culture. nedium a basic; fibroblast growth
factor free culture medium a culture nedium
i ncluding , nicotinamde,s@a culture nmediumincluding a

conta8)Wii g iﬁﬁ@ﬁﬁﬂ& SHDR}AY %c'l'att‘ : J Yt S aedi um
incIuang g ucosgoat alco ceﬁyg\%ﬁé%wg%n 5 mllinolar
or. less, and inhibiting adherence of said insulin
preduci-ng cel | a surface. 14 The nethod of cl ai.m
137 m@f‘g mitteoref i Ei ¥ ﬁfgmam%ﬁea SBY oLl going e gns

- is. selqtAkuahblg S fdrmation SPEAL clistEfsaRQuiing RElle afsgﬂag% at least one -
cul.turing said insulin producing 20041050827

charagierfstic| poEiod withz pasreat idetoe]l phentypantlected fronothe group
-cel | nt. -plastic surface. 15. The nethod of clai :
consicffily o HABRnE LAT phoSit bBERI w i pbpgecotype, 3 bat
cell plrmionge] 4 deltascrilphEBaIypE,| ad a01daforaNEdl Syl | s from a
' cul ture including feeder cells and said manmalian
enbryonic stemcells prior to step (a). 16. The nethod
oHgq cl ai rei - .set.of qulturin -
cg%'di t?fgén;m ?%m&s@l glg ed§7s"u i\"{hg{)elme%%%f af ﬁ&?ﬁt‘fi oy haracteristic
assocified vaith am endoceinereetli fetiastirgshendifpe Thexpresdion o ispladr ¢f an -
_ é wherein said first set_of culturing conditions is
mRNA of a tapseriphina fctorer an RN efaeluenssrteansporisr. sai d
marmmel i an enbryonic stemcells to a surface, 18, The
met hod of claim 17, wherein said inhibiting adherence
029.s ai The mmthwd|df alaim8; wheicin sii®ankiiptioh Faciosk Par6.e
is effected by culturing said mamrmal i an enbryonic
stemcells on a substantially non cell- adherent. ;
sti h ' -l
EPG arHEABATe ol 28, SRR R Bk Aiichor b
pancreatic islet cell progenitor phenotype is

. ressi on d, -aptionally display of nestin. 20 The
b ot Mt iof CIaEH ¢ Koy whersi phig, oty lpasbi i Apratesti
associ@ted Weth adiaSsHatdeliheabtyhE 2SdxpRiSiof RRH bisdil mRNA or
' associated w t hriglepatrj{iér eatx' C I gﬁet '%@Fﬁ%ﬁ%{é@rﬁotnm NA or
ghﬂmgﬁhenotype prior to step (b) 21. The nethod of .claim
20, wherein said isolating. is effected by subjecting
said cells displaying at | east one characteristic -

B35 0C e theMdd) of AARETERIWRerbin! S4idCA! leasP RGEBhdrteristic
henotype "to "a fourth set of culturing conditions

. pheno .
associaled ovitte@ befet eddl @heretype riki sslectedg fiynowthes group etdosistiog: of -

e A At S 3R B3 B R

transporter, an mRNA of 2 glucose metabolism enzyme, and insulin mRNA. .

33. " . The method of claim 32, wherein said transcription factor is selected-
from the group consisting of Pdx1, Isl1, Beta2, Pax4 and Nkx6.1. '

34.  The method of claim 32, wherein said glucose transporter is Glut2.

35. The methqd of claim 32, wherein said glucose metabolism’ enzyme is- |

glucokinase. .
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22. The nethod of claim1, further conprising: (c)
di ssoci ating said cells displaying at | east one

WO 2R%/030422r i sti c associ ated WD 2004/ 050827 “PCT/1L2003/001027
PCT/ 1 L2003/ 001027 57 with a pancreatic islet
phenotype into single cells displaying at |east one
characteristic associated”®ith a pancreatic islet
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fifth set of culturing conditions selected suitable

for praoliferation of said cells displ ai%;}g at | east _
ont/- chathc mathosk € daigb7arweeraint rif Haleesle ape cchagctepistic
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culturing conditions includes a culturing condition

se] ect fromth royp consisting of a substantially.

setfum Fhheomfiod af elgﬁﬁc}y TeAn é%rﬂtss?@wapﬂ?ﬁlmmpﬂémﬁs
is seleBRH! duftabiR Cﬁylfﬁﬁﬁﬁioﬁeﬁ H‘H} clddferd %&Qdih%%ﬁﬁ%ﬁoﬁu iffg cells

cul ture mediumincluding fibronectin, cul ture medrum
capahdellof dsplayaig ¥ chavgelidiangnsWiresdcnetionaimndrespombe k¢ atdrugyselected -

dherence of.said cells. disp]aying at . |east one. )
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of cl'aim 23, wherein said facilitating adherence of
decregsg th saidlinsulinisspeign mdertin shidadugds eliazhzidacs alecrsasecin said
. associated.wth a.pancreati.c..islet cell rogenitar. ..
insulify K Pge Whgein sgidr Qo PoniffdinRes dnily? darers iy Sel fsulin

secrefiéi bvﬁ;:ﬁiﬁtﬁﬂi@&ﬁuﬁﬁs 84rbhdhast one characteristic
associated with a pancreatic islet cell progenitor

phenotype, in contact with -a tissue culture. coated
pla@ast i ~exs: 25 . The nethod of claj :
Wi of b o of Rt £t BRI G sefo e conditions
include3cd tietelition Sddviled from Gel ek doddifingt dita GEBLMtially serum free
consisting of a. substantially: serumfree culture
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a0 O . | tures ' [N E a ;
medug% nwﬁ@tdlg@c trlgcéo}ng %ngdd: bp & ﬁgﬁ{ge q%% a@lcpﬁﬁian Syn the_tlc Sertm
suppledbutiy 2 0akture imeihim indhedihg ghlicopd atyd cugicahirdtoa il 16_rmi11imolar or.
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characteristic associated. with a pancreatic islet
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_ cells displaying at least one’ characteristic ‘associated with a pancreatic islet cell

progenitor phenotype to a surface is effected by culturing said cells displaying at least

one characteristic associated with a pancreatic islet. cell progenitor phenotype in

-contact with a plastic surface coated with gelatin.

4l.  The method of claim 1, wherein said second set of culturing condjtioris
is selected suitable for formation of cell clusters including insulin producing cells

maintainable in culture for at least 7 days.




one characteristic associated with a pancreatic islet
cell progenitor phenotype in WO 2004/ 050827
WO P@i/05e2003/ 001027 58 contact with a plasti c gy a¢8/001027
coated with gelatin or poly-L-lysine. 27. The nethod
of claim1, wherein said second set of culturing
conditions is-selected syptable for formation of cell
14251 1'Fhd fielHd oM G168l d, Stk 5Bt Bt bt SR Mmifl Bonditions is
characteristic associated wth a pancreatic Is 8|
Se]“ﬁ@ﬁeﬁh‘éﬁﬁ?befoé éii’lmﬁt-led df rceth dlisterg inclpding awels displuyingf atdeast one

chara§lHER6C ooty S s RE By BEeno et elpoiifom the group
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met hod of claim27,: wherein said at | east o
cell phenotyps. @rdelin icell phenniymeasndia weutenalrceliphonotype cel | o -

precursor phenotype is expression or display of an .

MRNA of a transcription factor or an nRNA of a gl ucose

t ‘M3ns pdﬂtee method 39. cldifie 4retwiRded sailiohimeaSs ohd Q!}ﬁfd&tenstlc
%ﬂd ans%d@ptl on factor is.Paxb. 30. The nethod of
associafed yyt: NG, celh prEpcyTsgE phenatypmisparpression ordisplay of an
RN, The H?tlﬁf | east one

§hjoa;fraacter t1c ee;ss%)%#a edA wﬁ%ﬁ‘gdﬁg%ﬁ%ﬁ?ogéﬁ '

phenotype i s expression or display of glucagon. mMRNA or

cag 32, The nethod of claim 27, wherein said at , 3
e cthog ok qlaim 43 vehereingatd tanseriniiantiaeioniBex6el | )

;phenotype is selected -fromthe group consisting of

expressi on or display of an nRNA of a transcription

f 42t or ThametRMlofdlaimn 48, wdmsein shidglaquse bahspoater ERNADT

a gl ucose netabolismenzynme, and insulin nRNA. 33. The

met hod of claim 32, wherein said transcription factor

i 86. selget 0 guou 7d .

Bet a2, Paxﬁlgg{r?g ﬂl‘(t)?%?? &? IgV]:[%%Ilﬁe r% %Ef 5{1: a?k]?nlla pistic
associgiedveith aw aiplia gellipbenotypeds sppression bsdihlay f gEﬁagoH‘taRNA or
glucaéﬁ‘?lt hod of claim 32, wherein said glucose netaboli sm

nzynme.is gl ucoki nase. WD 2004/ 050827

PCT/1.L2003/ 001027 59 36. The nethod of claim 27,

wherein said at |east one characteristic associated

wtth aThelmethed| of ghimo#d,pwhercinxgaid s$i loast oonedichmhetyristic

' t The net f cIa m 27, wherein -
sssociba SOR AR ' spoPl, B HUBeS oG 2b g e of
expressieur andisplaglof 2BNHRMA BE a't&n@cﬁiﬁiﬁ@fh@{or,”ﬁﬁ BIOYRDE a glucose -
transporter, an mRNA of a glucose metabolism enzyme, and insulin mRNA. - - - g W

48.. - The method of claim 47, wherein said transcription factor is selected
from the group consisting of Pdx1, Isll, Beta2, Pax4 and Nkx6.1..

49.-  The method of claifn 47, wherein said glucose transporter is Glut2. . - ~ 

50.  The method of claim 47, wherein said glucose metabolism enzyme is |

gi'u'cbkinase. o

5. The method of claim 42, wherein ‘said at least oie-characteristic.

© associated with a deita cell phenotype is expression or dispiay'of somatostatin.




38. The nethod of claim1, wherein said second, set of
culturing conditions 1is selected suitable for
WORBMMPARON of cell clusters including insulin RETAHEASBNEN027
cells capable of displaying a change in an insulin
secretion in response to a drug selected fromthe
group consisting of an inékease in said insulin
se&Cr et T lﬂ&ﬂ:rodi of sdaich d2y g?vlieeemtsahcblﬂtalﬁhﬁeonﬁrcharacterisﬁc
Lncrease in s insulin secretion wh in said drug
assocjaged i ansum&é BORYPE 3§ TnGURY MPRRAlP®Y-i on wher ei n
said drug is diazoxide, a decrease in said insulin
secretion wherein said drug is -nifedipine, and a
d&8r eadbeimetbad df thasulli whesdr sad inemmilane¢mbyanit st gells
|S. C achol . 39.. The method of claim1, wherein said
:“6h%§% Q 8?”&%”%5?Q%rlng conditions includes a
condltlon sel ected fromthe group consisting of a
substantially serumfree culture medium a basic

f PBr obThstmethedweficlrim 535 whetsin said humen nmbmmc stem cells are
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culture nedlun1|nclud|ng gl ucose at a concentratlon

of 15 mllinmolar or. less,. and .facilitatin

adfier ehbe ngthed pf claim 34, dvl%ma;sawg}latcelletwveéwgﬁs are H9.2
characteristic associated with a pancreatic islet

cell progenitor phenotype to.a surface.. . 40.. The

met hod of claim'39,: wherein said facilitating.

aﬁgere ce. of “said ceIIs duwflaylng at | east one
cRr act*8r inselin producing geld ¢lupier fomnpsime msplin pregdusing cells
f
ins 451G £ STGLATR 55 B4 A 5obo Rl sl
producingrcelds mrthsbel&clasts:omﬂﬂaﬂt«w\pmmerﬁ pancr eatic islet cell
progenitor phenotype in contact with a plastic ,
surface coated with gelatin. 41. The nethod of claim
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sel ected suitable for formation of -cell clusters
of said wshliipregucing geilhingho delt cingter islaf keastdd prre¢miabl e i n
culture for at least 7 days. WO 2004/ 050827
PCT/ r L2003/ 001027 60 42. The nethod of claim 3,
WARr ei The ahéillinh?fdilluﬁﬁg &1l elsicH dfMAaa® 5h, [ WREEin 8n insulin
sel ected suitab formation of cell Clusters
secretiopdpigdiapaciberf gaidiinpiliaypmducing rellssis abdeast 6 microunits insulin
sociated with a pancreatic islet cel
pewﬂg%@ﬁ%t%@g{emgé? %{i‘%&)e{ 8‘r'ﬁthe group consisting of an =
endocrine cell precursor phenotype, an al pha cell

.~ phenotype, a beta_ cell henoty _a delta cel
- phnot ke nsylig paomrrgm%l clusier OE nlgnntiﬁpevhfwn artpgal insulin

secretfGf (9! or Spf¥ dIbili prdOGEil Serhlts O Rt 8% bnifidRinit josutin per

one hypdesithewfandbennt ype i s expression or display of an
' mMRNA of a transcrlptlon factor or an nRNA of a glucose

" transporter.
60.  The insulin producing cell cluster of (;laim 56, wherein the cell cluster: -

celis.

ﬁp‘ther comprises . cells displaying at least one characieristic associated with a

pancreatic islet cell phenotype selected from the groﬁp consisting of an endocrine cell
precussor phenotype, an alpha cell phenotype, a beta cell phcnétype, a delta cell”
pﬁenotypé, andaneur(_mal'cell phenotype | -




44.' The method of claim 43, wherein said
transcription factor is Pax6. 45. The nethod of claim

wo d6ba/o9deer ei n sai d gl ucose transporter is G ut2crAP200386027
nmet hod of claim42, wherein said at | east one
characteristic associated with an al pha cell
phenotype is expression ok2di splay of glucagon mRNA or

- gléxcagorhe ihdulini8deghP 08l luste! 8 Saflg 60V\9ﬁéz%rrﬁsa$@meﬁ one

| east one characteristic associated wth a beta cel

Chafq%?éﬁ%? yirociated witk enepdeering el piveurgenphenobmsi is thmyssmn or
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transporter, an nRNA ofa gl ucose netabolismenzyne,
and |nsuI|n MRNA. 48. The nethod of claim47, wherein
s Fhes dpsyim awodugingroalls destercrafd claimorfl hyhgre@u psaid
%ﬂﬂﬁh dx1, isll, Beta2, Pax4 and Nkx6.1. 49:
trans Sé‘%tﬁlgléqfa?(g)cla|m47 wherei n said gl ucose :
transporter is Qutz 50. The nethod of cla|n147
rein_sajd glucose netabolismenzyne
c oki Fhoksulin profgingeaellopuSlET ef Al ﬁb “wiipreinesaid ghicgse
uanqﬁkwk%ﬁﬁhwghe -characteristic associated with a delta
cell phenotype is expression or display of
- somat ost ati n. ‘WD 2004/ 050827 PCT/1L2003/ 001027 61 52.

T nmet.hod of cl aj m42 erein said east
?ﬁgr actideitagutio proy ustes ¢f éamﬁ%rﬁrre@eﬁaﬂq at least one
haraBleSSR p
charaRbe: “@“ﬁ?ﬁﬁ%ﬁ?@“&%?ﬂﬂ%mﬁsx FESIUIE bl ipbly of
glucagmenm;m%mrgmoagmni c stemcells. 54. The nethod of

claim53, wherein said human enbryonr c stemcells are
sel ected fromthe group consisting of 16 cells, H9

cegls| dqfhb\iﬁéﬁliﬁ%rb(ﬁlcn?g‘&lfﬂlﬁst&%ﬂcﬁamis@@ Jﬁ@eﬁ%‘aﬂpﬂ l&fst one..

claimb54, wherein said HO derived cells are
charagferistic aswciated Wity i hetprmih@hﬁgatzm lis cselestedy from the group

| b t
consifilBeFhEsIpEBY GoPng SR n THATE = Smspaptioh ipiot, Bt FROCof
a gluooke mf?onas th RN AT dughdie GRAbSIibM nRPmeSAdd iGbWAl BRNA.

is at [east 4 percent. 57. The insulin produci ng cel |’

cluster of claimb56, wherein said proportion of sal d
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transceiptiei dctarf iscdebictod f£6m . Mb girék c@bistg ol Pdx 1S 4611 SBeRdD, Pax4

rate capacity of said insulin producr ng ceI Is Is at
and Nkg@dt 6 microunits insulin ‘ S

.67.  The insulin producing cell clu“ster of claim 65, wherein said glucose
transporter is Glut2. |

68.  The insulin producing cell cluster of claim 65, wherein said glucose

metabolism enzyme is glucokinase.

-69. - The insulin producing cell cluster of claim 60, wherein, said at ieast one
- characteristic associated with a delta celI phcnotype is expression or display of

. somatostatm




per one hundred thousand cells per hour. . 59. The
i nsulin producing cell cluster of claimb56, wherein a
wOt20e050821sul i n secretion capacity of said i ndri2e03001027
- producing cells is at least 0.50 nmicrounits insulin
per one hundred thousand cells. 60. The insulin
produci ng cell cluster of 6l aimb56, wherein the cel
cl #&t er Th¢ instilie prodading iceB shiedrlof cthipoawhoe@ibéaid selsdst onc
one.characterjstjc associated with a pancreatic islet
chargelgristig Rssostajesewit p seyranaliel mbepetygs ianasnal mormhglegy.-
an endocrine cell precursor phenotype, an al pha cel
phenotype, a beta cell phenotype, a delta cel
phéhot ypbs ivswtinsproducing atll chisterpo olainyg (16, Wherein said insulin
0d2004/gf0@?7 P%E[lL 003/Q01027 62 61. The insulin
Prodiing & RySeEprodpees g ai m 60, wherein said at
" least one characteristic associated with an endocrine
cel | precursor phenotype is expression or display of
an’RNATke insulin geduding ceth clustaroof okaim 5Gy¥bergn said insulin

. ranspprter. 62. -The insulin producing cell
prodrgt}lﬁé?%lfc%?teangf esgﬁgm%%eglgi n said transcription

factor is Pax6. 63. The insulin producing cell cluster

of claim6l, wherein said glucose transporter is
-2. 'Bae inyelin prededing celt duster oficleimn V2,cvhaseinsaidthugiagioslls

ekt
. have g%'ggéé‘(ﬁ}% ggfhwéetﬁﬁﬁglﬁg%ih gﬁiéeg;ﬁ@ﬁs,pﬁ(ﬁl@ﬂiﬁ% EHI zt Ie)ip‘r essi on

or display of glucagon nmRNA or glucagon. 65. The

in t@l in_producing cell cluster of claim®60, wherei n_
safd at i Eenlin prducng eell clustes of lains 63 wheginngaid HP cell.

deriv@@l:élls%ﬁ&k{ﬁ?é]ﬂ?ype is selected fromthe group

consi sting of expression or display of an nRNA of a
transcription factor, an nRNA of - a gl ucose .
trgnsporter Nn>RNA of a_glucose metabaoljsm enzyne;

and” | n‘s-{‘jW%ﬁ?féé?imfo‘@!?!ﬂgr%u%&ﬁﬁnﬁthﬁﬂ&a@@%gbe I

Cl4pt ersubfecth@ nniralialGhblyBniklm deii8 15 G fildf §e? "bf culturing
factor is” selected fromt group consisting o

Pdx| , | sconditives sglectPd sditatde doldiffferitiation .of Hhdedsha yortion of
produci ng,cell cluster of claim§65, wherein said

gl ucos_esagq PHIROIPE SO ﬁtFE‘ ceég.mtﬂﬁ?ﬁF ﬁgahyms-at least one.
produci dherde®dristi€ | 43bsihtedl vAlLAl AN BancrddiR’ Guig: S@ud _Progeni‘tor-,
gl ucose netabolismenzynme is glucoltinase. 69, The '
i nsul i riPhepoiypeiand cel | . cluster of claim60, wherein

S%bfj ,atsui)j%%a}lg'%&% cells displaying at Icast one characteristic associated

“with a pancréatic_ islet cell progenitor phenotype to: a second set of
culturing conditions selected suitable  for formation of suri_‘ace', bound
cell clusters including insulin producing cells, thereby prodiicing the

insulin.

76.  The'method of claim 75, further comprising;

- (c).  harvesting the insulin. -

77.  The method of claim 75, further comprising:
(c) - isolating said surface bound cell clusters and optionally isolating said

insulin producing cells therefrom. .. .-




characteristic associated wwth a delta cell :phenotype
is expression or display of somatostatin. WO
WO 20050630827 PCT11L20031001027 63 70. The i nSidyig2003/001027
producing cell cluster of claim60, wherein said at
| east one characteristic associated with a neurona
cell phenotype is a neuromsal norphology. 71. The
| rE8ul i Tharmettied 60clamh 75 Chin@bedominsgigi m 56, wherein
Sﬁ?g iﬁ;ulin, producing cell cluster produces human
i ASY1 i rflisspsiating saidigfere bpunshierl] plystars! intacsinglecellp including
cl ai m 5§; ' 1d.] kn producing cell cluster
incIudggu%ﬁﬁgﬁﬁ@gpﬁghgsgﬂﬁgﬁ% i nsulin producing cel
cl(dpt ersubjecthgbaidl Fdglondetis ¢b  tisiad skt bOowauing donditioay selécted
genot ype. qf 6 cells, FB_éeII derived cells, and H13 S
cel | s. SpKablefor maintpining, said psuly prefyciag geliein epltwe fopat SN
73, whepginq4eayd HO cell derived cells are HI.2
cells.” 75. A nethod of producing insulin, the nethod
" conprising:. (a) subjecting manmal i an enbryoni c stem

| first.set turing. .conditi | ect ed
119 aprthefushde of S 3. fithsr oriisingeast  portion of -
sqey NMESBTRidARIERBEHPHouShe el | S into cells

di splaying at | east one characteristic associated
“with a. pancreatic islet cell progenitor phenotype; '
apd (b Lecti sai-d cel |l s di.sp].aying at.least. ane
N R e L B I G
is sclected spitatle o AfaiRBRY ¥HA: nSulif ppeeRg &8l A suspended cell |
culturing conditions selected suitable: for.
clusters.f or pat | on of surface bound cell clusters including
insulin producing cells, thereby producing the _
insulin. 76. The method of claim 75, further o
c8ipr i Thagmethod)of Elainy €87, | WHerkhe sdilSsibspéhded celll BRisters are
nmethod of claim75, further conprising: (c) isolating
characier: r% BIOROTSON od seid insulin preducing.endls of af lonsti4 percent.
. isolating said insulin producing cells therefromW0D
2004/ 050827 PCT/ 1 L2003/ 001027 64 78. The net hod of
cBAi m The nfetiiddhef claimmB0] sihgkin. an insulin secretion rate capacity of

said insulin producing cells' of said susi:endcd cell clusters is at least 6 microunits

insulin per one hundred thousand cells per hour.

- 83.. The method of claim 80, wherein a total fnsulin'sccréﬁon capacity of

- said insulin producing cells of said suspended cell clusters is at least 0.50 microunits

insulin per one hundred thousand cells.

_84. The method of cldim 80, further comprising;

(e) 'i‘solating said suspended cell clusters. ' : .,‘

85.  The method of claim 78, wherein said third set of culturing conditions
is selected suitable for inhibiting growth of substantially non insulin producing cells.

* .86. The method of claim . 85, wherein -said substantially. non “msulin

' producing cells are neurons and/or mesenchymalcells. .- . - -«




(c) dissociating said surface bound cell clusters into
single cells including said insulin producing cells;
WOZA0/058527s ubj ecting said single cells to a thiRCd/E2903001027

culturing conditions selected suitable for

mai ntai ning said insulin producing cells in culture

for at |east 14 days. 79.65The nethod of claim 78,

f utZher The mmﬂiusi Q@Claim TReWhemdrt said rdgssetaainhg smdlsurface bound

k od.af cl ai
oelt SRREHE WY 35le S R iRy BOmimiEaneot Said sudicpid ol
clused.t abl e for maintaining said insulin produ0| ng cells
i n suspended cell clusters. 81: The nmethod of claim

.80, wherein said suspended cell clusters are -

R —
includes lmombrﬂfhoﬁlsﬁleﬂle&%omhﬁé Qidup cRsisthstibf A sEBSARIdIg sehith Sree

capac said insulin producing cells of said
ﬁll‘b‘é’d acbisic drtueblastssowvtht fapiep Jrecocyfure daﬁqltpgl, a culture

medh.ﬁ‘r? %bl‘ﬁdi?x r o@ﬁﬁ:}zﬁlﬁﬁgr gdcﬁlﬁﬂesﬁgﬁu&e {.lll %cﬁﬁ# an thet108§e‘rum |

he net ho '8 rern a
supp@m:ré,t a altucamadivtyy inofudirppgldcose bt h congentoakiei @Qlﬁ:ﬁhlhmaiir or .

spended cel | cl us rS|satIeast050
tess, 3 .l%uﬁﬁ%fl adlicrangios sgdingHia pRodiinerelln BLR s Cel | 5.
84. The nmethod of claim80, further conprising: (e)
i sol ating said suspended cell clusters. 85. The method
- of 82 ai Whey snethurk o ickhimaByl, whercth sait iohibiting adhergnee of sald :
ons sel ected sui for i.nhibjitin
insul BEAGhEPE TPy S50 S5 ook ol B st Stk
cells b SEAAEEIN noal Ril MaBGenigiRiAir@ad. d substantially non
“insulin producing cells "are neurons and/ or '

" .mesenchynal ceI I s WO 2004/ 050827 PCT/ 1 L2003/ 001027

glss S Zc | aF s al E?r‘ 2%%@’35 cog@{i?&g I %g It Sg?% of felpetively

_harv&tlngls&;dQﬁ:hh@:ah@ ahbsohRo:té cENlyREMY dduk® thehidig@ kdder cells
surface bound cel | clusters. 88.. The net hod of

and saf lian pabeionicssie cells pdorderstepi@tul t ur i ng.
cond| tions includes a condition selected fromthe
group consisting of a substantially serumfree
c uant ur eTheadettiod oficlaiai?s, Whbrefbdadd firsh s wfltultagh®t Eoddifiéns is
ture gdl um, a _cul ture_ nmedi umincl udi ng

selecft ftiﬂi’iﬁ rgaducing frmation abembivoidkaditf ng a synt hetic

serum
- 92.  The method of cla_im_ 91, wherein gaid-ﬁxst set of culturing conditions is
- selected capable of inhibiting adherence of said -mém_malian embryonic stem cellsto a

surface.
93.  The method of claim 92, wherein said inhibiting adherence of said
mamimalian embryonic stem cells to a surface is effected by culturing said mammalian

embryonic stem cells on a substantiaily non cell adherent plastic surface.

94. . The. method of claim 75 wherem said at Ieast -one charactenstlcr

associated .with a . pancfeatlc islet cell progemtor phenotype 1s expression and = -

optlonally display of nestin.




suppl enent, a culture nmedi um i ncl uding gl ucose at a
concentration of 15 mllinolar or |less, and

WO 2004038827 ng adherence of said insulin produci ROT/AaElbZ001027

to a surface. 89. The nethod of claim88, wherein said
i nhi biting adherence of said insulin producing cells,
to said surface is effecteed by culturing said insulin

peRJUCTRE méihbl SoP RiAmS U tfaihidralcbinphioigC folatigh edig Néells
pl astic surface. 90, The net hod of cI aim75, further

dlSPlaé’E’&pﬂtl Fwhene slaragtenstisrassqsiated with| 3 panvapaiedsich gell afogenitor

phcno@@m %{f@;yom c.stemcells froma culture
cluglng er cells and said manmmal i an enbryonic

stemcells prior to step (a). 91. The nmethod of claim
7§$ wherein said first set of culturing conditions is
‘ect

wgthodintelam 95, wherimgid selainsdneBectedBy yehierting

said ¢ H’éjﬂﬁﬁlayﬁ%oaft-w&t TRL Rp0b 1caés§?)c1§t%d Wﬁ%aﬂcﬁ%ﬁg islet cell -

set culturing conditrons. Is sel'ect
progemﬁpa;bﬂeaotybe i toha tiotuitin g;eadﬁ muﬁmm aiondaiods rehwetdd auitible for
ic.stemcell urface., 93. The nethod, of
inbibiffgpg o il rféat 1S§fﬁya1 rﬁ%si?ashan%mﬁla%waﬁ% tgd with
apandgmlé@éu ? %g;ecel Is to a-surface is ‘
effected by culturtng said mammal-ian enbryonic stem
cells. on a substantially non cell - adherent -plastic.

surface. 94 he. , netho f claim, 75, wherein said at
YL Bimemal A el b, Brllee B, e ch o
paycr eéi%éd“eldtﬁlgeéal& Bélls dﬁ gﬁﬁg P eRNBRO E:Hﬁ%ctenhﬁvcb associated

expressi on and opti onal display of nestin
2004/ 0B8R 27 pACTEc2BRE phoddar 66 siile Thlds disphyingit least

I 75, .f h | Ils
oG it ff%i&ge%gﬁ@t%‘h%@g'@%ﬁart iRl febmsaand ¢
a(dy ancmyéduﬁgl §digt siagle! cHlsod arihﬁ:agtt YRe Bhdratterisdic

step (b). 96: The nmethod of c alm 5 wherei n said
i sol at #sacinisd aviffee p@ru:rwlcsslq] csHiprageniton phenatypasto a fifth set

- s S PO SRR ARG Al L

f our t hdisgthyiaf & uédsu bh@ ghﬁ@a&hstﬂcmo&@dea GYigld agpantablie islet

for inhibiting growh of cells not displaying said at

| east @H@rea%lu&wém@mecmmé@&qea(@a with a pancreatic
.. islet cell progenitor phenotype. 97. The method of.

claim 75, further conprising: (c) dissociating said

c3d.| s Thespkthyd d chiim! 963 sheritpsaidréoat st iof cilturing condlttons

assocjated wth a pancreatic islet phenotype int

includes @ gn cenditien|salerisd fram |the groun pensising ek @rsrlb,&tzilrewlly

serum FRCGNALE hellihall, 3 RRR filiutn. aﬁ&amg G RS eurfid medium

int:liidiﬁg' transferrin, 'a culture medium- inclilding fibrotiectin, 4 culture’ meditm
substantially including selenium, and facilitating adherence of said cells displaying at
least.one characteristic associated with a pancreatxc islet cell progenitor phenotype to a

surface.

99. The'method of claim 98; whierein said facilitating adherence of said’
cells displaying at least one characteristic associated with a pancreatic islet cell
progenitor phenotype to a surface is effected by culturing said cells displaying at least '.

one- characteristic -assaciated with ‘a pancrca’hc islet cell progemtor phenotype” m'-'

contact with a tlssue cuiture coated plastic surface.
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(d) subjecting said single cells displaying at | east
one characteristic associated with a pancreatic islet
woebdiosegrgeni tor phenotype to a fifth set of wddnridbdsi@ioz
conditions selected suitable for proliferation of said
cells displaying at | east one characteristic
associated with a pancreagiyc islet cell progenitor
Phgjot Aol ( 28aid B! in%l @t
Dot 0P, Bl Je b Py, lereihoi B TEL OBl Gnlliions
includexch ededitian ceibtted ifrogn tengliotp eonssipcofed ststmtintip sgruou free
: consi.sting Qf a sybstantiall .serum.free culfure
cultupggedim. 2 giliur,pg e bt fiproblast Browthyfagior 3 plture
>di | il l . | a l i ihe | | eofsaid'
mediTRC IO sy pOale SR flon afl (heMiiufy plrie of s
cellsi displaying ptsiehst nonenrharacteristisi hscatatadg withhe rpemcxsati¢ islgt g@ell
ce%gl s, di 2&%' nggat | east. one characteristic ,
progefitor pheio PRSP ancreatic islet cell progenitor-
phenotype to a surface: 99. The' nethod of claim 98,

wherein said facilitati n& adherence of said, cells )
di ¥} ayTheymethof eafsalaion d0@ huherstresaid facilitaing @dberencapf ppid

. [ ic i.slet cell, .progenitor not ' '
ocls HARTRETN psk o efiBycreafleCRRRREE HRRCH bt Toer ot
progéititor phSiotye aCduefade isctifeetddbypadasingtseid oullk Misplaying at least

ancreatic islet cell progenitor phenotype- fir

one gwcmstim associated swite & prncrealic ddetegelp IPRegepiios phengtgpe n
Th t hod
contab bt Histgt Seface clalta it 0P B polp £, B8Me, TP, 101

conditions includes.a condition selected fromthe
group consisting_of a_substantially serumfree, - e
cut®ur elhrcapthad obclaim 73 Whereth il FeeRd L REcyfuing conditions
is selbét2d O | . i |didPlAi IR

s b8 LA £ 0 Rk P11 g S I e on
- charasttnstie nssecinfedsweitlda pamireaticdislkeptel) pigrotytpel selesteddnem the group

cons SR SPGB SNOE S e PARCHRT L ke b

cell phkAbpe: QQeltdloen phéhobied atds hbirbadli R phehgysnce of said
cel 15 displaying at 1east. one characteristic
-associ ated with a pancreatic islet cell progenitor

p otype to.a surface is,effected by culturin o e
DR Y, g oF il 42 "R apidl b et fop® et ferisi
assooi’a‘ié&@di&tzﬁﬁeﬂddcﬁn@céw?ﬁécﬁ?dok ohbidifpe Rdpraasaadt di@iﬂgy_of an
henotype in contact with a.plastic surface coate
. offp. atsgriphorofacies by an MRNAS a glocbse whespeetehod of -
claim75, wherein said second set of culturing
conditions is selected suitable for formation of .cell

.- Clygat erhd methbdondake 103, WhéBinavideamtripitistacdnes Pax6.
characteristic associated with a pancreatic islet.cell ‘

- ‘phenot ype sel ected fromthe group
105. The method of claim 103, wherein said glucose transporter is Glut2. .

106. The method of claim 102, ‘wherein said at least one chéi‘acite;isﬁc
associated with an-alpha cell phenotype is expression or display of glucagon mRNA or

glucagon.

© 107 .'I‘h'é‘“’ methiod of claim 102; wherein said at least one characteristic -

associated with a beta cell -phendtype s selected -from -the-ngroup?co_ns'isting of




consi sting of an endocrine cell precursor phenotype,

an al pha cell phenotype, a beta cell phenotype, a
woded#osonzel | phenotype, and a neuronal cell phggaiyB&s/001027

103. The nethod of claim 102, wherein said at |east

one characteristic associated wth an endocrine cel

precursor phenotype is exggession or display. of an
xprésEn &fdi Lol - cq
R ol sblay G137 GRS | RoREpton MoBl RN BF A iCose
transpeyitef, 21 BaRNA iof o igbrwofeanebolisn Paxftne, and msulthenRi¥Ahod of

claim 103,. wherein said glucose transporter is G ut?2.

106. The nethod of claim 102, wherein said at |east

oNESC haTRE HrRHodldf ClAHS AP, Atifieit saflt ﬁ'ﬁhS@#ﬂ(ﬁ’ﬂl £ldr-is selected
phenotype i s expression or display of glucagon nmRNA or
from ¢he grayp sonsiging of Rdx hdsloBet?, Baxd andl¥ie6.vher ei n* sai d
at | east one characteristic associated with a 'beta
cell phenotype is selected fromthe group consisting
of1060 2CH4hORO8 37 cilted A 07, wiRRSinA8iH0Adcosb Rafpokes & G D'
di splay of an nRNA of a transcription factor, an nRNA

of a glucose transporter, an nRNA of a gl ucose

tiabolq 1.and NSyl jn 108. e.msthbd .
or 107 o B AP o1l o7 Yl SE Byt melBplF @2me is
glucokadaset ed - from the group consisting of Pdxl, Isll1, :

Bet a2, Pax4 and Nkx6.1. 109. The nethod of claim 107,
wherein said glucose transporter is Qut2. 110. The

tihod cl.alm . i . sai d ugo L .
cnavime T el o6 btk R InGR sBla, BORGH BHE R Prisi
associghat with asieital cell phdneypt ivepredsbompat displst dfsonmsstainmt ed
with a delta cell phenotype is expression or display
of somatostatin. 112. The nethod of claim 102, wherein
saitd. attHeaRinodNer SARMAHIE! bibich sAASACIALCI N chlralieristic
neuronal cell:phenotype i'S a neuronal nor phol ogy. S
associpies with b edunaldeliphei@ypedser sunomd intbrpliwiegy. set  of
culturing conditions is selected suitable for
formation-of cell clusters including cells displaying
all 13.625hofiGhod BAERIH 98] ShbfeiR SHATHRS 86 M dlufing conditions
. pancreatic islet cell phenotype selecte .fron1tﬁe
is selagtast guitablgrfor Srmatoroéf enll dnstoxsrinclading] dellpdisplaydigrat least one

chara R, a8 yRpR PuRnlip Rioryiienafae Sired Bam tegrpup

consistingroft atbéndobdifie cdil Bre?RisBR Bhéioty s, FnMIgHseel otfbe, a beta
sald. at |east. one characteristic associated Wth an

- cell phangbme; wdelivetdll phenetyps emdphrenomnapeell phemofypessi on or -

di splay of an niRNA of a transcription factor or an

MRNA of a gl ucose transporter.

- -114. .- The method of claim 113, wherein said at’least one chatacteristic

. associated with an endocrine cell precursor phenotype is expression or display of an

mRNA of a traascriptien factor or an mRNA: of a-glucose transporter.
- 115. - The method'of claim 14, wherein said transcription factor is Pax6.
116,  The method of claim 114, wherein said glucose transporter is Glut2.

20 117:7. The method of a-ciaim‘-li3, wherein said at least one’ characteristic

~ .associated with an-alpha.:é_::cil phenotype is expr_e‘s_sioﬁ or display of glucagon mRNA.or
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115. The net hod' of claim 414, wherein said ‘

transcription factor is Pax6. 116. The net hod of
WOCK084/4309214, wherein said glucose transporter imcfdidéodrootozy

117. The nethod of claim 113, wherein said at |east

one characteristic .associated wth an al pha cell

phenotype i s expression osedisplay of glucagon nRNA. or
glucadbn 2004/ 050827 PCT/ R, 2003/ 001027 69 gl ucagon. 118.

The nethod of claim 113, wherein said at |east one

characteristic associated with a beta cell phenotype

ort 3 i s o Tof SRASURYE FRARUS Ml hecloap R Fhatgfbrstc
assoand®®d\ vith @ biacodb phbndpp a8 tselected NroiMNieO brdupd cbsddRg of

net abol({iﬁsT entzyrre, nd 1nsulin nRNA. 119. The net hod
CXPTESFLOR |05 AP1Ays0t Gih BRI A of A HanscHRker fastoroan MRy of & glucese

L sting. of: B
ST o ey PR R M P 1
wherein said glucose transporter is Gut2. 121. The -
od .of cl.ai 18, rein said, glucose, netabolis
P T N (N C A TR L LTI
from upicdiistinglof PARE UsIPNBeta? A28 LEA NRkEq, associ ated

with a delta €ell phenotype ’i's expression or display
of somatostatin. 123. The method of claim 113, wherein

sghLd at.lea ne, .ch cteri.sti. associ ated wit
 ndgfondieiiithod REsiay FLE Saktein i ghitpse apiorgy Cluds
- The method of claim!, wherein said second set of
culturing conditions is selected suitable for
f detat (18 mthed pf claim dil 8y wheneinl sadtl plycosesmeiaholisio ¢ogimgis
ghwoﬁﬁk&? capabl e of displaying a change in an insulin
secretion in response to a drug selected fromthe
group consisting of an increase in said insulin
Sﬁcretion wherein said drug-is _tol butamde, an =
i Héteadée mathed; of rlaim| 1313, seharein; snid o deast nonsa ichiaragterigiic
P e | BIVX: y g i Li |
- assoclafed WA dofe col ERBADE 4 phyfin'oR Sl T30HEN Ry,
insulin secretion wherein said drug is nifedipine,
a a,.decrease in said insulin, secretion wherein . -
si?%r dﬂﬂa -'Flgt%egr?f;ehav. Lo ovherga said b deast @neacharagieristic
associRANG ' i aGidhlonbi Ltions
B A
consisting of a substantially serumfree culture

.medi u a. basi i.brobl ast growh fagtor free cultuye;
' ﬁg‘h mrh% “L"&‘t‘ﬁ?éd‘?‘ﬁlﬁﬁ THih S @i“ﬁ@etr‘ﬂf cyltrng renditions
is .selgdfé_d Hﬁi%b[@%ﬂjfﬁdrﬁﬁl)ﬁ' GrnB1eciners el bGin3 Snldin producing cells

capable of displaying a change in an insulin secretion in response to 4 drug‘selccterd

from the group consisting of ‘an increase in said insulin secretion wherein said drug is
tolbutamide, an increase in said ‘nsulin secretion wherein said: drug is’ 'IBMX, a
.decrease in said insulin secretion wherein said drug is diazoxide, a decrease in said
insulin- secretion -wherein said -drug is. nifedipine, and. a-decrease in lsaid insulin. '

secretion wherein said drug is carbachol.

125.. The method of clajfn 75, wherein said second set of culturing cpnditions_
includes a condition selected from the group- consisting of a substantially serum free

culture -medium, a basic fibroblast growth factor free culture medium, a culture |




suppl enent, a culture nmedi um i ncl uding gl ucose at a
concentration of 15 mllinojgar or |ess, and
facilitating adherence of said cells displaying at

| east one characteristic associated with a pancreatic
islet cell progenitor phenotype to a surface. 126. The

ik Beflingy Aclnrae. s bl iy cludlshs o Sgnetic. serum
suqnbmnamt erdLmnieUnemamanammb glubdsseaatmacrmxbaatatuon io$ i & tnilirablar or

Ieg Etag%f &%E%rpﬁge §“ﬁﬁa‘§ﬂlﬂ éja ﬁawllrigag{ e@ﬁéone cxaracterlstlc

assbelaiadmthlesnarmrms tstatabl drogehitor hpacstgpemia surfagket cel |
progenitor phenotype in contact wth a plastic
surface coated with gelatin. 127. The nmethod of claim

1285 , Thehmetbod ofacldins de2dndhsetn ehid cﬂabmanh@ gadheredbé i cm rszid sells
cl.ust

oA ob8 Eherek Bl vah o SanerSatidnFLoa progentor
phenbtype ¢o feosurédcel leae'fectbddlawsmtdtiﬁg salheehetizspRyinf atllaashone

c_ st el |
o B Pt Wl R R0 T SRifodhefil s oo spract
with2Bplastivesuefiape saated hithgslaémbr yoni ¢ stemcel |l s are
selected fromthe group consisting of16 cells, HI cell
derived cells, and H13 cells. 130. The nethod of
12€| dhenmi&Bod \ofi elaiinn7 S awfcbreld sadd lsecterd yetdofcallfuging reendifior is

1S, ¢ 1 t hg m 75, wherein said .
soeBleshauiebl® tor BImeteT 2) g ERuahe it Shdlgino,gets
maitaithablelin sultlire fdr ay leagt Atlayseast one characteristic

associated with a pancreatic islet cell progenitor
phenotype in a culturing nmedium and wherein
12BailThe stetigd bhelainn 5| wheren ebilernamehdlisin eaibrasiic s@ns aeld are
hu?h I e nedi,um 3]32 A use of insulin producing cells

éy%%?}ﬁ%i Fe of a medicament for treati ng

pancreati c di sease, wherein the insulin producing
e bt.ai ned f om.a netho onpr
12§¢ T8 A6 Gof RCHARY TeRnibbrelh sahb PyGAT coubuAteem  soi. are
selealet dioen the grodp ¢atsisting ofdB celld, Her dell glericanckis ] avisH13 cells.
selected suitable for differentiation of at |east a
portion of 71 said mammalian enbryonic stemcells
130.nTie owlifica] di slpinayiR8gwhéreiressitt Heelt dariast edlissdre AH9.2 cells.
associated with a pancreatic islet cell progenitor
phenot ype; and (b) subjecting said cells displaying at
131.e@he¢ method hafr daitve r75s twherels Ss2id ate&ﬁhd/vis‘eh ofl cunl&tmgr eaiditons

. 1sl | t h
incuief s lpo T SR Bas a2 eaRE oty eBapEsRale FaPrBladoth @
padresticr fsmtecéllopmbemd)ri phéruﬁj‘qw $h ianelitgtingg metgmh,i Bnd wherein

na G a7 Ry Feisieri oy hetvesla i Subimmedtin.

132. A use of insulin producing cells for the manufacture of a medicament for treating
pancreatic disease, wherein the insulin producing cells are obtained from a method

comprising the steps of:

(a) subjecting mammalian embryonic stem cell culture to a first set of culturing

. conditions selected suitable for differentiation of at least a portion of




clusters and optionally said insulin producing cells
therefrom 134. The use of g¢faim 132, further

conprising: (c) dissociating said surface bound cel
clusters into single cells including said insulin
producing cells; and (d) subjecting said single cells

to athird set of culturing conditions sel ected

suitable for maintaining said insulin producing cells
sdich meumrhalion drobryaric Beastellddntdagls didPaying heleastcoref chakateristic

it S e SRS el el OBl 435, e i n

said third set of culturing conditions is selected

Sl FTBHALRY AT SR B i o

pdnereatierislebcpll ipsogenitorsphertotypg ak tsesusdestiet] calelring conditions
oSh88 o 0 GG Shosl A S D il i

prodieging telisn of said insulin producing cells of at |east
4 percent. 72 139. The use of claim 136, wherein an
insulin secretion rate capacity of said insulin

138 okthec sy of alldim $32, Sfaithlers corppenisiieyl ispddting cdaits tsarfacd oatd cell

e o PR Bl IR BBl R Ferltlie whor o n

total insulin secretion capacity of said insulin

L5, 0000 PR B

cell etusssra dhte singte. celld inclubivg ssie instilire paidotiag 4ellspand éd)rsubjecting

S aj. i set,..of ri.ng conditions,i elected . ..
sl fial el 1 il Bl SRS R A iest PEb R orBinteining
saichimallinprpdodingcellg ircaldliuse fot 4Rleadtel degys. of cl ai m 141,

wherein said substantially non insulin producing cells

are neurons and/or nmesenchymal cells. 143. The use of
135l ahenudS 41 claitet 3, furthar comprisfarisabtimgsaidingduiiruprbdesng cells.
bound cell clusters into single cells is effected by
trypsini zation of said surface bound cell clusters.
13647 he Tise dfiskaim{13d] wheneih3ehid Wher sit of saltuinghionditisnd iscfelected
in ondi tions includes a . conditign. s cted
o Bl AP Bl gt Suis i Rismendiy LR

free culture nedium a basic fibroblast growth factor

135, T SH b Se B0 e o PRET bt T qsters

serum suppl ement, a culture nedi umincludi ng gl ucose

18 TR A s Reg

15 . mllimglar or |ess, d .
efsFsad puprented poll el §rarartptzed by
a propartisnibf saie inslilbprodingngissiis of atleastd perdeniwher ei n sai d
preventing adherence of said insulin producing cells
to said surface is effected by culturing said insulin
producing cells on a substantially non cell adherent
pl astic surface.




146. The use of claim 132, further conprising the step
of selectively harvesting sgpd manmalian enbryonic
stemcells froma culture including feeder cells and
said manmmalian enbryonic stemcells prior to step
(a). 73 147. The use of claim 132, wherein said first
set of culturing conditions is selected suitable for

i nducing formation of enbryoid bodies. 148. The use of
claim 147, wherein said first set of culturing

132?'1‘#1%“38%? cla‘?’m SI%E e\%&gml gri”‘ﬁ’%ﬁll X %retioﬂhr'gt% éﬁl gltyf %f ﬁaéd gxsulm

adherence o TP ORIC
preduding eclls b said Fhepansied ol cihahera 1$¢&8lea&h@3rrmrwrslaumbulln per one

h@%h%’,a%“%'%wé’éph%uﬁt emcells are capable of

ence to a surface by culturing said
manmal i an enbryonic stemcells on a substantially non

1&1)29{he%%g%%fgim pl!3§,sg/i18reﬁ+]5ft&%?i‘nsfﬁ%%ec (%1 I%%?)ag Y gf s% d"lnsulin

_ erein sai ["feaSt one” char ac
praduyaing eelis df whidrsuapensisd ced atusters & aftleass 0l 50ommgamits drsulin per

m(apé@otﬁglis%nﬁ)&gfsess' on and optionally display of

nest se of claim 132, further conprising
isolating said cells displaying at | east one
h S € . ic Lslet. cell

14‘71Ir gfdggxfsé 'f%FaLng 1§§y\8@ér8¥n < d"kry& & @EE@L@% fga{nﬁ&rrﬁselsus;%éected
sudablg If@nlmhltllﬁf]g gralvlr ef aulbsiantﬂallywhmm‘ig presiuein ecllsed by

subj ecting said cells displaying at |east one

characteristic associated wth a pancreatic islet cell
148r Bhense of claiphttomfpeesin said substantally ebn ddsubu ptaducing cells are

neﬁﬂﬁg'atnﬁfb?%deégh I.n%gcégl table for inhibiting growth of

S not y| ng said at | east one characteristic
associated with a pancreatic islet cell progenitor

h L T I 3 th
B IELOG o RGP (SR G iR g e
intp single cafle iscdftackecthyrtiypsinzatierns ofdaid adface bouad pahdmsiaisl C
i sl et phenotype into single cells displaying at | east
one characteristic associated with a pancreatic islet
14ghénouspef claiamd3¢.d¥herein] szid ihig seiofl celinigeconditibss includes a

i oci at e
cofiyifh 24e88aMon) T8 bt BRAY T M BBRE RoBY T rop putre
mefdilim,hasimsmoﬁbroubsm:;nom@ darioh fre@mltumehEdMHd esnmtmbl raedium
. ; | 0 C 1S
el REorefich, o tile A8k PelBif S Bt Selly sBPmen. =
culutre medmendg@ng tghrcop@ahca yEEeptratan bfo15mta}hm©la)' orlégs, and
_ I d fourth set of
P"epéﬁ't"fﬁ?&nh%fr%"%ﬁ%‘f% é?}rﬁsuhwgf Lﬁiﬁg@g ells to a surface.
145. The use of claim 144, wherein said preventing adherence of said insulin
producing cells to said surface is effected by culturing said insulin producing cells on

a substantially non cell adherent plastic surface.

146. The use of claim 132, further comprising the step of selectively harvesting said
mammalian embryonic stem cells from a culture including feeder cells and said

mammalian embryonic stem cells prior to step (a).




culturing condition selected fromthe group consisting
of a substantially serumfree culture nedium a
culture mediumincluding insulin, a culture medium
including transferrin, a culture nmediumincluding
fi br onectin, a culture nedium substantially including
| f.agci e . S3al
198 e 25 Lkt U TS BP B GBI st
Sumblhf@r!p@wwe‘atmailqnsifembq@d beigggeni t or phenotype to a
surface. 155. The use of claim154, wherein said
facilitating adherence of said cells displaying at
148 dbe usaef clam a7 e whstaire said Josti st ofi culturing aopditione st setected
' t 0 e
cppb oL At ARErb e BERAR MumyPseBbhGBR el sote o =
supfaee.char acteri stic associated with a pancreatic islet
cell progenitor phenotype in contact with a tissue
culture coated plastic surface. 156. The use of claim
1495 Thewissr of sladnai HHE ivheheip esaid fmanuhelian agbgoni sfeonsells are
?Q&E%ﬁﬁﬁlb‘”ﬁm %@Fért)grio S8y fsggg cﬁlﬂmnbré%idg%gfﬁ?nalian embryonic

onsistin a substanti a ree cu
stere gplisngn @subﬂtanjrﬂéy n@dcedehecennalaatgc suafsice. fi br obl ast
growh factor, a culture nedium including a synthetic
serum suppl ement and facilitating adherence of said
150eThes USQJID%CFL%I&MW&?gwﬁuerel@a@ﬂ ab leastoreer charantéristic @ssociated with a

paﬁﬁégﬁé A&gde H& &?L}ﬁi’eﬂ%&;& :#Séxﬁ}esglghlar{g{ 8&%?1'5?1&% display of

enotype to a use
neﬁmar ein said faC| litating adherence of said cells
di splaying at |east one characteristic associated
with a pancreatic islet cell progenitor phenotype to
154. She e of tlsimed 82 sudierempisingrisolafingasiaill cells| displaying at least
on\%:cﬁﬁ S Rhi0gk ﬁso{:ﬁ%ﬁtm p%@%&&tlgéﬂ c%'il ge?\ﬁglg&#e%togfae prior to

a pancreatic progen
stepdil.act with a plastic surface coated W|th gel atin or
pol y-L-lysine. 158. The use of claim 132, wherein said
second set of culturing conditions is selected
152 uT heatisecoff ahaimf tir Trmthietein edid dedlatinglisi sffested by shijdcting said cells

dlsgﬁjg g 'Ie%-g{ (é‘mﬁc% ﬁ%r&étg ﬁsgﬁzatg?ﬁégﬁﬁg lﬁ\&ﬁ ?%%Féa]ié slet cgll progenitor
phemrdtypst fed fondihsetnd cu@trmmoodmemseIe@ed)su:t;abfeefnd mbibitimg growth

of g&k@ﬁ%@%ﬁ& sHA &R %é@? %ma aqﬂ?PAcPel??‘mC Sgéocga?ed g}}ﬁ rboéé’rpc‘?eatzc

enoty a ce en
isleicel pmbnimlphencpjlwmenotype 159. The use of cI ai m 158,
~ wherein said at | east one characteristic associ ated
with an endocrine cell precursor phenotype is
153 xheasssi afglaim 18R sfokthgr cm‘mpaising%disfsodatiﬂgrsai&cellsphémnymg at

Ieatsﬁgﬁeoﬁha(?{actg&tl%'\mo%tgﬁe Cgfrazr%e}t%@g I-Leﬁogllqeergl&sg}g% gells
disptayiBg at least one characteristic associated with a pancreatic islet phenotype;
and (d) subjecting said single cells displaying at least one characteristic associated
with a pancreatic islet cell progenitor phenotype to a fifth set of culturing conditions
selected suitable for proliferation of said cells displaying at least one characteristic

associated with a pancreatic islet




161. The use of claim 159, wherein said glucose
transporter is Qut2. 162. 7he use of claim 158,
wherein said at | east one characteristic associ ated
with an al pha cell phenotype i-s expression or display
of glucagon nRNA or glucagon. 163. The use of claim

one characteristic
Céigg ?F@'\éﬁoﬁ%bg}rﬁ‘&)tos@ﬁ@p phenotype is sel ected
from t he group consisting of expression or display of
Laps i QF
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cl'@ranteﬂstlrn aaseociated 7witiTlse papereafic ddleti nelll&baogamer phenddyped to a
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with a pancreatic islet cell progenitor phenotype
158. The use of claim 132, wherein said second set of culturing conditions is selected

suitable for formation of cell clusters including cells displaying at least one
characteristic associated with a pancreatic islet cell phenotype selected from the
group consisting of an endocrine cell precursor phenotype, an alpha cell




to a surface is effected by culturing said cells

di spl ayi ng at | east one charmcteristic associated
with a pancreatic islet cell progenitor phenotype in
contact with a plastic surface coated with gel atin.
172. The use of claim 132, wherein said second set of
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delta cell phenotype is expression or display of somatostatin.

168. The use of claim 158, wherein said at least one characteristic associated with a

neuronal cell phenotype is a neuronal morphology.




78 185. The use of claim 184, wherein said human
enbryonic stemcells are sefgcted fromthe group
consisting of 16 cells, H9 cell derived cells, and H13
cells. 186. The use of claim 185, wherein said H9 cel
derived cells are H9.2 cells. 187. The use of claim
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being adm nistered by transplantation or injection of

said insulin producing cells into the pancreas of the
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. . . 0 11> 2 <212> DNA
indBAE W30 oF e aELIT S sEnee S A Prlement =
cubbe medigon includimgi giecose4a@t0z chncentration of 15 millimolar or less, and
facilitating adherence of said cells displaying at least one characteristic associated

with a pancreatic islet cell progenitor phenotype to a surface.

171. The use of claim 170, wherein said facilitating adherence of said cells displaying
at least one characteristic associated with a pancreatic islet cell progenitor phenotype
to a surface is effected by culturing said cells displaying at least one characteristic
associated with a pancreatic islet cell progenitor phenotype in contact with a plastic

surface coated with gelatin.

172. The use of claim 132, wherein said second set of culturing conditions is selected
suitable for formation of cell clusters including insulin producing cells maintainable in

culture for at least 7 days.

173. The use of claim 134, wherein said third set of culturing conditions is selected
suitable for formation of cell clusters including cells displaying at least one
characteristic associated with a pancreatic istet cell phenotype selected from the
group consisting of an endocrine cell precursor phenotype, an alpha cell phenotype,
a beta cell phenotype, a delta cell phenotype, and a neuronal cell phenotype.




aggcagaccc actcagtgat 20 <210> 2 <211> 20 <212> DNA
<213> Artificial sequence x220> <223> Single strand

DNA ol i gonucl eoti de <400> 2 aacaat ggcg. acctcttctg 20
<210> 3 <211> 19 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol igonucl eotide <400> 3

- actccag .19, <210> 4, <211> 18 <212 .
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ol i gonucl eoti de <400> .5 aagaaggtga tgagacggat gc -
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176. The use of claim 174, wherein said glucose transporter is Glut2.

177. The use of claim 173, wherein said at least one characteristic associated with

an alpha cell phenotype is expression or display of glucagon mRNA or glucagon.

178. The use of claim 173, wherein said at least one characteristic associated with a
beta cell phenotype is selected from the group consisting of expression or display of
an mRNA of a transcription factor, an mRNA of a glucose transporter, an mRNA of a

glucose metabolism enzyme, and insulin mRNA.

179. The use of claim 178, wherein said transcription factor is selected from the

group consistingof Pdxl, Isll, Beta2, Pax4 and Nkx6. 1.
180. The use of claim 178, wherein said glucose transporter is Glut2.
181. The use of claim 178, wherein said glucose metabolism enzyme is giucokinase.

182. The use of claim 173, wherein said at least one characteristic associated with a

delta cell phenotype is expression or display of somatostatin.

183. The use of claim 173, wherein said at least one characteristic associated with a

- neuronal cell phenotype is a neuronal morphology.

184. The use of claim 132, wherein said mammalian embryonic stem cells are

human embryonic stem cells.




<211> 22 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol igpnucl eoti de <400> 6
catctggtgt ttggtcttca cg 22 <210> 7 <211> 20 <212>
DNA { <213> Artificial sequence <220> <223> Single
strand DNA ol i gonucl eotide <400> 7 cctcgaagcc
acgca Q 10> 8.<211> 20 <212> DNA <213>
165 SPRBEaT <G, . el 830 oo NGPRIC S/ GallR selected
frarh ittgrogrocp earsistieg of0EHs SHY cdlpderivad gell and Bit1aaglis20
<210> 9 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 9
186t The use dbiclaitnc A5 Wherein sai@ P92l derivid cells are H9.2 cells.

187. The use of claim 132, wherein said insulin producing cells are syngeneic with or

allogeneic with the subject.
188. The use of claim 132, wherein the subject is a human or a non human mammal,

189. The use of claim 133, wherein said isolated surface bound cell clusters are

suitable for being administered to the subject.

190. The use of claim 136, wherein said suspended cell clusters are suitable for

being administered to the subject.

191. The use of claim 137, wherein said isolated suspended cell clusters are suitable

for being administered to the subject.

192. The use of claim 132, wherein the medicament is suitable for being
administered by transplantation or injection of said insulin producing cells into the

pancreas of the subject.




'<211> 22 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 10

ct gtccggaaaa ag 22 <210> 11 <211> 23 < >
woRRARERA " 3 e sequence <2205 <223> S Cg?"é*%&‘%""’“‘”
strand DNA ol i gonucl eoti de <400> 11 aggacttctg
tggaccttat gtg 23 <210x 12 -- <211> 20 - <212> DNA
<213> Artificial segusserMi:2004/ 050827
PCT1JL2003/ 001027 3 <220> <223> Single strand DNA
O oBLOHEEE Rt e <400> 12 gttcat gt ca aaaagcaggg 20
<2iﬁhml&a§2$l> 22 <212> DNA <213> Artificial sequence

20> <223> Sin strand DNA o onucl eoti de <400>
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<130> 26646

<160> 26
<170> PatentIn version 3.2

<210> 1

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223» Single strand DNA oligonucleotide

<400> 1
aggcagaccec actcagtgat . 20

<210> 2

<211> 20

<212> DNA

<213> BArtificial sequence

<220>
' <223> single strand DNA oligonucleotide

<400> 2 .
aacaatggcg acctcttchg 20

<2106> 3

<21i> 19

<212> DHA

<213> Artificial sequence

<220> )
<223> Single strand DNA oligonucleotide

<400> 3
cegagagtag cgactcoccag 19

<210> 4

<211> 18

<212> TNA

<213> ‘Artificial sequence

<220> :
<223> Single strand DNA oligonucleotide

<400> 4
cttceggtet goccgtte . . : 18

<210> 5

<211> 22

<212> .DNA

<213> Artificial seguence

<220> :
<223> Single strand DNA oligonucleotide

<400> .5 :
aagaaggiga tgagacggat gc } i 22

210> 6 .




<210> 14 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
14 cttccactgg gttagcctgt as 22 <210> 15 <211> 22
WO 204B50830 A <213> Artificial sequence <220> <ZPXEBIL2003/001027
Singl e strand DNA ol i gonucl eotide <400> 15 gtgggcagta
tcctgattca gt 22 <210> 16 <211> 22 <212> DNA <213>
211> 2EI ficial sequence <228> <223> S ngl e strand DNA
<z12-0lphgonucl eot i de <400> 16 tgtcactcag acacctttct gg 22
<213><21Qpiclyl s@dehze 20 <212> DNA. <213> Artifici al
wap-Sequence  <220> - <223> Single strand DNA
<223>olshxg;wuc:la&obmdﬁlgos&@&kmk? agcctttgtg aaccaacacc 20 N
<400 <%10> 18 '

catctggtgt ttggtcttca cqg 22 - ) . ~

<210> 7

<211> 20 : :

<212> DNA -
<213> Artificial sequence ' K

<220>
<223> Single strand DNA oligonucleotide

<400> 7
cctcgaagee atgaacgeag ‘ . : : 20

<210> 8 ' S : ‘)
<211> 20 :
<212> DNAR

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 8
getgtcoeatg gtaccgtaag . : - 20

<210> 3

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 9
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<2106> 10 .

<211> 22 ‘ .
‘212> DNA

<213> BArtificial sequence

<220> )
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<400> 10 )
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<210> 11 e F o

<211> 23 ' ‘ - &
<212> DNA C ‘
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- <223> gSingle strand DNA oligonucleotide

. <400> 11 :
. aggacttctg tggaccttat gtg ) R

<210> 12 S

<211> 20 -
<Z1Z> DNA

<213> Artificial sequence
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<211> 20 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de WO 2004/ 050827

wogog,{)gdsgposl 001027 4 <400> 18 gctggtagag gga?ﬁﬁﬂhﬁsﬁ@mu

<220>
<223>

<400>

<210> 19 <211> 25 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA oligonucl eotide <400>
19 ggat gaagtc taccaaagcty cacgc 25 <210> 20 <211> 25
<212> DNA <213> Artificial sequence <220> <223>

Singl e strand DNA ol i gonucl eotide -") <400> 20
ccagat Ertg At grgret et eygtc 25 <210> 21 <211> 22

<2A2> DNA <213> Artificial sequence <220> <223>

gttcatghqi1@29si¥and DNA ol i gonucl eotide . <400> 2%°

<210>
<211>
<212>
<213>

<220>
<223>

. <400>

gtacttcttg gcagagctgc tg 22
13

22

DNA

Artificial sequence

Single strand DNA oligonucleotide

13

gatttcecta tgtgttggtt go 22

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

22

DNA

Artificial sequence

Single strand DNA oligonucleotide

14

cttececactgg gttagectgt aa . ) 22

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

22

DA

Artificial sequence

Single strand DNA oligonucleotide

15

gtgggcagta toectgattca gt 22

<210>
<211
<212>
<213>

<220>
<223>

<400>

16
22
DR
Artificial sequence

‘Single strand DNA oligonucleotide

16

tgtcactcag acacctttct gg : 22

<210>
<211»
<212>
<213>

<220>
<223>

<400>

17

20

DA .

Artificial sequence

Single strand DNA oligonucleotide

17
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211>
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18
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Artificial seguence

Single strand Dia cligonucleotide




<210> 22 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 22
-' - cagaagaaat tcttgcagcc ag 22 <210> 2.3 <211> 20
WO 209485085\A"<213> Artificial sequence <220> <XRCHAL2003/001027
Singl e strand DNA ol i gonucl eotide <400> 23 caatcgaatg
cacaacctca 20- <210> 24 . <211> 20 <212> DNA <213>
Artificial sequence <2205 - <223> Singl e strand DNA
<100>0kd gonucl eot i de <400> 24 gggagact gg ggagtagagg 20. WO
goteg260448508827 PCT/ 1L2003/ 001027 5 <210> 25 <2@d> 20 '.
<212> DNA <213> Artificial sequence <220> <223>
<210>Shigl e strand DNA ol i gonucl eoti de <400> 25 -

»
<211> 25 ' . ' *
<212> DNA ‘
<213> Artificial sequence . ' o *

<220> . : : - ¢
<223> Single strand DNA oligonucleotide

<400> 189
ggatgaagtce taccaaagcet cacge ) : 25

<210> 20

<211> 25

<212> DNA

<213> Artificial sequence

<220> ‘
<223> Single strand DNA oligonucleotide

<400> 20 , i
ccagatcttg atgtgtctet cggtc o 25

<210> 21

<211> 22

<212> DHA -

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 21 :
gtacttcttg gcagagctge tg . : 22

<210> 22

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand PNA oligonucleotide

<400> 22
cagaagaaat Lcttgcagee ag oo e 22

<210> 23

<211> 20

<212> DNA

. <213> Artificial sequence

<220> : :
<223> Single strand DHA oligonucleotide

T <400> 23
caatcgaatg cacaacctca e - 1 IR

<210> 24

<211> 20

<212> DNA

<213> Artificial séquence

<220> N .
<223> Single strand DMA oligonucleotide

<400> 24 ‘ . ‘ | . .
gggegactgg ggagtagagy s : Ceno 200




achacatcg ct cagacacc 20

<210> 26 <211> 20 <212> DNA

<213> Artificial sequence. <220> <223> Single strand
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<210>
<211>
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Artificial sequence

Single strand DNA oligonucleotide
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26
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Artificial sequence .

Single strand DNR oligonucleotide

26
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