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to uses of such cells and tissues for treating
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connﬂmamnsl qhamgm_ro@a@cymch & bl ﬁ@QCtStl%ﬂ?é@eS hp@nie, ween with

the ﬁ%sp?af At ?ﬁ]ﬁo hcge%ma?gslg? Bteg \’?ll tmsg%ﬂ? el ggfe%gré ﬁ’\flltﬁ Bfibetes may

lap#Diatd a fifetthtdatefhoAliETekiC @Ba pg) lkntviDis dihisteic katoamdoms
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is expecteclll 5 feac near{y l’lllolg pgr%lent e population by 2025. Beyond its direct

health impact, diabetes, due to its widespread prevalence and severity, is also a disease
of great economic impact, as highlighted by the fact that for the year 1997 alone, the
economic cost of diabetes in the United States was estimated at about one hundred

billion dollars.
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and S eEatia QI PeoEITE P BOlib0. b4 mpglcaHun B ells of the
(
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do not di’spl ay synchr onous activatign
Soreat etadl., 20009PfligerPryshiviEurgneand. Fhysipt: 44): 543, Qﬁé\s%l&a@t the

o 5380 R SENSEE RO L S iR SR Dhrions.
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(NaAlabI’ﬂl valEuﬂB%‘-eaﬁ Bhysi}s(bpnd. )143)17185I§§3 Q*I’?éa%ﬁleéaﬂlvl L999. of
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Piligpos ArohipHijsprsen (ltfaﬁwl 2405 301 B el PRI o6 e
1sle(‘5;>noiI ﬂn%axé}@}eﬂ? oc!lnu%%%) Gid S fII' 1&%&8&%@({ gﬂys?d'lgg}p@%ﬁfoﬁ efaeardoy. Pfliigers
Arch.-Eur J Physiol. 418 417-422; Martin et al., 1995. Diabetes 44:300-305; Martin
and Soria, 1995. J Physiol. (Lond.) 486:361-371), and alterations in this physiological
property are observed early during development of diabetes.

Diabetes is broadly classified into two major types: the insulin dependent type

(type 1 diabetes; juvenile diabetes) and the non insulin dependent type (type 2
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eaﬂliﬁiwever its highest incidence occurs in adults over
Y
% Bl Pt O8NS, kB soou 0
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of tt}{eeafslec%g tyg c@ﬁ?tlﬁ\s’ol@ Wb&tRe of insulin production after a period of

several years, which ultimately leads to the same devastating consequences as type 1

diabetes.

There is therefore a critical need for novel and optimal methods of treating
diabetes mellitus.

One strategy which has been attempted for treating diabetes involves
transplanting donor derived beta cells or pancreatic islets to a recipient suffering from
the disease (reviewed in Soria et al., 2001. Differentiation 68:205-219). Such a

treatment modality is potentially highly potent since it can endow recipients with a
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A further approach involves administering insulin secreting cells derived from
cultured mouse embryonic stem cells (Soria ez al., 2000. Diabetes 49:1-6) or cultured
cadaveric human donor derived pancreatic islets (Zhao M. et al, 2002.
Transplantation 73:1454-1460) to treat streptozotocin induced diabetes in mice.

Yet a further approach involves culturing of mouse embryoid bodies under
conditions for inducing differentiation of pancreatic progenitor cells followed by

conditions for inducing proliferation of such progenitors followed by conditions for
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cul tured nouse enbryonic stemcells (Soria et al.

2000. Di abetes 49:1-6) or cultured cadaveric human
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30 Transplantation 73:1454-1460) to treat
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Prior art approaches using culture of immortalized cell lines in attempts to

generate cultures of insulin secreting cells have the disadvantages of generating such
cells inefficiently, of generating cells not having the potential of embryonic stem cells
to generate pancreatic cells at early developmental stages, of having karyotypic and/or
phenotypic abnormalities, and hence being unsuitable for treatment of pancreatic
disease in humans.

Prior art approaches involving generation of genetically transformed insulin
expressing célls have the disadvantages of requiring genetic manipulation which is

cumbersome and inefficient, and/or of generating cells being inherently unacceptably
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generate cultures of insulin secreting cells have the
di sadvant ages of generating such cells inefficiently,
w@boogesiseat i ng cells not having the potential BET/IL2003/001027

enbryonic stemcells to generate pancreatic cells at

early devel opnental stages, of having karyotypic
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MaXTIR! afl Peidl bt HPFIaBhdsORhve FRB& fo}/}ﬁroaﬁi@ #f adegliatb avlutign for
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genthatiag iablitrpraubmrearaf mopimsedeingaolds pajtisaiest eeing syitable for

n ad ate solution for generating in-vitro cultures
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f orThdré et kg di ARl ESrebopizbinmsed Togr and sitt Wosldabe highly

wi dely recogni zed need for, and it would be highly )
advantageous to have, a method of generating in-vitro cultures of msulin secreting

. cells or tissues devoid of the above limitation.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a method of
treating a pancreatic disease in a subject, the method comprising: (a) subjecting
mammalian embryonic stem cells to a first set of culturing conditions selected suitable
for differentiation of at least a portion of the mammalian embryonic stem cells into
cells displaying at least one characteristic associated with a pancreatic islet cell

progenitor phenotype; (b) subjecting the cells displaying at least one characteristic
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advant ageous to have, a nmethod of generating in-vitro
cultures of insulin secreting 25 cells or tissues
waleaaioshsef t he above |imtation. SUMMARY OF THECT/IL2003/001027

I NVENTI ON According to one aspect of the present
invention there is provided a nethod of treating a
pancreatic disease in a subject, the nmethod
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t cel1 "progenitor e to a second set of
1sola€thlﬂgt thei sﬁllgfac@ (bﬁdmd icelih S:lts;tdrse (atlé dpsionalhbihe ieulirf praducingreells
of surface bound cell clusters including insulin
therpiy FRPECRE T& {JCS and (c) adninistering a

t h%[ gg @@k{ﬂ fﬁlftflc%cfeht‘{x?ﬁsd Slsfe%eﬁf'@nbddﬁblﬁtb Nthe method of
pro C|n S to the subjec t hereby treating the

treafinga mQMreatlajdls@as durttgr Aomprlelfrsn ) ﬂ@smlfrltmgetﬁle muERge kaymd pell
referred. e the inventiong.d

o SRR L R GEERD0p H1 bifn

smgflé‘ E&IREE LA deB 85 culhdRloadonBiohd @elédtéci ageblofon dngsthining the

clusters and optional Iy the insulin producing cells
1n5111imq1re¢ucmg qeils on culbire faspt feayt. 14atays PEPTG StP (611 | |

her featu d i e

ci:@rc}lp%g? hg fgrtggrp g?gug d Sn xl%ggé‘ge;ﬁegfﬁﬂ&ﬁ e ’g HEHRARd of

trea‘ﬁﬁﬁ%r p&iRSeatici disedbes $1ﬂ&ieatcbﬂ@nkdsbelsslatlﬁgabe hmuhnl preddcing cells
clusters into single cells including the insulin

priggi@sigei®g cells; and (ii) subjecting the single cells
¢ 8 lgcactg)lf&lﬁg 3 es‘ﬁlloﬁ{t%’ll E‘éﬁ[‘dr% irf QR L BRbSEhRALS the method of

mai nt al ni ng insulin producing cells

tredting Cbdrti@tit atiseate liadst chdpiagssisphiiog tho sspepdgdcyell clusters
According to still further features in preferred

pri®ipsEP et s, the nethod of 15 treating a pancreatic

di s @&)?dlﬁqg rtB il ROMPF FSGFed %Qb?éféﬂi‘éﬂ Eﬂlﬁodlﬁﬁzﬁtsl fhe method of
pro ucing-cells prior to step (c). Accord ato still
¥

tredtinpthpanchendic uliessd frfree cempyees csmpn@fmeéectlv heetastag the
of _treatin ancreati.c di se e f.ur

e o BERR SR bl SRGE: IHULORE, ARARLaRSma e

maﬁl?ﬁahag Qnﬁ%‘icdét&g ceBs piddl to sfepr(iper features in

preferred ‘enbodi nents, the nmethod of treating
panAcwﬂlng i %8l Suthen featees do Ppeipged cpped %lieé‘bs 6\“’ method of

uediE SPPYOHS Do P WA OB NG ROGEE PP TRGafing ™ least
one characteristic associated with a pancreatic islet cell progenitor phenotype prior to
step (b).

According to still further features in preferred embodiments, the method of
treating a pancreatic disease further comprises (d) dissociating the cells displaying at
least one characteristic associated with a pancreatic islet phenotype into single cells
displaying at least one characteristic associated with a pancreatic islet phenotype; and
(e) subjecting the single cells displaying at least one characteristic associated with a

pancreatic islet cell progenitor phenotype to a fifth set of culturing conditions selected
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mammal i an enbryonic stemcells prior to step (a).
According to still further features in preferred
weedvagsesent s, the nethod of 25 treating a paneCEHI20€3/001027
di sease further conprises isolating the cells
di splaying at |east one characteristic associated
with, a pancreatic islet cell progenitor phenotype
suitaplel foF peslifesition of ke ca‘klscdlspiaylgg b lemtti drie ¢haradtenistic associated

features in preferred epbodi nents, the t hod of
Wﬁh@ﬂﬁﬁﬁfﬁ§3ﬁkbﬁﬁbPﬁﬁPFE”@gb 1¥UFF%8FPSQF rises (d)

di agoshbl BP stilentfkt SealRR! AY bRgerddd eﬁ@mhﬁ@&ﬁs Ofhe insulin
characteristic associated with a pancreatic i sl et
prodptiap ot e sygensicrvgiheorcdlogenedli wigh dyd sugjest- | east one

characteri sti oci.ated with_.a an [ e I
onORGUE, Do BB Sobie ] R Qg befis) e Sbfect is
humgg, SPL ﬁb{ﬁﬂgmgﬁ ma8@s$dl. one characteristic associ at ed WI th

pancreatic islet cell progenitor phenotype to
f i Achordate tofstIH lﬂlmhnrufmur@@nwrﬁfe@ﬁé egbPAERAS, \mp (©) i5 effected
004/,0508 034001 I
by aép]gpf,tpxé?% e d?f) acg }ln(P %ql cl? g?/rlg 'rt]% ﬁlgtsﬁ eas t one
chalcastdald 1tstifl f&&ﬁ&%eﬂﬁx@ﬁ in Imﬂefdﬂred eptvodineatts, GteipL)eks effected

cel | progenitor phenotype prior to step (b). Accordin
by aﬂmlmstctmg thersuspendedenll ¢lagers fo B»eéfl@ﬁffed errbZJdl ment s, °

t h EA %I:trg) i fgﬁﬁ J ecxi ﬁre Cor Qiflds \Me{pr(cffs effected

ing to
by aﬁﬁﬁﬁlb@ﬁné grtibsleed Isﬁlsp[en@‘defeﬂ&dhsmmmﬁheremhj eGt. t he subj ect

h h
f urACReRITE Y ﬁﬁb@rﬁ%nﬁa&”%ﬂp?ée Gt hedents g pdfs|cging
is e?ifehgﬁtlﬁﬂ traH %ﬁﬂmc{ﬂh E&Q)nt Be s Hsalig %r%&ﬁd‘lﬁg %eﬂ@lﬂﬁ@ the

bJect According to stil
pan&ﬂﬁi&&heﬁﬂg@ﬂres in preferred enbodi nents, step (c) is

§|f féq%é?cgng %)Oat o eg gsgieg{:?ft tﬁ o g?ng ?ﬁv&%ﬁ%ﬁ) ré?qe S pF%VrlEl%d a method
of Jr??& s'uﬁn pﬂh@frﬁéthg&j c@ﬂf@ﬁﬁhﬁ'g(ﬂ) Sub }%E@I% (fnrh&lian embryonic

by adm ni stering t I sol at suspended cel |
steng keldst ter%ﬁﬂsbsd.t é c@umngaondm@anﬁqﬁﬁgl sudtaBleifpr difigreniation of at

leas:; galtg%[ugri Pt gmg fer gxg © G :?btrygdnllggte}nscdlts I]Sto%jems rljl?i}]%ﬁhg gt least

on or 1njection

onel dhgticleRisti EUEhRE veit & pandiédictisler cel15prpg&mfoe @herm‘typeh and (b)
subj ect. According to another aspect of the
subjemmgmheowlls Isaspdayiing p)trlg@qt @ag ChaReiEHS as(gcpmgpgdﬂ ﬁgancrea’uc

1slehﬁeﬁrﬁ%rlog%rﬂ ok %enotﬂ?edtocao{g%xﬁ(ﬂel? ?f c&lﬁ)rm%%h&ﬁfoh@ Qelected suitable

em ce rst set

for €dtniaibh g s@@ml Bouadsel eltetbtﬁﬂhcmdlﬂgabbtémf joducing cells thereby
differentiation of at |east a portion of the

WDdWﬁﬂ&ﬂEan@ﬁbryonlc stemcells into cells displaying

at A&Qﬁ{l é 2{ ?t‘ﬁ&e%r {5 bl e PSP ReIBHRGNMS (T fe invention

pancreati progeni tor phenotype; and
described below, the method of producing insulin further comprises: (c) harvesting the

insulin.

According to still further features in preferred embodiments, the method of
producing insulin further comprises: (c) isolating the surface bound cell clusters and
optionally isolating the insulin producing cells therefrom.

According to still further features in preferred embodiments, the method of
producing insulin further comprises: (c) dissociating the surface bound cell clusters

into single cells including the insulin producing cells; and (d) subjecting the single
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subj ecting the cells displaying at |east one
characteristic associated with a pancreatic islet

weedo/opiseyeni t or phenotype to a second set of RCI/IL2N3MY1027
conditions selected suitable for formation of surface
bound cell clusters including insulin producing cells,
thereby producing the insulin. 25 According to
cellsftarat thizd sfele(ﬂz dult@sing 0 nomhecﬁrsrseha@tedmuaaiblném waigfaining the insulin
i nventjon escrlb db w, the method of producin
PrOdiuﬁ@EICP%WLFPItH@r o fﬁ‘i‘ég §c) harvesting ?he )

eﬁ#lzérﬁmﬁfb n%mj Inehel Festhiel lin fpsefeRed eh@timass,ithe method of

erre odi nents, the nethod of produci nghl
¥ ace

prodgnmlglmsmhhlfmtﬂlmrcomqmmﬂ v dsolating thewisalin w@dtlﬁeg §
ound cel

e U] RGUNE| FAUERePanF S Anbgieaib, B8 dhifipd of
produgfﬂghﬁguhfnqﬁ&h%r%%mpﬁsw gé)egdl@dlganb mﬂ;pamﬁﬁ&;alltchﬁtamt hod
producing insulin further conprises:

di geooiding ugsmlhéu@hnrffa@t@re@dmme@aeﬂ RGBS, hgergethod of
| udi h
proiﬁgl%( 1871‘1"1%%:‘%&%{] %q{léprltl gtﬁse ﬁ gé 9P %églgg{ﬁga%éssggg ¢ fmmalian

embRfhlit L2 00 18e a Tubeld snchalig tfbdded ceBs anfl thel mamingedian
conditions sel ected sujtable for maintaining the
embrm@smc ptam q@ﬂ@ﬁﬂ@ﬂiﬁ’g*?t@e(la) s in culture for at |east 14

a %m%cor&h ﬁ f{uqh feg ur% sUin é‘r%fenfe@aérﬂl'i&?imbﬂtspﬂ%f REthed of

oduci ng 1 nsulin further
prO&Qﬁﬂg lif®sin G@)her S@irﬁirlsﬁg 1Edsiet1mg‘lsth¢ i eellpr dldp;lgymg gle|l¢gast one

5 According tqg still further featur refe
chagasisaighigrassesiated maitha PRsdeadc BSIgy %Fg]u%fPﬁ?j“%oﬁ Qﬁ?ff‘ﬁyﬁeu?rt‘% fp step
()conprlses (e) isolating the suspended cell clusters.

‘According to still further features in preferred

enhacionding g0 stxﬂeﬁmnhemﬁaaumés pr préfrstadgemhedinientst the mephod of

et B SRt oG SR AP o oo
chake[b"fér}éqb @Qsot:%%iile&ltﬁ 8l JasicrRmsk fshe Kﬂ&fﬂ’ﬁ%&d aro sﬁh@le&feﬂs yiplaying
ccor di

stemcells prior to'step (a). ng to still
at feastt hee chemtierist |a650|9m@ﬁde @dacpmseratierslst nhgaotpnyy (4

d
ol TGRS PPl MO BER R B o

arf%?@a@i@ '1§&tefelll\®ré§bnﬁof3ME>%@E it€ aififthedet oftltupinggenditions selected
P enotypegprl or to ste
ax

Sulfa]icblet foérpwl aupwf me ngsf @Fﬁléﬂné%b@ggm g%f?cﬁ%}‘ﬁgﬂﬁtaﬁ%o&lated
wilha g e po O PR RIpSRIRE SRR e

ch aA@@drﬁfrﬂgStblsCllla’ﬁﬂb)ﬁl faiterts \in prefarqaberubatinents) gleesecond set of
phenot ype into singl

cul@ﬁgyga@{@]rt;ogﬁ iirclydes C;@ﬁgcel ltkf;a cgqlllls é{ Sé)iq,}r&\%e%ttalltegsteogllsétcthara%tenstlc
as&cﬁﬂaﬂt\yﬁ?a pﬁﬂ:geaﬁg Yislet cell progenitor phenotype in a culturing medium, and
wherein harvesting the insulin is effected by harvesting the culture medium.

According to yet another aspect of the present invention there is provided a
method of generating cells capable of secreting insulin, the method comprising: (a)
subjecting mammalian embryonic stem cells to a first set of culturing conditions
selected suitable for differentiation of at least a portion of the mamma}lian embryonic
stem cells into cells displaying at least one characteristic associated with a pancreatic
islet cell progenitor phenotype; and (b) subjecting the cells displaying at least one

characteristic associated with a pancreatic islet cell progenitor phenotype to a second
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subj ecting the single cells displaying at |east one
characteristic associated with a 20 pancreatic islet
wa@eedos/opsepgeni t or phenotype to a fifth set of ceCT/I200801027
conditions selected suitable for proliferation of the
cells displaying at | east one characteristic
associated wth a pancreatic islet cell progenitor
set phenitnipe condidbng celsttegp slipble Aoc dodnatipnt of suifh¢e bound cell
further featyres in.preferred, enbodipents, the.second..
clusigg} g fuding ippuli HGCHEIEFH oS oK EPRARIE IS GEPARIE Phecreting
insu@igl | s displaying at |east one characteristic 25
associ ated with a pancreatic islet cell progenitor

pheXmbydieg ito farthed tfeatimg imeprefpmedapabodimspisi pf the invention

harvesting.the jnsulin is.effected i ' .
desct g e R AD b ST 6T SEP A ot Bful Furher
conpPBeP(EF %Biatth\'tﬁé‘tsﬁﬂﬁbet hemd desl gosvisded éptioMellydsblaing the
| s capabl e of secreting insulin, the

. ‘ggner ating ce
insuhsttmodicengngslls ghenefronta)  subj ecting mamual i an enbryoni c
stemcel.ls.tao,. LISt 0 i 141 ans
sel8¢P (gn% lE? Fg@%ﬂp%r fegﬁ?se{rne ]{é:féété{do%}}g%@%tg h ’egis%t mgﬁ)md of
cenBfihj @Bl kapdde: GREFREtGRNIrsGlM Yarther cosipeisecak) dissodiating the
cell s displaying at |east one charact erilsti C . )
surfaes bewnsk el hhiers dntpingleatlisanclpdigtihe gsplin pgiuping sells; and
(d) P&j@@&é@ﬁe siﬁ%lg cgﬁ% toSHREAGH %uﬁtﬁﬁng @Mcﬁtiﬂissseie@béﬁ%gitﬁﬂe for
eas ne ~characteristic associated wth a pancreatic
main®igihg del ihsytihggedicimy cefih émoilype farat Easteldatags. WO
2004/ 050827 PCT/ | L2003/ 001027 0 set of .culturin
condiFer GRS e éFlgcJJ[”étgers afup] B PrcTFgh ﬁ‘ﬁg‘?q}ﬁle@fs’ e g’ﬁg]é)d of

g ER Lapabil W k&St dinbu ABhENSIMbikeR (EPH6IA8g the insulin
gen?%l%g,c Fti%healpcai:\lgy genér étglqlng cells capaﬂglg o(g)jisdecre i ng
prodmdng ceils. According to further features in preferred

enmbodi nents of. the. invention 5_.described bel o ;

ot ROTOPE JR RS AT Bapar Bl eaupap e B se of
cutfufidigl doditiBhd ReeleckiIthiSe $or sintdisial ad Meulihprodusihgeells in

bound cell clusters and optionally i1solating the

susperslgicell phusigtici ng cells therefrom According to still

further features | fer. i t
T T e e e S
clubtdfst fre ch&@BBRE&IESy a (Rdpotiiss of that inadint fredudifig seilf af et least 4

bound cell clusters into single cells including the
pereedul i n producing cells; and (d) subjecting the single

cel %\% t8ind 1dVsGH. hepffe&u{e%um gsefgﬂg@i LIS NSRS, e Gh Efsulin
Sul a%cfe or mal ntal ni ng the 1 nsulin produci ng cells
seckdtiohuhieuapactgrof die ined st producday sellsAd ¢lor dispended celt thubters is at

further features in preferred enmbodi nen{s, the nethod
leaglf6 migEoRHiSARTHN PET PRE huBdERd) ¢ 0‘&@3@ 8&5&‘# h@mﬁ- nsul i n

fur gla%rdﬁl%mr %tﬁ??drt}fe?)feétﬁx‘éls ah I eretB@ efboulnhédhts, I total insulin
produci ngcell's. According to still further features
sedretiopr edpecityedf drebinsilimeptogpcinpeetihof thesatsperfded cell clusters 1s at
least 0.50 microunits insulin per one hundred thousand cells.

According to still further features in preferred embodiments, the method of
generating cells capable of secreting insulin further comprises: (e) isolating the
suspended cell clusters.

According to still further features in preferred embodiments, the third set of

culturing conditions is selected suitable for inhibiting growth of substantially non

insulin producing cells.
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culturing conditions is selected suitable for
mai ntai ning the insulin producing cells in suspended
wa@edo/onisest ers. According to still further fearPC¥/ER0031001027
preferred enbodi nents, the suspended cell 20 clusters
are characterized by a proportion of the insulin
producing cells of at least 4 percent. According to
st hbborfimit thekilf Rahet Retuids iprpéfeteédmbotingints thesubatantially
insulin_ secretion rate capacity of the insulin
non Fxs@erunmﬁgmeéwlés BE NEHANS @ﬁa@an?ﬁaﬂﬂ Ellisters is at
e . r n inN- ¢ - e
correordi? G hhBel T DB LA, (R O S eiatne
the $urfape dboeand edll etixods mentsngla celds & efferded by trypeisizatippwf the

capacity of the insulin producing cells of the
surfacggoupdies]! elastersc) usters is at  |east 0.50 microunits

i ”%,%F&@ir%ef? Sl RSO QY SATE &R EhBodiARERT BicnGitdoset of
sti u er features in preferred enbodi nents, the
cultumittgh ochdifionsgaehrdas iangonslétidns sdegied (fonp fthes @equpt pengisting of a

insul.in further conprises: (e) i.solating t
Sub%éﬂglﬁh}ﬁ aganb £$ CM%‘HEE% um, 3, %?ﬁ)l%l iﬁﬁrgob?agk glt%letF ??cl}rx?ﬁeéer culture
medi Rl Bl &Hutd nRURKE ihQAdiBF A TRAIE, o bftirbimetisat inofuding a
culturing conditions is selected suitable for X
synthethi sEremrsgpejemanty a chlteemediviniinglnding ghicosaaa gogcentration of

roduci n ells. . 004/ Q5 I
15 RUBGGrE B8 e e el oF e il FpdRiaRY ceiloo o
surfseodi ments, the substantially non insulin producing
cells are neurons and/or nesenchymal cells. . Accordi

t o Axcprding uet Relt fushetrfeauies pr erelFred SRpSEFRE é_,hqgiﬁng
adhéﬁgﬁ%qd lgfs gjgelcing\al!irg %rec%dﬁngC lg:c%'il% 36 8nd QheheCE! éffe%%eﬁfﬁyf‘ Egltdrg{gothe

y trypsinization o
insirgre@einzoesnd o @lsubsthntllgmon cAll adirademglastic surfdde.

SotAGPIie 18 GH Y BEnERrTong: PO TeST O BRE snetiod of
genéx%tiﬁ%]tcgﬁjs Ee[p%met (ﬁeseglreﬂgg 1508 i 3T oRfpriRes eedppot debdckively

eru ree culture nmedrum a basic fibroblast growth
harfthg thef meanelibh embryomdstenm cells dont a celtyre didinding feeder cells

i ncl udi n@. ni coti nam de, cul t di i ncl udi
and e SHIRREER CHOEYHS SEBEARENE. ORURE ur e medi um

| ncA UQ)- R b UEASKIrBEr RafREC8NbFeBtedNer@bodihbnts] thel filst 8¢t of
or less, and inhibiting adherence of the insulin

culpriog wonditjonssk keletted suitablerfoniucing domiting of smbpioq bodies.

o e
cultihg a%aditonsfif eeleedd Rypsyl tofirihkibitingeadherence of the mammalian
embryonic stem cells to a surface.

According to still further features in preferred embodiments, inhibiting
adherence of the mammalian embryonic stem cells to a surface is effected by culturing
the mammalian embryonic stem cells on a substantially non cell adherent plastic
surface.

According to still further features in preferred embodiments, the at least one
characteristic associated with a pancreatic islet cell progenitor phenotype is expression
and optionally display of nestin.

According to still further features in preferred embodiments, the method of

generating cells capable of secreting insulin further comprises isolating the cells
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15 insulin producing cells on a substantially non cel
adherent plastic surface. According to still further
wo eatsmss7 i n preferred enmbodi nents, the nethodP@f/1L2003/001027
generating cells capable of secreting insulin further

conprises the step of selectively harvesting the
manmal i an enbryonic stemdélls froma culture
dlSplalyﬁﬂthdllﬁﬂt beederracetistis assovihtechwithrenpralkcicatic evidtraelrregenitor
stemcells priqr to step (a). 20 According to stil
thﬁﬁﬂfﬁg¥“ﬁ%ﬂﬁﬂﬁé% in preferred enbodlnentsg the first
SetAcQI)rdlr%Utot Sl PSR qutﬁﬂe@ B8 préfes€d embedinkutd, ald Q;ofa‘nhg is
i nduci n ormati on of enbryoid bodies. Accordlng

effestbtﬂ biy sﬁbgetthfg tht ealludieglaying pt Ehgironsdharpsisaistie ﬁ&SQCIaEeHéWh a
first.

pangggaticn i ch?]:; ng(%hlir ! ngeélo r}‘)%lt stﬁ)legnt%urtﬁ s%? | ?C&ﬁ_gmﬁgp&kﬁldﬁlons

manmal i

sele@l%@ r@u@tﬁblles £dr0 1rﬁ‘ul§’eiﬁé ?thh2 of Astior bt n@splaymgl ’[He fitu ddakie rone
features in preferred enbodi ments, inhibiting

chalzadﬂmfsstemseocoated mthmmqepgﬁlsm@lygwg@nlgqrmm% to a
surf ace,.| f b
e GomE o ahff bfie R Pl A RER e G method of

gen@dhgs 8d1s RbASE be secﬁdﬂnﬁaﬁ@hn/ﬁmm dbmgrltas (s} dlllsd;ocfammghlmcells

features in preferred, enbodi t he at. l.east. on
disréayieshalr h@&t@m@ba@cf&gé%@sa?% “tl?slil %P%FF@P&&% M@PQP‘? into
r n d
singiE erE IRPEDeCh RO/ Bl o R ERIAG pACa, paporcatic fle
pheﬁ(wyp@eindf @ﬁtsmbﬁﬁtlngl tipr sihgler eils elidplajiiment &astt oree plarpderistic
enerating cells abl e .of secreti
assqRipte SPUCORMIT s gt PRECHRE FEETIEI 2004 k0bg s rine

congq%L L2RAR/00 001 fc;rzgfé)'h? laﬁ"dﬂ RY B deBadispPBng at least one

heracteristic associ a pancreatic islet cel
chaﬁicﬂagﬁnd: toiociafpdeniol yypancpeatmlsltebc@l plogémitor pheryyRil Plaortte step
b still further features in preferred embodi nents, the
)lsolatlng is effected by subjecting the cells

di SRL&%&Bg 18t I%ﬁﬁer%ﬁuﬁé@ 3f pedferéBEmbodiaRaAB] tecfduth sbt of
5 pancreatic islet cell progenitor phenotype to a
culfumugtchn@epnsamcmes arcuhgrmg)mdmcmrﬁ@ esterldEqra dhs gopgspasisting

of g é\él%s[tz{]nglhﬂgftslgn C?F S ﬂ% 1e. mgcﬁullnsark%{tu% ﬁpéhﬁ}ﬂ 1o Abutin, a

tic assodcia a pancreatic

culh$é Ghedih! imRhREENittasfefie NOtcyhere ﬂ«edmndumgucﬂmg sﬁbﬂohectln a
further features in preferred enbodi nen

cule yhvem abAgniedh SChsEbFACIMs e efeqlfa@hp SGpPRhCE St the
celgué%in g;; %Oggp ea?e§n§ %}mrq{:t% af) Qgsb&g’(eﬁh@uﬁeﬁ neréftic islet cell

east one c aracteristic associated with
aﬂ&ﬁ@h@ﬂﬁypeuﬁiﬁﬁﬁmhenotype into Slng|e cells

pr
R IR0 B 7 TS 0 SELS) B BORREAE

adir QR Co £ 8hd Scelll SBY AN At 1daSashe WMArAhAAC RESHtEE with a

pancreatic islet cell progenitor phenotype to a surface is effected by culturing the cells
displaying at least one characteristic associated with a pancreatic islet cell progenitor
phenotype in contact with a tissue culture coated plastic surface.

According to still further features in preferred embodiments, the fifth set of
culturing conditions includes a condition selected from the group consisting of a
substantially serum free culture medium, a culture medium including basic fibroblast
growth factor, a culture medium including a synthetic serum supplement, and

facilitating adherence of the cells displaying at least one characteristic associated with
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associated with a pancreatic islet cell progenitor
phenotype to a fifth set of culturing conditions
wa edogosose7 sui t abl e for proliferation of the ceP¢BIL2003/001027
di splaying at |east one 15 characteristic associated
with a pancreatic islet cell progenitor phenotype
prior to step (b). AccordBng to still further
a pah@adtierisist dell ogdnttor pheretsipedo aemtfase. t he fourth set of

| t dit |
PG oL RETGE doiEd S TSP CBPoRasils ah CFap e
adhe?@n{clé”bf thE c%gg F}tﬁaﬁﬁg' HMead GHE tHaprciBREiE MsshGhtddi WEh a

I nsul | ure mediumincluding transferrin, a
pancﬁedticuslet Mkjpm peiiitoc phetiatypeftp arsorfect isreffeated byl culipeng the cells

dlspglg(g}lguz;ptlgzijslbztgg n%gﬁ:té%%}'éﬁ%%&%{%@W&tﬁﬂ %anaf%lBF é%ci?t cell al%rogemtor
pher!\og?%[ 1nQ:B agmftﬁﬁgﬁ'shé”sﬁr@ac@%§ﬁ§d A8 Gelih or o@aDQ*]ﬁﬁé ic

nitor phenot@tge to a surface.
Ac aAmcdndmg toostélt fulrlﬂlelf fenturesrinfpseferred smbadipreatse theegpcond set of

Cmt%rg%) g‘l’ nt Ss’é@f’eﬁ%c%(fsqlt@h%% cﬁar ac{belicq{s?{[grs Thetbdifg insulin

pro@RHRCIRE @epaMld bf dsplRARE heRiN ihShahsidialsecrtiog @nidsponse to a
henot(?/ge to a surface is effected by cul tur| ng t he
drug edléate p@ﬁh@grwg capsipiéngset a@ﬂecrémrlaélieem% 1} gecretion “Wherein
sSsac c I
the Wgr{%%@f} amic e %1 %mpet%ge {ntetﬁé H%sz é%téetg’gﬁ \%}lljér?éeﬁggg Hlteu% is IBMX,
a dfrést iig thel ifsabie sede@r dibe@in chesdrupis fdinzbkiee, ﬁ eht:magsm the
in preferred enbodj ments, the fifth set af

inswin Seretipgy whersin theshug isrfedmize. an¢ 8 daFEassn §1éq ’é‘é‘t‘lé‘lisecre“on
wherm%'ﬁxé H’I%tgqg OlPBad ggpsn sting of a substantially serum
|

ure medium a culture nmedi umincl udi ng basic
fi baalekdiag to erilbWirthef &ethoes inapreferted rebodihents, ithe basgndget of

a synthetic serum supp faclltat
co Sy Seaie oy POhGTER 2R R bbb Mnsising of
/
s SRS ol SRR, M MO A0R SR e clr
meginngencilore phahiahyipelulinganisotifamide, Acobvigi mgdive grqlyding 2
further featPres in refer ed e

Synfhcegp [SERUL} eq_pg er%[eaxﬁéjr %lée Y IPHlemS él? n§ uco% { Q goncePtratlon of

15 hEfsto18N6: fe@@raﬁgttﬁéﬂh&&l&lg AREeR¢AbLtheWellb d@spl@&;lig? aekdasiCone
Islet cell progenltor phenotype to a surface is
chagdctaristie dssogiated] widh # ngnoreadic dgeticsll erweeﬁwﬁeﬁgfya? tq @ gyace.

ggle,{\C h()rerléagt ersl(g tfu?“i]il%ls a?drgg ﬁ{j pygféx{:%daerpxg&ﬁ he' E{cﬁf’catlng

&not in“contact wt a bl
adh‘é%nfcécﬁ ﬂﬁzatc@ﬂs V&l1§1ﬂa}gﬁé aftl 1Bagdr oo cYiadaeteyistian elssoc1ated Wlth a

Al d t till f h f
g Tl presReSEBRNEE o § PGS F AL Bh AV it el
dlSPI%X % C?,?(iiea‘Eﬂ)]r‘iseﬁFﬂa?acft&fstlg gtgﬂ)gfa't n\ivﬁﬁ ?%H:re&tlléjﬁie? fcell progenitor

phatioBPedy torgac mﬁﬁmgbstumsmface cmt&d Wwitls gdaeml on in
response . to a r selected fromt

d
condicstfing torstif rfu{th@?fg%}ggs ith Pt %ff?%%‘?‘?hﬁmg‘étér @F isggpnd set of

culM}ﬁ{gedoﬂdltlons is selected suitable for formation of cell clusters including insulin
producing cells maintainable in culture for at least 7 days.

According to still further features in preferred embodiments, the third 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
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2 SRITB¥ATFRSRYILT, PHa 0%5fMe

charpeipggisr axsecialsd o b hdlelty
so@ﬁt%gt%t ed enbodi nents, the transcription factor is

the drug is tol butam de, an increase in the insulin

secretion wherein the drug is IBMX, a decrease in the
WO p@alosas2secreti on wherein the drug i s di azoxi PE/112003/001027

decrease in the insulin secretion wherein the drug is

ni f edi pi ne, and a decrease in the insulin secretion

wherein the drug is carbaclol. 15 According to stil

cell fphiehbigpe,f £ dbtar @l phenphygke nrdetta ereiophemetyps, anhe wacewd cell

set of culturing conditions includes a condition

phed@yeet ed from the group consisting of a substantially

Ser&c@o&?ﬁ% t& Hﬂﬂ? Wieh T BEiHTS iR pRESH&I EmBh@RIeAR! 118y AWkt one

factor e culture nmedi um a cul ture medi um

chafantekisidd a@ocmatedtwuttaan dadocging el (precunssd iphemotiipd mwgesalon or

T S BB SIPRhes B SR R P S50

| eS8ecofdifly ft@‘§ﬂ11|l ikt Tehtadh e pre¢@ e ehb®ligehtssthe transcription
di spl aying at | east one characteristic associated

factei isfPax6bpancreatic i slet cell progenitor phenotype to a

su%&(’:o?@a %%HF r%tﬂ}lteg fetai1 (recl,sf g{: :ﬂ)ﬁéf?ﬁ%ﬂl regft}g rger?hééﬁggteoglucose

trartsb&té}eg Gutdi spl ayi ng at | east one char act eristic

associated with a pancreatic islet c progenito

phehetoydiag tte still Surtherclsatueesan faglergd isin @gtr@q]p,ts, e @h%ast one

cha(rjlascga(gtéstl(éta%s(,jo%la%?cLI P %pﬂae@e?lt PH{%{E}&J&Z{ a&%ﬁéésﬁﬁq' 6r display of

a pancreatic rogenitor

glupAPRAGHRNG driplwapbmct with a plastic surface coat ed

with gelatin. Accordipg to stil] f er feat
pr eﬁé?qf@’@géPrﬁBHlﬂ‘tﬂhtrsga’tuﬁeé B BT @f“ 8fhm?ﬂ§‘? ?lalﬁ B’a“ one

ers 1 nc I nNg |nsu

cha‘fz?ét‘é:}isttlk O&%o&?tu% elRgtL q{)e u b&l@ gth%n(‘it%e i9rdaRicieanfioh @& lgroup

roduci ng cells

con¥isting af a:qbbﬁldnmrcdtﬂmayrcd aﬁmanJtA d>fsaamn8¢r1ptafysfacm an mRNA of

According to sti fu er feat s in preferr.ed
o PRgEo i gy

sel ﬁ%&@r@m%utbt sl fﬁrtft&f feﬁﬁf%ﬁ'ﬁ?&feﬁéd ‘éﬁl'bbdl‘ﬁ{dﬁ&t licStranscription
including cells displaying at |east

factdras sed¢oged fs@mcthfag@up consestingiof Bdwl, ﬁ@lﬁcB@é%.P@Xﬂ apd Nkxayly

gﬂgggf:(%/rﬁgxgcg sf lg @Etllj?r attgrgg r%%tr rgfén%gﬂ aﬁé%ﬂl@e@ t glucose

tranPRfteORQHED. PCT/ | L2003/ 001027 14 cel | phenotype a

beta cell phenotype, a delta cell phenot cf
neurspadingefd stifhembes featurag dbr RIFfgret oc8be Ty e ghucose

me&%gilgr%%éﬁngel el &ikad. enbodi ments, the at |east one

assom ated with an endocrine cell
pr e AuE6dingPtdetion et Seatueps ﬁﬁpﬂefhﬂre«iremtﬁ)(hhmsmls,aﬂlecn? least one
MRNA of a transcri t|on fa@ior or an NRNA of . a Léﬁso?e ¢
jj P]PCHPD’IPFh‘ére*pé%ﬁSWeE i9irpiay o

\ccording to still further features in preferred
enmbddicamligsto $thefigther dsures in preferred embodiments, the at least one

characteristic associated with a neuronal cell phenotype is a neuronal morphology.

According to still further features in preferred embodiments, the mammalian

embryonic stem cells are human embryonic stem cells.

According to still further features in preferred embodiments, the human

embryonic 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
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transporter is @ut2. 10 According to still further
features in preferred enbodi nents, the at | east one

W@ b@nasiseT i stic associ ated with an al pha cel | pPtEIQD8Z®1027
is expression or display of glucagon nRNA or
gl ucagon. According to still further features in
preferred enmbodi nents, thel%at |east one

insutingrraditcang el duﬂmmpatsmg insulin produsting esdls |bep1ggn@n§pp*@ble in
t
Cu”{;_l;?pf?)é g‘gf %dlél 5%?13%{;%{? (r)a? 515\);?0%,‘3&&%3? gsyﬂgﬁgoguc%glcells in the

cellfcdfzt@his atabast RN ceft. @ gl ucose transporter, an mRNA of a
gl ucose netabolismenzynme, and insulin nmMRNA

Ac o‘b‘?C@leggttQ ﬁtrx]ihler feapieR i p@é@rmdegmbﬁdlme@ﬁe of dfe invention
oesF TR0 B BT A Ao el gt 51 el i

leasaBY phicsht. 1 According to still further features in
preferred enbodi nents, the glucose 20 transporter is

A vhgcorgipg ée @iiH gfutth)ersfiéaquresm rﬁrﬁfé’r"re‘fl SHOgeiwaenisof the invention

lJ
BSOS, SO0 A% A SIS
leagd Eefnefduads arshlin perentehundied tladushiehedls paehour.

|C 2 alg;cgr rglg?tékggafﬁgﬁch%%@ge@gntrggggs o gel | OF ﬁ?et $0&ntion
desé‘?n‘%&f SN, 4 90t§1t 1'nLﬂh %*égfel?l%ﬁ ALY EShd Ehsﬁﬁﬁ{p?(fcd'u%ﬁlg cells is at

di ment s, ast one Ccharacteris
1easi$)s’ib)cma:tcad11twmsluha pmemxrednmklredethdmspmismilsype is a

neur onal Accor di to.still..furth
F e EREUnE 1o 0t P B PRl HEP O G ool cluster
furt%@fo r6RMResS LBIR CRIpIS/1Rd Gt NARNoRITRNYABlefistid QRRBHEB with a
30 According to still Turther features in preferred

paremaudusi@meﬁ .pheh@ypriseertedefiomythe Broupteonsistinig of agrendocrine cell

t h I
A DIPTSR SRR AL R
phedbBipBSindasmeednadell fienptyps ent | nvent ion there is

provi ded an WO 2004/ 050827 PCT/| L2003/ 001027 15
i nsArsardipeotiuciigfugirr featuies e BEsiIFads PAGOfliHgElS he insulin

r | Is nable in culture for at
proﬁ‘éggg%éfggl&%%é#&mgeﬁeﬁlgg% l%ﬁlggortl on of the insulin
pr odueirdipgcel Istilli furthbe featelel i@l pefared smhbdineast the insulin

per.cent .. Accord ng to further features in preferred
PTO@%EEP%HIG@%FIC Lﬁésh‘m}@h?q 5 described bel ow, the

pr ORQEJrlf g tgfstﬁlhﬁrth&sféhiu%sgﬁgﬁgﬁh‘ég eBftlolifndrs, the h&@hh cells

cl uster | east perc
have a genotype of 16 cells, H9 cell derived cells, and H13 cells.

According to still further features in preferred embodiments, the H9 cell
derived cells are H9.2 cells.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing a method of generating cultured human embryonic
stem cell derived pancreatic islet like cell clusters being more optimally differentiated,
having a higher proportion of insulin producing cells, comprising cells having a higher
insulin secretion rate capacity and a higher total insulin secretion capacity, displaying
greater in-vitro longevity, and being more suitable for treating human diabetes than all
prior art cultured embryonic stem cell derived islet like clusters. Unless  otherwise

defined, all technical and scientific terms used herein have the same meaning as
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According to still further features in preferred
enbodi nents of the invention described below the
w0 p®4lses2secreti on rate capacity of the insuliPCT/IL2003/001027
producing cells is at least 6 mcrounits insulin per
one hundred thousand cells per hour. 10 According to
still further features inlpreferred enbodi nents of the
comPYBNh @RstoS@ BT ot of bedioavy skill ot ahe iartstol ivhichethiefrivention
capacity of the insulin producing cells is at Iegst.
belopess0 Althenghymatodsnang mAtepals simdath o A valewolgstRee described
cel l ' Lok I Qi
herefifeapye SR8 3 HlstaciRe T qsint UL ipecBPveRRon, itable methods
and eRIlsSas desdriteddiekpt. apllnmbitationsspaton @ppheatiaos, gaiests, end
associated with a 15 pancreatic, jislet cell phenot.ype
othes aF/GEPER PEUITCADCEEDAl BOHEPRISHY BRoER e RBEr iy, In
cet| Uf30 e 0N gefiditipRenefiy Rentrdl. In
Caﬁ%gﬁgoggﬁﬁ gﬁegﬂgebggkgﬁﬁg?gamggﬁp% phenot ype, and a
addinieny the alatereild, nitieniss andexamples diendustntiye iOIn?g’ gngrrofh éiptended to
features in preferred enbodi nents, the insulin
be imiEBgci ng cel | cluster produces human insulin. 20

According to still further features in preferred
enbodi nents, the insulin producing cell cluster
BRIEFIDESER IR OF sWaNGiSng to still further

features in preferred e [ el

S o SEEH B BRED B Bt DR N frence o
the A8niphayiagldeSvinde CWith $pgcifie réfeidnte howttbelic draatingsas detail, it
~ preferred enbodinents, the H9 cell 25 derive? cells
is stressedighat el nasticuare shews evie by ivehof srasplecayk faf pypposes of
. ddresses_t he ' 3 :
gl PO e PRSP My,
are Gedsbhtee dn hberasuse raf providing whatnis delibvedetol bee thepmnostr esafil and

islet like cell clusters being nore opting]

readilyf fupflermiopdt descripieniotgths RTRHRIeS ;ﬂﬂé‘pﬁ?‘?‘ieBWaivafasP‘?Fé%ﬂfnthe
inv @ RHYEL BEs fé%lalld? no GRERA iS hidde &8iHo% HAMLRA RidlsPF e idPention

Insulin'secretron rate capacity and a higher total
in thors Wetail thex isstdcessanyafonaifoydantingyh uagérsigndigg @f ther invention, the
in-vitro |l ongevity,.and being nore i table.fo
desrition W URR e rdisite e arrrRent g ose pEa 4f e g the
sevEAPI 8 bf }]Iﬁ'tiﬁ{?@&i%hlm el efgtsbdictll iR fprdctike cl usters.
nl ess ot herw se defined, all technical and
scilarthe flrasvingst ns used herein have the sane neani ng as

WO /050827 PCT/1.L2003/ 001027 .
unoé%g :‘i&da aflovy ¢ ar(sideglftaﬁlg] eycu Irlflé %Iroﬁg{q;fg:mé)\rf?yetd oto generate
the VR $dtetinseeNteiNand Bl Nke. cidiiérb @fghe pRdsbadimveattbn from

materials simlar or equivalent to those described
hurhasy erhbryenis sken gelsd in the practice or testing of the

2 SERT, L SPL PO TSP R0, B bt e
hurd@PémbBlohingem RaNE6f e paeddnt invention during Stages I to VI of culture,
respectively.

FIG. 2 is a histogram depicting a comparison of insulin secretion levels in
undifferentiated embryonic stem cells (Stage I) and Stage VI suépended islet like
clusters.

FIG. 3 is a set of photographs depicting agarose gel electrophoretic analysis of
RT-PCR amplified pancreas specific gene expression in cultured cells/cell clusters.

FIG. 4 is a histogram depicting markedly higher levels of insulin secretion in
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5 other references nentioned herein are incorporated
by reference in their entirety. In case of conflict,
w0 b@4fpoaisent specification, including definiti oPST/Ivmd3/001027
control. In addition, the materials, nethods, and
exanples are illustrative only and not intended to be
limting. 10 BRI EF DESCR RAVI ON OF THE DRAW NGS The

Stagen‘v bt bbshd Bl liRe ARBREY Bt DYMediyinos (6 Xﬂmnhelao glugpse)
reference to the acconmpanying draw n

COHEppEdI thisuch eltistersrarewn dvmogifisdeMadism hes 3 H“g’é‘?%{?f th‘? glucose
conI%S 2 ﬁi%ﬁ)ﬁ%d{t{ugﬁaﬁ uEQiefopg{a%E?‘Wclﬁ u QMitRnS). Py way of

ur poses o rative di scussion

of HIGe. ass eké e[ﬁloﬁifbmtbglﬂ@hts sdefictirge hpgtespmpommwe rmifi gsulin,
only, and 15 are presented_in the ca Qr vix%jngb
glucagan, ansl spanatesialin eoTREINE @l FoSEPTEREN) Hhﬁtfg r‘g Shtpsp-bound

1sleyﬂg glﬁét&%dfoﬂgaf ({é[lmrh@{bhgsftoc@x%logf étﬁ?i?ﬁr@ es and

ual invention.” In this regard,
no EI(I. &hipta h1stogmiedep)cm’rg)bﬂ:tzs tellspeagifid mdelmasetosetmm prafiles by

Stag N T BPUEHAEH KA EHRE Bromaesy Rysrmar it g0 Ticomolar
tonﬁ]h St PY b?’ %{ﬂéﬂﬁ&awmmxh%o O R TSN PS6Y @iitrontblar

ose skKi the art how the 20 several forns of
diatdredd, and h6 imerommyariverbechid d Aeshys weps parfarmed upden flew glucose”

s
Sl oprbeBsfosns o) BRI GLRaR RS (R | neur i n

sectRy Iy aRgleseR! cle%m@iﬁi@ al v%beﬁhahb K@r&bélﬁi REslirndectdtion levels
present 1 nvention from human errbr%onl c stemcells.

25
in $ta@s VIl sosppnded igkttdilsndlesteg relptive Wepiage Vngurfase bound islet like

dqupearance of the cultured human enbryonic stemcells
OF 5t he present invention during Stages | to VI of

cul FIGE 8a-d' espeGhinvelofluofebésnt 2 cblsfoaalhilﬂtoﬂgn'mmgraph sections

depicting a conparison of |nsuI| et| | eve
donineies SXTEROR AT GBS ReEcest ehFLih o géusP?n‘{fﬁdSl“ like

clug’c ?nr}{}[mcﬁﬁl%?%@gﬁgrhétﬁ g(tl f!)rl {8uli0 8 g‘és‘pf-‘ Eﬁlste@ Geredplated on

Ogr a épi cting agardse gel
gelati® WoheAh eirh Cglansatoret slidds arkT stRERA awih | guired pignantiesulin

speci fic gene_expre d l,l s/ c
prighpouioeds o BT Gepgogir Stogh b HesrCrrHy iyda e sides
e A SR L e R B il s o ot 1 ke
cl uFI@s.s9agr omna iconfdeali LHATGSCOBY mhmommoarapgas WepisEng immuno-

SRS DS SOk TR 58, M58 4, By
FigurtS&4 9l Qhd S 38 ebtieBHdpivt i PeridB dialrifg) Shmatostatin staining and
glucagon staining (all in green). Figures 9b, 9d and Sh respectively depict insulin
staining (red). Figures 9c, 9f and 9i respectively depict co-staining of insulin and C-
peptide, somatostatin and glucagon. Co-staining is seen as orange. Slides were
analyzed using a confocal microscope. Bar = 10 microns.

FIG. 10 is a fluorescent photomicrograph depicting TUNEL+ and insulin
stained stage VI clusters. Stage VI cells were stained for TUNEL+ nuclei (green)
using In Situ Cell Death Detection Kit followed by immunofluoresence staining with
mouse anti-insulin antibody (red). Slides were analyzed using a confocal microscope.

Bar = 10 microns.
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FI Gs. 5a-c are photom crographs depicting high
proportions of insulin, 5 glucagon, and somatostatin

wezpresseng cell's, respectively, in Stage V sup€EDE003/001027
bound islet like clusters, foll ow ng

i mmunohi stochem cal staining. FIG 6 is a histogram

depi cting beta cell specifi8c insulin secretion
DESCRIATION OF THR BBEFE’RRHD BEVB@DIMENITS| et |ike clusters

in_response to treat qt}lo m.cr onol ar.

t o/ BSUARISALINVEEfiPT i GHEGHORS O GFRCTARS R gpncreatc cells
andYsE@! n@@tenﬁ&%s%@ 0@ %Etl%dsjoq WindZaxh d8lls Bfckiskles to rproduce

m cr om) ar carbachol. Assays were performed under_ "|o
pangesito Sermores. aﬁdrtolttaamplamryat@r dlSﬁmsghn gﬂlmslé %%Iflﬁally, the

i mol ar ons
pregrabin PRy snveed Rt Flded i s A eqt e oot
and! Ifai'i@lleﬁtlc {siet ka6l Musetisinendag sush edlls byke-ghushbue of human
relative to Stage V surface bound islet |ike
embylyoic étesn clb. FA@uchs ghecprageat iYRDFEQT FafobeyTaife rEpfHCsSaman
. hot h Se¢ depi cti ng expression of
msﬁﬂ % rcen 81'3$ cells in Stage VI suspended

i sl Béfofd lan@lhg' st RS onewuivotiinumk ef therihlentioh an dewilf wis to be
insulin. Stage VI clusters were plated on

undetspasdhaaihamaenEes 5o dimitadi 18 dls aaRboalion;in e %tiui? sct forth in
the %Illl(pv? ﬁ%t%é%@{l{)ﬁ %%gjlﬁli%]ed%&gg%%% dﬂél%é ggftilelygﬁgx%di il Capable of

othsﬂ ¢1ﬂlﬁﬁilﬁ@nmf ef beiag pmdcadsmrmgmaedanm fimgatiousi eayss cAbe itis to
Rad MRC 102

4,
be @Qﬁ%‘@ﬁfi thitc F%e%rﬁﬁ%%& éﬂﬁ? é?laafl%lﬁﬁ% ealaﬂf’%e?‘u h&“’ iy, the
rgf)@ (ﬁ*d%gcr%)?x'bn @ ts'llldu'i‘d n{t: §PLdra&: as3fARLESt atin and
ucagon stage VI usters. Figures 9a, 9d and 99
r esPeatmant| of diefpdites b§Z deélyt inglestion aothingglin, sterestaistasd iprior art

st ai ni ng and Iu agon s een
thel;qp@'u‘g VS satgsé cloryy evregégjgctiqlgagétyxgd%rp g%[ Sﬂlflei)ilcissof this
dissdsai ning (red). Figures 9c, 9f and 9i respectively
depict co-staining of insulin and C ge pti de,

sonfiteetnentti of pangreptiocdisgnges by - Eanaplaniagon ofspaneregtic islets to

a Slides wer anal y:z f10
e TS B S LIRS R R i sy
carPhet B@k&ftﬁﬁ[}aﬁﬁcﬁ&@ @id rgthtUbiletneadidfiduliyudd obtaiilired meicient
stage VI clusters. Stage VI cells were stained for

nurgebmspihm]@ﬂyée magphed ipfets Bompiulglopgrssi t u Cel | Deat h
tect
o+ AL e LU R TEANRL | BESARER B8 PR, ol

or &i8aley Zatlatls ifong tréatthgndiabats gy beﬂnozp:tmmptﬁh nn= thieDprior art. One

m crons.. WO 2004/ 050827 PCT/ | L20 /001027 .
appEERPpTveNCERTngER! B éedrﬂ%fgeﬁ?‘é@&eﬁtceﬂs or
tlsédgﬁgl?éag«fqlﬁgﬂssco ‘gené@fenﬂgﬁlrpf)rogﬁaﬁé atitder AsyIeRl iA8fther approach

mvolves genetically transforming differentiated cells in the context 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 treatment of diabetes by
administering cultured insulin producing cells or tissues to animals with chemically

induced diabetes.
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and tissues fromstemcells and of nethods of using

such cells and tissues to produce pancreatic hornones
W@pw40082T eat pancreati c di sease in mammal s.  PCT/IL2003/001027

Specifically, the 5 present invention can be used to

generate cultured insulin secreting beta cell |ike

cells and pancreatic isletd |ike cell clusters

i nqigidiveg ST el dfordmentioned trior canl tipreacifes thavansignificant

enbryonic stemcells. As such, the present invention
dlsaé&%ﬂt%&esused to produce human insulin and to treat

§Rhkd! e?xﬂ'[{)ﬁ'ﬂ% RO L dEIR! BhREA Qlf?etreﬂtﬁ?e?it ce@l@ ®r tls(s)ues

errb I ment o invention in detail, is to be
in aﬂed@tsstoometdnainsum produeingi collsios tmsneslarmsulmptmral isinse these

SR LI, S!S o8 oLl Mgt £ AR

panbxréXt‘?@tc'eﬂQ ak Sdegl?&?k%@el%melﬁﬁlh St QTHAdE ROt SstAEef proRfeRdive
practiced or carried out in various ways. Also, it is

potd:nmal bﬁdlfﬁanbanstted oells, hatequire thehrsa 9& binyglypioatly eed nhmbwlly
sbnGHER)) HHaRa ey sealiagy auadi PRGNS SrFadtal ey Bpefty
tralﬂfcﬁf?l%ﬁ Esiflih gﬁidh?émgnd:e@l@tdr@ rm@ﬁtlslfﬁt%ﬂyl fincd liesstraqmety @enetic

prior art era % does not satisfactorily prevent
manifrelatieliofi Qeﬂtsl\hlgc ris lcgmharsomgnaly teféeentopid (inge the use of

L

Ap%%ﬁé}@fs | iRgolk et elteimedbs @ambegonis stee pllcdh @tteh@ass itd | generate
owever this strategy 20 can _not be routi neI

emlm’atﬂt |b@d1@s d@@ltftl@mgh@%m r@ﬁéu“dilg fqeélm er i OBB{né} Milifg such
emalgu cftl% corﬂzlﬂ tﬁlfxalgﬂg}a USI %rd(ﬁ&: g ceﬁl'é ORlve an

ONOF S. g in-
unsatisthetbsy 1h©ulgm”eefeabﬁ chpuity émdpsmmétsuch] gppreddhss car not be used to

ti ssues swtablefor tr atln etes h
ger@ﬁt@g@p@@tlp As @thlg(eﬁ}splgﬁs rlateg og}gﬂg glé]g%}/qe (%e&ngnégomc stem
cel%% UtieRBtOto Cgéneﬁtéj eardhé’x%gt fc‘hﬁ{ﬂeg 0fPindgh! YRMAucing cells are

erenti at ed s or 25 tissues in attenpts to
un@emctatyesmmsssndhrac#hcmdmmlhgesceiﬂt@n onbaeritiseal @soposieishedr insulin
i nvol ves net Cau(ll:% tra sformn

progieing CElkt Y an BOF S ALY HEUB, FERRHON FoRpST ibibit suboptimal

in- ﬁyrroatl&gés%ﬁ?r | AdRE t(ﬁrﬂ?&tsprb@u&e%ﬁ&ﬁiaﬁc lig1stulilen tisues U lgpgoaches
t anot her approac i nvol ves cul t Ur| ng of

invehting modeling teentment of dizbetasttangsinainisterige rattaed Wﬁsp@lcmg

R0 3 SRR BAUR, BREHEAIR S Sl s s

emﬁto%”én@ Qi fiidlly aidh@éaobﬁmtao Ay ﬁioﬂeladth&fheﬂdsescmbtt mlefactonly
i nsulin produci r:_jg cells. An add| ti onal appr oach
ot Gl wihelcsng ke melht apmrosghapeerarlopipe animal “cells are

TS B8 LA TSM D, T GOHEL AR 5 5t
celWRra364bs Qbldbld fdPGlifnah 200341 805OA7 19
Thus, all prior art approaches employing in-vitro culturing of cells and tissues
have failed to provide cultures having an optimal proportion of insulin producing cells,
having an optimal insulin production capacity, having optimal in-vitro longevity,
comprising pancreatic islet like tissues, and being optimal for human administration.
While experimenting with cultured human embryonic stem cells, the present

inventors unexpectedly uncovered that culturing human embryonic stem cells

according to the method of the present invention could be used to generate, for the first
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However, all of the aforenentioned prior art
approaches have significant disadvantages. Approaches
weopktoyisey cul ture of donor derived differentiBCENL2003/001027
cells or tissues in attenpts to generate insulin
producing cells or tissues are suboptimal since these
5 utilize cells or tissueOwhich are difficult to
timeppluadied iske ke bellclstbisevifion agdrighlpiffgemtak anlt fuoctivakl, end
at desjred develo manttal sta Ss,. have the restri ctted
are GREICITEPLDY FPOREIEHP! EFUIGT PIAPRIIES GHIY SOPEePRRED ts upper

iG] rtOiPingR kilay oRRfl loenat supiuesdl et lik
phy%@%girc?rgfatn?w&\ﬁgzgﬁ g)clfeltl [ nesa:.{ 0St rategi es i nvoll\ii ng1 ©
clusgesieftawasofurihbr gemetiedahitysuch caltaring eaadd plse beiused to generate

pr oduci cel | re unsati sfacto i nge. t hese.. '
e D 4 o S BT bRt LGS SASor
capfty dn&hHiFs BhoeviBnthafiialiGRidr e diRayelic s@aNedll Gérived cultures

nodi fied cells”is ‘of unproven safety and efficacy for
of idhetrlke caiglusiess.r at i on.  Approaches invol ving cul turing

of _.enbry.onjic ste l[ls ipn,atte e .

oot naaa et iaPRe PRLGPY RPEhaREeh Tl drdveg ¢t

and SERERY i1H8IcuftiRaeiskyaike @MbeNoiets betlidagy dentellsnof the present
suboptimal proportions of insulin producin

Su| cells,
invévdipn cam be Beneigtediin faentrlly FBitd iR aRc e yased {p treat
and.si.nce ! .
G T N e
desi@ed éffgckd\eh Bim&RIey and Bl telbphwillbgy, tmoptithizappslidaton of such

enerate adherent cultures of insulin produci nggcc{(leslhlatsceus

treagfpents, i 4ot hortaricy gt eorapeinds on hypaa parfrediy eigEand
to 119(9(1%? ﬁie’h?ﬁ&bggﬂés'im hiREAPRLE QNS Plo dhBRieriDe hi¥nQH 1edtREd islet
cellTs, "have an unsatisfactory 1 nsulin secretion .
celldaglagy includixdadpetts sudhogstgenabxessian; devetaprienhgadiphysiology.
and/ or do not prodyce pancreati Cl islet |ike tissues.
AppMéﬂ’_é’l‘ffé’{gei"_FWHf’&i"f?gh 6@]_‘3?1’1@6_ Beat ment of diabetes
by AR nicsd@idone G tHERM: iimautibh tRERAIC pRFideach | Bet@bd of
tissues to animals with chem cally induced diabetes
genarating gbldpeapable of senretingniesdin. enpl oy an artificially

s HEF R 5535 S GaBRBly el fo cutrng

cordRRQ36HAsTe ESTRlifienGatani dfed: 166l 4 fodiba tReeof into cells displaying
unsati sfactory for accurately nodeling culturing

at lpastrene whareetieristic ameritted vitho 9@_}%@10624%1 %elld?rogqngg)ag enotype
SR S b At ghhon,  Thus, ol prior art

oyl ng ulturing of cells and
t i spuesecoh@valtiraig ®ep bHOthp heethatieofolit proses ilneeniing, & islet cell

opti mal proportion of insulin producing_.celLls, . hayin
progeniss iapgmisubiseted ith %‘ﬂ%ﬁ%t"i"@ﬁ“@%é@ﬁb& f%a%ﬂ%“%# ﬁB&ace
ton D VG evity, ; h1SH eadlisC begloClhreferabl
bof el SUERRIKhiot, STla6O TRSIE] TOMRIE Saik® ity lprofersbly
magdaihable trr atltveafor aWeiabte? dayperi menting with cul tured

human enpryqnic stemcells, the. present .in t
uneﬁﬁé‘?ﬂf@@é{?] elu‘ﬁ e u‘ilﬂ%Pelisu?ﬁ t{E‘F ipﬁﬁseﬂhwlﬁﬂ\{tg’ﬁbﬁégﬁ?a@ le of

disﬁfagmﬁg eh)! irﬂ:?%a% dhngsdif bdegetiFat HofksPénst N8 WBIRERRIHe; (ii) an
nverntion coul d be used to generate, for the first .
increase in insulin production in response to IBMX; (iit) a decrease in insulin secretion
in response to diazoxide; (iv) a decrease in insulin secretion in response to nifedipine;
and/or (v) a decrease in insulin secretion in response to carbachol.

As used herein, the phrase “islet cell progenitor” refers to a partially

differentiated cell capable of differentiating into one of the islet cell types.
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WD 2004/ 050827 PCT/1L2003/ 001027 20 time, purified
islet like cell clusters which are highly
walpdoesmset i at ed and functional, and are char ap€EH20€3001027
by a proportion of insulin producing cells
corresponding to the upper - physiol ogical range, and
being far greater than that of all prior art cultured

| Sh8tusdd KBeinClhe S48l ‘Sslet’] ref@s td aif sleeof Dﬁilg@ﬂﬁmed t hat
such culturing coul d al so be used to(%Fnerat

cuAccprdmgob 4 Bneéqrrqd. q(@bqg]gm:nthf (tae methodRfi th@ pglesent invention,
the }sk: \Pe{ Irl%%g%h I3, %hS{e érgbcigl &at@ﬁ %%Qttbotﬂe SEERAC bl MurABdstep

art enbryonic stem
descEiBbd abiffel (Y& thatioh bisesace @bumc’s&leﬁteﬂs) k&lahalscblandwstaévmtageous
Hence, in sharp contrast prior art cultur.ed

for mbreioistriBeecheEe) A1ustas YRGB Snighed RPREHHGR of thyimsuln
prod%fg n%ucreﬁg Pf &l ﬁ)treée %Sx?wglﬁ on, AHRk&itked iR Qﬁé@kzﬁﬁpl&@&cﬁ@x’l bélow,

nvention can be generated in
suclﬁ&ﬁﬁcfﬁm@it liy assddiated editnanbereaseth grapostiab pf uysesgnehymal cells

Whléf{) gqart&%snp%n?r{greegtﬁ% égdtﬂng«?\ag(z?%tlgs g&l)rﬁggctlgi g: ﬂ egf"% Sresent
1nve?1€1f)§ &f Sulfie wpﬁgeﬁtﬁ{ EvepRewisdaheseptynii¥ellol ogy, to

timze app tron of such treatnents, to test the
t oiscdat(gn of the msfptmﬂidsogﬂmﬂommmrria e segond crlsurargsstemenn be

i sl et 1 d th
advartarerds etiiigd b sBhgne BF 198 R AR T Lef® R cgpdifigns
suitsié k‘or%ﬁlbﬁﬁ% C%r@\%ﬂ’(ﬁ‘ 1138 iSetRRApBoUabr caa$lsg ene

expression, devel opnent, and_ physiol ogy. Method of

gefuioatto n@e iseserid pulsw mgeﬂmhgthé aplets quh PEOZeRERTS YE Ry eferbly
sent. inven

| on th S pr
dlssagﬁg:aa{n[ 2 gsu&%lfsl %e a%n%l gjegteg etc(:)r g %dnsu{fﬁ&lfko Hf?éible for
proliletdied thée6ff fected by first subj ectl ng manmal i an stem
cells to culturing 20 conditions_suitahle %
di fPigsasiatingt then idet gell |1f§agqnltarspap@. BRIGCHRE eBFM; ff Fulturing

conéﬁ@gg sulka%ge %\f tt}EeQr pl%ﬁlfél‘m ca%r‘t?e et Ff%g%e%éfaﬁhg ©ptimal numbers

a‘pancreatic Is progenitor
of fUORRENY Pdich( &l senS el eddtfor gmeeatmgaqatimzélmb@ea of surface
pro enitors”). In a second cul.t lﬂg ste

rg,fanldﬁg SHF faceheund (Juyers dpelo ap &pﬁ{naL B{qportlon of the
ll’lSlH{ Q}%%Eﬁﬁctn?# §elf§rcﬁt§éﬁ%ﬁe§éi"ﬁ Geh@orcul turing conditions

sul for ion of surface 25 bound cell
cl uAt(&irémghD cthe ipnesendl@vientsan, ithe gl e mgg@@tor% afsepigprably

prefer nalnta b e iL.n tur, e
subfgiizel loppecalnrg comhlons b ot iuling lyeliopor jalet cel
pro?érﬁﬁ)‘f' N1t PYBPE Q&ngrcﬁssﬁéiﬁ@@ MdWubjedied Fib am ﬁ@ltur(ng) cafditions
ncrease in insuli A secretion in response t

suitablebfor dheideroliferafionn Thipenakiee 0ptmna1ngn9ﬂlif€ﬁatmlbaﬁ ghe et cell
esponse,t e It
progRRleEs PR Aot oP e et sAUPERETTCee R ot Bt spoce
and Ruttiesd | fbiNpEertidrosf he 151818¢Bblnliﬁgérﬂtom ﬁvhd:ihpwnf}d otherwise be
and/or (v) a decrease_in insulin seC{etlon in ﬁy nse

useddpyduighs ereliferative non islet cell progenitors cells such as mesen mal cells.

Preferably, following formation thereof, the surface bound clusters are
dissociated into single cells, including the insulin producing cells of the present
invention. The dissociated cells are subjected to culturing conditions primarily
suitable for maintaining the cells in culture for at least 14 days.

These culturing conditions are preferably also selected suitable for:

(i) maintaining the insulin producing cells of the present invention in suspended
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As used herein, the phrase "islet cell progenitor”
refers to a partially differentiated cell capable of
waldoesset i ati ng i nto one of the islet cell tyPeRIL20¥/001027
2004/ 050827 PCT/1L2003/001027 21 As used herein, the
term"islet", refers to an islet of Langerhans.
According to a preferred efbodi nent of the nethod of
clusteRewRER R orti BY 8Mduich Rells & elchstldeferaat;|(iip pageatingorels haang

bl
an 15;50%23@@%@192.&;%%?&%&% Bapicominga iFais Tss gHa KR dhajnd
eellsgﬂe% ggré ?bgtglﬁggra#lﬁ% ?Q}/S%tvﬁ%eﬂg $a1 Pndufh sg@r@t‘?(g@&dﬂaglty of at least

ers | an enri ched
0.50PheReddiisdAsilin Hdf @nk Msubied th@xsanﬂj célisg (o intgbiting the growth of

bRt el owin okt s R aer &) LoGBial B pnendqd ool
elus(fle?sC rlﬁaﬁ?ggpeaﬁo 'Elfsgﬁ?ﬁl f MBSRNCINY MBhar&@bristic Whbeiated with a

i ncreas 'ongevity of the insulin
pancﬁéﬁtdﬂﬁleﬂ gelt phdmotygle suble apae ﬁéﬂ’ttend@mmell @EqUESOE lﬂhf/’@ﬂ@e an

isled Mot b AT tate of S e 11 FRGEBREY B ool e Bignonve,
Emdﬁﬁggu ?g%%%ﬁgh?%éﬁ%ggg?@n be advantageously ef fected

cel | genltors to culturing
corIdldrdcmts enghlif tgah¢retiéropf pudmrm whigh igeladg an gptimaghproportion

of nes&l}hfexé P(F: e cg%ré:% %@% rpgt,?sg{lt 18%er}tlon%¥1d t\xﬁn{lh&h?lﬁ? 2 IM}lgewty of at

progenitors ar

leas? rlgff &yabing disoeRee ediRdidseritedsibogt are ghdferablydisolated prior to
subjecéted to culturing conditions suitable for 15

cuhpnoglferatlon thereof Di ssociating the islet cel
enl ors an n t
Pontie: RCPeRnt BT P iRty kRO fy iR s suitgble for the
genléﬁi@i@nfdf ringfmepticigg @plld ohklusierbens is dflusiatdd methle sExamples
which, in turn, can be used for generati
seciivmdiah Bloss: b ellp G TSIy e Sgr S Oy d PRt gancreatic
bet:ioclflerip %ﬂegﬁfceraﬁgu?ﬁh&gét{eg iS18t oﬂltebl@i@l dHrGPRMdtHoAN a8l iR tion,

t he present i nventi on.
respPeEioEld Rigltically blﬁ:hp‘l’eﬁs bate t}m‘(mp‘&tclty)m sachete oplimally bigh levels of

progenitors a ef er sub ed to. rj
nsGln it e D e A B EICRS G PHig ered] bers
in & le. progenitor cells prior to being dissociated and
su Jected to the culturing conditions suitable for
t heThe fPolbiviifig se¢tionndesTiibes @niabiluesnt@pf ithgapresent methodology in
prolife slet. c
moffo GrtaN eiugtohdrscriofiet SeErisS fedgln B ARG s3higE Svnich
folWst Ure space and nutrients for prollferatlon of the
Islet cell progenitors which would otherw se be used
by BteghCyllprol i ferative non |slet cell progenitors

cel s, . h as enc Rl

for E@PF: %e?lh%eilgg %)é&g&lrl g %ou%ﬂg I%F %E%%er:ss a? B! bAhred
accHr§inp e Hetlold H@;cﬁbﬂgineth@ehd) gendr:ite thecinmgirt predicisglkelts of the

producing cells of the presen
present invention, the method is preferably effected using human stem cells. Use of
human cells is highly advantageous for generating insulin producing 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 derived insulin
producing cell clusters and cells which have only been generated using mouse cells

(for example, refer to Lumelsky et al., 2001. Science 292:1389-1394). Such human

specific applications include, for example, producing human insulin, or treating
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30 invention. The dissociated cells are subjected to

culturing conditions primarily suitable for
worzionvsisei ng the cells in culture for at | eastPAQHIIZa83#001027

These culturing conditions are preferably al so

sel ected suitable for: (i) maintaining the insulin

producing cells of the present invention in suspended
pant¥Ba 0 k¢ L6 ABRIMMGT/ | L2003/ 001027 22 clusters whose

p ortion of _such ce s .at er ent

QengAias Rpeaf fﬂgmﬁlawb?ayoné%st?rﬁscaﬁ% g e P %ﬁd&%é%&% g the
1n519fn #ﬁﬁﬁ&né c@i‘lsCBPfﬁ@'ﬂr@sehf‘ﬁHzlehﬂﬁnP%d AN 1R NULSs lOuE §uch

s per hour; (ii1) generating cells having a tota

cdhnsulln secretlon capacity of at least O. 50

m ct 0o sul.in per..on ndr ed_t hou
(1 oG R g e aR P TR BSR4 R according
to étﬂﬁi&kd BrtRh&HYEd108; 68!d ByedbHhfiotically fratteiiédmonte embryonic
suspended cell clusters including cells displaying. at

feefleasd MERDmslle g esstle rSush ifecdss salsi sgredioingiptagn ﬂﬁaﬁtﬁﬁ &8lls @ an
undbﬁ rent1§tecli state 1%@?11:1%’ PRtRES hAﬂ?m?‘{e aﬁ Eak%arg P%ﬁ?%élﬁ (ﬁﬁltllle inner

Fsor “phenotypé, an enot
cellaﬁhasssbiei bbetodysebl elpbgaicyqem d@lis igshedited e)lytda: dlé‘]efentlahon of
henotype, and/or an islet neuronal cell phenotype.

(ﬁﬂgﬁmpﬁwéﬁég%nmbb@ﬁ%@k&eéenerat|on of cultures whi ch
i nc 0
a8aRfY e%ﬂrga&elﬁ REAROLNE Ubrival i Widtien OO thay be

cel s |nven ion an
embmpg@VAmplngulc&tnce feasttaihthgdanis , celid’lﬁfomi differcintitted celd, Issch as
descri bed ahove preferﬁﬁle ol at ed

gl rmgovidrle terubpres hibel s At PEAPHGY 2 Wilmt, 1. et
aln&bboﬁgﬁﬁgngyMn chi4$ suitable for the 15 generation

insulin producing cells or clusters. As is
il Ménleaaeﬁsi of maridus tFpesnyf] lesnansetltlings awh$uwtableofor prasticing the

s or.clusters ar character.i ze
mef i PSR AT (VRIS PRI At PG T EfIEine, cells
of SPAYI detiGe AEdIf BELBE talld FMh@nd 3 fcb Gk OPreferdtdp RBE HOVRYiYed cell
Critically such cells have the capacity to secrete

lingistaehdine yi%3.gh | evel s of insulin, and may be

Sﬁlt I{Xnm?dlle ﬁur | f g gbt%gx%geal)éeﬁ’{f?r‘fﬁ doq:%f?l’?)ﬁﬁf i—;g e}ﬁ cell lines such
as 8RCdHo08 déﬁ}‘ﬁl‘bé(ﬂ be1$ hﬁﬁiJQCbrﬂﬁiﬂb@ 110 thet Ierapire o€ nlie aﬂ (for example,
nmet hodol ogy detail; additional descripti

referdn: Fheypsape] f%éh@’ :|1|3?9§ h%l@@ﬁ%?éé‘*%‘eléf” dﬁld\ﬁ“ﬁ“é’ﬁl(’ﬁOBE- etal,
206(53'1\}3{? OtFﬁf q§l3§§_4 m)nis Wiile stemcells from

essen lian species may be cul tured
accgimeng rh@ltiohed htreinaboles fradbeck] lsgtitvidn tto ingele ddfeeentiation

or b TIPS 1S Cel L B UG BT ESert et o
pre‘féjatﬁl' suy§t§ntpdflly isolated from such feeder cells prior to being subjected to the
culturing conditions suitable for generating the islet cell progenitors.

Culturing conditions

Islet cell progenitor generation

As described hereinabove, the method of generating the insulin producing cells
of the present invention is effected by subjecting the stem cells to culturing conditions
suitable for differentiation of at least a portion thereof into cells displaying at least one
characteristic associated with a pancreatic islet cell progenitor phenotype. Preferably,

this characteristic is expression and/or display of nestin.
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human cells is highly advantageous for generating
insulin producing cells of the present invention and
w@bkwsM&8g7 i ncl udi ng such cells being opti mal | ypeIriit2a3/@1027
for human 30 specific applications relative to prior
art cultured enbryonic stemcell derived insulin
produci ng cell clusters ard cells which have only been
gereital ed sy pekdEyls eraehl sidely aecopnimepl @, theeherad being a
Lunel sky et al 2001. Science 292: 1?89 1394) S ch
charpeierasiic mpker of wleispll insegensors (orcaxample. fefer & er E. and

or oducin . o

ST R e T SN o1

Diabébdsi SR 13 SerialB. Jﬂﬁ@ﬂnDefﬂéjfEI)tmltmn 68126108l | s may be
STDERE T vl A

stanhzﬂﬁl %ﬂhﬁﬁ)l@f&%nﬁ&ﬂ |t chnpqdRs edcyeﬁﬁ% Yantlcﬁésltlﬁ zﬁfhb@ﬂles to stain

esta ryonic stemcéll ITne cultured
ﬁxedcd&sr(cﬂmmanmlr setfamtddnnineimy arel. hZQDdL Seipnes292:1389el396).

cerreepy. B soll B Ecalies stebr e o sy SHErpb i ool

to cu’rﬁnﬁé e GBS slifibBN forliRdhdihe femidiidhest ehBiy8id Bodibs; Mand/or
cultures. Alternately, primary stemcells fromthe

mcludmg inhilihg adzesencefof thetriters celdytota sugiecenbr yoni ¢ st em

: féﬂlgt}rgﬂ@ éeg %Eeb¥qsg}§ ﬁfgclofglge h%tdrgl aﬁfyt skillﬂad arﬁlsan as being
coal%méHYe%Bﬁ}oﬁb efBne e&ﬂw@;ﬁaymgdl élfaﬁmdiisﬁé efreaﬁreaarﬂdrnogihbmgy
be enpl oyed gul dance_ for obtai nlﬂg stem

in cul@nne for reléﬁ‘ﬁ”lﬁﬂlef te&réﬂltﬁcmlé@ebM leg al. AH0R. Broc Nadh Aead2q1 LGS A.
o7 SPRTALE AR ALY Qb ok terile

refe &0 :ShifbBEMY., 2061 Wibt. Nkl A@doScivESA0QS: 113pé$8;dfumelsky ez
hunman cell |lines are suitable for practicing the

al., geQhsgieaee 29e 1 3% 8- i nvention, such cells are
pr qi‘rﬁﬂrgg gylm‘ﬁ?e} lrﬁ%ﬂg igge?lﬁr ﬁkia‘[éd 26m skl J:e?ls Wi cutlrifiPsuch

deriv s of the H 13 cel i ne.
cellE’nﬁdee rcatdijipnd ilneluldlﬁlgdahlbumg adbétencd thewgof ® a:%irfaw i ne

T R 1 AL e o
to ﬁ@ﬁl@ité BRferfbn ofidd@stybid RIdRS BReEfidh bhe khoweriatibe Q)I@Iilanly

he art” (for exanple, refer to: Thonmson, J.A et al.
skﬂil@l%tlsaSm ence 282:1145-1147; and Reubi noff BE. et al.

her erFf?l\%)ngBacchic e, fo° ! e|3 ?rggetlfgid%ti th% t%genit nﬁ egli? ?}1 ﬁlréegnbrymd

bod‘i’ésf zfr@ reefdrh@l i Ncul@king ttbeses] tdls cﬁlt £ Ruisedntially homcsll extherent
[Tnes cultured on a feeder cell layer are

,plaqﬂceert@faam YTy Bayabr camiepiondy|aghisded, e S B)éd’éfmrmg the

ster%ecleilg iP4 bpa tid 9elple i %‘H:‘ll@ %ﬁﬁgnéeof& E@neratmg 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; Itskovitz-Eldor J. et
al., 2000. Molecular Medicine 6:88-95; Soria et al, 2000. Diabetes 49:1-6; and
Schuldiner M. et al., 2000. Proc Natl Acad Sci U S A. 97:11307-11312). Inhibiting
adherence of embryoid bodies cultured over a surface can be enhanced by culturing
such embryoid bodies with shaking. Alternately, the embryoid bodies may be
generated using the hanging drop technique, a method in which cells are cultured in a

drop of medium adhering to the underside of an elevated surface (for example, refer
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culturing conditions suitable for generating the islet
cell progenitors. Culturing conditions Islet cel
w@em@gesisebr generation As descri bed herei naboveCT/112603/001027
met hod of generating the insulin producing cells 30
of the present invention is effected by subjecting the
stemcells to culturing caaditions suitable for
to: WohdseAdntd: ab. | P 10Diffrehieanh 43: m tion thereof into

cells dlsplayln at | east aone aracterlstlc
as é\écdea‘trélﬁdvﬁnldh Bstrpsgrbinethe |Feﬁam@leétse%tecm belowgeiuripe isolated
Q Pref e
steng g(e(flrs elllé é Egars],tl% % &@glll%d tﬁeru ﬁ%ﬁ%ﬁ%@e@ 5tl(1)esr621§1 can be

used:’@g/ 52084 00dd¥2ate é‘xﬂbﬂyef.d Ibndies. a Esyetmklyl thieakarpe otudfuning
wi dely recogni zed in the art as bei

condiHanakaverhesh usedriy bEPTOF apidp @chigks Pssg’f“é?d]é(n‘ih? P rpgts (for

rQ k 200 -
exafi§RI éf@r G 1ol 8 ﬁ@g&%elsvﬁ%gyz 9H0CE- Préé‘lghgugi@dgursdgﬂm% S2RO A 97 11307

11382; Luni’d])ﬂdy et aDj 2008t Smeﬁ@:MﬂK&S 1384).i a B., 2001.
Di ff?rentiation 68: 205-19). 5 Expression/display of
éﬂ%ﬁlﬁﬂéi%@hiﬂﬁ¥gﬁﬁﬂgﬁ%veniently moni tored vi a

st andalsthinieRaRiReche WG Rk bﬁ‘d‘g@ﬂit&‘s' af B feusiI GsoRidd prior
nestin antlbodies to stain fixed cells (for exanple,

to Heefgesum@tdmtmtmkg/ulemngl cond2e0yg suighile ;ﬁ@'eformatlon of the surface

b 3 1389 1394). Preferably, the islet cell progenitors
ougd u§€er at ed by subjecting the stemcells to

c UlAé&delﬂg PN thétRES o thetREdeft nOEntiond el iBigt EY pRbdtors are
of enbryoid bodies, and/or 10 |nclud|ng i nhi bl ting

optiattilyrisvleeddfy $lﬁée®ﬁlérﬁn@t§b’q)1§ haglies confFnipg sugh ﬁglllsygg gulturmg
conPPhESERE SRFNMEREERARM EERoRIL D B GLRRIdte oK 11 ed

esced e ryoni em e

di SRlcBYédIgtich @hﬂéfambgr efsdceal ﬁx{gmlltmlrﬁgabddmonphmlm;g (i) a
in culture (for example, refer to Schuldlne
cultgre megdivgp beipg subartalycsramdrecy(ia) a cultyp. mq o &%hﬂé‘jemed
n es t [ g t
w7 SLHSES L9511 B! SCERLGR) Ly B g
adhB¥e@Ce ofNat hsleb%H@ro@mtorslﬂSAsuﬂ&e 113-118; Lunel sky et

al ., 20Q1. Science 292: 94). Enbryoid di es. .
e DERPARE g1 gondrared FibAVEEYEePIBIRg CUEangeting
vargﬂg Rombilati® é‘%@lgffie GORR Hés@ﬁ@ed Relig] B8mbHHIMist 4D facilitating

erence t ere to a surface. Various nethods of
celli auhitente o autfaee enydecuitehle ot ighibitimgahe growith ohcdlsratlgs dhan

b %ﬁ as, 20 to facilitate generation of enbryoid bodies
the ighehCsH PERRERHESknown to the ordinarily skilled

ar t pRaRablFr 8hidk the B6GHRT 6 A¢h skt IcBR pi®idARer odlistib@chieved
present invention, the enbryoid bodies are generated

usitgy celtiire gpndiionshinchdeng ¢ semm Hre aulsip sresim spnipiniagall of the
aforenllelntlone(F supp&ements and facilitating adherence of the islet cell progenitors to a
surface.

Various methods may be employed for facilitating adherence of the islet cell
progenitors to a surface under such culturing conditions.

According to the present invention, facilitating such adherence under such
conditions is optimally effected by culturing the embryoid bodies under static
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 cell

culture and are commercially available from various sources (for example, from
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, plastic surface. This may be conveniently achieved,
for exanple, by culturing the 25 stemcells in a
web@gnss2Pet ri di sh. Anpl e gui dance for gener apCTL2003/001027
enbryoi d bodies by culture of stemcells in plastic
Petri dishes is provided in the literature of the art
(for exanple, refer to: Assady S. et al., 2001.
Nun Q‘bl@érﬁﬁe@oa 69ic RESi7disH EkaMivitlz afpkatein prometing atll adhesion,
. Mol écular Medi cine 6:88-95; Soria %1 al. ., 2000.
Such[als @b@tlégr nglyiLﬁyﬂWnﬁlaYQ@meéqyﬁér asl\ﬂesgt‘beg ere“?%‘bw Proc
h‘ér 5 escrl a#%%ll&trc??%d é‘llﬁlg7E)gﬂ:l'lt%ﬁgS) sectiBRigdidw, né]ﬂt%gng the

ce 0 red over a surface
embﬁﬁl)'iti belienhanisde &yltuw ftskr inragsersu fiae euﬂltmy oheadlitho @umgemented'

wi t h shaki n Al t er nat th nb d
witbgemiinalt e S JUIHE A ST Bp S ERLPE LLGC AT HERRBa o
set {Joglﬁ Véf?ér&ﬁl gzﬁl {)iu@'d Céfh@lgﬁtﬁdlﬂhfbltagm%@ Bf 8bn @Qd ¢4 progenitor

e un ersid an el evated surface (for

celle x&mmlae or reeﬁeaﬁal%l)cﬁﬁﬂzb/l @BID@?DE eaitiansdose beappsed tpschieve
to: Wbus,

.. Differentiat]o 7
simijeg g stem BBANEAACH LS PR L P ¥ r e e e e,
refeg% OMke i tHF LN I0RONRLGE BisteeMdzel $:675;NLanplslap et @l., 2001.
etri di sh’ undér the cul turing condi tions descri bed
Scndnhe?%it h38%h3%1é used to efficiently generate enbryoid
. rggt&gl turing 5 conditions
ojpar- to achi eve essentially

th%ss i uaésﬁnlée‘dorthe axangellerogaiiters are: protnabli disociated
M etﬁlg:a glgooo Proc Nat | Ac?d gSC| 3 g

1nt0]sir%lezcelstnélcglt§lreéﬂmé¢r congiigns sug@]algrf@*eprgyﬁrqtggt}xi@ggyrmr to
ben]l,gzgtg)ﬁletf?go [ {fe! Ofhe cﬁl Eﬁ“m% eclohdﬁloﬁg St ForRriSSG! bP&Erface bound

progenitors are preferably
duﬁ@@gated prior é? t? bei ng subjected to the culturing
conditions suitable for formatjon of the surfac
bouYiriass iaetheds. OfA&e@EIiaaP& @lnﬁg&ﬂ% PRRSTUITS (1Y B EwRloyed-

Prefe?a}fﬁgt qu eb& kc/%feaﬁ % eerH&?Gi'dtHUd%se\Klﬁh EPPLA @ dedcribed

t1ng ry0| bodi es contalnlng such
andclﬁhétﬁatécblmthletﬂxanmges sotichi bélows Aldrnatblye thipmayns &ihigvid by

LD S T bR e SRy 08,5 B,
dlSI%g it t?ﬂﬁa gﬁbﬂ{ﬁfyniﬂ cobtdbina®ion Gt BEDE ANERE Hfﬁrﬂﬁlb,n@ described

sta serumfree; (ii) a culture ned
in: Stslppzlﬂerﬁddneﬂet ali. IZEOQOnMﬂhMed 6:881%51 §phulﬁme\= Mareéﬁéc?(?(w Proc

Naf e Sl SR aiR g b 3 4l AP Do BEITERC S
on the cﬁlerﬁ‘q% S@naibnd RRkdta fdrqiolifetttionrdfrifge dxdetdielli pngenitors
i ncludin 0 various combi nati ons of

pregesily iisbellonin SMASEONBBE ﬁQm@rfEGeWWF‘ilP%?l?)ﬁgcu@é‘? pedium
squ Er?&? 6&"&‘1&‘ aswe{("‘ﬁfso%ga?% g@(vﬁ%&&l RS IR0l BNRINkOGerum

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

progenitors include a serum free culture medium containing all of the aforementioned

‘supplements and facilitating adherence of such cells to a surface.
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the islet cell progenitors. Preferably, inhibiting the
gromh of non islet cell progenitor cells is achieved
w@gioagsmset t ure conditions including a serum f rBeI/1L2003/001027
cul ture nmediumcontaining all of the 25
af orenenti oned supplenents and facilitating adherence
of the islet cell progenitors to a surface. Various
e phgesb R Yh 8y SR O¥etinf Gupplagbht ivki ngppdhat edsenet for
the islet cell” progenitors to a surface under such .
seleetinet differegtiatinndofi neyranal progeRitnThg Withouhkeipg beupd to 2 paradigm,
invent.ion, facilitati dher. : u
the R i Eior 35 of 18 cpoT L sREARERAER P SuE Buppltinent
faciBalhY iftbrbaniies ofne@dbnstcells also Cavilitates aiierentiationi efSslet cells
culture flask having a cell contacti.ng surface .
due gpbethaiell yynes dainsderivrd freme opmen peylig %Pwtlé{a REASSRILY:

Su qjl?eifelé% @ gnih L&@nﬁ%ﬁ%ﬂm}n? id Be7 %lre}unfl %ﬁ;f;}ﬁ%@ﬂte&t N2

cel’l ure are co cially available Trom

serun@fipplsnan (atk Srotf Invitenganp here preferabiDa200bhiGE08 27 both.
PCT/ 1 L2003/ 001027 26 Nunc),.. ALt ernat el a pl i ¢
Pet Yarioys dpethosls: gy \RFteHlpioyﬁflofPE faﬁzﬁﬂp%?%ﬁ}%ergglqﬁhe islet cell

progéill?tl‘é?g 1‘32}! surBMEMndS W6h 8k cor@ltidnk.- IPYeTemBly, MRliteng such
mpl oye

, as described hereinbelow. As is described
adharetlcd Ihdestsnelt echditionsHe effiketrp by sulwidng swchbeslisvin contact with a

culturing the .enbryoid bodjies.in tissue . cul
plashiguior et e R PR ok an Pt & e S BRDE SRR R effeted
by WikRink ekt E&1s ihAREhE Chlnge fablbrenectd Mcilame ceiladhérenite, for

according to the culturing protocol set forth therein,
exappie pedegedtrbdthsreafigbioge-ent |y i nhibit growth of non islet

cel ragenitor cells. Si.ml e nt i@l 1.y :

i de‘éﬁf‘%&%ﬁg [:]tﬁ Rl Sgenla‘: Shdi bfq}clfngﬁﬂlg{?g %%gnéélﬂlgeﬂg foptact with
plagfchhief48e c84t8d hath glatRsBesptingllly\perdened dalcultesing tlse ¢mbryoid
the prior art using nouse cells (for examle, refer .
bodies unidse esepiiallyetiatig condipne in f@lagHe PBFb@IégEH%th “ﬂ@ gelafin or

L | sky et al., 2001. 10 Science 292: 1389-1394).
pol 'Tgﬁ ne

I'on of isolated islet cell progenitors As _
pr exk as1gkycrides and iaktratddeini thk dixaoplds speoge bictoor, cudtneng the

referably. dissociated . jnto single.cell l. t d
ol SROSA T TR SBehb RO AL
serfn! Be ltééllt]p%‘reirx?lglrilﬁﬂbiugﬁfegr%nﬁe‘a W@ SHGFUNnAIB2PNgHd NINSerum

Suita mat | surface bound 15 clusters.
supglamants aveordogstoofhegareriagi prgtosphegteforts| deregp| ¢an be used to

rogeni tors be enpl.oyed. referably, &his. i .
cfr I P BE LB sy ORI o7G OF R BiF<71 dOBIUIREY  SHpHELES foseagilly
idegﬁ‘?ﬂ hRGshe @nditidnk UEtd BeR Gisbdtotdeieky sl or 8eehiiAly identical

elow. Alternately, this mafy be achieved by treating
resttheinetib pyiot art vsidiz aroust chllsa(for eteamlss weier & AypgeS-Hueh 2hs2000.

NatiB Bidiveri2l 1895588 Gelsky er al., 2001. Science 292:1389-1394).

Surface bound cluster formation

As described hereinabove, following differentiation thereof, the islet cell
progenitors 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 producing cells of the present invention capable of
displaying: (i) an increase in-insulin secretion in response to tolbutamide; (ii) an
increase in insulin in response to IBMX; (iii) a decrease in insulin secretion in

response to diazoxide; (iv) a decrease in insulin secretion in response to nifedipine;



10

15

20

25

30

20 di spase, or trypsin, optionally in conbination wth
EDTA (for exanple, as described in: Itskovitz-El dor J
w@00ai050827 2000. Mol Med 6: 88-95; Schul di ner M PEL/112003/001027
2000. Proc Natl Acad Sci USA. 97:11307-11312; and
Soria et al., 2000. Diabetes 49:1-6). The culturing
conditions suitable for pr#liferation of the islet
ande E\V) pdeogasd inonsulinmeetfeaombl yesponse tdewbdchdl. a
subst anj.i al | serumfree cul.ture a_ .
CUIASSPRIRGEA therProsm s i Fectfe &f P U fontiiss spia for
fonﬂa{tf?)\ﬁt be El?r@atcgrbc(uaﬁ%ll @ﬂgé@rpr@fe%‘@ hedihdesS &) WTtulture medium
uppl enent; and (ii1) facilitating adherence of the
substamtailycfmel ofpemgemd/m@qfo () & owlfuae eedivme pshulingynigptinanede,

rpose and a icati ul tur,

a s cenan S Pand: sl alFrs o DR PR 08 e mitimelay o
lessmwmlmﬂﬁtﬁlggﬂﬁerm dralgd isiet adli progedthherenariaot.

such cells to a surface may be swtagle_for . ) )

pr dP¢rfeadiagi om thé runRosE sangt apmdicrtions ocydupigansangitions including

Pref er abl culturl ondj t k.ons r
vanlg}l%lclopgpg%/lb%sh og]; bove <P ?bcgl 1{11%31181r oa@ﬁ#ésgtﬁ%sn% Jn faalhtatmg
adhsentdbf iRR celly ﬁotarﬁlrﬂ’ie@inuﬁhe eiiitbl 1 fop Gordbationfof tﬁ‘eesurface bound

af orenmenti oned supplenents and facilitating adherence
clugerssuch cells to a surface. WD 2004/ 050827

PCTIAIJe{’e%Qoq RO Lin ézﬁ%nﬁfﬁ%{l? &lb)'e fR & 1%)6%1?% 'tlﬁa stiefabébound

pl'ement’ 1s a su enent desi gned ? ective

clu:dexfsflﬂél&ﬂé laadeinan fode melibBGEI frer oglenrs tmﬂfchumW(mltmnmgbé] ofj the

bound to a paradi gm pre ent in are of the
aforsientigned MPleFﬁétSc%‘é‘é?‘i}Q’iaP adheriiee 8 gphpel Hbt SHEASE-

facplerdra "‘t‘i&eI #}f fREENddr@h! & gfgmé?l? U Of) %Pﬁl‘élﬂeﬁt @Lﬁ?ned for

faC|'{|tat erentiation Islet cel
seldatitvé dlfﬁzlrénttaylpesf bairompl @e:rgenwsf r om a conmon nestin

DOZ]H %gr eni &) é&ﬁgﬁg‘é& tls g%z%ynt het i CH{%?nre%{nor N2

serSMRBpSBRBAL (Bmtftbrﬁ ',Il‘i’\fﬁrb ) Lh@e e feralBy @ccﬂﬁlﬁﬁ@t’icﬂb&ﬁ’ooﬂl
conbination of both arious nethods may be enpl oyed

f or Prefarablyt tei glycesdmoneerdration i iselepiefl droraeh¢ range of 1 to 15

en| tors t f d
mll@ T, fote %r%o I‘él?l f’lggﬁeﬁac{%fl orﬁrtpg tlirllgn:% C(éil % E& I1?8rmlhmolar more
pre®A RISl 8N 6@ HATIREMSHUE harﬁ‘g@ i3t toongillignokfrf ﬁ@teﬁﬁreb@tably is selected
culturing such cells in contact with a

from,the sange @b 4t miilirpolge pad msmre%mb}y is. qbygﬁ %@ﬂhmolar
r nat th| uI turing such
ceI F‘g uf%detée\f?lflg%gngu%?ou e r?? qu Q%/ ‘to faC|gI itate
cel Vaaghemeeds nfa9rbe &ﬁﬁlﬁp&@fcﬂsfadiﬂﬁa@hg khﬂﬁetlaﬁcfeebflﬂbqylet cell
According to the present 1 nvention, culturing such

progenifass ith acwiiae tnddrtthe sultuing Fepsitionssiiteble O Gmation of the

n.is optimally performed by culturing the
Surggn%%o Aa{ll%ter(il es under essentially static conditions

in Brdférabltyl dadPBtatihg dhush aibaieace winidbr gedtatcuhudng conditions is
effp cte(}/ by cu tl?rllr?gesuch cells in contact with a plastic surface coated with gelatin.
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 to facilitate celi adherence, for example as described hereinabove.
According to the present invention, culturing such cells in contact with a

plastic surface coated with gelatin is optimally performed by culturing the embryoid

bodies under static conditions in a plastic Petri dish coated with gelatin.
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As is described and illustrated in the Exanples

section below, culturing the enbryoid bodies in a
w@b@snsws2Petri di sh coated with gelatin or PCT/IL2003/001027

poly-L-lysine, using a 20 serumfree culture medi um

suppl enented with bFGF, and B27 and N2 serum

suppl enent's, according to %2%he culturing protocol set

f ofPtrior tth esreploying athe kiesulmeﬂroﬁocingfq‘eils iofnthe ypri:smiu devention in

roliferation of the islet.c ro or,
opp atlon St A TGP G P B S 28 CEBIEY BV it may
be g’c%ﬁﬁ})l‘ésﬁ)d n{O‘ﬂ t8F e \8p a%it?‘ {héfeoPlto CRSAR itRd la¥orbentidreal drug
results in t e prior art using nouse cells (for

respergaspl e, refer to: LEe SIH et al., 2000. 25 Nature
mel sk

DStk g itorg s i SN CHBIA S Te 2 TP B T BRE uch cell

in HEEEH REWIRRr SIaBYY tillie1Arophede inkf @sRinE S'@lt:h @Blls with the
thereof, the islet cell progenitors are subjected to
abowdtesnﬁmg drogtliat iconesnialiony @tgab%| 10 pugromelaraior Jalbytamide,
surfac n I u e Y
o S LTRSS A8 B M ERL sk o

mickdiadled fsr0diapstitié, narr ﬂiﬂmclmgmﬁﬁdnhslaoffoﬁ hﬁb@cﬂﬁﬁ;,ea{rtd measurmg
i nvention cap abl’e of di splaying: (i)_an increas
insylingsgricHoR é@mﬂmgﬁp the prefessd ReffortB in etﬂziagml%éect 95 el%ﬁﬁ

| ncre ?ssgeécﬂbéc{]ﬁﬁ' 11%3&1%&'&%?1“9@%@@&916'3%01{ bélb%v RQulturing the

decrease 1 n In secretion In "response t
emisty8idobxd dies; m(a \p]asac deti dahecontedi wishilgelatis cusing i |aCﬂ¢rum free and

bFGIET48, 28657 0DIUS SHPTARGNGT i) B qtt s SRR SHRRIPS
nicGiRLREd OBl Tnﬁmﬁsﬁu?ﬁ&e C%c?ﬁ‘féx%{o thACRRUHAR Prdt6cdIR8t forth

present’ i nvention e set o turing conditions
themir, cab be ufat for fanmmtivn of su:dfacs llvlofuad: sldb dilin @lustery ingludingansplin

refer i nclu
profisiag &oiR| itk e FE Hiyehdidn B Saitatls iRt Tor 7 tays. and capable
of GSIEHAE alBbrdhe ik ticH f@refiof o FAPHRE o t(ﬁblﬁaﬁiﬂé'; Betrcgease in
serum suppl enent, and/or glucose at a concentration of

insdln imi te$rionst trlBHAX, & égcgeasa prdlinewling secrefiona raspergeitp giazoxide, a
adher.ence..of th

de%% ﬁla 11}?@1118 nSCFIﬁEglO% ljl’rl 6%8 ég aenl%?pnl?&ﬁllﬁhg O£rﬁir/](§roa %F%:tg{lsfealﬁeinsuhn

secERide iif Fe3PSnden6 catBhsi@l.vari ous conblnatlons of the above
descri bed nedi um conpositions and facilitatin

adh®fitinthe exeentippnolcibe carbaghe] resnopse élrﬂgil}' geesgg;}tpgg|1gentlcal
cul{y?irn]g c%ﬁg'xl{?l{ohg p%\%f eF{eusé&' &g Qaﬁexg;oéﬂﬁﬁar apes%laﬁ‘[gﬁtllgriﬁentical results

turing conditions suita
in ﬁhe mat b I‘msmg rhhee sullf ﬁGEe samphe refet tstlee S.Hnet @lde20Q0. Nature

rumfree and bFGF fre ulture aining al

BuﬁﬁmpﬁblgéWéf%W%ﬁ@kaEH g%@pﬁéﬁﬁﬁigg%kgﬂ%ggﬂbltatlng

ad heﬁggﬁ GRe GhsultC Er&ﬁl:l %E(@éi’ls 8o 1S Wef ﬁfe@ent PheéfIab Hﬁépﬁa? similar

synthetic serum Suppl e is a suppl ement design
chdnges il Sinswire stérotordiifi frespEmsé 4o otbutdmideuABNEL, dlazox1de and
mfgfLm grz]ils tngl[rr?al pancreatic beta cells [for example, refer to: Trube G. et al., 1998.
Pflugers Arch. 407:493-9 (tolbutamide and diazoxide); Montague W. and Cook JR.,
1971. Biochem J. 122:115-120 (IBMX); Ahren B. et al, 1990. Prog Brain Res.
84:209-218 (carbachol); and Rojas W. et al, 1990. FEBS Lett. 261:265-270
(nifedipine)]. As such, the insulin producing cells of the present invention optimally

recapitulate the insulin production physiology of normal pancreatic beta cells.

The capacity of the insulin producing cells of the present invention to display a
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Preferably, the synthetic serum supplenent is B27
serum suppl ement or N2 serum suppl enent (both from
w0 poois05BgEN) , nore preferably a conbi nati on of PODIL2003/001027
Preferably, the glucose concentration is selected from
the range of 1 to 15 mllinolar, nore preferably is
sel ected fromthe range of302 to 10 mllinolar, nore
non 2tapedf efedificy ddcseaselie disatin fseamtidhen reﬂpgesedb @rhaghdl, a drug

millinmolar, npre preferably is. elect fromthe
whigh WefeSirics inwg SSHIEHPHBN AFICTeR Er%‘fle‘? ef}h‘ gnodulate

the B:Q? e S fﬁkﬁlhxtgfﬂdﬁﬁnorﬁﬁet%%&g tHRehSiih fnkb%u&lﬁg r@ell@'@@ lﬂﬁe present
ers ercent. Various nethods may enpl oyed
1nveanDn fand nbnmﬂtbemgce:hld he ppplted contektseviese ét)thc@ﬂll tYPCS are exposed

eniitors to,a.surface u 9
tot osr"} etﬂhéfﬁgf i3l siPRiag eﬁ’%&ﬁim %’ﬁgsrf&qﬂgﬁerﬁig‘bglur Yt ace
bound,Gldug tRERr fdPafies abl y, facilitating such
adherence under such culturing conditions is effected

by Asdascribaugheseintboye] the sinfacedevad elugietstra prsifergbly dissociated
R N RO A e e
msdl’ina?{fdcﬁcmﬁu EIRC QreC @abjecledM tb hCLﬂﬁ)llng Lcdryﬁticﬁs béingysuitable for

uring such cells in a tissue culture flask . 30
maintaginginstn peaduring selds imenitugdrestdeise 14 fays, axhhgpe pederably
8SCr e
furtflI gl%dfope({])' géh%Pa%‘ﬁE su?%ﬁaécf ggflklgtg{)sﬂt@agﬁge% %P(?Portlon of the
insytn@ ﬁotlﬁmﬁgl rcbie 6f dmapxe@hnwlﬁdeng@i af anlenst 4 peicant; I(y) generating
performed by culturing the enb yoi d bodj.es under
inswinapriogucing efltsi i e prgsent ﬂﬂlV&gtl?lt fryé% gn msgfh“ SRR SAPRHYY of
1easgeé ﬁﬁér&m%ﬁ%‘é%&&%ﬁ% !h'o%é%%/ cgﬁé ggg how9 aR8/bPhatiflg a
e 1 nsuli'n produci ng cel t he present
totdl rimmhl @ordtion cappdiiycaf atoleaststith nasrcmnéaumhn mef one hundred

pancreatic |se descrlb bel o
B S 38 B SR B PR fin Teucin
cellgj shiey (ﬁlZQ“oﬁflﬁfc@lnEPEépoﬁﬂte% Uit ludi®s RIS Bfpla§inpUsthleast one
nonitoring may be conveniently effected in-vitro by
chacaghtdristic rugscsmtbd o6l gn islat pediicting icald | ek usspraphsgptype3an islet

ol LB PR SR PRGN, FEERSEI BB, anaor

mjﬁkﬁhgﬁﬁhﬁkeﬁghmkﬁhﬂytaﬁ1de about 100 m cronol ar for
BMX, about 50 m cronol ar for nlfedlplne about 50

m choewleartof ganeritasesveadsd alveterbertmally FiieiRgAnpn ApBlisations
reqﬁ%{{%{f‘ gli)h[%al 1S dlhnn%ﬁ)scfﬂlr %((g:}gl sllghe ta@?‘tgé tpﬁn&@&tfvﬁh Eﬁhe trTatment and
1ns§l$1ﬁ3 ptodctie] @ethods dd:&rlﬁﬁsmfrbﬂnheioﬁrnd i bietﬁa"hblatfeldsuch cluseers to

anpl es section, bel ow, culturln OEHF oi d bodi es
I

mciwe@n@mamai propaxtion ofitheinggay REAdYG Itaqc fresea} fryenion
ser ﬁ%%ﬁ R%Bﬁﬁlolﬂ $Fnd LR8H gk&dﬁ&ﬁg%ﬁé BaRUAR ST BReRHon in

serum suppl enent's
the suspended cell clusters is preferably at least 4 percent, more preferably at least 10

percent, more preferably at least 15 percent, more preferably at least 20 percent, more
preferably at least 25 percent, at least 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
Jeast 60 percent, more preferably at least 65 percent, more preferably at least 70
percent, more preferably at least 75 percent, and most preferably at least 80 percent.

As described hereinabove, the culturing conditions suitable for maintaining the
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nicotinamde, and 5 mllinolar glucose, according to
the culturing protocol set forth 15 therein, can be
w@e@d/oswse7 f or mati on of surface bound islet |ikeCT/IL2003/001027
clusters including insulin producing cells of the
present invention maintainable in culture for 7 days,
and capable of displayingian increase in insulin

insulRCHBHh @R IcBIIS 85 BANBRséM ihedrdieh aRl dfturafori fiClegaskl days are
insulin in response to | BMX, a decrease in insulin

prefswbhe further iswitabdss fasrfemnationgefacebixglasers ancladipg ¢ste displaying at
insulin secretion.li n tfedini
teas B35 i FRAE IR YETBERTG ratile BB ot MeRSty e, an
isle€ @ph@aehIo phentitype, bh Gslextetptéld phafotipes aw aidraddial cell phenotype,
response, simlar or essentially identical culturing
andénspaiitletoresranaleellodisRotyBed t o achi eve sinilar or
es .al et hicay; ' h kQsti@r Sh&Pwith
o el it BN M b lcal ke halel el ey dé R Wi
varidd®Qomblahtioes ofBiuch éddtrell phaBotepes; mayube bisiaplep tdepdnding on the
2001. Science 292:1389-1394). 25 Thus, the insulin
PUrpPSSAGERARI@EPYs of the present invention display

si g hapng | i e IiRg d SHRNSRarhQeristi
b GCRATRRR B IS BHELARR Qi) SRt

asso@atad vithahe rsieabete chldpberoéiges [for exanple, refer to:

Tr upe et al,., 1998. Pflu Arch. 407;.493- .

(1 oeutento b i arasnsis G R AT i Seiqundigns the
clus}tgxééme P' BENEMulle bEL dﬂsé%yié%?aﬁ%&ﬁ%é cE@eridBic Bbodhted with

rog Brain Res. : 209- 218 (carbachol); and
twRejchsisi c@t phdnotypegoooreRERfrabét threegachogist oglp phenotypes, and

ni f edi pi suc the.i.nsul i uci ng cells of

mo%ﬁpée%faggyeﬂfg%tﬁgéﬁqr?rg?pq%%g CF gt IC§1 Y piﬁ%@%% ul ate the

| NSpeifeiatily OB Chin@beARtSisebagYd fithnBE figlet gabcigatdCprecursor

beta cells. The capacity of the insulin producing
phepehyipe ipexpisesiqsy ek 8iplay of @t BN/ of ajteppeiptignifpstor or glucose
na%pgééQSOSZ7 PCT/ 1 L2003/ 001027 30 non beta cel

%Bem fic decrease in insulin secretion in response to

car batdhably, the dab@riptibh Elotarps Baudl aatlebe glusedeitransputeeis Ghut2.

in gancreatic eta cells can ge used I? np%ﬁlahe the .

bal Brré&ady, ihesirrastepsbaatseraisdputiuiienisteh @Al phenotype 1s

cl jqaventi on and nor nal

exfRE QU drr?ﬁsg@ﬁnét}éﬁag&bﬁlﬂﬁ %?Fisuca A

eta cel red contex nere both cell types ]
ar ePmefgablgd theSchamctdristic aswcpigds wath abe ¢elet beta reglliphenstype is

CxRFRALH $1SP R ] O RSN e BT RUP (HADo) & SR Lalsporer

glu_%Hé'eftﬂgtﬁb@%Wle?Hé,S&ﬁh&lﬁ% e preferably dissociated
Into single cells, including insulin producing cells

of Prederpblys et transomptidnofactoansl PaubHslli Bsta2i Rapt o8 ddi*Ad; the

cells are, subj ed .t ulLturin ondit] '
e e T S
cul prurerabBr tit cae@sdristié adytiredawith b Mgetpdedth esetibphienotype is

further suitable for: (i) generating suspended C%I
expresssaeersdi s ey ﬁ@oaaa,gqs(tﬁél@r {upd%trhe &harpetgristic associated with a neuronal

cell phenotype is a neuronal morphology.

As described hereinabove, the surface bound clusters may be advantageously
dissociated so as to generate single cells, including insulin producing cells of the
present invention, prior to subjecting such cells to the culturing conditions suitable for

maintaining the insulin producing cells of the present invention in culture for at least
14 days.
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insulin producing cells of the present invention of at
| east 4 percent; (ii) generating insulin producing
w@eiu®5827 t he present invention having an i nsSuP@MIL2003/001027
secretion capacity of |east 6 mcrounits insulin per
one hundred thousand cells per hour, and/or having a
15 total insulin secretiomycapacity of at [east 0.50

its i
) B10% R eh SR LRI R LAY POt sngle
cells feUldiny mﬁﬂdﬂpﬂoﬂ@cmg eéllsmf tlm;ﬁbmnt (nvent)on‘ nnayrht emplozyf:d
cell clusters includjng cells

Chaheerdng S e MSOLIAPUt ot dnoe Bhiar T REGERTR G EaR by
trea%&ftu§isﬁ{ BRSRAL ¥R8 gﬁfblﬂ Spreferatd) AR ac&ﬁdlhatﬂﬁe{if%)’EETA as

et beta cell enotype, an islet delta cel
desaiﬂﬁimyipkmoastddted in tﬁ@ Exampkek e¢ctivauviopla follats, Alternately, such

phenotype.. I n_order to gener ed cl ust
disBERTARTNY b PREHEDY BroaBR MEbOY e ob LRSTHIES DRErsrafone
or fnnédfhﬁlﬁatmno@ﬂﬁta'b@ﬁ‘t 0SURHlaREDTE HEPE hieatneat d\hﬁleEE)Q“A in the
treatnent and insulin production methods descri bed
abshereaifrab ek oggnoi pHO@OM@feelZﬂbbeTh@ psesfcispape§r dissogighing islets

ol BF ety SRE TRl ROl Oide b2 cBRLAUGDE K.

et A7 ADOKL § BRdSrinbhe 4onagl34n. F)’[rﬁplld Guid@inee fdrsdisdociakiag pancreatic
present invention in the suspended cell clusters i

lslqnsr@fleleabkq/ceélt clusters is mropisied amthe ligrpRirg plihe RIS eéﬁmpfé refer
0 r r at | east 15
to }ﬁé?afg%h% etr?z lg%?gﬁe?g‘%ﬁ“’? ﬁgqé‘??t‘“zo percent, nore
pr epgrdbtrbedt hdréiagiove S fipidan surfade bamslt clﬂﬁelpdrsmimion the
nore preferably at |east, 35 ercen% nor e fer? X
insglin pmlsxpmgc«;ea@pﬁ@mprew @Vﬁlﬂtéme‘?‘éb § adyangggepshygootated prior

to B&h geﬁﬁ){)c Y'fxg &ﬁtﬁégé aRhitidhs lsGRHle 20 RRIASRIng RN Bsulin

prerera ast percent, nore preferably at
prddaéisi célls @lﬁhe present Mreati o af ailtaty for at lehstd4tdags per cent,

nDre preferably at |leagt 70 . percent f bl
2t VEHEES FBYRAK doHeinEa e DSl BrORoPHGEIng: 78l g plesent
ind%ﬁﬁ@eﬂ}uom%g @k@&ﬁ:fah@ﬁ df BRIBHAGLR A chiRRremby BE b 10 ed.

conditions Suitable for maintaining the 2004/ 050827
PCTFbi 20035160108 zmgmce;l}sslamb@ lmbts:ddqynlgolébng hepgurfage bound
tion.in.culture f.or a&

pres i nve st ay r
clu&eéq: gﬁ“&b |n9n (g}ls(tﬁgﬁl C§Hf Nutery etof%rs,sopg 1}}%&%% ncl It ergel ?uc% Sluster
isofdtidnt §lag boCéradiddd by elehahi P! dydeb@orattherb@Rsind@mtereoscopic

charactéristic associated with an islet endocrlne cel

obgareationswith prm:ﬂigd )@Eﬁés mjgropipstteor mlmaca«h@ 1 folRwRe by rvesting
of eﬁl,l}g%e%%g c?us Aoﬁﬁfé‘at%?% ml% t@tby‘g%l flé'n CRliternately, the

oran i onal phenot ype.
sn@dlﬁlﬁlﬂ[rﬁpﬂoﬂﬁdm@télg ofehd Sresting pivammgmay bk mﬁtecbfnem isolated or

characteristic associated with conbi na
nogfiselaied susfees bewnd Cblﬁférﬁotlg}b%§taﬁ§9r b%/g§§| joanee W & erection

anfi ﬁ(? n%e@ icOfdr ta%em Urs@gﬁfesﬂlgﬂ(e? R );Jaﬁ(%étﬁﬁ etRTEfiEsabh ¥s, for

ers i I spl ayl ng at east one
ex6hpleacileross tiramsporter-2 or the inward recitifying potassium ion channel

Kir-6.2.

According to the present invention, in order to optimally generate the insulin
producing cells of the present invention, the set of culturing conditions suitable for
maintaining such cells in culture 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
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10 associated with the islet beta cell phenotype. In
order to have the capacity to optinmally perform
w@amgosmeic islet functions the clusters prefrCHD2903/001027
include cells displaying at | east one characteristic
associated with two such islet cell phenotypes, nore
preferably three such islet3cell phenotypes, and nost

15 RiBMmelabt Yesaldnd @t (il enhithitn € pdtkdres edsuchl clls aed surface.
phenotypes. 15 Preferably, the characteristic, . i i
asdoeneatiag on tthe tmepqss| ad apRisatioh ccWBirng praadifiogs rincluding

var]?)lag r&%ﬁ%ﬂ%{cﬂoﬁs %f Qﬁ? %ﬁb\%n dgﬁrcrigjef RhYurf cofhodiihs Qhd 3nhibiting

ranscri ption tactor or ucose transparter.
adhBreateotducl celldte af suafasembpbe enitdbdect or i s Pax6 and the
gl ucose transporter is Qut2. Prefera

e ly,
heiatoratty.dhs BulawoRICaT o e pGeTgs Bt av%EEGEéfqe culture

me@&ﬁ&@%%fﬁgilngsaﬂ &Othg)&%rgﬁx%ﬁ eQ'su léﬁhﬁ‘t\é A 9¢iHEAELRdherence

cagon. Preferably, the characteristic
of sasls oclisabaduriatdy t he i sl et beta cell phenotype is

expressign ar display of an nRNA of a.transcription .

f act'§ ?ra@yg%&ﬁéﬁleflgﬁﬁam e?{p'slgmefﬂ utos Slﬁg?cgbfﬂri Sfiective
(ﬁﬂgﬁ%ﬁﬁ§bn6¥néﬁﬁﬂﬂ1ﬂ& emtgberably, the transcription

factor 1s Pdxl, s?l, Bet a2, Pax4 or Nkx6.1; the 25

gl uBmsealily athe prynthetic issru@ sepplemend is A2 Tgsaremswpplement or N2

net abqgl i sm enzy, i.s .gl ucoki nase. ef er abl t

O e LA A e B R S
phemfefm%,i StheXRhRES! Oddn@éntEidR! &y Rlecs@ma@at @lid nange of
and the characteristic associated with a neurona

1 te dFImifiaelat, ynere ipsefarahbuisstecteddrn dhotnge AS 2desidy mylgpolar,
her ei.nabov.e, face u .

o ERERRES s B U IR L TR e prteravly

sel&dtéDfrémaRe tamge bN4 ka6 infillindisy hndmpstgadetetadbly seabbst Somillitmelar.
present invention, prior to subjecting such cells_to

t hePrelaraelyi thg cubiving sondgiong sedphlelor fermationaf dhsurgice heund
¥ ‘ ; - ) ) .
PO R i 1 REFTRA TSNP 02 s
invefiTdnl in2008/e0f01 BZast 32 dMar dnapley wehstantiallly Blsotéaaculnginghsedia.
S L858 LTI DEb i A
prddﬁé’iﬁgtcbl‘l’@omé‘ pREeR TR A6 10 2 AzEREDI NG tO the present

I nvention, such dissociation is &yeferabl effected by
t r eBtafenblypinhiliting such adherenice lis e¥fgqied hy cpheding susihyceills on a

comhi nation w th EDTA,  as descr.i bed..and
suGEERBALY Paf el PHTTHE TAsk i EReS ot bR f Bffeggnge may be
enfinb&J 3! BhVurirsUGkeh déIsS @5ihakhdkihgTayARangkfyeuell iBlibition of
treatnment with type |V coll agenase or di spase, alone
adlgarerion oayrbe rﬁ&hie&m? Wy tqultappg such sellforsing HgThanggig Bipp culture

tec‘inrﬁ%l%(t: H‘easrc]:trib% flehrm%%-&iei. n the

According to the present invention, culturing the cells on a substantially non
cell adherent plastic surface is optimally effected by culture thereof in a plastic Petri
dish.

Preferably, the non islet cell types whose growth is inhibited by the culturing
method suitable for maintaining the insulin producing cells of the present invention in
culture for at least 14 days are neurons, more preferably mesenchymal cells.

As is described and illustrated in the Examples section below, dissociating the

surface bound clusters into single cells, and culturing such single cells in a plastic Petri
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absence of an exogenous proteolytic enzyne. The use of
di spase for dissociating islets may be particularly
w@eoans@geous to generate optinmally viabl e sinptEICeII®1027
(Josefsen K. 10 et al., 1996. J Endocrinol.
149: 145-54). Anpl e gui dance for dissociating
pancreatic islets or islet |like cell clusters is
dish 9§1ﬁg hdesind fed Hirl BHGR RS biilewefnetiiven auppldpfatedewiinpl2é and N2
refer to Josefsen K et al., 1996. J Endogrino
serumzsgpalmestA)mcquaaé% ang & auillenelrhgHes:; aqcaﬂc IR HGe culturing
prot(bcIQL a%gfgﬁgqgeer’a é{f‘ B? [;mgi t%s gg r%%ﬁér% oultifes dﬂ?dlhﬂeﬂ‘ suspended

i nvention may
anc?éil‘ﬁ@ﬁﬁl@@ﬁl@l&hs&eﬂssmﬂvaigezdpmpbﬂron df3h¢ ensbbn @gotkmb]geqﬂlé &f the
to the culturing conditions suyitable. for, mai

preserdnyensign ioh Sopl?eé%ﬁ!i‘&l EERFTAS BYS'TR e‘ﬁ’lge%lgﬁt?ml?a“@e%tpp%%d of
mesérﬁh?fﬂ%lt %El?st ﬁﬁ& ﬂ%hr#n@a%fu) NERAYS clu¥REd MeudiBy ceBf displaying

e single insufin producing cells of the
charpétesgiet asi;dwaem Moﬂn folidletnenvigcrdiies solt ipagaurner gheneigpe such as

a5 LT P AL I YR ) Rt

1&&1{1 24 20164 tHSHRE SsdocRBANEIh 6h UséteNsith @il fhe
inc % ggg%laﬁln t he gousters Such cl§§her pisnotype

such S@éﬂﬂessmmmydlssdasefof gbtcegolbylm% pa ElucaBony (¥ gengrefg clusters
1ncl ngé gg]lf]ﬁ allsg]g{nﬁ%: rgr%g erl %sr%%goc?stgcg lW?tth cf1|n SY& tbgtaaceﬁuﬂﬂeﬁgtype

suctb %5 Visplesfion & dikhiay drsEeat RRNA usdlEmRM rBaazp mméa Pax4
l'ass m cropi pette by suction. Alternatel

mRNlAn BVke6i lnsBN A f@lut;?dmd ghycelenyss; O) emeraly @ﬁlé‘ﬁ{s mcluding cells
L nvent
s Bl SRR BERRCH, SRUE S pRBaR, g o

expRRSibh BH didplah of s&ﬁﬁt@ﬁbﬁ@r(vu)ig‘drietmﬂyluﬁpﬂancﬂudmg (gtpllsadlsplaylng
specific surface marker of pancreai beta celil such

charssteripiges awgeirisiewity| e dded PEAEH S ePIBOBPCLHE | FnBrgonal
moqpﬁglto%gf Xﬁ(ﬁ‘ QV 1? ?e%\%/fa%nchﬁféﬁ Whg ﬂﬁlﬂme%n%duﬁﬁg ey N the

presen enti on in order to op
pre@ﬁﬂﬁfvaﬁ@ort being nmidtainabldGn pulodedoney least 14 days, bh’é‘ng an insulin

present invent , th t..of I
scclbiipn By O DpamErCAI oLt b i Ear GORARY SO Eper fowr
and! Hea@ﬁ{% r%lfs(]) qg"i’ﬁ/sﬁhﬁ L& 8 P apadifcd B8 Shictduhit@irdulii Pérone hundred

stantially free of serumand/or bFG- (ii) a
&mﬁuMﬁuﬂk;nedlun1|nclud|ng ni coti nam de, a synthetic

serum su ucose a concentrati
3;]&47‘% 1?’%@1‘/’1”@2’8‘65?’6611&‘7 d gs 15 nmill |t m[a;|t g?no?f
I es&sulﬁpgyc%mﬁqwe)s i nhi biti ng adherence of such cells
to a surface. Depending on the purpose an .
appThe atapiunal prapertien 9F ioBwai APy fellsuf; PFQOT b crigyed islet
natl of th e
hket:(?p;g §11§ Pﬁ??&“ﬁ ﬁr @%ﬁ}%ﬁﬁlﬁgﬁgr%n{@go 2eh ceélalls 2002
Tratn@ﬁ)lﬁnﬁﬁ(ﬁrf 37Q614f5ﬁ¥145©) safi 8B ercemt Abefserfatsl poundimouse clusters

turing conditions_ include a se
Lomaaaaiind Senstonce 292 38 303, 56r um free and bFGF

The capacity to generate cultured embryonic stem cell derived islet like

clusters whose proportion of insulin producing 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 like clusters.
The 80 percent proportion of insulin producing cells achievable in the clusters

including the insulin producing cells of the present invention represents a 22-fold
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medi um containing all of the aforenentioned

suppl enents and facilitating adherence of such cells
wao eooa/osusef ace. Preferably the synthetic serum PCT/IL2003/001027

suppl enent is designed for selective differentiation

of neuronal progenitors. 10 Preferably, the synthetic

serum suppl ement i s B27 setSum suppl enent or N2 serum
incréasepbesretic ﬁiamirﬂmlfpmmﬂtmni off Bgiep&rcemtobé imueihepﬂaldhying cells

combi nati on of b eferably, t l.ucos )
conagiede Ht AT off! | & de@fﬂi?am%ﬂ%ece aﬁ@%vqsir Iofet; kg solusters

(Luf(i)‘% sizdr?é?'cﬂr 20@1pr gm@ﬁ@ef 262 P330-1 304 e&rﬁ?%ﬁ‘ij s{pBH&Q F(hﬁler gﬁgﬁnal

0 10 miilinolar, 'nore préferab s selecte
proforton bhheriasngm mbd@cmg)béta welld innodrene] pareraatiprigdéte(Qodiy ef al.,

5 sel.ected fr the range of 4 to 6 mllinolar,
2002;[8 fﬂ?ﬁ‘?}tlab f%gggéﬂjgi s about 5 nmillinolar. Preferably,
t hereWabitityng n@zﬁﬂl@irf {he Aigsufill bk&ﬁkﬁlgfc@ns Bpth%trés@ﬁt Bledt® in
surface bound clusters and those suitab

cultres fqraatrimg 1t4h<éa}4s ﬁ@ﬂpwmgpdlwumilng th«trmfsfrgm surﬁaCQ rteyadtcell

| da
clusy ¥ 37 hofet ot i OF off plsSiR ntiuPR RpgIP yfat prior an
meth6dd ¥ dpestinByulagee ﬁﬂbgwﬁﬂ: dtém iceln ﬁ&ll‘iedﬁﬂmmep’i@@ucﬁﬁg tdIR or

ngle insulin 20 producing cells of the present
cell; qwgm i OHch @ capasity fragadesmpimal Asxapility dey the tingige o ape of the

1nss‘3{]§{>an§xl¥ga+q§1s%ﬂh%% %PP ﬁ{loﬁa“” ng such cells on such

y non ‘ce erent pl astic surface.

i Nhitel 4bildwy tofmaidtaar &I&Qﬁsumyprb@m@‘lhﬂmaﬁdhbpr&whﬂ mwemgm in
such cells wth shaking., Alternately, .such inhibit

isolgied, igpraids cell ﬁhvt%%lna%quaatiéaseayalboﬁ%nl?qeﬁ@f soe ﬁh{«s@r%ceﬂs
is y@?éﬁ%ﬁhérr}@atﬁmlﬁ'\%r g)lr @p ?éélaﬁl“ih@entl%ﬁ Aty 't(%'l‘i3 gl%? GH Rffred

her el nabove ng to the present invent
emlgybnivrsteng célhdededd slep ke chustess afitdhabilitynanbles Q‘hﬂ)ld, efficient,

d t pl.ast IS O 1y ef f ed by .
andJoPy B eRare o phite prepsiienpet e supied Bhicat digut the
neell H@r ﬂl‘é'hah%hﬁtenﬁgﬁ‘nﬁtlct, HEAMHROS R Hs ANk l?rybﬁnizﬁm)rp bt @911&);‘%36

the cul turing met hod suitable for ‘'maintaining t
treatmenis,i reqprred den diglodglngspradr 2t eulivired eambriyonie nitémo nce:llnderlved

ulture f at | 14 da ar ns,. nor
surle P! B RS e WD KL ek Pogapso- 1399,
Suchl dbug Ifated dnBbled elubda el £i%n SeeHoue thebigh&¥ht contamination with
di ssoci ating the surface bound clusters into single

noncelpptsredmnen ielst caM itippssefcPrenialiens efepycd prioraaty|chetire  Such

enslEL NRRO0SLAATRT PFLL k200509302 oot Shy UEANG

ure nmedi-um suppl enent

levels, t dndBREredndedPto sloptimalipields mﬁegmd@insﬁﬁmlﬁ@uc&@dcells
5 mllinplar glucose, according to the culturin
andp‘i16$t6Tédle13§1(¥? 19 el rAndhelpeers, SeBtodencSRng i the )nethod of the

pre&ﬁp?ﬁ\?&lﬁoﬁu'ﬁ l\‘)\';lﬁsbé)gpﬂré&gt@&% ﬁlgs(ﬂ‘aﬂlqgﬂ' skilled artisan that the

optimal yields of undegraded cells and clusters including the insulin producing cells of
the present invention are optimal for essentially any application.

The ability of the method of the present invention to generate cultured
embryonic stem cell derived islet like clusters ihcluding insulin producing cells having
an insulin secretion rate capacity of least 6 microunits insulin per one hundred
thousand cells per hour, and a total insulin secretion capacity of at least 0.50
microunits insulin per one hundred thousand cells are both still further unique features

of the present invention relative to prior art methods of generating cultured embryonic
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pancreatic islet like clusters having a proportion of

the insulin producing cells of the 5 present invention
wo@R00305(seT cent; (ii) generate clusters being PCT/IL2003/001027

substantially depleted of nesenchymal cells and

neurons; (iii) generate clusters including cells

di spl aying characteristic® associated with an islet
steneBIpddrivee ig&llikephgaug. sor phenot ype such as expression

or display of a Pax6 nmRNA and Glﬂ (
gerldeanaxigial dnsehs seprgtpn ¢ §ioE @FY g1 H?%(QA Segfi ’H@@) clusters is 2.9
nan%%@%sﬁﬁh _?L%} 191% éﬁﬁ?@%’te@ﬁ S ALy §trﬁ us@ysﬁf}@c@%dnd) islet

expressi on or spl ay gl ucagon
11keﬂi€l‘ll&h&tergbvh0@gﬁnpor(1m) ofj msehla‘s@reztingsieﬂs s 31 ﬁpbmdmtr(@umelsky

o S ALY DAL S ARkt el or
afox@ ﬁﬁc(losgud?d J@f\% e prtein PR 0BEIRZSs TBWeodrai4 and since

ut 2 and gl ucoki nase; (vi
onegmﬂﬂqramenmmsiomequnds tmappmgxlneteﬂ}s 25.8ivogh afl ingglin, the maximal

aracteristics associated.with an is]et.delta
totagﬁ yiFErelig rapactys q%ps&lgl B giPncﬁ Lp?%ﬁuccpf B8k can be
calc?ﬂ’eﬂ@& 488 4 midr¥intils (RE 0L BhRired thdhend insutih pebddi@inpedells, and
displaying characteristics associated with an_isl et
5.7 neuq:romats aet | ophdnotgde thenshndisingidiy anaducingrsie| oy ;hour,
g&{]w ii) generate clusters including insulin
Ie“ﬁ? ¢ing cells of the present invention being

Mai Q¢ aégabbehéBinabdtel iR hethodbf tieasiesehd itlaytion bay beigsed to
an insulin secretion capacity_of 955 mcrounits
genierpit |cuhiurpé rongEOG HATe ol s A dsléfe ke chsterh SRtuding insulin
t n
pRp R Pl BB RAELBHLRY 3RSkl B8 e
oncPEhvRInd e ssaat cﬁﬂ@panlﬁoumm&hhavmg ovaial jpsilor sexrdtion capacity of

Insulin secretion | evels. The Xi I orti of ..
954 PIPRTS OIS G BV fHag Ty cell SBU Bl sfiggtion rate
I fth
L
preg&it Idtehtidd 6é)spectrvea,&r65)rq:semcahWt ﬁdr70§uldf mereabo avet/ the ueaximal
clusters

ins 5 S Gon 148 AFDIOTH 5 SoRISKy e S YU PP EMghgsand cell
perSHIRE YR 4bodit D66 d1d dedrbase GveSiheimaxifg] inhlis b @pacity
proportion of insulin producing cells is at |least 4
of ﬁéﬂcmmroumts aniuémt Ianreone?lomdmdqtbeumdtwﬂs jof|the insuka producing
cel% (ﬁs tel Sértlnn cPrg{;: G %ellnde?{vgg li'%f?ttrlgcg ﬁQ{xgtec'rs gimtngﬁky et
al. em@nyggrib&eatggrm,gelm%j)erl ved i sI et like clusters. The
%ercent proportion of insulin producing cel
ac hilbyaphednsintpreduding eedls o1 therrpsgat inyention ars gRthsuperior for

w2 e St Bt D5 BRI BB 670 ML AR chbfyoni

ste@vé&dl] ddﬂﬁeﬁﬁﬂétﬂﬁb chrsapar Itivatl befapprediapel thatrsuciofin iopgoial msulin
pr oduci ng cel |
secretion rate Capacity and total insulin secretion capacity of the insulin producing

cells of the present invention is clearly ideal for essentially any application requiring
optimal insulin production.

As described hereinabove, various pharmacological agents can be used to
upregulate or downregulate insulin secretion by the insulin producing cells of the
present invention. Such pharmacological control may be advantageously employed

for modulating insulin secretion by the insulin producing cells of the present invention
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contained in prior art cultured enbryonic stemcell
derived islet like clusters (Lunelsky et al., 2001.
wW®Geioenss2292: 1389- 1394), and corresponds to t hECTHEX0e8101027
proportion of the insulin producing beta cells in
normal pancreatic islets (Soria et al., 5 2001.
Differentiation 68:205-219y. The capacity to nmaintain
in tHeR@nicRE6H Vamions Ssplichtign.cel | s of the present invention
in culture for_ at |east 14 days follow ng
di Purificatianof inyuking s¢cretinggelly apGelusters nd cel | clusters
I s another.. unkgile ' L@ Nslet like
o3P ity 'S P meBBLLE o pleaboPhERRh oy BRre let 1
clustad tmtiee dogditionsosuitabls feninhiblitingdtbe igwedhiof substantigHp e ixsglin

et e Lo ChSTARET e By PR REC AR of e
preég@f#ﬂ!v%@io%rr%ﬁlt’i% h§ Pﬁ&l )% nRinddI @ fREES B LMEE b@BryoRitestem

to maintarn the insulin producing cells of the
cellpdeesedt isienvdet tlosteisn Thisobenaety is asiyeniagapusefqr example, for

clusters in cultures essential.ly .deple n .
optigrigae deprutian of ot el R’ PEERr et it Rl grming
Opﬁ%ﬁg FreleBYSBE LRBtere! Bidsy 8d¢dtapkt arritied] idbpplivationy eduiring

ryonic stemcell derived islet |ike clusters.
optishaily chﬁ{:ﬂehtﬁz}tecprNFQQC ihgibd, ef ficient, and robust

APt TR b e g
tr epldBphsity SPEHe msthbleftthy pedsentziatémionad geatiategesibslasters
treatnments, required for dislodging prior art _culture

d.
inclaringy oellsc displasingethe ahavieviasted dhy aead sRrgHY™ of sbaracigpstics
[l .cl.yst [ i )
ass§5hkq U L P S cfpefbe preitd oS, S0eatpha el sl

bet® L&ls! @letidefth atiln andvididtaictirdnhbcdlishindieates thah swoln alietére mnclude
with non clustered/ non i

I |t f :
cellsrhsing ighbyrditirentaies Al b Shabac bejar ARESeIQ sell Tineages. Such
y eSerdt" jofi ] SRtk S8t ceHeITRERLY Gty

Cen:t?’%‘%%%h}e% %Ijiet t@%&%%()%ﬁﬁg%%ﬂ&} E%I%I%s#l and Cteher eby | gad )
of tnehslitopichriphlyi dffesnodted imdetgretdee detisuthic relysitess iadlydng the
~cells _and clusters relative to cell and cl r .
insylith arAUSHEa LT B B PESTH RS 61 thFWEYZ?%%élgsifn?pumauy

FMfRY | ot 4l ndRBaRPRPEHRL ISR sDYNd bR Inde bl dpfimal for
peﬂé‘%}‘mii‘éeg%gfrutnil:g%ﬁr’%" (%fih%t tahg opt i r;al Syi_ne_l ds of undegr%ded
apdehtiensanguichg spémally differaitintedipaacreatuple’s: pr oduci ng

cells of the . present inveniion are i f; :
essEt FEITRIC Qﬁﬁ‘ﬁ‘i"&?rﬁ/%“ms g@lgb?f?ﬁ{osmg#lg tlﬂge;t cell pRegitic

ho@borefesuRh 88 @Binatddien! bRBadod, gENBUAL ¢n chd tlusted is advantageous
enbryonic stemcell derived islet |ike clusters

fori applicatiang inrvehich rslgr esliuseagiccwplar paduston 86 sy hormones is
i.nsul ln.,secretion.r C it : t: | LR bl
deﬁlrﬁgul #Wl}f Orc?hctehenﬁlﬁglltrség gegfgaéf}{%g%’é]:l?gﬁ 68(3,1?[ our, a}?d a
cell Ofl@hoiyps Ul Mhe ediistérs otorfapacptimalofdifftrentidise plagifeity and/or
mcrounits insulin per one hundred thousand cells are
prajifenation peteniial i push dlpiigre features of the present

i nvent L of.r Vg $9 REdBF idlchtibRichRdR QeddBnasiRidtd Gighly
cul tef@t#‘%dﬁgn’gl?%%iog 6 B SEhITE s 683 001057 ¢
differentiated, highly functional human islet like cell clusters including cells capable

()
3,302

of producing high levels of human insulin and being maintainable in culture for at

least 14 days.
Method of producing insulin

According to another aspect of the present invention, there is provided a
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36 stemcell derived islet |like clusters. The maxi nmal
insulin secretion of prior art cultured islet |ike
W@RWsNEBE7 i s 2.9 nanograns insulin per ng toteCT/1L2003/001027
protein after 5 mnutes for (nouse/surface bound)
islet like cell clusters whose proportion of insulin
secreting cells is 31.5 péBcent (Lunelsky 5 et al.
nwﬂﬁﬁQIpnﬁﬁk&@gﬁmﬂﬂﬂ 1389-1394). Since, according to the

authors of the %renentron d st av ra
- Sheretib Eeciat DY EPTaieE 96 ipa 7 fhegpresent
I C
mveﬁ‘@&s%ﬁe%% SR ehSH e %L%E%Ei*?%%ﬁa"r%?ﬁr "?*?“*né‘ﬁ“?"amd“"ed

thmdgcretlon capacrty and insulin secretion rate of such
's_can be

to be.0. 48 m e
et 1€ Brckice, g8 T P%mﬁrlabﬂlc%&mg%‘fﬁry%mé Rpbpform,
the éeu% ama %&Hﬁ'bhﬁ cBflred %c&ﬁﬁ@rt@%& Reue@ne piolsddl isek forth in the
produci ng cel per "hour, Tespectively. As described
Exatm«preslsnethwbe;lowmo apthdidpley amhes%me@émlon gienii%A wigrounits

im0 G hEvo BT RRR B b e O B ST SRbbn caaci
of 98% aHHGLAEs HmEhliS spé%a)vle RGn@8d tmgdﬂdrceﬂgcr etion rate

capacity of 955 mcrounits insulin per 15 one hundrep
t h@unmn @rcq@edmg tqthe miesgnt mamtlOrilatherrgletacqﬂdiragemﬁﬁ’%rfr? gultured

" in aa 1u t%p%%lart %F cel?sg fegHﬁ'ntr B8 Ynld%iRethO8Gs of

olisa n I nsu |n secretion rate
the @adant Iriv(/eﬁtﬁkﬁl sewednbdinain r}ns whédiura e dreesdcoated apatin tipay be

of the insulin producing cells of t resent
conyenienbi B SISy PYBISes b celieeiPe g edrD. (g collection

is pré}glragl%lsﬁerﬁ%/rﬁ%dt cdlfity the %ch'uﬁm%e%ﬁ@tcb@&tlh l{Re resultant

capaci't nrcrougﬁ%é Insulin pér one hundred
supéﬂﬁ@tuﬁﬁd@ﬁhsae leh.sily24hdpesficibotiy recaved tabspateteal iRO0M-ih dhejabsence of

ncr ease over the maxi mal insulin secretion capacity
‘muﬁbferﬂﬁﬁﬁ¥é@d@ﬁ@?gnﬁﬁﬁul|n per one hundred thousand

celgsiio@fing RecdvesH ihdledt At GAdAEm GRAY ToRdtitiE! Hlsuldble insulin
cul tureé enbryoni ¢ stemcell derived islet |ike

prepdratidrens sGthurfet shgowst appdicationz0ndt. regairimgclighly purified insulin.
389- 13 sul i (o]
ARG e A feapirige e dobBeh TR, B i cshaShedium
ma? 59 duednipbebiayshifjetted &  ¥@itdble Ei6mbidgtHphit sr@padtiom phcess $o
I'l's of prior art cultured enmbryonic stem cel
as td emlavce the igbwlin loj kéesord degree of puritijapg/opgielkh p@@@leag%ance for

chrérﬁgto%@é caﬁ P %yln mshﬁr? Y g s§ﬁ1‘ﬁo§ 44 g{bvﬁcﬁee qlnﬁtfsi‘ﬁ F‘férétﬁre of

ecretion capacl
the P& Bgamp‘lel |r6feﬁftoi hve. Sprlea&otk i(ad. Q;nt‘Ht_'gln Psrfotngzance yLiquid

ChiopiesmrsdPRCBrsIE: 108 a0 S abotifhed -
S SRS 0 B0 o

probycd b}ﬁlmﬂsquanntlﬁsr ofl easilygpureledshumfiant imsuhrp mégdintan be used, for

exalal%ggé) Igggt(mghl;legyebseq%gq? . g}n‘&gtgls%%daraltreg%]etn[ts as A&k s\érlged above.

Since, as described above, donor derived pancreatic islet cells, such as beta
cells, can also 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 invention 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 pancreatic islet like cell
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for nodul ating insulin secretion by the insulin

produci ng cells of the present invention WO
wWQeMIBEB27 PCT/1L2003/ 001027 37 in the contBXI/I@D03/001027

various application. Purification of insuling

secreting cells and clusters The capacity of the

met hod of the present inveltion to generate islet |ike
clustdry stielr selisndd chstndéan tensed ta traabbwehfdiseaseshi bi ti ng t he

gr h of substantiall on insulin 5 producing
ce?‘wghogﬂéﬂe%(é”gﬁ‘g@ﬁ%%r%eaﬁ%l s, is still another
Umﬂfé{fef&%aﬁwo%dlﬁg tb m@e BeR&R Nhvdnf¥ MheRNis! Stoded @ Method of

prior art nmethods of generating cul tured ‘enbryonic
treasngapameatlcdhsaawemam #ct.| i ke clusters. Thi s capacu ty

6@’8 a eo%?égreélt ryc%cf< n‘{%fﬁlgg aC{hergpﬁgltcgﬂ]% ﬂgctl eﬁlgﬁ% 8f the

msxflﬁrpr%ﬂ:ﬂ{g'?‘édll@ @f tiRRireddRt inyertionfte i Hubpied c | usters.
These advant ages are ideal in applications requirin

10 Gpidusmmiefhods f prasiministesas plsc isytin cpiodpeing , cells may be
|
ens B POMRE' AR Sanbfe ik SR B8R AT Wiy 0 e

pantR¥E6E 1ivdt dfahg@eitgeal with @k lwithouisduegisal drgai exbosgrec etrkferably,
di spl ayi ng .the above listed the broad spectrum of
the GRatiaChIOAEPE c8lls 45s SATHITEreYEKA- F@%@@b@ &4 gfirgngphrominal
oGS S il al pha cells, islet 15
Cat}%ﬂ% & d l%rdsgllf%t ngtt%a hglée r}b%lo and islet neuronal
cel ASuSeﬂCheCeam asthefaptutzalin effd:ainsre dose is Ao lachent oéficisnt to effect

belng hi ghly . d ren Ion ha, Dbeta,
a begfipa! eIy ﬁ@&@g\g%@wﬁ? o ol {BE% a&@ﬁv%%fsﬁen Pl ore
adngflf%ﬁ’ﬁtl&ﬁl qfréfei'abﬁf aré JIBAdRRRELEGH is%rﬂ R, gl 11§]ectT<ﬁ+'<§a;n be
y virt I icl udi'ng such highly fferentlate
admisiseredimitd vdtrud»m regbhsof thhpandresst @apanhng londhetypeteé pancreatic
dis i nsulin producing cells of the present invention are
15¢23%r eby capabl e of optimally 20 performing the

f ungihtOagtevanfidmlin BRNEA ?ﬁfdu@tlérisélﬁi secrefiofl caf Be @%ﬁﬁﬁ:ant in
also optimal for applications requiring optinal

thexdpedtior wyesi ﬁEeEVﬁaW@altdtec of gisulin pradyeed mﬁp%élonﬁllbé secreted,
roly S0 B 3SR BB OFLR gLt Bkor,

i nsubdigusi ethods @I Ukteemining tied tRoliagesdising/®creting capacity of
applications in which islet cell specific cellul

r .
sucbrc‘@aaémqyObP smpliuen (Fsrsramels, renty’ dagasigy ef al. 2001. Science
r I el I
L i
celglafshe lpSesenxmﬁleerﬁ:mmpﬂs imesudd fubmg entommincéal phiastpadide enzyme

and/ or i feration_potential. to . such clusters.
IMIpRREASSY, &S &%P‘H‘b‘“dl 1gthg ﬁ’éa%ﬁ@%%ﬁ?o‘? BR/&%t i on can be used

Lo gROf{AlR ﬁ|§ 'ﬁaieyablyﬂ hﬁﬂlﬁﬁ Q9 lead ﬁgbet&! ghi lﬁuﬁﬁlﬂ %ﬁb}@&qlxavmg

human 1 sl et ke cell clusters including cells capab
sucBG chﬁeapw oahmmgaoldu ogh alse\belappbefd tounteihit ifniwed @metmddetvebpglent

of such ntd{Jl seggeb sg as {2) tﬁeregy 1n%1b1‘9 sucﬁ‘ onset or development.

The present invention can be advantageously used to treat type II 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 range of
secretion rates. Thus, the insulin producing cells of the present invention can be used,

for example, to secrete physiologically regulated therapeutic levels of insulin so as to
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| east 14 days. Method of producing insulin According
to anot her aspect of the present invention, there is
w@eavosiser a WO 2004/ 050827 PCT/ 1 L2003/ 001027 BSI/mM200s0m1027
of producing insulin. The nmethod is effected by
generating the insulin producing cells of the present
i nvention as descri bed her# nabove, and preferably
provide v@sdzdnm’g ¢dmérol nveheni adipingstiereédo thhesublpet, thetabyotrddimg the
di to &ég @f optimal levels of insulin in an optimally
15993k S orm the cells are preferably cul tured,
ac Osaﬁée RY deSerftR@ Hepdihdboh 8 ddNoPUBSRId BRE BN, tsich As bBA cells,
Exanpl és section below, so as to display an insulin
have beerepicuivusiatesndyedizs trppcpangrratie dispassusuch qgehab@tﬁé, and since

e OB OR R RIR, bl el ROUIre Bt bl gonor
derfvaa delgd it i Qresianihia ehd Sraspl Of Gk Mnaﬂ?&@ﬂlﬂ:ﬂm@tﬂaﬁ tt) IdEtermlne a
present invention, the islet cell progenitors ar

thergneytispBy effeptive Hpspufos avBamambessdgerh s gaidanes E’@IVF@dotfy the
11te}a|"clﬁ'e RIeSRE r?itrt ?yeq’gllabgfg @Hﬂmﬁh&? of taﬂe 1lv§ e 05113 %%u'l't]her be

sent rnvéntion's e |1 nsu nln ISITE

basS@Qihefa%Cbrs risdiidoalmey eheh selgente ivichdihgy, ﬂmohxaﬁfpilegl weighty age,
harvested by cqollecting such a nmedium ,Such coll ection
phyisilomel stagish (pegicet Bisiont aB¢ PRmSsTs TgRIAG 2 e Ragpeatic disease,
t I
s b 4 B, GOLLEGIL PRI SIRRH Rty 17 BRI SIRY, On
skillewsil the aitn spdeeficatiy endretaf mooepietdrably an qpdodrimmldgistewould be

contam nation. Follo recqvery thereof, the medi um
2b15, 6 TSR (U BUBDS T B WAGHA TS, ool oG RrF6R HY ety fha
wohlQl cor@fituflsn @pBtdwaldseNgnd e 6RAMIhOE BF Sn¥hiftiohi tRekeof

Insulin. Aternately, for applications requiring

w1thotgmnylu@axpetm@dta|tlnsul in, the harvested nedi um 20 may

| b d,t
chr SO dphe Ygrhrring bGeRul bbb fuon o g guser

inchidghg MsMId $eckeRing c@ﬂ§(1reeﬁarﬂ,€&ft1@ gs16xk) ﬁ‘éralvbﬂalﬂ@ﬁ{ Ok literature of
yi el d. Anpl e guidance for chromat ogNaphl cal

theisel [i@erﬁglpim b1 to SUscongs miov es O oMb Msttes qfiRiabetes
an@g O ﬂ)ldne&gs % és @%%?g@«wg{d%knﬁﬁgow Pitus T. e

al..Chr DO, ogrla;qhy iRevBi otiehnolMdey.", dohnSéptdrelyer& S(htt{s,//www—
1990 25 Thus, the insulin rodu0|ng cells of th

emﬁﬁ@h@h@am AGBKODOR 864k e and rfn@n I a&wkaﬂﬁ gs-), “Primer
f |
on glggl%'le;jgl"tzﬁ@oe 2n%a§d Mt mﬁﬁlré‘l ﬁﬁ %Ig {SZ)E eg}gc )y Jﬁﬁ%)%@atlon

exanple, to treat
MaddemnNeussl Blacda\tdhieSdlmce,aZDOGi]ascrl bed above. Since,

Sﬁi (r)r;gl%ggx?ibt%\l/tleon % nt 2: gnes{lfll’\l/ es%cx%talgg ' cee sI Caclcgrldl%tg %g ! sltg’ﬁdard
techniques, a surgeon uses ultrasound to guide placement of a small catheter through
the upper abdomen and into the liver of the subject. The insulin secreting cells are
then injected through the catheter into the liver. The patient preferably receives 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 kilogram subject, a suitable transplant consists of about one million pancreatic
islets. It 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
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cells, can also be used to treat pancreatic di seases
associ ated with islet pathogenesis, 30 such as
waelp@besmss? and since, as described herei habovePCT/ne003/001027
i nsulin producing cells of the present invention
constitute highly differentiated beta cell like cells
capabl e of physi ol ogi cal #y regul at ed hi gh-1 evel
until ighgddhlid c&RES195 |a&ﬂeve’ﬂr[dia$1bﬁﬂelnbﬂitateelotﬁ Diebetes mal Difiesigyve and
such cells constitute highly differentiated, highly
Kidney mzqugﬂgANIB@ch rhétat//WWéHKEik nihgevidel | WO 2004/ 050827
010
ol e Era DR RoB R gus e TP RO EHE GATRE BedEsent invention
may Ok defi®ad e paslisked stemdiedlelass, Whmhel’m) derivakfromdietg vehich

T 5w b G S e
and ({?1 Jillogrohlﬁ d‘% o g ﬁYog‘@Hﬂb Riigt e bjett hekapaelyl aal ingulin

I've Insulin produ0|ng cells of the
prodpeiag ewtls ioff ik prasentt mvtﬂtmnsmby detderived ifeoms stem lselds ggferated

frong%%%eg%gtétgr Icglg% Ech 'Psqengﬁg%ﬁ%gs rk\%l rga@maggl%a ¥y gct in which

casectﬁé ﬂﬁhﬁﬁ g%@ﬂg%hk YEME fresehb thveR@SIE voaRl Wsﬁng&&&ﬁc ofith the
e su ct, or w t’hout surgical organ exposure.
subjaﬁefer abI y, 10 the insulin producing cells are

Cat g% Zﬁee rrng oagér %%%a‘tic#%% | dﬁr\élhl%ge?xtng ﬁs%%ﬁ&%?&rgbﬂ@ cells of

the Q%séﬁi 8avdRBbE iHRingdsynBetcin @i theR| pryfeefile being aalldgaeid sithrthe
nmount. sufficient to effect a beneficial or desired

Subjc¢tl nical result, which dose could be administered in
adni_pi-st LAt i I
mfl]sln? atcholgn}zgde Itoy ggﬁl%qhglﬁ?t&tjﬁfélg?l%ﬁ ggﬁﬁ rkgllnﬁnlstenng
allo%éiﬁld”be‘ﬂsedretﬁjsshébtt@ N@lﬁﬁ]@dﬂﬁtlfe&gison@atmélyt immpan m]ecas),n of such
ependi ng on the type of pancre di sease. Since

cellsbr gy By ithq peiest T HAol? .mpt%q«ﬁatﬁne. RS eRh i SRELPrEgHbYY
furt Pﬁ Cff)o lpn%é%gtgé @g%ﬁ&s ul]lb?en i Cecfxﬁr&s m%h%gﬂnﬁ%ebreferably

and ‘opti ona
prios @6 fick hdmifisoatiqyclo aekd snhubit cluols trejestidns ﬂl‘f@ﬁlmoa@Wesswe

det d foll
oG ) eSS0 eS8l Al B o
cyc @rﬁ{ Ly ﬁﬁmuﬁ?’s‘ﬁg 1‘?:@5!1{/@ AXBYodIes, eal eveedikef ae WM@Je@d and

er {0 V et al., 2001. Science
stanﬂﬁﬂmraagsc]iﬂﬁib)chnm ef er abl y, the insulin secretion

o Mling&gfqlﬁqlg &:pgfga{tfr?gl aegnﬁl%g 31%%32?'9%13 1§L1%:10 Fodh&ﬁ% cells of the
pre%‘n? rll‘i’\p:ﬁﬁ&'l Ghéy BOZM0EtagddOTRIN QRIBSiAKteral tol @RCsuted at any hmoint

Exanpl es section below. 25 The nethod is preferably
durigpiny ed theovatrnoea@ulmrmlgétaéﬁs fescabed barpingbMieect havi ng

i nﬁl?rs?elra fﬂelﬁs gdeg 42 ?r[eat o]:ltgahlg%aﬁ lals?}i\es%g r&ﬁu 1%?( fevie® of insulin

eve
secretion, such as diabetes, the cells are admmistered after being subjected to the

culturing conditions suitable for formation of surface bound‘ clusters, more preferably
after being subjected to the culturing conditions suitable for maintaining such cells in
culture for 14 days, as described hereinabove, so as to generate cells having maximal
insulin secretion capacity.

As described hereinabove, the optimal in-vitro longevity of the insulin
producing cells of the present invention, and of the clusters including such cells,

confers optimal flexibility for the timing of the use of the insulin producing cells of the
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of such a disease, so as to thereby inhibit such onset
or devel opnent. The present invention can be
wa@ewansmgeousl y used to treat type Il di abet esSpCDIL2003/001027
nore preferably, type | diabetes. 30 As descri bed
her ei nabove, the insulin producing cells of the
present invention have tWe capacity to secrete, under
preseRf¥iSiealio®i ailis sqgui@ilardnusdfilsfek isoctain-aived rcehdharamgprOMCOIS

secretion rates. Thus, the insulin producin I of
which harepelagaeterizedy bhit stagesc ah Vseiableeduratipn, S\é%ba%‘frl gor fgemple,

secref e 319 qﬁﬁgt
attang?lerftnsu ﬂ%so agjglltn § eftg)ggul&g‘gz%&ﬂfg%&ﬂ I LZO{()gaJhggfala§ cell
admﬁmgaﬁ@rw Saﬁlg bptémai m-gontlondevith é atad mseliub fer gereraing hptimal
subj ect, there treat th di he
R calls g6er} tRRIORE: B RERBY MHRD Ot (S P DFE b be
asynglﬁjo{'lg‘us b‘xt%lau xpﬁﬁaastﬁlelgéuz% smﬁﬁ%?eohﬁ?%aﬁe@ﬁéblé%' y

reat” pancreatic di seasé, such as
dl AltteltrﬁEEJy,aﬂﬂ gisnlie prédudiveg icalulof nthprm@smt nigvenidns mgy be

advepiBerSsy SUTInSITEY ARG Yang sol T e cyfipils g tfifbet Rble
for f&ﬁrﬂhﬁ‘«ﬂ{ bt ¥u19f§1<de| b&hdadihitsAN A9 &Rl HegeiBabove, following this

erapeutically effective dose for a human based on
culturh% Yagiedthn cepgiyvifcaebashol thendudetaeflearense i fnsuHe sggretion by

the Erﬁ r@l%)%bémg bcgilé d)'inéﬁ at gcg%]rgggvean%gﬁ&{lﬁfe % Yrﬁlltqg %ﬁ&aﬂcreasmg
that %F Rb8&41 bet &M tah Be sful SfBRirellingehdbilancegs, indulin secretion

physi ol ogi cal status, nedical hist ory and par anet era
betweeh ahedldmnlsﬂqeedpmuh@@m@lcmgs@é@eo the jergseas inyegpion and the

|.e |d |nsuI|n secretion capacit f
end?ﬁeﬁgﬁstl?e’é %{]E Oé?? “skilled in the art, pacity of
S P&Sepbindi %'0)/1 the dpﬁlﬁ@hon rmd upyaé enhabhgulmrproducmg cells of the
endocrinologi st, would be able to. deternmne th
presquintievengen | |aYi be adrvrisiersdy 2e et 1SF ¢ es‘bﬁpsg%ﬂ‘% optionally
follév[f]l\égr?%]olﬁfb tiﬂ@lter)f ‘wgt&ergﬁlgj% ddntiRisai&! beabdis cgﬁ’tﬁﬁhng such

e op nistration thereof
cellpi t hout undue experinmentation. Anple guidelines for

per form ng therapeut| C tr tgréant at i.on of.

cl 3ich pdminisiratioy; d51f3tn]élfﬂ &P]étla}nﬁ@g Ehgl 1{1%11‘;1‘1(1 prgducmg cells
of t]?ﬁﬂ}é}‘ége%ﬂxtv%nh&{ ?stcﬁ?kpm% Cord¥eathél o diabefel asinde! & c%sbkﬁl&:d@bove

for exa , refer to gU|deI|nes prOV|d
thistdiseaddelidenshdwh s be trastelsle by a@rram@tr@gm ofriienpy @eémerivﬂetan fplet

tramﬁ%)lgﬂtg'}l an%ssﬁ)tlﬁ? gjgrl\érel:gg(g 61atbt E’Slnﬁ% Vs‘le%gﬁ%%fi%btg ﬂlgé@rated organ
struoipd, §RA8ding i1 bPadurdMIveel®y ApERIbIG for optimal, synchronized, msuhn
cam ac. uk/ %0001861h htm and Norman DJ. and Turka

seCI(eBds by betarpellse Sincsrihd clisp Bakudingdhe Tpwlin greduging cells £t the

preswg#J dlé\ﬁ'ntl%égﬁngﬁ: c r%a? | s(f) (éecll*&érrllg(g 55%%?5\%&%%‘15 Ofhcluding cells

disFiaNTha éﬂafa?Htérﬁﬁc@foft hendurendl i RRles eclephexgpty, | 8ich clusters are
according to standard
optimally suitable for providing the aforementioned integrated organ structure, and

hence for use in treating diabetes. Furthermore, the inclusion of cells displaying an
islet endocrine precursor cell phenotype in the clusters including the insulin producing
cells of the present invention, as described hereinabove, confers upon such clusters the
optimal differentiative plasticity and/or proliferative capacity required for optimal in-
situ engraftment in the subject.

Critically, since essentially unlimited numbers of human pancreatic islet like
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25 techni ques, a surgeon uses ultrasound to guide
pl acenent of a small catheter through the upper
w@bwenss2and into the liver of the subject. ThECT/N2003/001027
secreting cells are then injected through the
catheter into the liver. The patient preferably
receives a local anesthetic, however if the subject
clust@:@ﬂﬁ@t bt ddoBFatientlyo gaderatnd ssingstha, cultheng ungfboth offe be pEesent

e SRET R g e o e AR AN, o
cultu’?éébfh%%ethgd D¢ 'tﬁeallg}le%ﬂ Eﬁ@ﬁ@&@ﬂ%ar@ﬁﬂ%t%rﬁeﬁfhe&ﬁ@bf oyidtle to

ancr eat Islets. It takes some tinme for the

treat@end ofl chammmeg enar aleivechistets whivbveaphetopraciecsty bs tpaned
bhegin rel easing insulin, hence follow ng

in Sufﬁ%ﬁgﬁlugll???ftl on, the bl ood gl ucose levels of the

SsubjeCly @(‘frﬁhfs!id?xs &l eVprBRAt IveRsbrandviRxo gRiRIdsldghslitincarsbe
adm ni stered as needed WD 2004/ 050827
usedpa@ng:nsm@'s/umm@zHumm ishett like glugieanhevieg it bighey §r0portlon of

i U DY SR8y DA ML P RO a prio

culrd?&& ButradMiYe N1k kiudiehs. g@\a)i]hnoASthéasmurénlemdn dikei dradtev ®f the

the insulin producing cells of the present ﬂ%gnhlon
preserdyinyentiber pxiubit fsigiiieantpereaEe -SRI gEYtY itk all e

romcells which 5 have never forned part

Cuk%?ggﬂgﬁkgﬁglk 'ng further devel oped than the

bl ast Heyailt, she@ecsemdinveitidn weualld facilitads yrestment of disorders

al l ogeneic with the subject. Alternately, the insulin
assopiatedutithipselén fefiGggncyhe present invention may be

derived fromstemcells generated fromdifferentiated

cells, such as differentiated cells of a manmmali an

su mcﬁmqnal objedts,chivatags, amienOVﬁlsﬁelatlmeSmfdh@ PfeﬁgltG@YEIHQO@W ill

e e R kRS20 05405 A i o B i

exadBILh N RicR 4@ ot Hitided BRAWGIHRG. CREASONILY, lheh PF 5L Wrious
I'nventi on being syngeneic, or nore preferably being

emba;ldimcgﬁm emd: aspem ethide mmptemventnctn 9 ﬁ¢1111§éteﬁlé@6@ﬁ4b£’éfl agg as
clanélp dﬁe‘i]? cg r ac I(c_;{llt? JI texVI\)Aéle 1&1& Pf)ﬁ‘otrﬁ i r{ﬂe f&ﬁowmg

exafnBieki nely i rmune rej ection of such cel l's or t| ssues
by the subject. Thus, the nmethod of the present
invention preferably further conprises treating the
subj ect with an i mmuno NPiEsve reginen, preferably
prior to such adm nistration, so as to inhibit such
I ejfesttieAts id AWM NAsdepRY tesiollewingr etaapidss wWhich togettist twithgthe

al | ogenei c %raft rejection, for ? xanpl e vi a
aboa@d@wﬁﬁﬂﬁw%lbﬁﬁ@FﬂEUHEQ§F8§BGFWH %@PF%ﬁﬁhBQUppreSS|ve
antd}%) %gélﬁls th %@%&ﬁ&t&ﬂe K€efh&el aﬂﬁ%}ﬁ)é RB6ka 8y pr&kéﬁ‘é@ ulllized

practice-rn pen ing on the application
in &ed ppesemoseventibe inoBudei mopecoldyc broghgeichk ofnigrhbkiological and

recombinant DNA techniques. Such techniques are thoroughly explained in the

literature. See, for example, “Molecular Cloning: A laboratory Manual” Sambrook et
al., (1989); “Current Protocols in Molecular Biology” Volumes I-1IT Ausubel, R. M.,
ed. (1994); Ausubel et al., “Current Protocols in Molecular Biology”, John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, “A Practical Guide to Molecular Cloning”,
John Wiley & Sons, New York (1988); Watson et al., “Recombinant DNA”, Scientific
American Books, New York; Birren et al. (eds) “Genome Analysis: A Laboratory
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present invention may be advant ageously adm ni stered

to the subject at any point during any of the various
waeeionsisey st ages descri bed herei nabove. 25 PredEN2003/001027

in order to treat pancreatic diseases requiring high

| evel s of insulin secretion, such as diabetes, the

cells are adm ni stered afté& being subjected to the
Mamuil Series¥g Votgdi-t | Oold SputinigaBdrdoif Dﬁb&r@tbf;ﬂl’ﬂe@ﬂ Ndw Motk QIHQS)

nd clusters, nore preferably after beln subj ect ed

metba lpgies (st 8t Fgthe dmd? S Jrd ot 4u199. 485 ha 2@ fS8gL.53L;
I Cu § 4 »bD -

517460 ) o g LTSI, R BRI DS pes

CelB§) Ji Bseldi (1994 F‘€uniromt Rrafpmolstiy ImAsmdieggt Maoddnes I-1IT Coligan J.

E., s PR buee thdetel | Baaf apne et dhtmenabesiv: (AT o)
Apﬁétoh@ L%h%&f/fl\fd'r@alkn eTudbog); @H%llcaeﬂdl Shiigi tﬁe‘géle%ﬁ'm@chods

l exib for the timng of the use o e insulin
in fSi:lchdanc Imguoelogy”,oW. t He Fv@n200a1d) S®32Iew York (1980); available

. PCT/ 112003/ 001027, 42 t

imiRAragT e sl deaRblBiths hatof s Saient B Zreigyre, see, for

exaBip®d, 00W, SPatWMNBh 3979 | %barﬁ@}%mz exig4n/75; a91850,8%8; 3,853,987;
vari abl e durati on, such for’ exa | e at t ai nment

3,801,5 blst BeEP: 26%11%89116@4@335936;07% 3 ﬂ&4,§3foj ScQ90¥450r 41084,074;
I ‘ A
1RSSR 67y 9T M ST OB BTl B G18v.

I, éwrtmezzs) oNucleld Acsl H?lﬁndlfzatﬁ)lﬁallllaiﬁesami ap; laﬁ@lngguﬂbesr JQfeds
ulture batches to be 5{ nchronously produced

(19§§)i [ r%é@fﬁﬁl%ﬂﬁﬂﬁf&tﬂﬁé%@@i amgsyBsPatsind Higging Snds éﬁg/ (1984)
« r A [

Aﬁlnl%l Uaﬁ %dét\[%eﬁ t%gééhglug’lg% dédssl 8t62f a?)?lgir%h t%@l\réleaﬂh E%Qymes
IRIs Btrjsgo(tl e8b)t 6Athractival Guideng Mohadulhr Qhenisgil Pabhlke B. ,f(.‘ll984) and
. Jormation of surface bound cJusters. As descri

MEBpd IRBEOl9R IRl b holY m‘\gac{fen%aretsm RS B%gf@?% keGuide To
Me%@§%ntdyAﬂ;hcﬁ%rgaCRQédehﬁc PRAUCLNIDHES, r@ﬁs(?%(ﬂ hﬂﬁéﬂak@t al.,

secretion the’ i nsul 1 n producingcel
“Styateggesn fori Bmeﬂnl anﬁdattlbm zmdrr@lhmantenzwioyl f—nAr éalscvra‘g)ry Course
t hag ngr ta,cells can.be usefyl fo .
Mshie COET BT HOBA T V3ot aiormSrdled bt Bfponcs as G iy st
forthNRr&d M Mihst p&Reali rBferdncBs BicOste¢ided te8lsfoukhit MBcument. The
present invention and the endogenous beta cells of
prop¢hures thpeest arcl®lipegseiodbangebknowe inghe pdandene arayided for the
h nsulin producing cells of the present
““Rﬁvgﬁ ﬁ%ﬁﬁ%gmd e adn1g|stered as a single cel

suspelesd oihervoipd defadd, il tbeni@Wand stisafifad tedmstuied @efein have
or preferably by adminj stration of clusters containin
the serep megaNeSs copaoniawdersieqddey e afordigpeytskilf ethe art to which

thlsflhgér{tﬁﬁlsoe?&ﬁg a'AnﬂhB?%l{nglﬁtshogs?‘ ?Ad ﬁlxiaf% 1QQL§ % &< ﬁfa Pichose

resent -1 nvent eat ne
desdfribttlbh@&n can be asedan tbkepmcmdaeﬂ teshiay ef the present 1nvent10n, suitable

methods and materials are described below.

EXAMPLE 1
Generation of high-level insulin secreting, highly differentiated human pancreatic
islet like cell clusters by in-vitro culture of embryonic stem cells
Diabetes is a disease of tremendous medical and economic impact. One

approach which has been proposed for treating diabetes involves administering
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this di sease been shown to be treatable by
adm ni stration of donor derived islets. Islet
wo endpisant ati on is optimal for treating di abeP@pII20B0®1027

islets provide the integrated organ structure,

including islet neuronal cells responsible for

optimal, synchronized, ingulin secretion by beta
funcG&ild] Spam?ﬂeaﬁ@ 1§1Qt§ geln@ﬁt&ir By | MGkmEli dugtutdde Hdaveduer,nall prior art

produci ng cells the 25 present invention i ncl.ude a
approachesi of pesoerating ofuchli isfetsy éht’litr&’t bavec &led, tq REQViS Agets being

dIS | ayi char C n e
optlreglh Ciga aﬁ% E?&Ihm%l & al 5§c§1181fls df qg%{{lﬂl gélj:r%tﬁlig Lells,
being Qapi10\f deflGtihH dpamal eervemt d)ibﬁﬁdlm rdrﬂgbahg d)pﬁrrghlfor human

Structure, and hence for use in treating diabet
administrabien.nifhile mﬁ@mm@p (PEFSERE 187 ST oM 18 PERCESE-4 ¢ H@S%{H ventors

islet e do r '
oSS FA PR B SEHERR o B IERRIGRE sl LR 1o gt

hlghl}h@lfﬁ['@ﬁlﬁﬂ:ﬂ hmﬁﬂpammatla?.sletdﬂ@r delbleduttes eomtabmwgacells capable
confers upon such cluste[s the optinal
of segrqtingrhagh eﬁ?lﬁ\‘?El%Plé%taF &gl Y®and/ or proliferative

Caﬁﬁﬁeﬁ%ka?ﬁ%@?ﬁﬂd Lor optimal in- situ engraftnent in

t he" subj ec I'cally, since essentially unlinited
numbﬂmahohzhunan pancreatic islet |ike WO 2004/ 050827

PCT/IL 003/ 00 7 43 cl ust e _conveni.gnt.l
R GG ST 0 SO L P oR e 51 o Ligfpson TA
et alI \@Qt S&anefz%ﬁ qurgmé @pe@é’ag‘%kj ht150€e ABGAMVE TRow\lz-EMbt W[ 2000.
unes and/ or of nAunbers of ftures t he net hod of

J Aﬁain e2Qﬁ)r2—’2’§é;mnleﬁ/% fnassages H e80! ;gxm;t/]gﬁv gbwggopﬂeD%}B@l 227:271)
bst | t t bet
whie ?seggclge%dglﬁn ﬁlg)n&g}pgbsp{l gllg,[al 3 C@ @ 1%%{3 glg%lgxg&og%! ?MS\f €ffere

cultiiebf sLaenb gk%@ﬁ@é highl UStfereftifeD PatiStailt, idldte dpdessnets was

I nvention provides nethodology whi ch can be _used to
achlgemthatf@llwng oeed chliwang msthedolopk schemaizeddn Ky fa

Ghe P 20 tdifdeRliqrelsSidhd ohl QAGIROT SRl S AARAA buman

€ i"nsul @& I'on” capacl t prior art
emlﬁ'yd)ﬂlblrﬁ@inhbkﬂﬁn wegd %frodvn ken Qh1lﬂ@ticﬁﬂ§ inhetivatkei thause  ¢rhleryonic
cultured islet like clusters of_t 12 presen %?
ﬁbrpbﬂ@@rﬁM]éFD esllsi igj 40 gmg@ntflm@amuupwi\gt Q Pereeys kpogkout serum

%1116%%r%1ﬁtaﬂ91§ﬂeqnﬁqr %ercé}fﬂ Lhbhle8@ntisll Shinb ak@s solution,

eTs resent invention greatly
0.1 iranirﬂloliﬁl errdapathmoltandf4 inegradsfsl bE3Soci at ed with

oG S-S 5L PR e
cellD §RPIR 2 RPRAER hoh %dﬁ’&@nt%ﬂ Qétl@ Plebd Mishéd dﬂnﬁ’—ghérﬁeﬂ) hh@m% Mt mg/ml

upon exam nati on of | ow ng exanp are
typedV dahipgertied itt ordse td |aHDW|thglr agegigetionaite ymbémzﬁ beflieshelhe

e B BT S BRI a5l L PR ey o

per&é}ﬁ d§ﬁ1§’éd@§ aetivdDsippldvéntdd@Eh Qmﬁiﬂlm@ﬂgl&am‘ma pad 1 pereent
OWI n
non essentlal amino zgzlds solution.

replI

Stage IIT — generation of pancreatic progenitors: The 7 day old embryoid
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 additional 7 days in
“Medium 17 (DMEM/F12 1:1 supplemented with 10 milligrams/liter insulin, 6.7
milligrams/liter sodium selenite, 5.5 milligrams/liter transferrin, 1 millimolar

glutamine, and 5 micrograms/ml fibronectin). This stage produces a highly enriched
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20 exanpl es. EXAMPLES Reference is now nmade to the
foll ow ng exanpl es, which together with the above
waele®ensqseT ons, illustrate the invention in a nPEI/IL2003/001027
limting fashion. 25 Generally, the nomencl ature used
herein and the | aboratory procedures utilized in the
present invention include mel ecul ar, biochem ca
poﬂﬁl@cfo@imf‘%ﬁgi SRkt MncrefsORBEAARE cBNA techni ques. " Such
techni ques are thoroughly explalned in the
| i t&lage diVe- ex@eeswﬁ of perxramwceprdgmtce'@uEmbr)@@hodigs frAm Stage

or at or J\/hnu Sanb ook e
m PR R L o e Sr by Dsmnss v ms Rhialhe 05
milBmoMr, EBA2d] ’\}é o84) FB@UQH@GO 1 &hilBholar’ Me&@ibtoethanol The
Protocols in | ecul ar Blolog John Wl ey and Sons,
dlswatw%mrym@@ﬂarﬁ@l £ OB 9)trans| {err@w to adhemnaéwufapulmﬁ ddates

gl Pyt odr bifent @l ol ob Sen e pim BN FRlsfo) ot o

cor{éﬁﬁﬂfzittbalrbfa)ﬂ k8] cdlemnlVarvied@imr@nDMER/F1Z ¢dssupplearated with
Ana ﬁ A Laboratory WO 2004/ 050827

N2k B230Bb1EG oipplemeats, asroaiingdp; e manpbpcguren’s Anstegsfigns, 1
. b 0 )4

milf QG BERG HAOK AotV R Sp A IR days witm «

medivai 6hB28 evéky@Sc‘Ba,yﬁDZ‘hisélst@]s,eﬁ&ﬂ to ebpdidabb@atanprogenitor cells

5,272,057, i ol ogy: A Laboratory Handbook
ger\%ﬁltaﬁie%mrg Pipge I&nﬁmrg E., ed. (1994): "Current
Pr o] | I I 5
5‘92%9 (1932};%9)9 09%#{%9 bb%%z hn.sluhﬁz 5’% b ag dslelike cell

Stites et al
clu@:teml(Eﬂls werentnaosfoggd frost the E(EQF mpp emequdl Medinms?2 e fihedium

3 Ll e TMERL QP HeREs Pl mHHREY gy espjdeyand cultured
forF7egaRN aAeCRlucoie e DIMENO G ; u@Maid aBum 3, the glucose

I mmunoassays are extensively described in the patent
corpgdtraiiinetheief was redaced i, 17;/@; ailleglar iaxddasiver 2 tp § millimolar
mgﬁ@! pg 3,791, 932; 3,839, 153; 3,850, 752; 3,850,578;

87; 10 3,867,517; 3,879,262; 3,901, 654;

3, 93Bugd THI g BdatlsA3of bRl Ily difdrkaki, high-level insulin
4,098, 876; 879, 219; 5,011,771 and 5, 281, 521;
pr O@Cf@ow&@%féﬁfﬁ trket i pedl cliestersihaying long ierig in-yiggglapgevity:

Sugfa\%gl%cﬁfng éég‘&] M((e%g g&ll%'t%%fﬂoﬂ{‘stag@t : oitux% di20atsh %2 ,‘[%sm-

ranscr n and Translatio
EDvresatnint Bnd catidreldi £pgiupstoS2 weeks exider (id® 8dherent” ‘Anspenkion”
|.I Culture" Freshn

R 1986) ;. .. .
conqiiioRsHIn PIeogteeeaplpYica éﬂeﬁlﬁ%@ﬂlg%b bRD B e Medium Bggdiis step
resuﬁecP 'il‘?%dl&@éatl@ﬂ'mslfep 1ivPlen LHh?s"terQu?Wlegbey%ﬁH kﬁalweel% 'a sharp

and hods in Enzynol ogy" Vol
1nc9¢:aadem msﬂrressqreﬁmnlér atroedodton W Gaei gmp?ﬁmonlvbf medwonal and

il P
méssyPRl oEte iR ahe: odf BREE, RS S I srchpiEperiion culturing
comMfibdd 6 beeh PRGBS AekBhitZAld @) prolbngaRONEkRMy of insulin

seccl":gtlflr{gsl?uman islets derived from adult donor derived cells (Zhao M. et al., 2002.
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 solution, 2-mercaptoethanol, basic fibroblast growth factor (bFGF), type
IV collagenase, 100x Insulin-Transferrin-Selenium solution (Cat. no. 41400-045,

Gibco-BRL), and N2 and B27 DMEM supplements were obtained from Gibco-BRL;
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Manual * CSHL Press (1996); all of which are

i ncorporated by reference as if fully set 20 forth
whesoagions2Tt her general references are provi dedPCT/IL2003/001027

t hroughout this docunent. The procedures therein are

believed to be well known in the art and are provided

for the convenience of theyreader. Unless otherw se

[

e B e e B o L e P Morgeetin
washybtained dfomrRbichey gnds kolyl LﬂysmdmehntCOtlmm\idB overe 2btaipgds from
g i nvention belongs. Al though nmethods and materials

188 | ar or equival ent to those described herein can be

US eRTLFCR N ddfsAcC to*‘ Qﬁn@fea'& apléifio dglf net BreYseFLMotal RNA was

i nvention, sditab met hods and materials are
lsola@sic’rirmme;uffmnwd mMP@@becsnp stemesedls iusingof rith egaentd pigma),

aCCB]é toa’@g gr%]]%ichﬁéﬁ X] ﬁdéc{ ﬁlro OQ&E)S %ﬁﬁAW&ga{{rnthesmed from

1 nfitdolthnetodd] mﬂmrum@lmwﬁne reveskltsinfirpnat mlass I—BmﬂmsQBﬂﬂnega
of trenendous medi cal and econonic i

MogisnORArUS.CRbG R b P GpoR Eac 2 The BaRi e abreagtion
PC

i avol v 1 N+ '
coldi 53039 OH RIS, Shefb el o a1 7
prodée atedzdfradtionuiet aad eisublived vidpereett,agadobe geli or art
approaches of generating such islets in-vitro have
failed to provide islets being optimally

di f fgfzbﬁznlt IRl lmgioﬂl;?% &Hegg"% PRYLFER" B bﬂg@cra‘ﬁoﬂ RF AN A.

Insulin secr INg ce el ng capa ecreting

mgahﬁcatlon

mROPt i epstrbavRdvesichmiprigers i n, and bei ng opt i malAnkefing PCR
soetiesmer|. 5 admini stration. \hile reduci ng t he |'{pREwRIFR |product
invention to practice, the present inventor§ have iz ®p

uncovered ||| 1|r| na.-of hunmn hr v oni

Fugegm gaqgﬁg&%gg B3, hun

TBhe dYent ac b, hunep”
Paxg“”“' "CCG é\éér (EGdA

apalf e R T T
ATTEHRTIRASSEQ ﬁggg )3)} C

I 5 B®UTET (230
g“&%la“?é% A SO DA BG St o dines HI3

BetézoassggftsrC%%A@@CAT RAABOBAG A (SEGID Rb:7)/ 19906, [55C45€NCE|s83
282 13 401chechpessagesTA4e-5&E NOM | t skoVi t z- El dor

Nikb: 1, %@@FTCC&C@T@@TCC%@T(ZQ@-?; (sodDhD: 8) (passages 45- 8BS
Am t  IMASSABITGCTZO00GGANABGOI(SEQRYNQ@AL) wWhich is ja

Glved oned-AGGreCTACTEIGGAOOTBAIGTEA (SEQ IRINO; 111998 /55Sci enc@3l

282: 13 4BTOATCECABASHGENEET-35BE@QE NO: igenerat ¢ highly
Islidi f f ef €PATTACEAT HEFHEYERGTECLS| (BEQ IANG: BY ssuestOwas 827
achi el eMOFACTEEOHTA GECTRIMARS SHRIDNOaH) net hodol ogy
Paxt's c hef ¥ TG AGT AT a@éﬂi@gﬁ-z GEQIBNO: IS/ [S5 308
undi fé GI’QI@ QNOI‘Ml 'Fj_nr ent i ate
nsWi yain 5’—AGCCTTTGTGAACCAACACC-3' (SEQ ID NO: 17y 55 45
5-GCTGGTAGAGGGAGCAGATG-3' (SEQ ID NO: 18)
Pdx1 5-GGATGAAGTCTACCAAAGCTCACGC-3' (SEQ ID NO: 19)/ 165 230
5-CCAGATCTTGATGTGTCTCTCGGTC-3' (SEQ ID NO: 20)
somatostatins'-GTACTTCTTGGCAGAGCTGCTG-3' (SEQ ID NO: 21)/ 55 2179
5-CAGAAGAAATTCTTGCAGCCAG-3' (SEQ ID NO: 22)
Ngn3 5'-CAATCGAATGCACAACCTCA-3' (SEQ ID NO: 23/ 55 2179
5-GGGAGACTGGGGAGTAGAGG-3' (SEQ ID NO: 24)
GAPDH [5'- AGCCACATCGCTCAGACACC -3' (SEQ ID NO: 25)/ 55 2179

5- GTACTCAGCGGCCAGCATCG -3' (SEQ ID NO: 26)
*40 thermal cycles were employed for all amplifications except for Glut2 (35 cycles) and GAPDH (30
cycles)

Insulin secretion assay: Islet like cell clusters were washed twice in KRBH

buffer (120 millimolar NaCl, 5 millimolar KCI, 2.5 millimolar CaCl,, 1.1 millimolar
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enbryonic stemcells were grown on mtotically _

i nacti vated nouse enbryonic fibroblast (MEF) cells in
w@opesmsent knockout DVEM 20 percent knockout PGEHL2NG3AD1027

replacenent, 1 mllinolar glutanmne and 1 percent

non-essential amno acids solution, 0.1 mllinolar

2- ner capt oet hanol and 4 nar‘ﬂ@grams/m bFGF. Stage Il -

Nabidzy 85ty B"S@rmadllonmlltiﬁdﬁaffmmsglaﬁ@ £ 1HeTBRed for 2 hours
e o transferred to non adher ent

Wil TR U rrohipEe @%ﬁrﬁeéwgmelawhuﬁwl Fiusl cluge were

r
B ?méﬁﬁ???f‘ﬁﬁ%“éﬁ?gﬁﬂg?h%‘%% TRUERRCR P8 S auitigotar
glu\g%siee( ‘Tonl glusese” ¥ a1 677 aadlimoiar gﬁ&ogme(“hfghtglifdwé’@o Uhsulin se%ret1on

di pl ted wit
R Eat i T
Insalin ki c@de dﬁmnk)ytz\u)eatt Lﬁbéﬁ&)rfekj Whlcﬁetg?é'c hlﬂﬂarf) fnsB lin, without

tic progenitors: The 7 yol d
crogé neércg'?@f é%lg&l%aul@e /5 @yemlﬂesdmmdnbsqomtd)nbp&il &%l Pehber was

det¥®ihed By ??%lgklg C(?% Rer el nt c&p erf O&‘éé}#&%fﬁﬁ%ﬁgpd T a total

cul ture
voluraygfaﬁonn/adllmm 1" (DI\/EI\/! F12 1:1 supplenmented with 10
6.7 mlligrams/liter sodium

ns/lit i nsulin,
sel t?]q{ genngmeg) lflcinﬂ}el celt SHSIaTS tuse mhysiokoigenat |Sugna]l1ng pathways to
| r t
”g‘?“.““*& i el Y Dl W R, Ry bisspceref voous
phapmacnl o o8 2RI dl2008¢ 1O 27 msﬁﬁ}l Ps‘é&*étsltaﬁ l éHai f@‘sufi‘eﬁﬁtlh%hn
ancreatic progenitor cells ag
sec%ﬁggkge% VE% Wealtol cgpr ogenitors: Errgr yoi d_ boldl es
| e |1l culture were dissociated to single
ee%%?Fggﬁsgtreatnent with PBS containing 0.5 mllinolar
EDmonlst%éptb@mlﬁga swlﬁdiytmr&a mH1H>1tdirgjfaAn€P d(i:p?jndkt)an‘gj potassium
SSOCIate enbr yol ody
chafiel e MO b W hcep o Lo i S babuiolol untbyanthine

(IBM]X’;)I asinh{titoe 60exid A!MPhw§§ MH%H aPa LoMRh&&Hn (?tef rglr?rcgrflolar

ano?rams/m pol y L | ysine) at a concen
andZC%{Q C@? |agPRist jofi mmgsdiinien ottolinBiEMBdeptcks, 1 was added at a

N2 and B27 DMEM suppl emsnts
Coniééﬁgg{rlgl ng t %5£%nuf acturer's instructions,

m |Anitagongsts: giait)ﬁlﬂb N, acﬁﬂﬂoﬂ@f H@P%ﬁ%ﬂgﬂoty ﬁlr:ﬂ l?zﬂxgel was
|[tured for 7 dafys with a 10 nmedi um change ever
addedf;&ga Gﬂ’i‘F%“tEalUﬁ@ep %Q%@chowowpan@ miEdipieeata blocker of L-type

calcRINPERMNEIOas Sided ot 0 H;eﬁ rgtgj L §06‘8{5:St a9 %]ISL: | E:]ul ture.

Stage V - generation surlace
pr Mmlm{}lstacﬂleatcdl |l bf pahéiehis 31011@6)1& %xﬁ?é’s?ton Single

bFGF | enrent ed Medi um 2
celts {RAhEhg o S B0 G sescbiiom Supp gm@@rmlm 106 well

cultut plate¥tindroré\v g ﬁﬁdié?%gh@lﬁl)nsa&‘%t&%é dlt ?}gé{ lls Wﬁ@y fixed for

Since glucose free DVEM was UuS
20 nynytesde PBS containing 4 percent paraformaldehyde Cells were stained for

insulin, glucagons or somatostatin, using LSAB+ Peroxidase Staining Kit (Dako),
according to the manufacturer’s instructions.

Immunofluorescence analysis of pancreatic hormone expression: Single cells
were grown and fixed as described above. Cells were permeabilized using PBS
containing 0.5 percent Triton X-100/1 percent rabbit serum, and incubated for 2 hours
at room temperature with either guinea pig anti insulin or rabbit anti glucagon

(DAKO) primary antibody. After being washed with PBS containing 0.5 percent
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concentration therein was reduced from17.5 m |l linol ar
in Mdium2 to 5 millinolar in Medium3. Stage VI -
w@esaaseon of i solated, highly differentiatedPCT/1L2003/001027
hi gh-1 evel insulin producing suspended islet |ike
cell clusters having long termin-vitro longevity: 20
Surface bound islet like é®ll clusters from Stage V
TritonuX¢ 1004 pscent dsiesmu;dﬂé\"CecbﬂWgaltadymi mbEDTAG seeatdrntantbatly

) |t Kk d dh t .
(Sigmi) g8 acohio bRBAPEH AL SincaabAPBROD Sered g, which
wer&h@rhﬁl%uﬁﬁéd‘o@i‘ﬁ%ﬁ{ at 4 cﬂag{\&g 'cé'ﬁﬂg%adeTMﬁerﬁét@l@ Moﬁ%iéﬁtﬁlgsuhn

prolongation of islet |ike cell clustef survival-
(Slgme)/pnma@ yibldy aad sﬁiﬁﬁarponjugateéa@e mpusenigG evondary antibody

secretion, a duc n th ortiqgn of ..
(Chegitioy yagee é%ﬁ’iu‘{1 %53%03 é‘??&:‘h Q%‘?l”é é?qe od %?ﬁﬁ%coélg?ﬁy antibody were
washeldusl eﬁosmteﬁhﬁtm@u@ﬁngsmgmuﬁuweﬁmx@1@ TutbLABICA).

condi ti ons has been previously denonstrated to pr ol ong

t hetape rydeshpatgrs ofere geqded wn Kewie glagy congiwhidessineg-gvell culture

d 0
s I e
paraﬁﬂnbﬂ%ﬁydﬁdi@ﬁpdnmbﬂizemnhg 0.5k OKrkowiX - 100! ih @BSD1 %6 serum,

nmodi fied 30 Eag medi um ( DVEM), Knockout Serum
and mepbaekererrighigy ik éhﬁ premany sptidedyanpusg antizisHin aébgdy (1:100

dilutfé} égg%lﬁdﬂgk@@stﬁ%éﬁﬁf Q Co|r bggg.ﬁ{é . 5&198%% 349 LAY N inco

ResdardiulnichSiTiChiagés VI, I Sk, esbbutnarse [giddagon (ICA00 dilotion) or rabbit

ant-S9BIeRRh; 24308 KPR Bl oFem DMGO  Corporation,

Caq§QQAAQ§Qa;§AfCT/IL2003/001027 47 defined fetal bovine
erun1(?BS) Wwas obtai ned from Hycl one, Logan, UT.;
f i Ié.rf@nermsmg, spesidatyt antheabbitr gg FFdEﬁes:oraughteprlaytlbody (1:100

aitue) e S ERG it e} B AoPBig R udPo: CEnd Ellieel B, from
Slgn:@tlﬁémi%% Wepwer ddied aé ek danfRdihidr Rbte @be %dﬁﬁﬁﬁ%ﬂ for an

enbryoni c_ stemcells using Tri - f—'eeagent (Sigm),
additiersd habm gFinally, e eallsufeae rigpask onse m@mm@teérwlb gwunting

r S
mec RGBSR A B0 HELES MR B ot
mchpSQBm-M&d MESA) 024 Rechiihid, €pgci es anpl i fi ed, and t he
prinmers and reaction _conditions used to_ anp

su&ﬁdéfdélcql@g i erd§hMﬁt@lﬁma@ed)eicenbeﬁharﬁyphﬁeraé@gucsﬁs the
BrngStpelrp t]§10¥iﬁ‘ N&betin éekltr é%fr}xécg %ﬁaﬁ‘&& ISA aJU'S%SdWQ/é fsed.

agarose rimer palrs’used
Thefc@ﬂs R/'Ef@ﬁiﬁ’hbﬁmﬁ)lolvénmght ivdth tife Bﬁmlabehﬂ\lﬁeagent (diluted 1:100).
t An '
Follm@mge gtlm; v%g%g%eféag Vgérlenlgr{sgd 2xn Iﬁxecr with %? %%a?csohol (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, Mannheim,
Germany) according to the manufacturer’s recommended protocol. The reaction was
stopped using 2x SSC buffer, washed, and was then subjected to immunofluoresence

staining with mouse anti-insulin antibody (Sigma Chemicals Inc).
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(C) size (bp) glucagon 5' - AGGCAGACCCACTCAGTGAT- 3'

(SEQ ID NO 1)/ 55 308 5'-AACAATGECGACCTCTTCTG 3'
W@ SEQUS@2NO. 2) Pax6 5' - CCGAGAGTAGCGACTCCAG 3' PCTBHQ003D01027

NG 3)/ 65 239 5'-CTTCCGGTCTGCCCGITC- 3" (SEQ I D NO.

4) gl ucoki nase 5' - AAGAAGGTGATGAGACGGATGC-3' (SEQ I D

NO 5)/ 68 230 (GCK) 5' - CATCTGGTGITTGGICTTCACG 3'

( SEQpemynreial Bystgé‘t a2 5'-CCT CGAAGCOATGAACGOAG 3" (SEQ

SNl st SRS Pt o
are NQer)d FidnrédB 1b-g 5 respEoA eIy T CATIGEGHCMYMY G 18w @&%Qe%@atable
10) ut 2 5' AGGACTTCTGTGRACCTTATGTG 3

usm&@fﬂl bngy Hig, 16 3nd HS-2. GTTCATGTCAAAAAGCAGGG 3' ( SEQ I D

Ly Sl it R P RE T G EnheeEed i se V1

susp]:édedﬁabeéhﬁe eSHT EBREIA G bk %ET@@W@lfféf&ﬁﬁtédjethyoﬁﬁ)s!tem
- TGTCACTCAGACACCTTTCTGG 3" (SEQ I D NO 16)

celly, RRSIFIOTE B OO ARORRER G0 4e9EDNq DsNdp sacrytingsBlet

ke S e A A O Py g B 1) 1 65
230n obder CCAGATET THeABGIIGIICTAUTEaGE @ FereftBHQn| ohNDed 28ng the

GITACTTCTTGCCAGAGCTCCTG 3 SEQ | D NO
Culhf%rr%%%?@t%%%@m@&m@mfmm@ séed( @*prssyien of

el G621 R MG ACAMEI R R S o

pan@eas gBECACATRCHCRCAGAGMOBES3tells SEThe Damdcrip@) fachdr @ihéRatic

' i 4 i
oo ey} RECTE o s SRRy oF S 1LARAA e ergased n
stag@ reeRiluda@bn Gha Neufodeniay gl (ﬁ%}l.%)aﬂgr cﬁ‘fﬁ@lj' ekﬁx@sse@iﬁ &8 11} 3nd

Insulin secretion assay: Islet like cell clusters were
thenig sieeel VilwiSematastakirBrprebuiorf icrepscint siage Ivauh apmpar@on t& stage

I a%ltﬂééggﬁ%a%gfég% %‘%ﬁ%xgﬁ%la@go dlﬁ)% (rﬁcfeaseg from s]tage f i onR} and then

decreased in stage V-H (high glucose in the medium), but when the glucose

concentration was reduced, Pax4 was further increased (stage V-L, low glucose in the
medium). Pax6 was noticed in all stages of differentiation. Insulin and other
pancreatic beta cell specific genes such as Nkx6.1, Istl, Glut2 and insulin were only
noticed in mRNA from stage VI cells.

Thus, Stage VI cells display a highly differentiated islet of Langerhans beta
cell phenotype.

In order to analyze the specific contribution of the decrease in glucose
concentration from 17.5 millimolar in Medium 2 used in Stage IV relative to the
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 cell clusters were either
grown in Medium 3 (5 millimolar glucose, standard Stage V conditions) or Medium 3
modified to have a glucose concentration increased to 17.5 millimolar, and assayed for
insulin secretion. Reduction of the glucose concentration from 17.5 millimolar to 5
millimolar in Medium 3 was shown to lead to sharply increased insulin secretion

(Figure 4). Thus, the decrease in glucose concentration in Medium 3 relative to
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48 NaHCC3, 0.5 percent BSA, and 10 m |l linol ar HEPES)

and pre-incubated for 2 hours wth KRBH buffer
waopplosssent ed with 3.3 millinolar glucose. ThePCEIL2003/001027

clusters were then incubated for 1 hour in KRBH

buf fer suppl emented with either 3.3 mllinolar

gl ucose ("l ow glucose") orP!16.7 millimolar glucose
Medqumﬂghorgrlb@toé @b )the bhsauvddninssrsein muEn Isesretion Wevels. Insulin

B T E T N .
expresRaf af ﬁfshl@@) glinbgeh, siRt ﬁﬁﬁa?osﬁéﬂfﬁﬁa' 1H§Hﬁﬂdﬂls‘ﬂ$&1@1‘ﬂ%l analysis
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(Figuiee r5atd, gaspservae) | Im mﬁs@ulama@ch d@tabnsm regehler) theo unvérpdhigh

prop%ﬁlé > 6 lt(? ?61 ﬁgrcoctyétgtgg mgl(f:sregf)? 1ns .ISg %blfél? crgﬂff?%ter}? ?nsulin

posﬂlffke staﬁiekl GHII@SW&ESOMS@e@hVSJeOhQQjLﬁdéd $>Iygditﬂéﬂ b8l BebVaMmly
regulate insulin release, cell clusters were

neurpﬁ?e Lﬂﬂét%acagﬁnisﬁ@af@ﬁfé% pEedusimeyealisoard opridernfcibe @gié chusters
on, an
maif B She n oL AARNIEHE e SPRIAIFRRRL B O 20

el @ot deiphmine sivhetherl Ss1éig dike stelt oﬂ@tdislt@ﬂibld?, bd&a cell specific
I fo yI urea inhjbitor of ATP dependent potassi um
physiplg admgpRlvars to eiatndhat igylipf seerptinn.c Menefifests of
3 Ydual 2 ¢ Of o
o A R AR ) CBLGol
like p¢ltelustotsargre eamudinedr Bachown naElgago@utm obsfenraisinaﬂimbcretion

prof Bl BIER. 5 AR RGPt (- BUBRPRE) oah ciher the

agorAg kolBhtaidf (16TRicHRRGIRY RIBROK 8?@0 Hﬁ&r@%ﬂﬂ?lm tﬂ@§ntagomsts
added at a concentrati on of 500 m cronol ar’

nifedipmed(5gi mécromolsirb ok etiazokide- (W@emlﬁamolwhmtmmha‘acteMm of

t f 50 mcropol ar. . . )
ool el e s ERTRRES' BiteRbe PRl hoes Bvineineopridinge for
diffe@otidiacios b@mlu&m@dlg alcﬁ@' th&pdrcasitit BetaR liabagst age 111,
wer e seeded on gl ass cover slides, in 6 well 25

cufrend of the é@llsawegrs&m iwulbvre sonditions e cofimsipatjed longer
in
an IR LSS0 LS T Bl RS e
such. &t a¢urek ﬁmf fibtatdasts, apd ghsapp@@m:e%f snfmlt odhad iidlet like cell
usi LSAB+ Per oxi dase Staining Kit (Dako), according
clustegs (E%é turer's instructions. |munofl uorescence
an ¢ t S I
col| SUELPRAGUKAINE ARG SRS SrPlSe poBEGEN clustrs
fromCethges Ve terqpeeratitsobiated byusimem-PBSA tm@mhamtmnﬁgh@dﬁsomated
percent Triton X-100/ ercent rabbit serum

cellsPuE o it STePstsign rs Vel o 4 RO adhereRt éubat&aﬁ: SitagseYD-
Susp@Hidte a1 BkaEll dhiedtt i Wher® runeRRRtdd R Toindtd $898Rmed by this

procedure (Figure 1f), and only cells that were aggregated into such cell clusters were

observed to survive. Also unexpectedly, levels of insulin secretion were found to be

sharply increased to 764 microunits per ml per hundred thousand cells in Stage VI

suspended islet like cell clusters from 40 microunits per ml per hundred thousand cells
to Stage V surface bound islet like cell clusters, as shown in Figure 7. Similarly, the
percentage of insulin producing cells was also unexpectedly found to be increased in
Stage VI suspendéd islet like cell clusters relative to Stage V surface bound islet like

cell clusters, as shown via immunohistochemical analysis (Figure 5a). Examination
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(DAKO) primary anti body. After being washed with PBS
containing 0.5 percent WD 2004/ 050827
WEAAEBOD3/ 001027 49 Triton X-100/1 percent BEF/LRP03/001027
FI TC conjugated anti rabbit |gG secondary anti body
(Sigm) was added to both rabbit and guinea pig
anti body stained sanpl es, %hich were then incubated
via W@umfl}Mesatntxoahé@abescmmUpygemd fHat elfenpéreéntagdmﬂ&ﬁuhn

tib d. FI
cxm e AR ek SRR PRI DI 20 LG ) was 5
perckfih &g ﬁ@hkst\/\ﬁfoﬁoﬁlﬁ)ﬁdoﬂ Risagt %ﬁﬁrebé?ﬁgj bl et Ac‘ﬁlévg@ thﬂ cell
wi th secondary anti body were washed and nount
cultyrg dﬁrtlmdgfrm@inmmnmtmmﬂel d, Vector Lab, CA). Stage

Vi 8t e seed on 13 a ver. slides in
o, Al ey MR eRER ?qloawg‘ﬂ 58 N3 R 80 6 Fhoredted
leveB;eeﬂllmlmcﬁcfeiﬁoﬂBzﬁﬁl fuh XB€tedRH POpHIIBH &S idslidt se/%retmg cells
par af or mal dehyde in PBS, permeabilized using 0.5 %

I elaﬁl"f‘? tp @ﬁb@rimopﬁltlp%ﬁ$d% Stagarf culrand i ncubat ed

i -insul.
g\rgt?IB g l%g'téfg #e?ee efe{nltngglin Xy %%H u%gﬁ:ﬁorﬁ?eélg? £°r| t?;‘lg )exwetssdon of
lnsuhnt(ﬁqxepm@dg b,bmamstatm@nﬁglﬁdagen (ng&ﬂ:@ 9diih. utniheesulisteRaled a
Resear ch Ifn St. Charles, M, USA), rabbit anti-
high perectags QfnsWin-Fxprrssing\cely 1t §%¢IPSteréntTh% eptst eserrpssed
bomaRtiARt d-perdl, Alctin R inioldbic BRI HERR, K hllton
to ingnlin,-magsbiclls lalgs da- é’)(pressed ghebgech ant sdmzdystét(ijn 1QQ1sblsda well-
dil d t | gG Cy ugat ed anti bo
knowph SISl RTOPBRTHos histD Sl e SHbvans THepeniRalak
et alagdeg DlabétB@4§@@31h@STeltM}héahG‘A@fﬁ ﬁb@ﬁ Dé“v%pﬂ{eﬁfj 1181080,
addi ti onal hour. Finall y, the cel were rinsed once
Chiagg rl\éKamltmm e?@ow Bév Gellirt 3839 msdl a (VECTASHI ELD,

| d d
oot Deaiingh) s BEEE CRRONEDG o L, B5iinte Haamac. San
Fran%&o G Brigbeid Mgorpbrutdd &S {n‘bﬁféi‘ﬁl%é@ll@ &t THees-PBREERE NWany

of the proliferating cells,
of they pellst 4 sirge Bilovens Sieibed with RrdU (amgribus cosfirmadathei dugers’
ot B S, TEG S "B bRt St perelal
survivabiliombfithetdets, i fran lbaé nesk acsthgesvwe lo®er 4 AAth é?txste%%S/I The
th 75 % al cohol (20 25 m nutes at room
Censt‘@?Fﬁgﬁﬁ%‘ﬂrféﬁted it THEELseambiser] sébonsnlingsteigingneSome of the
C Vi
el TRAGAIEEAY fr ERE AT By IR AFRE o e
in coatrastrio praviowmpopliest(Rajagepd] d. arial.hRe03 Beicata2I%363), Iﬁsﬁlo(‘.)i; the
I ersj.i were fixed for 20 mnutes in 0
cells ot sFetal HORY GBUIGH PBGVArT CBHD WSk aet epRRSEa (Frawei 1)

BothABRU $@inglAITNgL, Wag (pr)?tfaE @%‘?ﬂlﬁ% bfehel Qs B fAinhddt (& dtage
Deat h Detectlon Ki t el m
VI cells still proliferate and produce de novo insulin.

Conclusion: The above described results demonstrate for the first time
generation of highly functional, highly differentiated beta cells and pancreatic islet 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 generate
cultures containing far higher percentages of insulin expressing cells and having a
significantly higher insulin production capacity, and having longer in-vitro longevity

than all prior art cultures. Importantly, the presently described results demonstrate that
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Germany) according to the manufacturer's recomended
protocol. The reaction was stopped using 2x SSC
whedoesos2ashed, and was then subjected to PCT/IL2003/001027
i mmunof | uoresence staining with nouse anti-insulin
anti body (Sigma Chemcals Inc). WO 2004/ 050827
PCT/ 1 L2003/ 001027 50 Expe?d mental Results: The
the ppedriavindionfcat be usel th generdtetduliared paganaticaisked likle célhglusters
Stages |-Vl _of culture are.shown ip Figures b-q,
comROsHk Of iRFeifgrating) DPREpIRIQNc MWD BEIBR et disy @t%eéa% al§pe one
mottdiiRguiegk! |ines H13,16 and H9.2. 5 As shown in Figure
2, insulin secretion was vastly enhanced in Stage Vi
susPenddue itg|tbt aforkmentédried cdhasactaristicso ithamexthad oStthg) @rdsent
.undifferenti afed enbryaoni ¢c. stem. cells, therefpre the .
inv it BE o gt e iatroraygamsr, kel G et Seing
optER F& trddfing HisRhses hidoeiate@lWitleInddliLddTicidn@such as Type I diabetes
_undifferentiated human enbryonic stemcells. In order
in hugaggasywell ahdor exasiplefiopgnepsadniérdictiwee pf hampp pancreatic
{ eved i L cUl turkng pr of the .
e SRS RN Pt anf g oGP R iE Ry PhsehlM and testing
of gpfeatsiben ¢l speaifier &ags, SPe Gidubt€ial fRdGctihS of h@whn ipncreatic
Figure 3, there was an enhanced expression of .
horggres aieh ascnadin, glycagoryiapd speatosiatipngchios ipaire stugty of islet
t o) factor pancreatic duodenal honeobox 1
Cdk%@&%§kg%%% ed mainly in stage Il nRNA and decreased
in stage |IV. ducagon and Neurogenine 3 (Ngn3) were
hi ghl.y expressed in stage Il and 15 then in_stage VI. .
Soﬁlgt%él’ﬁﬁ?lﬁteé%g?te%%ﬁaﬁh qaﬁ%?se‘%\é@& igyendicggwhiol 316 for clarity,
desCAPRAH SR bOuskiage scphiiAnshiioltfrtl, SARPCRKGIbe F¥fided in
expressi on was I ncreaSed fromstage'll1"to IV a then
comlgsatemsiaca singkt @geodiment( Catvegelys osgousnfebtueesnefiiiha mvention,

but n. the glucose . concentration s reduced, Pax4
whiard, Y bt Ty e Eaaein B SRS 2 PO Gricasae R giso be
proVRIdH WeParatEldeR iNasy SivkblHbddhthdtiost ages of _
differentiation. ‘Insulin and other 20 pancreatic beta
cell specific genes such as Nkx6.1, Isll, @ut2 and

insylin e only. naticed in MRNA f.rom stage Vi . )
cor bR Wehuollischice’ JlhPey ' gt i specinc
embodiimernte Mhdrad el it svidént Mat hangelbaatverehddiffeatibns and variations
_lghenotype. In order to analyze the specific
W1

b apnabentite thase skifled de theetis eArspréinglyoids igtended to embrace all
0 ration: 7 i L] ' ' , i
so BRGNS T LU AP M0 Sy
scopt | dfi el fppendedVeldinyn AlUeblicationt, agitents,t patedtaggdBatiohs and
insulin secretion by Stage V surface bound islet |ike
sequgiqes dilqpditied Dyc O Aceersion mmRges montigngdcinethis gpecification are

hergi'ielloi]ﬂgﬁg}:pg)ﬁ'fecpﬁll {hSir e%'ﬁ??ﬁgy refhdRE GnlB OB Lpbitibltion! K& the same

usters were el
extent as if each individual publication, patent, patent application or sequence

identified by their accession number was specifically and individually indicated to be
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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and assayed for insulin secretion. Reduction of the

gl ucose concentration from17.5 mllinmolar to 5
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decrease in glucose concentration in Medium 3 relative

to WD 2004/ 050827 PCT/|L2003/ 001027 51 Medium 2

contri byt t ' ARy {:

cedr et i ritt b3 Eplaafk KR LREBERIRC BUbF AR ghe metiod
compHsihgce bound islet like cell clusters were found to

di splay expression of insuli nﬁg}l@g&ﬂgggl ggset of culturing

f
sofit os SEIEHING BAMMMIARBK
(Fi gur eg, pan6n §eg%ﬁf§di§éﬁie)%r difRerBRtiiiof Wradt lesH @Mportion of
anal ysi s feveal ed that a very high 5 proportion, 60 to
80 per cesitl, mafimhlimn embiysniexsane selédintoneallisidisplagiinghatrieast one
cell cl Uﬁters,i nsulin, sitjve stai n%d C Its \i\ﬁ:}? tor
obser ve§hECEEst, rAsiRRiEt B ofh PRREEIC tlglﬁ s e RESP
neur ons .y -Yyg@gon/ somat ost ati n produci ng cells,

and outdide Of 'the cell clusters mi nly neurons and .
nmesbnchynijectie baiqd oalls disphayerg eldleasti oper eharpoteristis associated

det erm ne_whet her j.sl.et. like cell cl.u r I
col | spatth papensisatin ittt Pekrtsrcplib e SR adee et of
regul at euih@hg coMEHbANsI@EEbIiRBle fohGomhithmt f efrface bound
several agonists and antagonists on insulin secretion
by St ageell chusidrainslusbug isikn groduping eelle|thergpy, gensraiing cells
wer e exani %‘jd- ’%Sre%irﬁgﬁmsuiliﬂ Figure 6, the observed
i nsul i n CRAVSPT SETUBEI s fol | owing treatnent with
"l ow glucose"” (3.3 mllinolar) and either the
agoni sts tol butam de (10 m cronolar) or |IBWMX (100
m & onolBheymetbed eldaighl.fYBPsrLOMPISING f edi pi ne (50
m cr.onol. . i ' ] lyhti i i i
charhct dny b, s e I IR EAAT G bR isolaing said
t her ef oriasyplingbdieiigicdilsehierefoorai nci ng evi dence for
differentiation of cultured cells along the pancreatic
beta cell lineage. Gowh of the cells under Stage V
culfure ﬁf%f}ﬂétgb&aﬁdﬁm1,afuhh5%oﬁﬁ;ﬂsﬁ%;Ionger than 2
weeks resulted 1 n take-over of the culture by non beta
cel(c) | i ndissyeiatieg lsaityspeface bamdseechestern dntp singlapells including
fi brobl astdc,, ‘Slnd di saggeej[ancda of surface bound isl et

fid {opuidt PEURtY's

i ke cel nit shown). In order to

pr 0409”9 dubjeRting kdi€ smeld cefl US4 Biirdset o dtdduring dohditions selected
bound cell cluSters from Stage V culture were

di ssoci asutgbleyfor mygiatpimireDTAd tipsedin mspducig celkein culture for at
di ssoci a%eq ;:gel |s were grown in suspension in Mdium

3 on a nGh &é &'snt substrate (Stage VI). 25 Suspended
islet like cell clusters were unexpectedly found to be
formed by this procedureﬂ&lFi gure If), and only cells
t hat- werEheaggthed af elgim At BUrECIHPTRBISME | ust ers wer e

(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.



observed to survive. Al so unexpectedly, |evels of
insulin secretion were found to be .sharply increased
W0 2007030821 crouni ts per m per hundred t housandPCEIL2803/001027
Stage VI suspended islet like cell clusters from 40
mcrounits per m per hundred thousand cells 30 to
Stage V surface bound isles51ike cell clusters, as
shawmn i mMHel giédidd7 of Sdiinl 8J Iwherdih esaid 8ugRAED Qeﬂf clusters are
insulin producing cells was al so_unexpectedly found to
chapsteriged by 3 peppogionsizgid psuliy ppdysdngicalls og et least 4 negqent.
clusters relative to Stage V surface bound islet |ike
cell clusters, as shown via i munohi stochem ca
andl.ysi sT'HeFngthod cﬁﬂainEX,aWhﬁatﬂ o in801iR G0e & 8Bi2d capacity of
PCT/ L20 /001027 52 via |nnunofluorescent conf o
saidnspid chgvesdisef ithruprRigderdlenisige israt 1525616 chroumts
uspended islet |ike cel
lnmﬁ §§§§§H%E?§%ﬁégk&d%k?9@%¥k“§ percent, the highest
proportlon of insulin expressing cells ever achieved

in cel u derived frome nic stemc
5 hus. ThiaRHoRT BB~ RS S B oG agaeity of said
ms@m bwd%cﬂnga&u*s Qfl §5d §a§RAded ‘é‘é’l?lcﬁlsféfrs linathdaRt HSOr ﬁﬁér@ﬁhlts
and an incCreased proportion of insulin secreting cells
insylal perione htadred houeand celinidi ti ons used in Stage V
culture. Form ng clusters were exam ned by
i mmunof | uoresence for the expression of insulin,
C- pept i dEhe BOMNBE S tialnh B, AdleOddgadaiy: (Fi gures 9a-i).
The results revealed a 10 high percentage of insulin-
exptegssi Welabing bad sespepdedellslusiss. The cel | s
co-expressed both insulin and C peptide, indicating an
I ndubi tabl e production of insulin. In addition to
i ns10.i n, Themktho lolf Sila&thﬁQmreeﬁ(@m@ﬂﬁﬁﬁs@bﬂeﬁgﬁmgamﬂdltlons is
somatostatin. This is a well- known devel opnent a
selgstrshiitable forgph ﬁurfmrawal Houbdainlyyen ipsulg rPé‘?CB‘églg cells.
(Polak et at., 2000. D abetes 49:225-32; Teitel man G
et al., 1993. Developnent 118:1031-9; 15 Chiang M,
I\/EI ibn Dfhe 206Bod Ddv cldahl 10,4w388)n 3l [supstatiallgr abn ansulin
furgﬁgr t est ed S|n a Brd aining kit (Zyned,
progugng gel ?3@350“3(93() OTERCHENGHYG ﬁ?s:l porated into
proliferating cells at the S -phase. Many of the cells
at stage VI were stained with BrdU and thus confirnmed
t helZ| usTles siethadr off ¢lhier 3t indwrenladid dissocighngwsdid surface bound

cel HhPGLBR Frgleaenf RoeRand B Rbrpismics SER5g, e Bowpd cel

clubtersover a nonth at stage VI. The cells were further
tested with TUNEL conmbined with insulin staining. Sone
of the cells stained positively for both TUNEL and

' ns% | n, pUga X él S91BRPB! %Im% gﬁéﬁl}ﬁ% Fet dfn%lgtglﬂhé d8hditions

to previous's Padopal
inch@le€ A aendidith 3618¢ted Ifﬂﬁﬁ tledf griop coéting dfr DsOStaagellWherum free

that stained positive for insulin were not apoptotic
culfyre quediumpya, basic fibroblast growth factor free culture medium, a culture
medium including nicotinamide, a culture medium including a synthetic serum
supplement, a culture medium including glucose at a concentration of 15 millimolar or

less, and inhibiting adherence of said insulin producing cells to a surface.

14.  The method of claim 13, wherein said inhibiting adherence of said

insulin producing cells to said surface is effected by culturing said insulin producing



25 Both BrdU staining, TUNEL and C- peptide staining of
the cells confirnmed that stage VI cells stil
w@e@iiofseat e and produce de novo insulin. ConcPCBII®N03/001027
The above described results denonstrate for the first
time generation of highly functional, highly
differentiated beta cells gnd pancreatic islet |ike
= W : f human enbryonic
cell gL o oI b DAkl i S "descr | bed
results denonstrate that the present nethod can be

use ner tur nt ai ni ng. far hi gher, )
per ge nt q%n%ﬁ F{ahme pF"E@@f r?gmé’é‘g% Q‘ﬁd“%%\? f Sgelecnvely
har\%'sﬁﬁg §dig ?rﬁtrﬁtﬁalmngé?l%ryblﬂe Wlebcdls FEb#E b icOMureaRAGdihyY feedBflcells
having longer in-vitifo longevity than all prior art
and saidtroaremaliampobiyanicl sjem télls piossesiep (B)descri bed resul ts
denonstrate that WO 2004/ 050827 PCT/1L2003/001027 53
the present invention can be used to generate cultured -
pang, eat e m&thel of ickem aehherdinisdie figst seospasedingfconditions is
proliferating, non- apoptotlc i nsul i n-producing cells
selegtedshitahle fardaducirmformaperhof entayieidodiesThus, due to t he
af orementi oned characteristics, the nethod of the
present 5 invention can be used to generate insulin
secrgt i nphewstod olclasmal) viickeds wad fiveti segof ayiturimglcohditions is
treating di seases associated with insulin defjci en(:é/
selestrdrrapablyppanbibiting Bdhesenceio spdmpramalian gbryonig stemypells to a
Surﬁ_)cggnple to generate in-vitro cultures of human
pancreatic beta cells and islet of Langerhans |ike
ti ssues being optimal for screening and testi ng of
pancreatic beta ce e fic drugs i ndu
pr otfuct i G gtet lFﬂﬁlnﬁfLw b’é‘ﬁ ea‘f’%’?eli‘ogﬁﬁ%l‘ ﬁ’é‘ggs regge of said
ma gllah ] Q}dﬁ?@&% ceﬁ?g) S UTBLOR @}Yécfbd R kﬂlltﬁlﬁhg s4id \bhdnfiialian
stu |s et cell and tissue biology.
embqypmecstm ecllst dmest subetatl‘aatlly famatellradberght Hlkﬁélmsmfm i on,
which are, for clarity, described in the context of
separ ate enbodi nents, nmay al so be provided in 15
compy nat TRA théthad Sdn Giaﬁneﬂb%ef@@tsm@ﬂ\d@ﬁﬁ ebne characteristic
various features of the invention, which are, for
asspeiateilt withdespancieatic islet heellc @mg@mtomﬁ)han@nglle expression and

.al so be provided separately or in any
OP%‘E’Fﬁ%G SBP&%’L%CI’IS I'nation. Although the invention has

been described in conjunction wth specific 20
enbodi nents thereof, it is evident that g
al t 89-nat Thesmethgdi of ainbns ﬁﬁ@%a‘i‘ﬁn&%"}s’% 15Q)pting said cells

dlsﬁﬁgﬁrlgea@tl%ates do{l@@l‘f‘a‘f‘ &&ane‘alg?dcﬁtédqﬁntﬂ al panfeGRE HALeM prodenitor

ten hbrace a I't'ernati ves,
phefodipeipeidk kostep @)d vari ations that fall within the
spirit and broad scope of the appended claims. All
publications, patents, patent applications and

seqyenc e H'Fe'ﬂ'L dfdf%@aukﬂﬁ()t RekfeiPGEE R8I IHUTRRIR by subjecting

ment | one IS SpECI lcation are
said cells dlsplaymg at least one characteristic associated with a pancreatic islet cell

progenitor phenotype to a fourth set of culturing conditions selected suitable for
inhibiting 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:

(©) dissociating said cells displaying at least one characteristic associated



25 herein incorporated in their entirety by reference
into the specification, to the sane extent as if each
w0 pabis@s@dernl publication, patent, patent appli ceCT/Or20ey001027
sequence identified by their accession nunber was

specifically and individually indicated to be
i ncorporated herein by refsrence. In addition,

citati ORyigK 4l Igﬁeie'aﬁd: Gadtl sHenbfypa o digflelcens qlspraytdy & least
application s not be construed as an adm ssion

that sucherchbraeieristic asgeridted aithial nabreatiesisist Pbenoayne; errd

h .
AP SoGBobM M QeiRrPUtkRRITEDy kot ons gy
of generatddiged dliths: paapxabﬂuelsm celeprogthing phesdtypaio 4 fifth set

nmet hod conpr|3|ng j ecting mammal i an enbr
stem cel? sCUt“@rlagqufl@ 10%%@“%#"*%%‘1?38 Pr@&ﬁ?ﬁtppdﬁéald cells

sel ect edd1 Slg? 8? 1 01?:' éﬂaﬁi’c%{?h@taés%elagd @th lae@a?fcre@txc islet

portion O lan e onic stem cell

cel I s dijilpygenioaphdreygpe pooeto stdfpa(rbact eristic
associated with a pancreatic islet cell progenitor

phenotype; and (b) subjecting said cells displaying at
leagl ongchemag bEtath 'zﬁ 88eR! AleBurtistibuRaNAE Balditons

i sI'ét cell progenitor phenotype to a second set of
inclndd:st mrcuhgrim:g) ndlhditi(mm selseibcé <ﬁtomj theugtoap | censisting of metubgantially

J%ﬁ ce bo cel ] clusters.including.insu e

serh JERScr e BHLEIe REPLBG ESIBa i Rt e gin.Ch fulits rpdinm

inc B8R frhilFerinS W 'cﬁltur@ méen M REn i fitrbicihl a EMbirbefiedium
conpr|5|ng c) isolating said surface bound cel

subsﬂam%ﬁlb’l’lslchlddlgcfplqnﬁml 4ng fagbtagmg ﬁghejgl‘pqg: ofjsal¢elly displaying at
t
tead] S WA eii Srarapted oy 8 Gratiset B RE bR gBerifey Bhiobype 0

surfageind cell clusters into single cells including said

i nsulin producing cells; and (d) subjecting said
single cells to a third set of culturing conditions

sel 5 t edThe ﬁh?o%' §F El% A é%%#enllé {ggldsﬁbﬂlttét{i%u%ih%rence of said

produci ng cells in cu

cell§hdispieyingdatofeast! ahdncBaracﬁtHﬂisttheﬁsssmmpdl\slth]gi pa(lcﬂf):atlc islet cell
isalating said insulin producing.cel

|'s.. 5. The nethod
PTOGENIEK PHAHSYPSIeT BITHCe & dffactrdrly Qdpripg saidcelly Hﬁaﬁmg at least
onc® SRALLEQAR. hkociated with a pancreatic islet cell progenitor phenotype in

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 free
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 at least

one characteristic associated with a pancreatic islet cell progenitor phenotype in



sel ected suitable for maintaining said insulin
produci ng cells in suspended cell clusters. WO
wQoe4N8BeB27 PCT/ 1 L2003/ 001027 55 6. The net hpdr/af2003/001027
claimb5, wherein said suspended cell clusters are
characterized by a proportion of said insulin
producing cells of at |easis 4 percent. 7. The net hod
con%t ﬁttala?a'éuc whieiRicBaed vd1ﬂ15gé|ldtﬁ o‘-i%%f}ﬁtll?sﬂné ate capacity
said insulin producing cells of said suspended
ceII clusters is at least 6 mcrounits insulin per

on un edt d. hour . . . The t.hod of,.

o g B r RN SRR ) MR ok eopE ot 5t SulA fopRigons
is s€ladted shidly foh fREREUR bh gelt SlubtgrsGhcltding cells@ispldpitlg @eldast one

clusters is at least 0.50 mcrounits insulin per one

charaglegisieiasspeiaisd mathce pangreatic istefeceHwbgaeiyps sel¢ctgdiram the group

S e
conb LA EEoF UMLIBLIEN el B SALUID 5 UTPONIEr S b
celltphenetyssta defta eell phononygecamnidi dduesitl tell plmbeycpb.ed
suitable for inhibiting growth of substantially non
insulin producing cells. 11. The nethod of claim 10,
g n fHy %m%gr%élﬂi by, %ﬁr ﬁ‘séé d Bt lpﬁs@dd}fe' @I%racteﬁstic
cell's are neurons an nesenc cells. 12. The
assoredtbd avithf ancémionrifBe celh preeunosphaﬁo@lpss-exmm@ saddplay of an
rface bound ell clu single cells is
B o Gamgypion Beton o s ol iR i Sound cel |
clusters. 13. The nethod of claim 3, wherein said
third set of culturing conditions includes a
coridfl.t i dFhesmétbod eficlhimp 28 twileerein said teossipsion daptaf is Rax6.
substantially serumfree culture nedium a basic
fibroblast growh factor free culture nedium a
cul3gur e THEMEMBA bNethi D8 GVIHr&i0khiaBIM@Ee transpitbiik Glut2.
medi um i ncl udi ng a synt hetic serum suppl enent, a
cul ture medi umincluding glucose at a concentration of

15. . l I l %{eﬂ?od ok ﬁc’fim %'?d l‘{épén? staﬁcp %t qggs?rozep%C% I'];CtCI‘lStIC

said i nsulin producn célls

assodtBO drittfancillgiarcell Pheidigpeeis Bx pr@bsior dsﬁuxhplﬁy ofglacipenenkNA or
of said insulin producing cells to said surface is
glugaepBet ed by cul turing said insulin produci ng WO
2004/ 050827 PCT/1L2003/001027 56 cells on a
substantially non cell adherent plastic surface. 15.
Th e32mst Hie afetloddaiofn clainf @71 hdrerciongaid sit igast henes tlgracéristic
v,

ectivel
assoc?ateg with 4 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.

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 method of claim 32, wherein said glucose metabolism enzyme is

glucokinase.



harvesting said mammal i an enbryonic stemcells froma
culture including feeder cells and said manmali an
wepdsnpmset stemcells prior to step (a). 16. TPer/m20ésom1027
of claiml1, wherein said first set of culturing
conditions is selected suitable for inducing
formation of enbryoid bodi®s. 17. The nmethod of claim
1, 3gher e sritddl bf Slaimed7ofwhettit Waid1@t dedydi drieoblsarh@eristic
sel ected capabl e of |nh|b|t|ng adherence of said
assqeigierhrithg dettd eglbpheaiobipe is exdressioner displayraf gewatosatinThe
met hod of claim 17, wherein said inhibiting adherence
of said mammalian enbryonic stemcells to a surface
i s 3 f eclited nleyhodubf widimg 23 aiwtheranmaaid an lessrboneonharacteristic
sten1ce||s on a substantlally non fell adher ent
assqeiafed Weth @ ieprpmal cellphegpfypeisidsyrsr! BOHHAoBY- wher ei n
said at | east one characteristic associated with a
pancreatic islet cell progenitor phenotype is
ex pﬁ&es siTr mettiod oﬁb]aim dl iwjneairs plidiyecond nefsifi qultugQg cdiiditions

) t hqd of cl furt C risi i sol a | ng aid
is sgleried et By Mgt et SRR iclfling fshin P calls
cap@Ie OF AR iy EQhﬁlgéQH%eiﬁEdlﬁl ée%}e‘i?"fonQE lréspPhQRORN HAYg selected
phenotype "prior to step (b). . The nmethod of claim
froa0he pvepeionsistaigiof aoineteasegini sgldems@m wdretipn gilisfain shidgirug is
id.cells displayi .at .l east one _charact.eristic
o Bidbarndniieth & AR R SkeRE IR S oaTk o o
decPRSO L ¥A8 hulid debretibh vaRteiffsaidUdriibifié Athz600€] 4 dedi8ase in said
sel ected suitable for inhibiting growmh of cells not
inswlins pmymmg vdgrein $eid dmet isopdediniaeadnéry degreasgsiosaigiagplin
ner I cel I progenitor phenotype.
Sec’ffonﬁh%r& %dgﬁ}(%lg %n%a%ol further conprising: (c)
di ssociating said cells dlsplaying at | east one

characteristic associ ated WD 2004/ 050827
PCT}9- L 206 wothod of ckymyjj, t\xﬂlegpng) gHd second set off @ilturing conditions

incﬁlﬁgpg Xﬁcﬁtlbﬁ]tsglecc‘t'e@ %lo?n ﬁl% 1?051941%' &t f‘guﬂsﬁﬁﬁ%l e}{ &m free

aracteristic associ ate a paficreatic is
culfuine m¢die; aaha:i;lc( dibrehidgt erdowtig facaerd frse nglterec eleldgim, a culture
l.ayi | east. .one characteyistic, associateged.
me&h i i 31 %& rEgetinanide.et Qe gpesiun; meldiee ﬁoFWE‘"tt" sgrum
supﬁ)lefrﬁé?lt %eéultu&f mEGhiintREin g%wdotsé SccirbRedtRd oTubiAiPiBolar or

or proliferation of sai di spl ayi ng at | east
lesso naendc fvarlamr@ pditerenca sefosaiditeels Wigplayingahdeastapne chataeteristic
i1 or The

sss SR B T Bar s S R PR R e o 4 8bregp
culturing conditions

40.  The method of claim 39, 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.

41.  The method of claim 1, 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.



includes a culturing condition selected fromthe group
consisting of a substantially serumfree culture
wore@ioms2a cul ture medi um i ncluding insulin, aPCUII200301027
medi um including transferrin, a culture medi um
including fibronectin, a culture medium substantially
i ncluding selenium and faedlitating adherence of said
celdzs diBRl A¥hBE oBtlaith 82sheRNE s MiALER OF Shlhfing conditions is
associated with a pancreatic islet cell progenitor
selegtedrryitplle foo fermagign foicell chustersinsludbag eellsodisplpvingnap beast one
wherej.n_sai d facilitating. adh e '
chaffOEERUS rRRb ot p Y O I I P8 B eted Bl e pou
condis@n6f edteh8odrileadellG@bdursqarid@asty b ranpilpho talp ehémotype, a beta
surface is effected by culturing said cells displaying
cellggheneizpe, 2 dsha ceh ahenatiane 31 Energarad ical ebengtins- a
pancreatic islet cell progenitor phenotype in contact
with a tissue culture coated plastic surface. 25. The
net48od dfhec ln@dthoRDf olhier ei2n wladreinf sdid hatsketstobne characteristic

cul%&rL g conditions_ includes a condition.selec}ef
assPRYRY AL i CEHRSFL PRTRYTSOF PRERAHRG 1§ FEPERSFIGn 98 ay of an

[ [ | i ng basic
mR{NIAg 82 pyhkﬁgggﬁwﬁ aR nBUUAWFE g b6k

ast actor, a culture nediumincluding
a synthetic serum supplenent, and facilitating

adherence of said el l.s djsplayi at .l east one
chahct of heppibod o8 slimAd R S LABrRAGar Sl BePa |
progeni tor phenotype to a surface. 26. The nethod of
claim25, wherein said facilitating adherence of said
cel 4% di Eipd myihod oficlaine 481 whereingtast glueaseitiansporter is Glut2.
associated with a pancreatic islet cell progenitor
phenotype to a surface is effected by culturing said

cel4s di TRl aydthed af tlemst42, ORBereinakadt &f leattl 6ne characteristic
associated with a pancreatic islet cell praogenitor -

assptiated tyidean sipharagwnozpe sExPEFsipR 20 d5poy Ph 2lucagm mRNA or

gmggq%act with a plastic surface coated wth gelatin or
pd%ylL-Iysine. 27. The nethod of claim1l, wherein said

second set of culturing conditions is selected

suitable for formatjon of cel| c|usters includin ..

cel #5 di Ib? ef??thﬁd A plaigm (4% nuherging s3iet dr (e3pt gne characteristic

[ d, wi i:c d o
B3R, %, Wl ANTARAESRLL S ARl it B0 ghgty Rbsng o
expredsionporedisplsy of phenBRNWpef a annsdriphian dedtbr, phenBNypef a glucose
beta cell enotype, a delta cell phenotype, a
B K TR A Bibglitn Retme AGA g P
wherein said at | east one characteristic associated

with an endocrine cell precursor phenotype is '
expfssi Bhe oretihids pf alpinyf47awhereRNAridf transenptionciarctor i pelected

fof i St BieoB T S nlnsP e RaF B PRRSEIT bt i on f act or

i s Pax®6.

49.  The method of claim 47, wherein said glucose transporter is Glut2.

50.  The method of claim 47, wherein said glucose metabolism enzyme is
glucokinase.
51. The method of claim 42, wherein said at least one characteristic

associated with a delta cell phenotype is expression or display of somatostatin.



30. The nethod of claim 28, wherein said glucose

transporter is Qut2. 31. The nethod of claim 27,
wob@ress2sai d at | east one characteristic assPCI/H20@B/001027

with an al pha cell phenotype is expression or display

of glucagon nRNA or glucagon. 32. The nethod of claim

27, wherein said at |east €&ine characteristic

associ atrgd WetHddaobPelaAmear| whbRMPtMIEe at Jefse! @et Sthridiaistic

the group consisting of expression or _display of an
asscmalt@d( with a nﬁur@nglcqeﬂlp%ﬁmtym@taom}mmﬁl mRolEYa gl ucose

transporter, an nRNA of a glucose netabolism enzyne,

and insulin mRNA. 33. The net hod of claim 32, wherein

saisd. t r amsanhétpdd onclhae tl pwhesirseli@ aiaatnal fanembrhenig steupeells

consisting of Pdxl, Isl 1, Beta2, Pax4 and Nkx6.1. 34.
are iygathenPIyANISFStEn seli: 32, wherein said glucose

transporter is Aut2. 35. The nethod of claim 32,

wherei n said glucose netabolismenzyne is

gl Beoki MAeemeti@i 30 6liM 50 8RieldTdald ROOS edbODAic HEMI6lls are

The net hod of cl aim 27 rej i.d. at, | east
selef g CHEH B0 ¥R Cora b PhIGAE oy Mo it cellf pogRERsEYpe

is expression or display of somatostatin. 37. The

met hod of claim 27, wherein said at | east one

chaisact efiesmithod adaiimai4dvinirein saidhBrasHaderived |cells are H9.2

henotype is a neuronal norphol ogy. 38. The met hod of

Cellglaiml, wherein said second set of culturing

conditions is selected suitable for formati on of cel

clusters including insulin producing cells capable of

di Y8 ayidwy iesubinaprgduding all i dhantari epresising inshlip producing cells

.response .to. a ug.sel ecte fro h r i S04 1
veirg Rt EiL O LA RERCES oo Rhb el SheRufRLY s2id iffin
pro@idifl Edils ih EduellMsea is dleds0gperReR. i n said insulin

secretion wherein said drug is IBMX, a decrease in

said insulin secretion wherein said drug is diazoxide,

a re j . :

ar a1 o ot uRFhRau g VN BSRELFLLAR SBGRELM 87 froportion
of sarlcingtlingsroddngn etailsdaite @iluiusies icarbmcBdpercd®. The

nmet hod of claim 1, wherein said second set of

culturing conditions includes a condition selected

fr th : St f At e | insuli

fr e T P i e o D S Wi fnsulin
secfetior ratel dapadtynefifaidnnsalic praducing aeldiuah feast| uniigrgunits insulin

ni coti nam_de, cul ture nmediumincluding a synthetic
pmé@?ﬁﬁ?gggbﬁP‘ﬂgﬁFﬁsﬁmgﬁp?ure medi um i ncl udi ng gl ucose

at a concentration of 15 mllinmolar or |ess, and

facilitating adherence of said cells displaying at =

| ea%?. onBhe snkbie peadusingceeell cluster of claim 56, wherein a total insulin

secretion capacity of said insulin producing cells is at least 0.50 microunits insulin per

one hundred thousand cells.

60.  The insulin producing cell cluster of claim 56, wherein the cell cluster
further comprises 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 phenotype, a beta cell phenotype, a delta cell

phenotype, and a neuronal cell phenotype



associated with a pancreatic islet cell progenitor

phenotype to a surface. 40. The nethod of claim 39,
wob@ress2sai d facilitati ng adherence of said P€/II003/001027

di spl aying at | east one characteristic associated wth

a pancreatic islet cell progenitor phenotype to a

surface is effected by cul 6uring said cells displaying

at 6¢lkastTheoimeulohprodudieg cdt clostassfodaiat 68 wherdinaaid at least one

ancreatic islet.cell ro en eno e in. contact
chafietgisge grneiared i e e R Gats Lpre R EERRtyPA 15 SqEssion or
dlsm;f BPsh RIRIEA BF mranscwﬁﬁaﬁ fd&to?%'r fn %ﬁe@n@fe%quc@fse transporter.

turing conditions is selected suitable f
formati on of cell clusters |nclud|ng |nsuI|n produ0|ng

cel i ntainable in.cult re f T a ast s.. WO .

2009050057 BEH (13O Rl OBt gpin aid
trarfsbAptdn3faciob @y ®ixg. said third set of cuI t uring

conditions is selected suitable for formati on of cel

clusters including cells displaying at |east one

characte te eaf i e

pheél?gt yp{ehez Esﬁh?%%gﬂcﬁl‘% ? IWCﬁllé]tgﬁ BP %%gljfr;]lséltg tvghérglln faif %Hcose
tras@paneris Guteel | precursor phenotype, an al pha cel

phenotype, a beta cell phenotype, a delta cel

phenot ype, and a neuronal cell phenotype. 43. The

met ppd Ofrh&inéhl'iﬂ x%du&ﬂ S5 Ghééihgf Qhinh BOMLAOR said at least one

characteris SsocCli ted Wth an endocrine cel
chanammstlsoassqsﬂiﬁad)tvylﬂe ah salphepreb phemotyye & spdregsicaf oamisplay of

MRNA of nscri ption factor or an nRNA of a gl ucose
glucRgondp ?rgE‘ZF‘.gOI‘Fhe met hod of claim 43, wherein said

transcription factor is Pax6. 45. The nethod of claim

43, wherein said glucose transporter is Qut2. 46. The

met 6bd ofThe imsitim pﬂ)dumihg rcell nluster df eleinh 68,swharmia said at least one

h t t. t.h |
R e sPan B P et diF ool REPaYPE S G0 dFour
cor&ﬁﬁﬁ?%’ @xptégslonTJSiQilé'ﬁﬁ}h@idarP&RNA@bm thansc 1£Fadtos ArPmRNA of

| east one characteristic associated with a beta cell
a gplsesroiranspotter, semBNAdf 4 ghwoicrectgbdism gunsicstdigsgin mRNA.
expression or display of an nRNA of a transcription
factor, an nRNA of a glucose transporter, an nRNA of

a QBQCOSQ‘héTEIrﬁbm | prodeciay Meell adlgstémSofl ichhimiRNA, %ere‘lfhesald
nmet hod of claim47, wherein said transcriptiaon
trapsgrigtpr &aciT isfselsaied Heom thgy 5r%larf§p§1§mrrggo’6¥’dﬁdxlill B§ta?: Pax4
anc\?ﬁi&gﬂl. Pax4 and Nkx6.1. 49. The nmethod of claim47,
erein said glucose transporter is Gut2. 50. The
net hod of claim47, wherein said glucose metabolism
enz 5"3 ! the g;1Jrllsliﬂl 1gk1;rgguc?ﬁg cell cluster 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 least one
characteristic associated with a delta cell phenotype is expression or display of

somatostatin.



51. The nethod of claim 42, wherein said at |east one
characteristic associated with a delta cell phenotype
w0 200e0p8e5si on or di splay of somatostatin. WO PCT/IL2003/001027

2004/ 050827 PCT/1L2003/001027 61 52. The met hod of
claim42, wherein said at | east one characteristic

associ ated with a neuronal el |l phenotype is a

neutonal T hm‘npﬂ'ml mggirucixfgscelrl'ﬁestmedrﬂuimnnﬁo oVteirein $aid at least one

er ej.n_sai ic,stemcells .  are human
chaffr i ROt et § Retreel O BSRBERG & b ol Hegholos
wherein said human enbryonic stemcells are selected
fromthe group consisting of 16 cells, H9 cell derived
cellls, ab m@lum @rcbchlcm&scelfrhl@smtdﬁaémmf 5¢| whenegy said insulin
1n§h?ﬁei§ % 935 deﬁls ﬁ cells are H9.2 cells.
Proge> &@ gﬁ?ﬂﬁ $r88 g@ﬁ e ¢l uster conpri si ng
insulin producing cells being nmaintainable in culture
for at |least 14 days, wherein a proportion of said
i nsTd-i n The swulin peodsingscelh cluster @élqlalm 86t wherein ggid insulin
sulin producing cel
IHOHSQE%CéIaﬁ&&ﬁﬂ&nd%%nm%&irygn said proportion of said
insulin producing cells in the cell cluster is at

| east 32 percent. 58. The insulin_producing. cel
cl ubter ‘Bie @pelimproducingeslbelpsterofickam 14 wheisin e%lri bman cells

_hav{ega aéetn&gr{%é‘%ﬁé’ce% SCANS] H{l—l?\t]é'd R H@k‘ﬁ A§e| I's is at

m crounits I nsu per one red thousand
cells per hour 59. The insulin producrng cell cluster

ere i nsul.i S on .
cap Tty Tt inshlTe ool imen bl CISER RG cBam o e ik O cell
derRreéQeﬁ@ %m L8l nsulin per one hundred thousand
I's. 60. The insulin producing cell cluster of claim
56 wherein the cell cluster further conprises cells
dIS ayin st .one ch er tlc assaciated with
B Bdpdthod Eiaba s R oS B ou FoBPRR%ET om e
gr o) CORgj &ﬁlh@gné}ﬁmﬁﬂarﬁ&ﬂgﬁfohﬁest@ﬂdells 6 @ UESR of culturing

phenot ype, an al pha cell phenotype, a beta cel
phenot y peonditiens| sekected| suita éﬁbri feentiafian £ gé deashalportion of

Ce T *ohengh v Y 200l oeqper peil Ao A0 et e

61. The insu |n proaucing ce

wher ei n slgdrgkbt@isticeasdocianel witlar ac padr&dticc isleis agllatpeelenitor
with an endocrine cell precursor phenotype is
expr essi BREMOEYPeEib| ay of an nRNA of a transcription

fachsr oguﬁ&tﬁg%irpfceﬁ’s Qisﬂﬁ?ﬁlﬁ 4" RAR RNt Sfaracteristic associated

with a pancreatic islet cell progenitor phenotype to a second set of

culturing conditions selected suitable for formation of surface bound
cell clusters including insulin producing cells, thereby producing 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.



62. The insulin producing cell cluster of claim61l,
wherein said transcription factor is Pax6. 63. The

WO p@alosas2pr oduci ng cell cluster of claim61l, WEr/HEI2003/001027
said glucose transporter is Qut2. 64. The insulin
producing cell cluster of claim60, wherein said at
| east one characteristic @#ssociated with an al pha
cel78. phdmetygkod of dxipr €% duirer@omgiisipgay of gl ucagon

nMRNA or gl ucagon. .65. The insul i.n_producin el l.. . .
cl GEt er (g?so‘é‘lagilgn*é Supfpes ‘é‘?‘}’i‘%sfﬁ:”oc@%‘erﬁ é’%fgtsglﬁif‘eceus including
charactqkkﬁﬁgghﬁﬁgggﬁﬁgggmy@&h a beta cell phenotype

is selected fromthe group consisting of expression

or (d) splsapjeofingsridrRnglestllata 7 thirsloet pf Gudmring corgditiongrselected

ot abol 1 ER SRR PR b tkid SR BlBRRG for

produci ngasg ek ldagd. ust er of cl ai m 65, wherein said

transcription factor is selected fromthe group

consi sting of Pdxl, Isll, Beta2, Pax4 and Nkx6.1. 67.

The,g NSk ' I . 0f .claim65,

aneel n LTy AESEHE I 7€ fuhor BhBhisRle T 68, The

I nge) i n ipslethucsaidimsealih peidusingiceldd. cl ai m 65, wherein

said glucose netabolismenzynme is glucokinase. 69.

The insulin producing cell cluster of claim60,

wh in [ I : e it ' 4

s e et of SRim O st SRl AR o ARG ihE bEliions
is sefected oswditiblst fat i aintAMiRg) G4id0ObBEI2Y pREcIng? COB/ d04Bgended XTell
70. The insulin producing cell cluster of claim®60,
$#f&rein said at |least one characteristic associated
with a neuronal cell phenotype is a neuronal
nmor phol ogy. 71. The insulin producing cell cluster of
cl dllm 56l henhethwidnof aiadmi B uivhereipsadusispendsd| ¢ellc Flustersr are

d h i. in,. 72. The i. [ duci [
chaBicfieRes By A PHariAToe salthinfdlinPrasyais Rulsaent Ra g iasen
cell cluster includes human cells. 73. The insulin

producing cell cluster of claim 72, wherein said human
celdZ hheemathgd mdtojgim &Y, vilgrein|ansinsylm sestatiogaptevapacity of

s i PR e A i SpspHIFed P el RGP o fdrounis

insul®l pes odé Buide@ tho@bdrdl. cells per hour.

clu

83.  The method of claim 80, wherein a total insulin secretion 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 claim 80, further comprising:

(e) isolating 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 insulin

producing cells are neurons and/or mesenchymal cells.



75. A nethod of producing insulin, the nethod

conprising: (a) subjecting mammal i an enbryoni c stem
w@edoumsase7 a first set of culturing conditionsPGEIIZ2003aH1027

suitable for differentiation of at |east a portion of

said mammal i an enbryonic stemcells into cells

di splaying at | east one cHlaracteristic associated

Wi t 87.a pahe nediddcofl dhiei 78 elWherpihc@ehdissociatingesat stpice bound

d (b). subjecting . said cells displaying at, | east one
Celﬁﬂlgﬁ%&% 9 sele cels e Phreed by ppsRIZ3HAR 08 Spidcsyrigpe pound cell
cluSilsl progenitor phenotype to a second set of

culturing conditions selected suitable for formation
of surface bound <cell clusters including insulin

rogucing, cel l.s,. ther.eb rooduci n h insulin. 76. ..
TheRet hga€ GetEid-gtie 1.0 U satrpitrsehgt cul e Conditions
inchaley 8 doh8igioh R8lel 28 Utdh the! group REndBIHROSE £ EulistAkimNyY Jerum free
further conprising: (c) iSolating said surface bound

culiee Imedivet @r basae ditopblagingiomwh ifswbmfiien gewairel médign) anculture
roducisng. cells..therefrom, WO 2004/ 050827 .

e e oIS FaCHKG ‘RettHBd MBI ER, npahetic. serum
suppldrhdiefa QORRE nediteh inchMird Saest at 4 Béhceairation Wl 18GRillimolar or

bound cell clusters into single cells including said
less, gad inabigpg adedreryeodspidinglia preducingtsicBe td agrésed

single cells to a third set of culturing conditions

selected suitable for maintaining said insulin

pr o89ci nghe ehdthod Bf wldinUBE, WhéreBl saill dahibithd adhesencé bf said
. The nethod of claim 78, further conprising:  (e). .
insplap pERduRtEcaile 1o prid sPHags s fierisg byequltagringgaidfpailivenmrdering

cell%fon% QHoWad Sa1ly s, {eiurbdﬁ lefl: UIS Qét{gl%gﬁg e Of culturing

1 . e .
conditions I's selected suita or mai ntaining said
insulin producing cells in suspended cell clusters.

81. The pethod, o I ai.m 80, .wherein sajd suspended )
cei P01 uRe retypd of ofhifh dre iyt CHFPRSBE B rIFTORL GPlcctively
hal%é‘étﬁil%' SARMhARRANSS URbRDNEEl R cBils Bbm! £ATuréiRRIGE feeder cells
82. The nethod of cldim80, wherein an insulin
andgad rimommliaateebrpgae stew astls pgeai td stapga).i n pr oduci ng
cells of said suspended cell clusters is at |east 6
m crounits

91.  The method of claim 75, wherein said first set of culturing conditions is

selected suitable for inducing formation of embryoid bodies.

92.  The method of claim 91, wherein said first set of culturing conditions is
selected capable of inhibiting adherence of said mammalian embryonic stem cells to a

surface.

93.  The method of claim 92, wherein said inhibiting adherence of said
mammalian embryonic stem cells to a surface is effected by culturing said mammalian

embryonic stem cells on a substantially non cell adherent plastic surface.

94. The method of claim 75, wherein said at least one characteristic
associated with a pancreatic islet cell progenitor phenotype is expression and

optionally display of nestin.



insulin per one hundred thousand cells per hour. 83.
The nethod of claim80, wherein a total insulin
W@ ewresisoh capacity of said insulin produci ngPCEIL28030f01027
sai d suspended cell clusters is at |east 0.50
mcrounits insulin per one hundred thousand cells.
84. The nethod of claim80 further conprising: (e)

| s@)sat | AGeS alethoAudpensiar ﬁe| furtfbl ToBIpsising D iso g B4 Ogklls
of claim78, wherein said third set of culturin

dlsrxlzm@g ot lemgt ong s;hst@bf@nstecda%ml@ta@ mathf & pananesitisi isleh Qibpwwtor

subst non insulin producing cells. 86. The
Iﬁwﬂ%?ﬂ%ﬁ“ Oéegﬁh¥85 wherei n said substantially non

insulin produ0|ng cells are neurons and/or nesenchyma
celI's. WO 2004/ 050827 PCT/|1L2003/ 001027 . 65 87. The
netded dfhegnethed giclaiih@t.evhereinseiddicdasg léﬁffﬁﬁe%h}’ gubjecting

RO 158 Ly 1 St e o
progdniitdt §hsnotPie t(T mefd’ﬂiﬂhh@fd &f cudbuaing c7<ﬂl,d1tme reelacteglabudtable for

third set of culturing conditions | udes
inhipging arpwih Qe pacdiFplayng Fd gt sags %8s ﬁﬁ@ré%tﬁﬂalco%s‘aclated with

apa?ﬁége%hg tlét%lefl oo%%ﬁfﬁ?? HefSty gulture medi um a basic

ast ctor ree culture nedium a
culture nedlun1|nclud|ng ni coti nam de, a culture

medi_ um i ncl ud n serum. suppl ement, a
cuI urerﬂﬁ h?gﬁgﬂé%?hgigﬁ SOWPEFING: concentration of
sal (gb L1 ('l'fggo"é‘fatlﬁ% salde&Hls c@éf)qjay'l@htbleﬁét %eﬂaﬁa&%@ﬁﬁc ‘agsomated

i nsul1n producing cells to a surface.
met hod owith Iaapzmc%nc vikletr plnﬂmow dniongingletdety daemh@nw ekleast

of said ul i oduci.n Is to said,surface is
of f oct ettt eRlpEERde Sal e isABb i B R Bng

a sihst agbictihy 90 GRIE adhedplayRkast i16ast Wiea¢Rara&eristic
The nmet hod of claim?7 further conpr|5|ﬁgﬁthe st ep of

sel ect i vassgciathd withs pangrestis islensakrarazanitenihepeipe tasa Efh set
cells fr otmcuei cr:l%lgtc%&l&t Hg lséi%t?@ sul?a%?ee ﬁ%r O&é{ %f)at?%) ofs%i&j cells

manmal i a?] em ce prior

The et h@i@pl@ffln@aalléﬁlsﬁ bue Umﬂdicﬁ&trn;tls aksbcldteds vithet pardcreatic islet
culturing conditions is selected suitable for

i nduci ngCHorTREENIOR PBFNOSHSIYT & BeRii%s. 92. The met hod

of claim9l, wherein said first set of cul turing
conditions is selected capable of inhibiting
adhgs.encEhefmethat df whime6] vhereibsaybfuucthsteol adturiag tconditions

nc uﬁrﬁg glce gg%&gg? 1HAR é%ptegl;ffq%rll emgrgo%p cyg?lglrs/&rllg o% ali gubstantially
serum free culture medium, a culture medium including insulin, a culture medium
including transferrin, a culture medium including fibronectin, a culture medium
substantially including selenium, and facilitating adherence of said cells displaying at
least one characteristic associated with a pancreatic islet cell progenitor phenotype to a

surface.

99.  The method of claim 98, 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 tissue culture coated plastic surface.



mammal i an enbryonic stemcells to a surface is

effected by culturing said mammal i an enbryonic stem
w@edoumsmse7 a substantially non cell adherent plBSI/iI2003/001027

surface. 94. The nethod of claim 75, wherein said at

| east one characteristic associated with a pancreatic

islet cell progenitor phemgtype is expression and

optipgnathy HEBed 8V claim 9¢sivhbrein/€id 6@/ 8P BB &fituring conditions
PCT/ 1 L2003/ 001027 66 95. The nethod of claim 75,

lnclmﬂStah@Qnddmmeﬂ@tqqigfrmdh%rW@ eombigtiegpf 8 substapiodlyi sapradice
east .one charact er.i sti t a i
culhijrgl rg%dl 1y R cBﬁ% 6 Jnedi 1um 1nng %%%lsl% f?o?‘lo%‘f'?gtr%gngplg%%{qgjﬁ cliture
medd@n ikdladiagth @ﬁltﬁﬁhccéeﬁhm sﬂﬁpleiﬂéfﬂr ehd fadlithting eldatiengs bf said
effected b{ subjecting said cells dlsghaylng at. | east
celly dhspiayaneaat deasstone %@?&@rﬁtl%&sw%eda"ﬁ &r RXreaticgislef cell

p“’%eﬁlﬁ’ﬂ?}%ﬁggf?% g%u&{&gnotype to a fourth set of

onditions selected suitable for inhibiting
growt h of cells not di spl aying said at | east one

characteristi S ated w.th ancreatic jslet
cell0] o Goermebrd Sherimy 10, SrreinelnBehGans adsFihs 9 sid
cellI; l'Hl in %frqéds?'d?lg ckfa?e)ctéiiisﬁc%%b(ﬁ:tlétéw witd 4 g&lcksatic islet cell

yihg at [ east one characteristic associ ated
progmnuthr phmtmeeatalsurfa@d istefiobted by \epbwiing sm@ celtd @sld@ymg at least
one_char cte i stj.c_associ at,ed
one e s ReoRHES NS PREHBRGBLct 35 G Mepeige in
con%’c With 'a'fﬂﬁsﬁc c@ifde c@ht%@lv@ ghﬂhtﬁtoﬂp%f}ﬁL -198
characteristic associated with a pancreatlc i slet
ceI | progenitor phenot ype t oafifth set of culturing

ti ons s e for. .pr oI [
ol RegRayTTLT gt el SinBr Sk af & ol cSflifons
is sA186108 btk M FointiDABE Eﬂﬁ&lluﬁetsiihﬁhdmg eklls gisplgginistadleast one

phenotype prior to step ag .. 98. The nmethaod of claim
chaggtenahe p@pﬁla@dw@t}f domorcaistislef ceéllphpgtpty% sedeier] fropile group

I f
conL OB DS 9B S LT o
cellrpt@hotipe,a deuhbtlﬂ ﬁhm@rpemnmmrmg ctlhphdniotypea cul ture

medi um including transferrin, a culture nmedium
including fibronectin, a culture nmedium substantially

' ”01(}30“ NS BlBYAUBY ¢ maﬁ@f' thér@fn' 8ddadhRE&NGSR Rhai@kdstic

cells displaying at st ‘one characteristic
assedisied ivdtheah ndokriae pelhpreeatsor phaiogtpede lekpressgeni display of an

enot e t.o.a .surface. nmet hod of cl aim 98,
mRRIEPER gl BRI OB e VARG SHEESOSRrTt cel | o
di spl aying at | east one characteristic associated with

a pancreatic islet cell
104. The method of claim 103, wherein said transcription factor is Pax6.

105. The method of claim 103, wherein said glucose transporter is Glut2.

106. The method of claim 102, wherein said at least one characteristic

associated with an alpha cell phenotype is expression or display of glucagon mRNA or

glucagon.

107. The method of claim 102, wherein said at least one characteristic

associated with a beta cell phenotype is selected from the group consisting of



progenitor phenotype to a surface is effected by
culturing said cells displaying at | east one

W@ h@sasseT i stic associated with a pancreatic i BCEIL20€3/101027
progenitor phenotype in contact with a tissue culture
coated plastic surface. WO 2004/ 050827
PCT/ 1 L2003/ 001027 67 100. 68The net hod of claim 97,

expydigiogion (ﬁé}ila@l bf it lIgeA dIfa GhscHpiiA0 feeRdhl nRISA of a glucose
i ncl udes condition selected fromthe group

trangperésrsar m&Nﬁ ofa glusateanetplelisy enzyog anddasulpymRie
medi um a cul ture nedi umincl udi ng basic fibrobl ast
growh factor, a culture mediumincluding a synthetic
ser108. supp eetol, ofa'Jnadmf B, WHesdin vgidachhecription faftos & wtlected
cell s displaying at |east_one characterlstlc
fromdhggiop @anwttnﬁ of Pduhdpld aBria2; Raxdtand &kx6.1gr ogeni t or
phenotype to a surface. 101. The nethod of cl ai m 100,
wherein said facilitating adherence of said cells
di spi%yi Hg: mtthbé as tlaomé0E helrcacih said flucmsassmpbeatad Ghat2h
a pancreatic islet cell progenitor phenotype to a
surface is effected by culturing said cells displaying
at | RASIThORRHOAVTRER 1051 WheRSS 951 FhRdsdMrlefhbBlism enzyme is
pancreatic islet cell progenltor phenotype in contact
gluogktiasa. pl astic surface coated with gelatin or
poly-L-l1ysine. 102. The nmethod of claim75, wherein
said second set of culturing conditions is selected
sui t abl eThOmdiRsdrat i PAnPH 0 elvheldiShiar & 126! U RBaracteristic
cells displaying at | east one characteristic
assegisled ivatheridsliatchl] pheraivediaekpressioneer disnlay piromatqstriin.
selected fromthe group consisting of an endocrine
cell precursor phenotype, an al pha cell phenotype, a
bet a12.ceThe phahal Wheslaitn d62t vheid spidemotespe on@ntla@dcteristic
neuronal cell phenotype. 103 The nethod of claim 102,
assqpiaied ivthsanareal relhghenghwe dhapape marpologssoci at ed
wi th an endocrine cell precursor phenotype is
expression or display of an nRNA of a transcription
facttd. oThametifsofaflaim 78,uclesentsa@nhijrdrstiest culﬁkﬂing'EbEditions
nmet hod of clal 103 eln sajd transcriptjon fa tor
is selecisgeattably gy for V}br?s[i chisters wichdingace Gbplavinedigrst one
cheﬂ%léﬂ&%@ atséro%%&f)\?/ftﬁ ) gaﬁm@aﬁg Ztet cdiPPhendlipe FBLBRE Rfm the group
alrm 102 erein Id at | east one characteristic
corms$ing |o&taaobndnmnaawlhpqghnarsmelbhenptyen,oary plpha seléppemdgiepn beta

cell iR islla G h S pe Fud n Sk B e Biiqutsr, T

characteristic associated with a beta cell phenotype
Is selected fromthe group consisting of WO
200419508k method 10 0d@n0d182 whesdn said at least one characteristic

associated with an endocrine cell precursor phenotype is expression or display of an

mRNA of a transcription factor or an mRNA of a glucose transporter.
115. The method of claim 114, wherein said transcription factor is Pax6.
116. The method of claim 114, wherein said glucose transporter is Glut2.

117. The method of claim 113, wherein said at least one characteristic

associated with an alpha cell phenotype is expression or display of glucagon mRNA or



expression or display of an nRNA of a transcription

factor, an nRNA of a glucose transporter, an nmRNA of
w@2@tossgse net abol i sm enzyme, and i nsul i n MRNAPCT/O&003/001027

The met hod of claim 107, wherein said transcription

factor is selected fromthe group consisting of Pdxl,

Isl1, Beta2, Pax4 and Nkx&91l. 109. The nethod of claim
glucion. wherei n said glucose transporter is Gut2. 110.

e nethod of claim 107, wherein said glucose
met abol i sm enzyme is glucokinase. 111. The nethod of
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ere€in said set o uring conditions is
selected suitable for formation of cell clusters
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characteristic associated with an endocrine cel
precursor phenotype is expression or display of an
nRN&1of Thetmethed of plairorl 1B awhereinoyaich glusmaganepbelisy) gezysee is
lucgfns orter. 115. The nethod of claim 114, wherein
gy ranscription factor is Pax6. 116. The nethod of
claim 114, wherein said glucose transporter is Qd ut2.
117. The nethod of claim 113, wherein said at |east
onel 22harEher ewihod; ef glamci b ewheremnsaid af) lopst Qney pharacteristic
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The met hod of clain1113 wherein said at | east one
characteristic |at a beta cell phenpt
i s Ket ectid nteﬂatﬁ% P g&’c\ﬁ’ %ng‘t PHY Bt lea%x%f g?%‘ﬁensm
getor,
ass%a,\tlga grfﬂh%eﬁtorﬁpcéﬂ:i%\l‘t%n&fypélstef @éﬁ?&’fa‘l H‘fomﬂ) Lo

a gl ucose ransporter, glucose
netabolisntenzyne and insulin nRNA 119. The net hod

sel ]?Ct ed ﬁl.e?.%smv\laer ek]lrgalal\?v S{t:ér? gafi? § otB%d %%Ggﬁ%ﬁtpgpé conditions
is s@ﬁ:‘bﬁa st R FoDkatfonl of P clubiees iﬁﬂtmi)ﬁg Qfsuﬁh Gtirmhikﬂtfg cells

wherein said glucose transporter is Gu
capable of displaying a change in an insulin secretion in response to a drug selected

from the group consisting of an increase in said insulin secretion wherein said drug is
tolbutamide, an increase in said insulin 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 said insulin

secretion wherein said drug is carbachol.

125. The method of claim 75, wherein said second set of culturing conditions
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



121. The nethod of claim 118, wherein said glucose
nmet abol i sm enzyne is gl ucoki nase. 122. The net hod of
w@b@iisB18, wherein said at | east one charact ePCBH112003/001027
associated with a delta cell phenotype is expression
or display of somatostatin. 123. The method of claim
113, wherein said at | east7mne characteristic
med&HO0 Glodidifly Wit dtirdnii@)r ®altuee ledRe NQEMBRIS! & §ynthet1c serum
neur onal norphol ogy. 124. The nethod of claim1
supplegieat. i cylipee medivmdnaeladingplucgse afrei mcm@w 063 millignolar or
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assebispd @Yﬂhmgoaac&hﬁ@gﬁat céll progeity bhéh(ﬁyq&rtetal Suffate)
response to a drug selected fromthe group consisting
of an increase in said insulin secretion wherein said
dr S . o . '
seor s oA Bin? 4 O EaN Il SR da ek g of said
cells adisplayisg| atnlesecoret chmamwiei asss@atdd dwitly d pankiregtmxistis, cell

a decrease in said ns ecreti.on aid
progei: PRSI HErRChAc trotrd dp daluring s8dicals plstieyige ot least
ones @Ez[r@&téﬁ%c"‘@%(ﬁhﬁds@itg AdcrbaicC A aé‘eli‘lobrog@:@i@c}r Ph&otype in

met hod of claim 75, wherein said second set of
CmnmmMwmmndmﬁmmdﬂhuun@mmwmﬂgﬂ@ﬁla condi ti on sel ected

fromthe group consisting of a substantially serum

free culture nedium a basic fibroblast growmh factor

frepcul Thet ReilBdiol Blaird 76 UWkhdteid SWIQ se0 4 LPOBATturing conditions
~ PCT/1L2003/ 001027 70 nedi umincluding nicotinamde, a
is seldctadr suiteblei fom forprtian afcell sipsteremctu appulin producmg cells

[ um includi ng glucose at a
ma@ﬁdﬁ@%ﬁ r a‘iultu?e PO? ﬁféa& 7'@%@ ar or less, and

facilitating adherence of said cells dlsplaylng at

| east one characteristic associated with a pancreatic

i s| E48. cel'he wethgd pif eBim ghevberginesatdgnameghipn embryppg sterp gells
me?@nﬁﬂ%n% (ﬁtgggh fs. Wherein said facilitating

adherence of sal ceIIs di spl ayi ng at | east one

characteristic associated with a pancreatic islet cel

progeni t hen 0,.a surface is effect
cul T4 nihe et et thimila Braarsig said hrggiem g tom cells are
sel&had ﬁ&h%é §1‘o‘uﬁ RS Qa6 cMs! H9%el@€&%&?&e‘ll§ dnﬁl}ﬁB &k

progeni t or “phenotype in contact with a plastic
surface coated with gelatin. 127. The met hod of clalm
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thncludlng |nsuI|n produ0|ng cells nmintainable in
culture for at least 7 days. 128. The nethod of claim
75, wherein said mammalian enmbryonic stemcells are

hu ey emﬂ'lg Urbd Raalite I5I Wherein said second set of culturing conditions

includes culturing said cells displaying at least one characteristic associated with a

pancreatic islet cell progenitor phenotype in a culturing medium, and wherein

harvesting the insulin is effected by harvesting said culture medium.

132. A method of treating a pancreatic disease in a subject, the method
comptising:
| (a) subjecting mammalian embryonic stem cells to a first set of culturing

conditions selected suitable for differentiation of at least a portion of



129. The nethod of claim 128, wherein said human

enbryonic stemcells are selected fromthe group
weongiostseng of 16 cells, HI9 cell derived cel | sSPCHNIR0#31®1027

cells. 130. The nethod of claim 129, wherein said H9

cell derived cells are H9.2 cells. 131. The nethod of

claim75, wherein said secéhd set of culturing

condi t i oguid niaRshalihaentbu)dnic stog Sk dnto &klls didpBpingyt st one

at |l east one characterjstic associated with a

pancr eat ?I%?r*i%fPr@ElCcéﬁOC‘ﬁFeégé?ﬂ}{ ot PRISHSLG pésigtn cgll  progenitor

cul turi n%%gg} gm and wherein harvesting the insulin

is effecte )?’narvesti ng said culture nedium 132. A

net (bod oﬁu‘tjafoeiagisa‘gi eclsadisplewng cat dease ame dhlareatesisﬁg': @sdociated

t he net hod r| sin sub ect i

enbr yoni ‘é”tgtae %Pqt’§ %g’l?t ﬁlmf%% ndtat pﬁ? {‘%’et Lﬂl nifcond set of
condi ti oaﬁnﬁ»ﬁg%aﬁmﬁylstﬂ%ak@ shiRsb18ishd esrBRtibAtIFAAEe Bbund
| east a portion of WD 2004/ 050827 PCT/1L2003/001027

71 said ﬂdhﬂad;tcrann@mmg/muhn pltOQmmglcelis ando cells

i ca” pafteRlnates welPeutpl Ssghirdlst of S iaroducing
(b) subj eqfsiththeSaabféct BldrébydtcaBhatieNgnaleati€astasene
characteristic associated wth a pancreatic islet

cel I progenitor phenotype to a second set of

cul {ﬁ I & %(éllx 89% afl;rgl f&tgefgrtﬁgrl 5%&!& dSl r% 13(;1&{4%&&{1(? Nurface

of surface boun ters’in

boynidoslcdlingers @hd $>pt1éﬁhﬁily(s@i)d asitinprotiedih@ gelds therefrom prior to step
therapeutically effective dose of said insulin

(C)-pr oducing cells to the subject, thereby treating the
pancreati c di sease. 133. The nethod of claim 132,
further conprising isolating said surface bound cell
cl usifer sTannhethptiiodnhih Y 33 gudhémeuiprigingt oduci ng cel | s

therefro |orto te c).,134. The nethod of_ claim
132(0s ur?ﬁgqﬂ%%pﬁai %@ %ayndd?f‘jk%leﬂs%sl i Sgagla cslly pigkding
bound celliq ¢lsufh f@ubﬁg%ﬁg nghe cells including said
insulin produ0|ng d (e) subjecting said

si nfd)e celljscting saidtshriglelcagdlstio etthioditet of muiglrmmdmthtmns selected
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to step (&t 141&%1)55&0 ef of claim 134, further
conprising isolating said insulin

135. The method of claim 134, further comprising isolating said insulin

producing cells prior to step (c).

136. The method of claim 134, wherein said third set of culturing conditions
is selected suitable for maintaining said insulin producing cells in suspended cell

clusters.

137. The method of claim 136, further comprising isolating said suspended

cell clusters prior to step (c).

138. The method of claim 136, wherein said suspended cell clusters are

characterized by a proportion of said insulin producing cells of at least 4 percent.



producing cells prior to step (c). 136. The nethod of
claim 134, wherein said third set of culturing
w@oemdiosisens i s sel ected suitable for maintai nPCYIR80301027
insulin producing cells in suspended cell clusters.
137. The nethod of claim 136, further conprising
i solating said suspended w=ell clusters prior to step
(cn39l138: he%hé@bﬁ@dm@fli%@|vﬂhd¥élﬂl%ﬁ,1nmrs%bﬁtlﬁﬂirﬁe capacity of
suspended cell clusters are characterized
saidpingplisy prasiciag csHs @fisaislususpensied gl depters|is @t é%aStaé INEERts

iR 6 hup ol ROk 7o nsul i secr et on

rate capacity of said insulin producing cells of said

suspended cel | clusters is at |east 6 mcrounits
i nsddPi n Thermefhed piipkaad 3onBhasme Ef’é‘?lllgs%’é‘rseﬁ%lm c3paRgity of

saldT%&1{¥F§938Qc1H &l sa(')magt? leg%(}ﬁ)ﬁ%eﬂ Austédt A atl [BSY IO'Sm) mlcroumts

secretion capacit I nsul1n producing cel of
msmmlprérsnxsmmdﬂeﬂthoeﬂahd«:bmgters is at least 0.50

mcrounits insulin per one hundred thousand cells.

141. The nethod of claim 134, wherein said third set

of 1@yl t UfeNFethOd Qf &1a9m34 'ﬁhé&h%&lﬁqglﬁ 'éétto'fkéhﬁuﬁﬂg conditions
inhibiting growth of substantially non insulin

is sgleaedipiitablecfet ndibitingigrowTlnef snbstanidallyf napl insinipreducing cells.
wherein said substantially non insulin producing cells
are neurons and/or mesenchynal cells. 143. The nethod
of hai Mrk3thetiaCbei dhififild1 divieReh aaid GubfdiliaByr AGL Gnsulin
bound cell clusters into S|ngle cells is effected by
producjps¢atis 20a hewonsfand i enesenchsime! ¢pbland cel | cl usters.
144. The nethod of claim 134, wherein said third set
of culturing conditions includes a condition selected
f r om3t herigr @etod 0nslagh 1109, Wherainsalisdigdviciating aigaeutve bound
free culture nmedium _a basi ¢ fi brobl ast growth factao
cell ¢lugters intousingleealluin ciiectad by Fapsimgaiam el srid gufacs bound cell
oti nam de, a culture nmediumincluding a synthetic
clugéx% , . .
serum suppl enent, a culture nedi umincluding gl ucose
at a concentration of 15 mllinolar or |ess, and
preventing adherence. of i.nsu [ ells...
Do Wi, Tiarometbed of chire 1ade \ﬁlafael&fsatfﬂ @}rﬁqsmfc wffiipe peditions
1ncﬁ1ﬂlﬁda RER%EDE k08180 RSLE e Crip §§ﬂs§jst1ng Qﬁ’bbl dubsRAQ4HCREM free
s to said surface Is effiected by culturing sSaid
culfuns whédmpy @ dbasion gibrabddsk gr@wtha fastrys fregtoubtintey medinng ed |culture
| astic surface. The d of
medg5 e, TR g L e DERatE gefypthdle serum

supplement, a culture medium including glucose at a concentration of 15 millimolar or

less, and preventing adherence of said insulin producing cells to a surface.

145. The method 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 method 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).



harvesting said mammal i an enbryonic stemcells froma
culture including feeder cells and said manmali an

wepdsnpmset stemcells prior to step (a). WO 200d1/0208201027
PCT/ 1 L2003/ 001027 73 147. The nethod of claim 132,
wherein said first set of culturing conditions is
sel ected suitable for induBing formati on of enbryoid
bodies. ThéGnetiltreonElbing d3Dfwitdréinaiidifist wihef eultursgy cbnditions

~ first set of culturing conditions, _ is_ selected capable

is sedgctedpitpbleilpgindusing Enpation okgnbryridhbadissan enbr yoni c
stemcells to a surface. 149. The nethod of claim
148, wherein said inhibiting adherence of said
maridd) i diheendthydof clagh é47 cehdreintsaidafisusdt af eultering conditions

. effected by culturing said mal i an .enbryonic stem
is seleqtpdoapAble f PR PTG St SHB MR DR PG sfen Cells to
a sstikd ace. 150. The nethod of claim 132, wherein said at
east one characteristic associated with a pancreatic
i slet cell progenitor phenotype is expression and

opt.i anal di spl,a f. n in, 151. .The .npet hod, of cl ajpm.
1321,48f ur e‘f“eilgprﬁﬁi ‘g?lﬂbﬁlié’owg?rf”ﬁ‘gs ii"ﬁ“@gpg Sa%herence of Shid
mana RhR¥hBg oflc st et110R8 whRtakleltel 'bz cOR@E &Hi@ chawinidlian
a pancreatic islet cell progenitor phenotype prior to
emlyyerpc stoin cells 2n apubstantiallynosfceld pdhiaret Plastiohtasen sai d
isolating is effected by subjecting said cells
di spl aying at | east one characteristic associated wth
a pecr elel gettiodll 6f cGiml 132, 08BErEinOKaid hie Nlehst penet ohaacteristic
fourth set of culturing conditions selected suitable
assecsated nwitlyi 2 i ngcigridatiplebfcell eprogemibr BRAWERGI iy c¥Bicssion and
| teristic associated wth a pancreatic
WﬁF@?@§d§€$¥%gﬁ%@éhitor phenotype. 153. The net hod of
claim 132, further conprising: (d) dissociating said
cells displaying at |east _qne characteristic_ . :
assbdi at e mgthad oF pelaiar daei dusthsreoppratiRg yisplating gaid cells
e | . . _ S ,
N G U e
phenatyjpe ptibnty stepl @).si ngl e cel |l s displaying at | east one
characteristic associated with a pancreatic islet
cell progenitor phenotype to a fifth set of culturing
conght i ofyge SRAERSd &F eMirhabdie wRéreRr Q4illf RERLihENisOEffécédl by
cells displaying at | east one characteristic )
subgesting isaitl edlIsvltsblagingzat deastenecchiagiciarisigDassooialed5uigp 7 pancreatic
isle?g:ﬁ{ I})llﬁzgglcl)f?érop ]élolO pre Zo4a fourth set of culturing conditions selected suitable
for inhibiting growth of cells not displaying said at least one characteristic associated

with a pancreatic islet cell progenitor phenotype.

153. The method of claim 132, further comprising:

(d) dissociating said cells displaying at least one characteristic associated
with a pancreatic islet phenotype into single cells displaying at least
one characteristic associated with a pancreatic islet phenotype; and

(e) 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



cell progenitor phenotype prior to step (b). 154. The

met hod of claim 152, wherein said fourth set of
weeiosisisey conditions includes a cul turing copdi/in2008/001027

sel ected fromthe group consisting of a substantially

serumfree culture nmedium a culture medi um i ncl udi ng

insulin, a culture nmediumi ncluding transferrin, a

cul tur e cBRidpRhitetgIhedbtige hiidirtoneptbn, a culture
medi um substantially including selenium and

facilitating adherence of said cells displaying at

| qu{i Cgﬁa Cﬁl%{h%ﬁt f ' c%ﬁﬁ: 1%523 %ﬁe@élﬁdsﬁﬂ Uy ?hp%lc bE aélﬂtﬁrmg
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cu turlng Sal ISp ayl ng at | eas one
medilnar saxl:;stamlaslty mczha:hmglsaleenimw atnld facpuatorge adhiegerics| eff sa;él gells

eni tor e iln ct..wth a
aisricet i oPF Eharpaat aseagneq by S ol kbt
IﬂwﬁﬁﬁP@kﬂiﬁﬁﬁgaflfth set of culturing conditions
I nTl udes a condition selected fromthe group

consisting of a substantially serumfree culture
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cell§ Qﬁ%ﬁh’@ Rk qg&@toneaélﬁr&ﬁ&ishbta%&cbd‘ikﬂec&@hﬂf anpncedatis aislﬂ:t cell
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progmst@c pb@r@@m ol S&rfp@m@reé@ﬂeé by suipriegsaid colisodjarpyipg at least
t
one \Aﬁea?agc %Ps il ghs é%tlg gt?l négrzca%g?glﬁigg %ﬁdglg%d\ﬁ 02 e}ﬁeéég’pe in

conﬁﬂcﬁﬂlltﬁwtﬁ&leadulﬂu&a@iat@hﬂambanﬁﬁdeerI stic associated with

a pancreatic islet cell progenitor phenotype to a
surface is effected by culturing said cells displaying

{gasty heoﬂgﬁhgg 3 falﬁrﬁ is§1 Wﬁet@ﬁ’lss%ﬁ%qﬁftﬁ de(Ufid1tBring conditions

pancreatlc | progenltor enotype I n contact
inchodéda aommasﬂi B«:’leﬁeld fimoe theoabew cwsisimng eif at substentially serum free

ly | 158... Th m 132
culis thedih el BTRER TMTHRE D BrOD L2 S e SRR aguitre
mec‘ﬁHH ﬁkgﬁlﬁ b i RmhERd 's&ﬂnpgu;ﬁo?érﬁen@' Mt REBitdthe! sthleRice of said

i spl aying at |east one characteristic
cellas&tqdaﬁngchtvﬁead’t enepaharp@etdtic assbeiated evith shpprsrggiis islet cell
fron1the roup consi sting of an endocrine
PTOEEWTOY ﬁ%‘m@&P HAStype, an al pha cel | WD 2004/ 050827
PCT/IL2003/001027 75 phenotype, a beta cel

phenotype, a delta cell phenotype, and_a neurgnal cel
phehot y pBhe aBthodTofeclmion Ad0 wherenasaid fasditatiee pdicrensgod said

cel]a dls&g}%tngoa le%s a&*’f‘&%ﬁ;{ﬂa&%&w 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 or poly-L-lysine.

158. The method 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



associ ated with an endocrine cell precursor phenotype

is expression or display of an nRNA of a
wao eansssepti on factor or an nRNA of a gl ucose PCT/IL2003/001027

transporter. 160. The nethod of claim 159, wherein

said transcription factor is Pax6. 161. The nethod of

cl aim 159, wherein said glmdcose transporter is Qd ut?2.
pheddiype, Th&ectlcBR d[i}_fbfnoﬁillpé,l B 4816 cvheitrhotypéi andita Inedsinal cell

one characteristic associated with an al pha cel
pheligprot ype is expression or display of glucagon nRNA or

gl ucagon. 163. The nethod of claim 158, wherein said

at |l east one characteristic associated with a beta

celikophamet ypehot Sofs elagat B8, fwimneih h@idjaoupast amsi ctaravgeristic

of* expression or display of an nRNA of a . .
assocjaiges With ) endostrg efll PreAUREINPReBPtyRe éf freRgession or display of an

NS Ep O 8 ool spiaige v

wherein said transcription factor is selected from

the group consisting o dxl, .Isl. Bet.a ax4 .apd
i) 1 Pheggctiadiel A big. oteisin i Fastinnn B SPire
gl ucose transporter is Qut2. 166. The nethod of

cl aim 163, wherein said glucose netabolismenzyne is
gl uGdki MEeencth6d of dthien b, ndugrapd said glugpsegganspgrégras Flut2.
said at | east one characteristic associated with a
delta cell phenotype is expression or display of

SONRHOStAel thethbBof EREmMESHOgh@tinChad nt Uedst oeetRiricteristic
said at | east one characteristic associated with a

assoviatedwith apelphasiel pbenqsepd is exprassieroeradismer phelpergpen mENA or
| 2004/ 050827 PCT/1L2003/001027 76 169. The net hod of
g8 m 1, wherein said second set of culturing

conditions is selected suitable for fornmati on of cel

clusters including insulin producing_cells capaple of .

di si¥i3ayi Heg aethshgb claimap>§nwherern 84 rattegyl ¢y charactenstic
ass&;?act%) N$ i 10 13 dLP ﬁl@l&(ﬁ?}%&e q .Stefegfgﬂtﬁ&ngf}&\l;'\gro% NSdiskiNg of

of "an Increase In sal sulin secretion erein sald
expiéssigni & dispdhbuf amindRINAasf 4 tremsesipiori factaj ah imINA| of a glucose

secretion mhergin sai d drga,is | BMX, . dqcre in
trangppider; HE TR 968 BRICPSMGIREYSheemg, SHE RREZ bxi de,

a decrease in said insulin secretion wherein said

drug is nifedipine, and a decrease in said insulin

sect@t i oFfhenmetheidrofsddich t3ygvliesein aribdranstriptibn(factphés selected

netf hod of cl.aim rei) i.d s no .set of
ﬁ“%ﬁﬁ?5?*%@”“%%H@F%ﬁ%%éﬁgﬁc%ﬁ%@éigq@Bﬁgﬁﬁg&n sel ect ed
fromthe group consisting of a substantially serum

free culture medium a basic fibroblast growth factor
f r eb6cul The wmethediofglaim 163, wherein said glucose transporter is Glut2.

166. The method of claim 163, wherein said glucose metabolism enzyme is

glucokinase.

167. The method of claim 158, wherein said at least one characteristic

associated with a delta cell phenotype is expression or display of somatostatin.

168. The method of claim 158, wherein said at least one characteristic

associated with a neuronal cell phenotype is a neuronal morphology. ’



cul ture nmediumincluding nicotinamde, a culture
medi um i ncluding a synthetic serum supplenent, a

we edorss2nedi um i ncl udi ng gl ucose at a concent PEI/IIEN030f01027
15 millinolar or |less, and facilitating adherence of
said cells displaying at | east one characteristic
associated with a pancreati7e islet cell progenitor

phengsd. y pehd MethodWIicRE®. 1, Whtreid B&d RBEMAGeO Eill@ii LBﬂdltlons
wherein said facilitati n adherence of said cel
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ancreati ¢ islet cell praogenitor phenotype, |n cont act
tolkimidg, gp Jaeteases iy said ey seFretia 3@1@&1 isald drpg 1TIRMX, a

dec‘i‘&fs@%l s&ild 1ﬁ£tﬁinn%e%1?é%0n Whsh&h %aﬁla&hg S€ (Elﬁﬁg i€l a Abcrease in said
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producing cells maintainable in culture for at least 7 days.

173.  The method of claim 134, wherein said third set of culturing conditions
1s 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 phenotype, a beta

cell phenotype, a delta cell phenotype, and a neuronal cell phenotype.
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179. The method of claim 178, wherein said transcription factor is selected

from the group consisting of Pdx1, Isl1, Beta2, Pax4 and Nkx6.1.
180. The method of claim 178, wherein said glucose transporter is Glut2.

181. The method of claim 178, wherein said glucose metabolism enzyme is

glucokinase.

182. The method of claim 173, wherein said at least one characteristic

associated with a delta cell phenotype is expression or display of somatostatin.

183. ‘The method of claim 173, wherein said at least one characteristic

associated with a neuronal cell phenotype is a neuronal morphology.

184. The method of claim 132, wherein said mammalian embryonic stem

cells are human embryonic stem cells.
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185. The method of claim 184, wherein said human embryonic stem cells are

selected from the group consisting of 16 cells, H9 cell derived cells, and H13 cells.

186. The method of claim 185, wherein said H9 cell derived cells are H9.2

cells.

187. The method of claim 132, wherein said insulin producing cells are

syngeneic with or allogeneic with the subject.

188. The method of claim 132, wherein the subject is a human or a non

human mammal.

189. The method of claim 133, wherein step (c) is effected by administering

said isolated surface bound cell clusters to the subject.

190. The method of claim 136, wherein step (c) is effected by administering

said suspended cell clusters to the subject.

191. The method of claim 137, wherein step (c) is effected by administering

said isolated suspended cell clusters to the subject.

192. The method of claim 132, wherein said administering is effected by
transplantation or injection of said insulin producing cells into the pancreas of the

subject.



