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diabetes mellitus is a disease characterized by elevated blood glucose and the

absence of the hormone insulin. The cause of the raised glucose levels is
insufficient secretion of the hormone insulin by the pancreas. In the absence of this
hormone, the body's cells are not able to absorb glucose from the blood stream
30  causing an accumulation in the blood. Chronically elevated blood glucose damages
tissues and organs. IDDM is treated with insulin injections. The size and timing of

insulin injections are influenced by measurements of blood glucose.
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transmit/respond to neurotransmitters). Therapeutic intervention for diabetes

requires not only cells which express markers of pancreatic differentiation (i.e.,
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glucagon.

In one embodiment, the insulint cells are also pdx1+.
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In a second aspect, the invention provides a method for differentiating
substantially purified, insulin- cells to insulin+, glucose responsive cells. The
method comprises the following steps: (a) culturing substantially purified cells as

30  non-adherent spheres; (b) selecting cells by culturing in the presence of a gp130
agonist; (c) dissociating the spheres and culturing in the presence of mitogens,

wherein at least one mitogen is an FGF family member; (d) culturing the spheres in
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25 In any of the foregoing embodiments, step (c) and/or (d) may include
heparin.

In another embodiment, the growth factors of step (d) are family members
selected from the group consisting of EGF, FGF, IGF-1, IGF-II, TGF-a, TGF-3,
PDGF, VEGF, and hedgehog.

30 In another embodiment, the coated substratum of step (e) comprises at least
one of poly-L-ornithine, laminin, fibronectin, or superfibronectin. In a preferred

embodiment, the coated substratum comprises superfibronectin.
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2004/ 011621 P e/ ztﬁgﬁ%h glﬁo@&g&gro% ng '258&1 pises at

the coated su um o conpri ses
or aeasel(b mﬂ\&xgluﬁ:%d dn ahay@‘rembloriummttlkeelnglegiuocmhemdua, oftslm) (e)

5;\/'9&5 Iggeg&? ]Ieglzf‘cai% 61‘111ﬂ éruCtOSSFg 'lg]%) 1% S[Q)li‘l I%Hc’eerﬁecﬁﬁzl é;lrirg %%éee ﬁ’gm 10-

rredilalﬂf/hstetep(e()e) 5 corrprl ses at | east 11 mM gl ucose.

The gl from10- 17 m.i
St ep( o) 1 AREUER GBSO B G CPHRPBGY et one

nedifact6rauleateMfrog taé grogpsdnsions offsaainpPY YeHEE! &d fbiskdtin,

the grou Si st of ser

f or skol i E“arlo e&ﬂ&k"?fg‘?w‘étnﬁ??o(fj )nlé‘ﬁlﬂ‘XYﬂ Q'gsi@a‘} fg]?ﬁ%’ | Sgyaungpgent.
loeagh aopieferVEnBdEMait] 1he o&g)ﬁnblevatfhg abéhtas pll@teRr fi@fl the group
enbodi nent, the cAMP el evatin gent.  is sel ecﬁ ed fro

t he CgpBRIpe of GRY redVRgorskolppia ate,f ispbaid pqeﬁly xanthine, cholera

Na- Budiyr ad. @mmom@f’yldlmhg MANABL NiiB&anoFNOARIPE pdr@did: toxin,
8- brono- cAVP, di but’yryl MP, di octanoyl - cAMP,

per truestgdandio gplforsi; Fsaduepicesitiraseptorcagionisiss il cAMP analogs In

ot heerdlefied B5ERRE A8 InRP Al BENY IORRIDEE. I Bother
i5s fearbelinlenty. atl eastnotcheAMIS cavbiiid et , isagn |islgbitorope cAMP
CAMVP, e| gv(zt |tn agent is an inhibitor of cAWP
pho§1 REUCEeEY e Sse. In another enmbodi ment, the standard
gl ucose iiedn@hafenstiodimeft, )the:: staplaids glgcost assliat dsfas’uep?(ﬂs casm/ﬂ)rises
ar d

| .l t
meciigdhon 1 BT eforeo R ALBE ol ERG G i HGReRedia of
I'n sitdpl #f) AOAHHRE 1@@&@@11 maﬂM glubse. 20 sfllandaied glbsaiarat, the

e o SR B bt S Fpabcose.

addi ti onah hootieed ambbcﬁﬁ@mathe hdRtof sRp @t) baditioalls eblﬁﬁﬂis%Q at least
fromthe group consisting of serum | eptin,

ni c QP nAfPT Eelecterh (gAY fhecERUP £RBSIEE i JEIUm, et pgicotinamide,
enbogiigBntcoal R dxBRIA-4N- cells are isolated from

pancr eat IIr? oﬁeI esl’lf’b%glment the insulin- cells are isolated from pancreatic tissue.

25 In another embodiment, the insulin- cells are isolated from duct or tubule
tissue. In another embodiment, the duct or tubule tissue is selected from the group
consisting of pancreatic duct, hepatic duct, kidney duct, kidney tubule (e.g.,

_proximal tubule, distal tubule), bile duct, tear duct, lactiferous duct, ejaculatory
duct, seminiferous tubule, efferent duct, cystic duct, lymphatic duct, and thoracic

30 duct.

In another embodiment, the insulin- cells are stem cells selected from the

group consisting of embryonic stem cells, fetal stem cells, and adult stem cells. In



25 I'n anot her enbodinment, the insulin- cells are

i solated fromduct or tubule tissue. In another
wepmediwent, the duct or tubule tissue is sel et BUSINHN3ISS2

the group consisting of pancreatic duct, hepatic

duct, Kkidney duct, kidney tubule (e.g., proxinal

t Ubu(lm% enﬂioﬂfn@ént ttH@ hen steﬁi' defls ArClelectlatord lﬂﬁé group cons1stmg of

| act i fer ous duct acul atory duct, semnif

t ubuteatal gemeged ﬁtnea@ipreste%n p@,lISdp@preamwgnypﬂ% s@mcﬂerlved stem

and LNOLaRie stedPocfi¥Glver dtéhn %El%t é}{%th@ﬂéﬁg%ﬁ%ﬁé hﬁﬁlgt% 01etlc stem

insulin- cells are stemcells selecte rom 8

C o nsﬂieﬂfb 2Rg Hmenélmmql oteingcels. dimaseth¢rembodinght, dteaadult edexlns:plls are

CT/ %g%%%%?%%ggg‘g %H%I @r‘(ﬁt %1\4\9612 Q&%/dg éln(? il}ei item cells are isolated

ceI | onarag altelissee s¢leaen frhe tpe aarpupc ocmslssng g bméim spmal cord

Ct erlsstiE gl Bapeftet it R, ST iR BRRR 1m,
ceI Iledneb/,l bleddest esopleghs, Siung3 rdaiidoahisale, Sk@étﬁl ‘edcles .endothelium,
oi etl st em..cel mesench stem cel | %
TSR VLR FTRES Rt JRF epBm e <OkE §4 offictory
lios ol epitediuf. om an adul t tissue. In yet another
[ e stemcells are_isol at froman adul t

enbodi nent ,
tissue si’l‘ &8¢t E?:f SRR FdH“iﬁ‘hEoﬁ@lSs‘?gfﬁ‘ﬁméﬁte i Ao islet-like

Spi NddictGies d:ontaﬁiﬁﬁgd @istilirs cdIRl NMrSa REBREEL dMbodiln¥Y the islet-like
st onach, gigépélpl ntestine, large intestine, rectum

ki drigyctinsp na”@s&‘iﬁ?é‘b@é‘lcag%ﬁgandc%t%@“ﬁus‘@ﬂlé In another

skel géfaedRiildd@ne® O LR dod Mand B RAGtatidSEeH) §1tel'15<%1126d to the
cartl | age, bone bone “narrow, uterus, t ongue, and

Ig| fd@’flﬂlefly ofithe islst-{ikestrugie. | n anot her enbodi ment, t he
insulin- cells differentiate to formislet-1like
structures containing insulin+ cells. In a preferred
enbodi meht 2 thie pspeelt e kwentionr providees adthod | on aliffrentiating

con tsﬁbs’fhnghlgﬁprr@&gﬁene ?}1?&11& OfR{; 93t 1ﬁ§dhﬂi gﬁ%&% mﬁgoﬁ? a%.g%r The

preferre t he gl ucagon+

cel Imgethadecdmpeiads thed‘oltommgmepsi&) p&llturpigesuystmftlaﬂjn eurified cells as
sl t hj pe the invenption ..

Igr oﬁogé‘gﬁ%gerﬁe pﬁ%‘% gl?) gél?c e% ée I| atfl ncélﬁmnl?bs? anfunéFrFil media

pur istippaanenitaiiswith mardgedoplsintlo (a)nia&sbmaﬁng bk uploses and culturing in

responsi ve ce th ri ses, the fol
oneNR e Bt PRl ReufE AR TGRTS i pidihecp el @
20I {wlmrmghm spihtres phie pesentdYf 45 &laﬁ@\tvb aepvee fdcﬁ)rsbwr growth factor

cul turi in ser ree nme
Cor GEaURE S b 1ER] O e B R PO TYE [ Bfaut ik sphres on o
Zg g:tcgaérbch Qaﬂsﬂatlﬁﬁlelhll’gglf glﬁ&isa‘iﬁﬂdt& 3&’@9{? ?;Tﬁmr@ldttthf)Hérestlﬁ media
and a he og pol ypepti de; cul turing the
sph&Paining stapdar %E‘i%%ﬁg‘?égppé?m edjvathayicatiggmigeowt h

factors, [PéneFH®oliihchB®eGhisulin- cells are stem cells.
In one embodiment, the insulin- cells are cytokeratin+.
In one embodiment, the insulin- cells are cytokeratin-.
30 In one embodiment, the media of step (c) includes heparin.
In another embodiment, the growth factors of step (d) are members of a

growth factor family selected from the group consisting of EGF, FGF, TGF-a,



agoni sts, wherein at |east one growth factor is

FG--18; (e) plating the spheres on a 25 coated
waagpimeum i n hi gh-gl ucose nedi a; and (f) cul PO/ US2P03/023852

the spheres in nedia containing standard gl ucose

suppl enented with nicotinam de. In one enbodi nent, the

| nodidilp, 1 JGRIE PHATWARIE Snd nld) “‘n’&ﬁn@”‘:‘éﬁ@é‘&%@d i the
tEgng@xuﬁknp(QﬁkMSﬁﬂWemﬂkaM$aan|n- 30 In one
oo her M sty eBdifie P Eled fobatohh BE 58, (15 BhiNes fileast

mentas $)f @blyal -ogiitink hafadh, oibrémiid, yor Sepe@fibregkctin O1Th tah@eferred

3 A5t Bisaaatl siEsitn of gen (O cqngsist; SPERRNCQBCE

and hedgeh Qﬁothlaln eﬁlﬂ@dlﬁﬁﬁt eRed RPAtB® Nubstiatien  oMedd (&f comprises
step (d) .optiagnally incl udes heparin. In another

enb OB O 2 el &ederda¥tibst r at um of step (e)

conpri sesgy @fe dn@Rddimen? AR iBfuliRUells bie @Jo[h'tédrﬁd}?pancﬁﬁh@ﬂls@ue
fibronectin, or superflbronectln In a preferred

embodi mefit anathes cawadiawns dissinsuling felisrars fsefstedelyom duct or tubule

190 MRskiRESn SMRRL felPb@ARRAL tHe dubtbr 3R s ERRAM PR tﬁé@oup
coated substratumof stép (e) conprises Matrigel

cel lconsitting eefd pancleatje rduct, repatie  dupbokfidagynducty haﬂnfzmé@huim (e g
IS t
Cﬁb g dmgﬁl%lt ﬂ’uﬁ%,aﬁﬁ& {L{bﬁn %@Cc{ @@ttéag cfubts %ﬁ‘ﬁferé cﬂl@p Lﬁ%ﬁlatmy

nsu are 1 sol ated
or tduttubeminiferony wibule, effarena dottheystie dhadlymphatic du«:e agldi ¢ttoracic
or tuhule tissue is selected fromthe group
consi Sting of pancreatic duct, hepatic duct, kidney
Iduct, ki dnenyotheanlpaibedifrent the inprlinx icdfi’ﬂl ards stoml e@]ls déladtal from the
tubul e), bi.l.e duc
of i<y g Eon Rt e o Bt SR Freb st pts o
cystone edibodlimehty I’thﬁlﬁttwltCstdﬂ cells amdselebiod diminc thedateidp cdnSlsﬂnﬁg of
anot her enbodj nen

t, nsu in- cells are
2 or Bl PR S et B8 sleE s TraniEans s, Eoi e SR GG stem
cel lcslis, tatiat semerllg ﬁlvérss.telﬁdi&ils asdbthel il &BMGelld, BemdtBpoiddiad 8tem
enbodinegi, t he aﬁrlt s%&n1cells arg éelected fromthe
2r oGplise BRETEIENFY M3t St alSa i ajqthar epppemepfeilie aultste pells are
st eRttd Hom RABGNERENL Iﬁty&fﬁh&ﬁéﬂ éPnbo8#ient, @lﬁfslte‘z’rﬁ@klﬁ b@Nolated
cells, cardiac stein cells, |iver stem ce

enddtore ap sadulft tisgyec alqcted eethe Saruet ‘FC@S@FW’EZ braite| pigal cord,
and BRSRHKE, méﬂﬁﬂs h 68T ﬁ{/érsstorﬁdlhaé?ﬁllhﬁfestﬁﬁb@ﬁge HBtine, trB&um,

adul stemcells are 'isolated froman adult tissue.

| n yédnegnbladisr. esapfvaisawe, ciriac gausaiec afclaal gpuscles gndgthelium,

25  blood, vasculature, cartilage, bone, bone marrow, uterus, tongue, and olfactory

epithelium.

In a fourth aspect, the invention provides a method for expanding, within a
non-adherent cell cluster, the number of cells capable of differentiating along a

30  pancreatic lineage.
In one embodiment, the method comprises expanding the number of pdx1+

cells in an insulin-, non-adherent cell cluster.



froman adult tissue selected fromthe group
consisting of brain, spinal cord, epiderms, derms,
w@amgoemsl |iver, stomach, small intestine, | aPgBUS2003/023852
intestine, rectum kidney, bladder, esophagus, |ung,
cardi ac nuscl e, skeletal nuscle, endothelium 25
bl ood, vascul at e
ut er us, ondﬁ%n(gwam%1 agFgggcmg%nFﬁgggaang?hamﬁ@wrO%?FXL
aspesells intandnsuliv¢ nbn-adhepenoaellchbsten, whetrdbydaitl edx Bxphnditiagntiate
mntq )g ﬂn adherent cell cluster, the nunber of
cel I' % péﬁ & of differentiating along a 30
pancr eat i€ ohd élﬁl@c@lﬂneﬂtﬂhé) nethetiadixpamling thé ﬁulﬁBérfodells capable
onprls S ex % g the nunbiq of pdxl + BW' in
| ns R idHTerenigHn s %H?“G@é‘i“‘t oclh lingt. COHEPH\% % 4%’0“:?5!% 2“1a°‘d1°

PCT /nhbﬁi’eo%(e%%&ﬁ@ cellsre@die: @vhadishesn! , Int HiR mdaiqﬁent said acid
conpri ses expanding the number of pdxl cells in

i nshpek. compsisesaeiiarian eelisdn poido 8¢t for\gh ée.aétblyn%ﬁfa "In another

PdX|emtp@intedt, %J 15@([1&[‘&&%@35 duftulebdetls GEhdide 1ﬂeﬁlacf5‘xeat least 2, 3,
enbodi nent, the nethod for expandi ng the nunber of

cel 1% S¢&pZbBed ¥, df .t Ped o ilatmingical dngnethgameiodimang the

19€! lméthd?ﬁ&ﬁ@vrﬁ%‘ithﬁ cdils it BidiiB B! fof atl BashGh dJOC 45, 60, 90 or

medi a, whereby the cells receive an acid shock. I'n one

e rrb ddD rmmutes S aIn cinaidied embdidorntc tepnétbed conprises |cnlglrmel dells in
aag egﬁ ofel a{ 5 tai 24 %@ﬁg ]111 r@tlﬂ 1%thell @mﬂ@cﬁ{n@ﬁtr the method

nbo I me thod conprises culturin

aci diomprimslcalttirmg caltis in@eidic nediaor 2448 Bours, 7, 8, 9, 10,

g'ﬁe ig nil% hané‘tﬁer eml:)l'odélgénl?gu methgd %nlgf){] S5 c%HRr(ﬁ%I Ere"?fs] ih acidic

I5edimediomn thé pfeeasé ofl5y FGD mltfb@en ﬁﬁl arQ@emrthatllﬁﬁemmmtre&llular

In a er enbodi nent, the nmethod conprises culturing
cel 1% acidic nmedia for at |east 2-24 hours. In
still anmi faﬁﬁth&’r&ﬁbfbdmﬁﬂﬁ,, the h@ethed kotlpriee I’épl’hinﬁi@s cells 1n acidic

cul tur ells in a media for 24-48 hours

notta D BEcRRERE, OF e FREL TR Bo R APk At R e, facelule
cel |o$\MF"a1ﬁU«b1dh§111nl15d£f&ﬂh@sﬂefb1d he presence of an FGF
mtogen an gent H? |ncr ses i ntracellul a

SHAFSRN A gt S HEDHORBE S GHiStringdisls in acidic

cul tdianeh GRl présechéd 8E hslFGF 1HE6§eﬂ hi abd¥@ i S5REEE BifradNular
GF m. togen, an_agent that increases intracellular

CANPA@Naﬂ@WhPﬁghﬁWﬁ“%ﬁ@“&icortlcoster0|d 20 In stil

igﬂ Qelr n?ﬁ;‘glﬁgdl)ﬂgﬁéqforegbﬁ% ABbMALNE QFREd SE&t SEHhE Bres& invention,
the expansion medium includes follistatin and/or a follistatin-related protein (herein

25  the term follistatin-based factors will be used generically to refer to follistatin and
follistatin-related proteins). In one embodiment, the follistatin related protein
includes inhibin or another related protein that negatively regulates activin via the
same mechanism as follistatin (e.g., directly binding to activin). In another
embodiment, the expansion medium includes a follistatin-related gene protein. In

30  still another related embodiment, the expansion medium includes an inhibitor of

activin. The invention contemplates the addition of one or more of the foregoing

follistatin-based factors or inhibitors of activin at any point during the isolation or

10



media in the presence of an FG- m togen, an agent that
increases intracellular cAMP, insulin and a

weentiocwst eroi d. I n any of the foregoi ng enbodPeENSR08/623852
this aspect of the present invention, the expansion
medi um i ncludes follistatin and/or a

fol léx?% ﬁdn ét%l:cﬁgeﬁ %?;{, glllé\;]\inl(/%h%gﬁic%te égla{eg ?he aﬁfdmo)l} c%foone or

folll ase e used generica

ref enomcoffthﬂ fqrgoatg ﬂollatadn-fo@dethfgj_tqs ion -llrhdilu)redf act1v1n at multlple
prot el ns) one Hg g tat

o ouar S o e Bo R Bt Fibsiad Bfsdls o FullstPygbo bl fifenton

t hatconeg@tatesehe/adcﬁtgml dtods oaotorevofithy faegdolg foﬂataien based factors

chanls tati e. 0., directl |n|ngto
ot 19 R ozt in B e e e Raia o ot Bt g e o um
[ n_c: udes Iﬂﬁlﬁ}obﬂ thisf@égohm:;ogibgﬂﬁ&ng@f&ﬁ@dispé@Ioﬂthe lpfbséiﬁ 1nvent10n
sti anot her rel ate odi rrent t he xpans
i ncltieiepagsion metiym igeludss exendin-g ppd/ors@ Pr}\ﬁélﬁfeggwrem thc ferm

cont@npli aobistt WEl BelHeliigeRerRAIOREreBlr t6Rk&1dR-4,tREndin-3, GLP 1,
foregoing follistatin-based factors or _inhi ‘bitors

act i A ptEer CAAy! prsase inplpdinggminigéics ansh raediferd gfrderiygfizpghforms of
1400440 b 821roReIhSRAROBAQARES 2 The 1Rt th @BnifPlaRS Ble addition of

Simlarly, the invention contenplates the addition of
one e or e obthet faeeeing Ed&T hagomety gy Pt Berdwgthe isolation or

f act@bshsfi dritBbdl! (PhfarBf dRCHhlMiBn %Bnt%f)ltaieF’ e adBRioAto? one or
during the isolation or expansion protoco

Fu r tthese rrdrtes farproingnGERtl ageniston trewlitla peints #wing b dsobaion or
?arﬁfo rHPStSccﬁ{1 %’)ﬁﬁleﬁl%rg gcﬂé ngelgtﬂ)lnl ur : hia&ts h?esa%ﬁltlon of one

fac tors of actrvin
Idi f fazmeoreidttho forcgougx@hhdeagomslshhmng mheﬁdnﬁfemﬁha:time of expanded

for ec%ﬁé Y& H?r}?‘ijly € n%eﬁlontc%htgmgﬁpeg %ﬁ fltltorrl] SR Sgrqgéfé GLP-1

i nven expansi on e minc u es exen
and/ agnmsts @o®-ofie an aiomgfo(lismnmbaseﬂ Hactdre pnanyGidp- duriag o isdlation,

will be used ge refer to exendin-4,
exendPH=s™ %ﬁf% %ef{peregﬁﬁﬁ%lt(}@} éff:’ 1 anal ogs i ncl udi ng
m nmetics Ilaﬁlt@/ ofablé foredingrentbedimeatsioZ e ffspédﬁEf 0F pller iyention,

f ot 0|n n| sts nyentj on .
Don BrpPEEDHR foniier B T 3P RSP It embodimen
f or agOFGH nﬁeg’enlls 3geunddsttcin BGFSNFGPO, BGFQ;JFGBgotF@F 16, FGF-17
i solation or _expansi org?(?pfr otocol. Simlar]

i nveRt iFH-Eonlte At menfy et F G mitogghis SSFCte‘iln@iOé“ BEF-8,

the e epehdBGEIR: Ina8aRESdbodimdit | thd PGE RiRjeB & Qilcled%rom
the isolation or expansion protocols. Furthernore,

t he i@réhti on contenpl ates the addition of one 15 or

npre of the,f Wtﬁ@ﬁ)‘ré@gmgeﬁfb@dlﬁﬁ%'oﬂlﬁs Qb'é'dt BBt Pfesent invention,
differentiation of expanded I's. Additionally, the

i nvéhe pgant dighdrngaisest lé%aOPH‘éara@‘?dMPl w@h bsfselsaied dronnamyeagent that
G-P e%evate?gﬂﬁhe?ﬁﬁr %ﬂfé/gﬁnﬁ dak eEBB&mfeﬁtl {He%%%llyseﬁ)e%?éﬁq'rom CPT-

actors at any ste uri ng expans on
an d JodMUY fofs@plgntN@But@ﬁteoﬁsothI oethykanthine, cholera toxin, 8-bromo-

cAMP, dibutyrl-cAMP, dioctanoyl-cAMP, pertussis toxin, prostaglandins,
30  colforsin, [B-adrenergic receptor agonists, and cAMP analogs. In another

embodiment, the agent is selected from forskolin.

11



In any of the foregoing enbodi nents of this aspect of

the present invention, 20 the FGF mtogen can be
wa@edoeotwel from any FG- pol ypeptide. I n one enbPdi/bg2003/023852

the FGF mtogen is selected fromFG--5, FG--7, FG--8,

FGF- 10, FGF-16, FGF-17 and FG--18. | n anot her

enbodi meny any EhdfokegdidReMBdin®nE F 8 £ cftBPfﬁb Ff f4

FG--17 and FGF- 18. Igﬁnntgnot her enbodi meﬁtt3 ’I:) 3 mvention,

m t dBRFPriicosteEnid eanckp selesisd ﬁp@mmomzsst@ﬁldaﬁgf om emmdunent the

for egRicBgeROdi RBO& Ofiorh Nk AFBGF! ckishidze ﬁ%ﬁ&ﬁeﬂlamne

invention, the agent that increases Intrace

c AVPygmRorbigonse ceiEisa. Pregdniselaye, agrshtlpredisolons) @\Vc’amcw@lone and
|5nt NReS IffALcﬁfe CAVP. In one enbodinent, the agent is

sel ect e rom CPT- cAWP, forskolin, Na But yr at e,

i sobut yl Imendgmbedinent, ths, lllwlhm etlaate dsolated mebpmmatlcms‘E’c

di but yr| S ussi

pr ost agl gﬁpﬁ@éﬂ%ﬁ%ﬁ{% ) ﬂéel fA\MDiClB arens? ng F%% élﬁfto?r tubule
agortisstes In ancthag AMBodimah gs. dubtor alﬁiﬂlﬂdﬁtesrsue xerstiedemﬂmh the group
theaent I S, sel ec edfr for

2004 G SR R0 duro ks 3 kiimomdhnbidner dduinges.
lenb dixirealt mibol, dhbtalsuﬁelp)ad:ﬁlecxiuct, hexr RIuets edatifekdid ediict, @hculatory

th t t b | ected f
cor (oSBT HRIE R SR EHS dbhobm B duss cas rarci

is glettected fromt he group consisting of
dexamet h?sone [ﬂﬁdr ocortison cortisone,
Aothere

predni so OHipeRty ffiesiBruine cells rare st 611 prlecteginfom the
5 beta ﬂ%ﬂmm?%f ehBryoRie sRQMk, el sterh BEI! élﬁladhﬁ SRS, In

are isol at ed rom ancreatlc tISSUG I n anot he
lanb &8s sERedimepte ﬂren%clslll‘fu sem cally are selectpd diony e gr@tquma@tmg of

or thbhbl fem tcbBS Ubur allI dles® @t@ﬁqh&qls %ﬂp&gdtﬂes@in cdREsiGh ﬁém@ﬁ stem

tubule tissue i s sel ected ron1t e group conS|st|
of pellscrasdiar stegells, livs sten @llwedothquatm@y Cduchemdtmi)mrp stem

tubylbis 4R 1Qesen 9mIQF§%é$h ?%is %}ﬁr elgbécfuﬂ!e t, ty‘? L& s(‘:t]en? {;éll% are

dUCt fear duct act | I ous uct e aC
S ema@lat@rfm an @letltlésueeﬂlf pot enethet lsrmfos)dlwst the S’d:ln:ctells are isolated

22 zbn‘%gﬁlt b¥ aQHI? ttrssﬁngleltcgﬁ rf’lao% Ghe %H)% co%zgélsr.;c]%ge?fh Gfain Sglélfll L aord,

I ment, the 1 nsulin- cells°®ar | s sel
f r onpiti¢renis, glﬁmup p@mﬂasslll\iengtamﬁach;rshraﬂonteslms,tlengb tetdise, rectum,

ermo S S P SoppBE. Bl bude? e’ Sl e Bpinelim.

gr obpodovscsitiureg catilaggubdak, soninaedw.SutefisUoabud 288 tolfactory
stem. cel, .ls, pancreatic stemcells, skin-derived stem
cel & ‘éfpdl ac stemcells, liver stemcells,

2&ndot helial stem cell S, henat opoi etic stem

In a fifth aspect, the invention provides a method of differentiating
substantially purified, insulin- cells to insulin+, glucose responsive cells following

the initial expansion of pdx1+ cells within clusters of insulin- cells.
30 In a sixth aspect, the invention provides a composition of islet-like

structures differentiated by any of the foregoing methods. Such islet-like structures

may be differentiated following an initial expansion method to increase the pdx 1+
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cells, and nmesenchymal stemcells. |In another

enbodi nent, the adult stein cells are isolated from
w@mpooagiuléel ti ssue. I n yet another enbodi nent, tPET/ESM031023852

cells are isolated 20 froman adult tissue sel ected

fromthe group consi sting of brain, spinal cord,

epi d r L "
i nt ‘éej]% in |°§‘r5%}é°‘ ? {% ﬁl <t r ieﬂc%{g’gefeﬁid ey,m%ﬁwé] islet-like
eSOEthﬁgmés, cbntnig, insalireh aglucrws crbwonskeelcelﬂsal huswobther preferred

ggggrtn g 1'}1%@ t&? le?s 111(%/ gat%u% ur s a dlt E&[lé/' lc%gtain bgcmc%gon-% and
epi tdigltdsttin+2&114.n 1A sfuilfetnbthas pteﬁarl;edtdm@bodmﬂantme rglucagon+ and

rovi des a net hod of di entJ ant i
B p roaeramh e e currblohe Parshiy A e gAY
responsive cells followwng the initial expanS|on of
pdxl + cells within clusters of insulin- cel

si xt h asifedtsevenHie asnsctefis G e‘ﬁl"&vl?ralé‘éesaac(i?m%%‘fl?l? 6’|’£1 IB“TU%M

| sl efycdse kx%spoﬁ&ﬁé»‘ 6d114T @ffeidhtihQr BPhhRbe %ebﬁbre%ﬁ}hgoﬁleﬁl&ﬁ Such
foregoi ng nmethods. Such islet-1ike structures

di f insulént i gluesse fresPPBsAIeh Gelin Mai be AifteasnyaiRe %?Howeltgh%}a nital
lg m}:)@é&%@%e@h@@ toPHXbse thb%d¥0- &PHiRhldddrs of insulin- cells

023852 cells within clusters of insulin-
cells. In a preferred enbodi ment, the islet-like

structurgs, co; Qgé’tﬂl a@%égp schgngﬁgntlogl & 4 Wﬁfcﬂ eof el Icfusters

I n anot her ment, the islet-|
st r expandels badtiietmethedsl pf @hﬁwtpaasmtgmueia@enw zmhlde an increased

somat ost at i {
errb SEPA 18%1,0@ tpﬂ):{;’ﬁ- ‘%ezlcszah{]o (r)]r?e éllll%)d é?lté 2[% {:%fschgstqi&% Egr(r:lg 1ﬁesat least
18re lbxﬁaé,l pa-Eald t ﬁO fdid (fiﬂefOiICb P&QnybldofOI t 196-fpld| more| pded+ cells than

Zt 25 ngﬁ {n 8'%1 cglfs‘? ?%\éelﬂ 'y S’epno‘i: fev1% sefy e)g)\ég&hlbgl%eoﬁlgt}{{)(gseo?f the

ucose responsrve
di f pesaitinahiech. biy aamyiexoémttoldme‘no rtkmgmllrrgustﬂeft bongise Suehst 100-

i nsul.int
o 7 fetor it BEF I P ARttt i o T Gslpldn gy Bpp-fold more
et hag+ 1l Mthedsevddia cpilslusteseitlich weremonpreliosde egpanded by
insulin- cells In an.eighth aspect, the invention
2Br O\F}iedégh%fis%%(%?s?l?té‘wegtfoncel | clusters expanded by
the nethods of the present invention to include an
i ncreased proportion of pdxl+ cells

enbodi meht 2 ninfeaspest) thanggep%qnspr@m ﬁngtgocgt f%f Hgating aspatient by
10 ftx?hé?)ian?igg 2OthEhe, ﬁ)eﬁﬁﬂl@/l Skrechb hiabeht c&oglﬂcldékéj aes@cﬁnswe insulin+

ol'd nore E + cells than observed in ce
c| us;p]éer dn\ghe enbegimentbe Slyease FEPRIISY CcRpliAg &8 qupﬁée islet-like

2'§Et I@%ﬁ’&mgg tﬂeonep Elfxﬁ&f‘lhedtn‘flﬁenbétféﬂt id B @ARhNdtient. In another
I ment he ce clusters conprise at |east 100-

f ol etmbwmen‘ol the 20tertohes, 2®ndispe, clrpsmicriged) by an impaired
275- rgs%!)rgs‘weﬁgsg tg %1ugose9 rSu@QQoJaﬁ’t&o%s e diabetes, obesity, cancer, and

pancreatic injury.
In another embodiment, the invention contemplates that the insulint,
30  glucose responsive cells may be administered either alone, or in combination with
other therapeutic agents or regimens. Exemplary therapeutic agents and regimens

include, but are not limited to, insulin, diet and exercise.
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pdxl + cells than observed in cell clusters which were

not previously expanded by 20 the nethods of the
w@e@sente2i nvention. In a ninth aspect, the i nvRCI/U82903/023852

provi des nethods for treating a patient by

transplanting a therapeutically effective anount of

gl ucose responsive, insulint cells. In one

enmbodi ment, the glucose responsive, insulin+ cells

conpr i se I gl tenth|aspkast, 2Be gvewfonuprevides| for theeusendfddsuient glucose

t he e

e AReLEY oq f o R IR ERRLY BEL mclh 08 O g e sopgien in =

by aatientpelierao sald espidtivg ivenesrizal byl andaswitioBinche ability of said

ondj n3$, 4N i_abe t obeS|ty, cancer, and

S o R R ek R oc rent - the

i nvent i ofin caret enpbdimest, t that conltigion namiprﬁds d1a3>@te@| UQ@SﬁlOther

responS|ve cells be adm ni ster d el her a or

o RamBieS S Ginfion SomBT: M PFL i pot Aok & BF Panditas. mn
r egIaHEtﬂSr entboEFRInG fihe doh&ﬂ@ﬂ@diﬁﬁrfse@@ﬁﬁﬁiﬁ/ RN aﬁ%gésg%ﬁﬁle B-cells
i nclude, but are not limted to, insulin, diet and

exer¢{E@anereas\p 2004/ 011621 PCT/ US2003/ 023852 In a
foenth aspect, the invention provides for the use of

i nsulin+, glucose responsive cells in the manufacture

of a nmediaredevendr aspeetatihen givanticsngioviden ai method of priming a

pat 'p%ﬂ&latldﬁhgf @élﬁeﬁ:%ﬁtlufeo lelnﬁnllﬁﬁ% aﬁlnﬁiﬂgrs%ﬁit ng],s cg}’{ %{Edla

inhibition int Ity o at | ent
pr opear¢by previdivgdmntagidi shools avhichrpriree seidtvel amhms pi’@motes the

condh Ol GRTRLIAE S HhaRSIRP: ot another - enbodi ren,

lon conpri'ses an infury to or a di sease of
115 h e pancieas. emhmdurmnt)tﬂtaemdmﬁhod{ mmrl,sestdmﬁumtg‘nmd detlfin acidic

edic’ae )3 Qtnleésmoﬁle %m}u il aflp tﬁiel %1981 eBt il e ac{cﬁc_esﬁq%lcllc gomprises

€ pancreas. nan ‘el'even
| nvemltturmg spndcmllszlmsaca:lmmemadorm‘t lqasti 273N4, 3 6, PORYL a0ilani2, 13,

IIs | ture onpr, Sing. culturin ai d ceIIs
O 38671 Pl 1 GnaerTresR it i fetfe ARedi o gt utring
vm| cid p;enmlsacsca& chearl fos aleght 1t hUR0, @k, 06[Dt9630rtlbﬁ migfted. | ¥y still
f t hese Is t o _expand.t dxl + ce 15 In one
2B o GO R SO IS e A L O e RGP Alccmedia
cel If@alt[eagchmlfbursrredl a for at least one mnute. In
anot her enbodi nent, the acidic shock conprises

cul turi n§ €% embediment; the gelishre stemdelisf & avgther emhodiment, the
3, 4bem5>e11§are beledled Pom U gr%acoﬂﬁstln% 3f em%om@ Eteﬂi%ells fetal stem

m nutes. In another enbodi nent e aci di ¢ shock
c onﬁ‘?lissé@ adyltsighy gefs. In another embodiment, the adult stem cells are selected

25  from the group consisting of neural stem cells, neural crest stem cells, pancreatic
stem cells, skin-derived stem cells, cardiac stem cells, liver stem cells, endothelial
stem cells, hematopoietic stem cells, and mesenchymal stem cells. In another
embodiment, the adult stem cells are isolated from an adult tissue. In yet another
embodiment, the stem cells are isolated from an adult tissue selected from the group

30  consisting of brain, spinal cord, epidermis, dermis, pancreas, liver, stomach, small

intestine, large intestine, rectum, kidney, bladder, esophagus, lung, cardiac muscle,
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said cells in acidic nedia for at |east 15, 30, 45,

60, 90 or 120 mnutes. In still 20 another enbodi nent,
wa b@4aciedi c shock conprises culturing said cel PGI/US2003/023852

acidic nedia for at least 2-24 hours. In one

enbodi nent, the cells are stemcells. In another

errb%«liblmamnusélaee C

group consistin ndg%%mnngfl%ﬁ ?Iagctug%rge%afﬁ ée; gtméf!f hb% e fparrow,

cel |uerusy fmeae @nd odacsayy epithebum. n anot her enbodi msnt

the adult stemcells are selected 25 fromthe group

consi sting of neural stemcells, neural crest stem

cel |'s, p&hcr dwuelith aspeasmthee ihvsntiak iprovaties i aIEdmﬁlto@éﬂ method of

el | S
gndo %&?Qfg ggj%ué{r%?cryéclef%h; Omﬁg%/o%(ﬂl&'t‘ri“@ g‘tee%fs&eél qfgcelly iy the
mes expseieed! Broteasec KX, Ihmrmrﬁntﬂﬂ)dhnenertbedblﬂﬁé% stdnDQells. In
adul e ar,e i.sol ated fr n.adult tissue. In
yet ohotB o b sth S i et BHE it ST T o, gty shniighing of

f r oremdryoaulstent icsld)efemil mﬁ eaélli r o0 tdaelt Gh@PceBY.  In another
epiderms, derms,

consl a na

panc r@é@g I,{%eraduktsg%%ﬂs epte ifronp e gﬁ(glp qog@@t@g of neural
1Dnt et cedls, nieaed whast kibdnels, pahaeliie lstenf SQRNAGH Jerived Rebm cells,
cardi gc _nusc 14 WD 2004/ 011621 PCT/ US2003/ 023852

ske |°@?‘£F S‘i"fﬁ‘s‘i‘?ﬁ% liveniicsn rdls; aptogliab sigm opHs dematoprietic stem cells,
car tand ﬁ@@enc ,stebﬁ) RENITBN] eWbther WhidoHnent, GRI le’lﬁult a88 cells are

olfac ithelium In a twel fth aspect,
i nvésﬁ 0,5[5) Jisgli- lhyst guiler smbpdiments thestem cells are isolated

di sgomi @d ket leﬁieuﬁle%fed Qfont §hd %rougodmglkt gngf il l:~l,f51nglgcord
t he cI uster of cells in the presence of “Protease

Ixx1 epiderps, daranis peredeaseliver, stommcleiall intestinetlenge Geéstise, réaum,
anokfagsy, ek '@%}ﬁlagutshﬁmét %S?hg@ Hu§cl@rs?<el%ﬁﬁ? sglg entdg{n elium,

the group consistin oni ¢ Stem cell
st ei’%%e’qué‘ﬂatwi‘?d cardl Q, 131119,rrb@!el harrow,nutarmst imﬁgue, and olfactory
BB, the adult stemcells are selected fromthe
group consi sting of neural 10 stemcells, neural crest
stemcells, pancreatic st emcells, skin- deri ved stem
gells, [ S er. st
2endot hel i Zﬁ'ﬁ? ? gl}% %’g{gpﬁg 2 ﬁtﬁtoéglbe 'aYs log’teé‘ﬁ?@é’fhege specifieplly
rresmtcmyerxatesssml’enf aediven. mhiker Bobant 1€ rE0R@HFE e, exipREsion of a
|s are oatg1 froman adult tissue,.

é&l°“liaré’{ ‘F%“P 2 s eT ‘“‘.‘M’P&lmn}uﬂ 10pehginisty| Sonexemplegngyliyt or

f r oms@m aﬂjmbztnt to Bslicatesiedt aqlivgl bl @Rpredies BE@Mprotein (+) or does
con3|tst| % br altn spi nal cord, 15 epiderms,
der W' §TP'p ﬁlg:siugggro §i Ghr, stomach, small intestine,
2 arge intestine, rect um Ki dney, bl adder, esophagus,
| ung, di ac nuscle, skeletal nuscle, endothelium
bl ood, \a}'%‘?cl}‘iaﬁtﬂ“@r af they presentgversionewilh simplayarundass otherwise

ut eidiSated, RBHHAtiordll tecRlifiRE LPEMI biBRED, MRl re, molecular biology,
transgenic biology, microbiology, recombinant DNA, and immunology, which are
within the skill of the art. Such techniques are described in the literature. See, for

30  example, Molecular Cloning: A Laboratory Manual, 2nd Ed., ed. by Sambrook,
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning,
Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait
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20 In any of the foregoing aspects of the invention,

except where specifically noted, expression of a
w@raeiiwsar ker is meant to conprise the expressPONUST003023852

particul ar protein as neasured by

I mmunohi stochem stry. For exanple, insulin+ or

i NSyl Rogd) SRR Nt af 0.4, @Qde&?&f 4143193 Ml YEDALE Hybridization (B.

expresses |nsu I n pro elrn oes not express
i nsd. iHanes & 8i h Higgins «25. 1PRE); EaTraastrnp@en 40d Trasslpiians@n D. Hames

| nvenkl phkih! R }Gc&ﬁﬂ{;%@m?h@?é% 8. LIFMKE] Ak R, Liss,

conventi‘on echni es of cel
nol doal) 4987 bhmaghil 1zedt @dtss@mhiEozybn&sl @Ry, Prmspﬂ@ﬂcﬂ),oBo@yrbal A

St PPty VAR TR e W B Bl M ek oey

lit e{Aazidafrmc Pi®ex Ind.,a¥. YS?O Cﬁmaﬁrahﬁer Wedt@s FoaMa@incaihiein §ellsAJ. H.

ana Wiy et Y Fedietps &t 7 6P Boserihg TP drgoreiopgs Mefbas In

198%nz Mgﬂ\ﬂﬂé N4 andSYWRSt hl. adsc) Inkm{rddchdMhicdBMatiRyds In Cell

ed., 1985 eotid Si M. J. it . 15

WO 2“8’(‘5‘41%8%&‘6 g@’ﬁ’ @ém@%ﬁﬂ% S%dgca%i‘%j’)“escﬁcﬂnldf’% 1987);
®t Handbbok. OPBK Ime?}ﬁl [mERse Woltﬁ%&' 1eine (Beid Weir and C. C.
Hybri di zati on ( D. Hai nes Hi ggi ns eds.

198 Blackwetingdsr.i PI36s Marevlatigribe :M%ﬁ E(l@rm (Colgi Ardng arbor
S. ‘iabé’f‘aﬂ)g}b ﬁ%sse@%}d Sls%ﬁé){’aerJNY‘r @96@38'6‘”' mal Cells (R

|. Freshne Alan R LTss, Il mobilized

CelI's An@t i%ﬁr@s endradvepiages of Ib%ar)venten ol beaappargnisirom the
Pragl &ghe %alﬂe% éi-sg&ln?{%ﬁe‘éﬂd mQHe%{lﬂg (1984); the

treati se, Enzy ogy Academ c Press,
I5nc., N Y.); Gene Transfer Vectors For Mammalian Cells

o W&Wﬁms SEnzymol ogy, Vols. 164"
lﬂ‘talewﬁelsarl Dra n Enzyrml ogy, Vols. 154

and H@ﬁse (I\Ahow,*zt that diffedstidted ishetilreotttuetries avIrOdveetdh@m theymethods

Aca é’é h B; Fseg CIHY_%n Ena?e 9 %W%gg éiin dbod l%e st?uc%ul &S were
Expelliﬁfdm[tta&ld hdmineuitoted ghisoudoste ey id the ‘qére(sBlcer séh@inr and redther 3

P4 F R i T BB i P P P s ona o

Spr igh@okiabh atleadihgy insuli 8 AYdditichdly; the atediae®aniBipplemented with

advant ages .,of the inyention wll. be ap om t he
ol FERIRGN itk APHRaE UG R ISRPTSiEST Pols Riev LR mipichies 1o

15 Egehloasé edhéRSHERL infldOthet dvektbM eﬁzmmsqeﬂngmn@ 1apt51h @vonyl

that differentjated islet-like str L(é: rochil

USi I’?Q"At Hécokigamigg)s or hedgehog polypeptides esert Indlan and sonic). These

25  factors may help prime the islet-like structures to respond to glucose. Alternatively,
these factors may help to recapitulate signaling that occurs in the in vivo

environment.

Figure 2 shows that differentiated islet-like structures produced using the methods
30  of the present invention are glucose responsive. Similar to the results summarized
in Figure 1, Figure 2 demonstrates that the islet-like structures are glucose

responsive, and that factors including malonyl CoA, exendin-4, nicotinamide, and
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of the present invention are glucose responsive.

Islet-like structures were differentiated, and
weeiosirwell t hr ough step (f) in the presence of BEr/US2085623852

either 3 20 MM or 20 mM gl ucose. The graph indicates

that the islet-like structures respond to glucose by

rel .

su pg%ﬁinqg%}; %sféljm 9 ﬁrth‘%A %g n‘tlla%rt@\e}]r%%ontspgneegfgflttge %‘%2—181%«3 %tﬁlé:tures to

respghmsbazeness of the islet-like structures to

gl ucose. These factors include the cocktail ELM

(exendin-4, leptin, malonyl CoA, nicotinam de), or

hedgrfieg Jpshopaemhi dﬁ&p(adtﬁ’&ﬁlr bf id Rioadiffendhtal) iha@)int, glucose

These 25 factors the islet-]ike )

o et R e ey wResPilE eis0; bRl blogd gncose tevels in
t hessTZ-aedia giab@i 1hfbbp NOD!RERRntald alie ®ith Iﬂlafnhaﬂgaléd’daglucose
occurs.in éhe in é% enV|ronnent dgure 2 sh

t hatle¥ls PloPlsiq el weeg wjecied wathey sipgle é%%tt@at%%tacm (STZ).

usi ndick REtHTB e dSlucdPe Rlvelt BRr BEG M dnNMRNEIREEUBYE days were
gl ucose respon3|ve Simlar to the results sunmarized

in Amglanted subgitangpusly, Wi fotstpingd aeleasn Rovinp énsplin dpplppty eTwo

L T Wb ylaes, zﬁlﬁrﬁalg W&Q&%Splﬁlﬁeﬁﬂﬁ%éﬁcfﬁl raa bt Hah vftﬁp&ﬁél%ntlated
I ncl udi ng mal onyl CoA, exendin-4, nicotinam de, and

16 \Wubiod4iepe gells pCTrsulip dlsasny2 8¢ ered| eptthen beipe Haplgnt was
to fﬂﬁlff@ﬁxed kd bt @Weﬂt I'h?texr %‘F@So&shﬁfﬁﬁeéél %nstpﬁﬁtatlon t% ensure

i slet structure cose. Figure 3 shows
t r aresptafinmeat ¢fothe ofllsi rF cxtlptvmg refhf¥ad 10€ Hiei kotvind , ingubis dinplaat, blood

gl u Ahidse ?evé]?ﬁ@?ﬁzﬁgé{& bOEEN 9 €54 Tughfil ot g@eet?r?lgég!aé%d with rat

rescue norma gl'ucose I eve

i abeltis €nd/Deand NniSe irehsplemed withiic eitrwidi fiererdiated) inblliod diuman
gluc%ﬁe 5%yels of 90-120 ng/dl were injected with a
S|ndi gb ‘of streptozotocin (STZ). Mce with a

bl ood glucose | evel over 350 ng/dl on two consecutive

days..wer e | ant ed . su aneous sust ai ned .
ol b i ohdtB FRoETR AR g Grauh T Epeptice
ani lIde&lmﬁfuﬁodsE@@SﬂVHra@Eﬁ&nmﬂ tshk @ictieifier diloddsStlatse Qiraluieﬂ had
vitro different,] i nsul.i n+ man cells.. Insu

%her 128419 § tEg, Presence gt seqteted hyjman, 11‘1Wé1§ in mice transplanted
mai ngigl Redad edllss Q‘\Vcﬁlnfaﬁtﬂl‘gsse@fﬁ Sdmpl&| Wére Vbtae & dNE ed)ﬂtrol mice,
transpl antation to ensure engraftnent of the cel

Fol I™BikF Hgnsplantsdayithort isles, prolnie tiapsplanfsd Withinatro db‘febeaaated
gl UGESSink VB BB MBI ERD HeHEMB RN mha GefiB{ mveﬁ% a posmve

mce transplanted with rat 15 islets (n=2/2) and f

i cecoﬂ’f%lrfgbflhaﬁtséﬂmﬁﬁhf’@r The grarhrshoys thpigpndisptednisg test negatwe for
QSnSlﬂull‘rféﬁ %ilé ?ﬂlécnt‘r%{sﬁllmte(’l: ! & s Qﬁ’t‘f@eﬂtﬁﬁed insulin+,

results o 0|nnunoassay human 1 nsul 1 n
C- pépmnad@ells test positive for human C-peptlde

Figure 5 summarizes experiments demonstrating the effectiveness of the expansion
protocol (in the presence or absence of follistatin and/or exendin-4) in increasing
30  both the number of pdx1+ cells and the total number of islet equivalents (IEs) in
] comparison to the multi-step differentiation protocol alone in the absence of the

expansion protocol. Briefly, the use of the expansion protocol resulted in an
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Radi oi mmunoassays were perfornmed six weeks after bl ood
gl ucose values had 20 stabilized to confirmthe
w@e@geneel of secreted human insulin in mce  PCT/US2003/023852
transplanted with human cells. Non-fasting serum
sanpl es were obtained fromcontrol mce, mce
WLt £y ¥ty §iRleadeSh BlSi+ RNar 661 1k AR ARLRo th
%Pllr? {/]lltltr}cl) dlc??errﬁeeﬁte] a? 731 ms% ['1 n+ human cpg o Heuse
Anal of diesnifistgp @éﬁaph@at@ﬂ phatierehalere: ukdddonglsy smmlealentatlon of the
p03| tL ol
f%téﬁ do Jﬂ tfle g.{l?% }%gto?éli?}’flngﬁ%{wfbﬂlstag H%r %}éﬂ%hcombmatlon
C— pe:;ft fortlnsiatmm axhde em:ﬂﬂel 4 rlaﬂétpﬂ aint ed28/1/| tdid | amldv B®( dold increase,
|ffere te ell's test positive
gor rﬁslﬁ’ﬁ%wegf Bl%ﬁfh %dé{lhﬁals apd 1115"%3%1'«%&“ zes experinents
dermnstratl ng the effectlveness of the expansion
pr ot ocol e bresence. o nce, of

and/ 6$ur%>§eﬂ1t‘f ﬁ a4f WW“F%P%Q@’TI o 360 S "?Jﬁéel u‘r‘?b‘i?p Ypsters
pdxlchltged luada rﬂpiﬂ@&mtcﬁmﬁhoﬁmﬂeﬁxphﬁslcﬁﬂ coaditibivsadupplemented

(I Es arl on to the nulti-s ffer i.ati

pr ot IoIGRS Bha Sl GREBLee el @443% of JliSedi o the
10r ote@ﬁaﬂsmnaﬁddaﬁﬁ Yherdaftd thiSimiter bMRIx@X BEARSH 66 P RéPOQulture in
resulted in an 17 WD 2004/011621 PCT/ US2003/ 023852
appreékﬁqq’&?émvl"@?laﬁlﬁp%lfqnﬁ&t‘éase in pdxl+ cells and

total IEs in conparison to the use of the nultistep
differentiation protocol alone. Additionally

supplighet gorsre eqmpason phpddrtscells agd jipsutizre c@i@plan@ﬂloﬂustels
Protfithd Whidt Rbifh AR dnfler bkl BngABR! HBblkRBnted

statin exendi n-4 resul t In a
1and v@dofotlistaginjand pxeadia;4. Beparspdis demepsyrateitipt bd;tlhormf@Histatin
ceI I C [
t§ tl"f‘en%fﬂaﬂsﬁrpb%hlulnlElﬁlﬁr_EEggg lﬂl?esnlﬁ?]gégeﬁdfi‘lﬁugét’fg af c§198ar%t)n to

cuI tculted inerpensiexpedisn davkingallistaitons or under expansi on
conditions supplenmented wth follistatin. These
results denonstrate that addition of follistatin to
t he lldiaimdﬂae%iimmmmdhumviemmneased t he nunber of pdxl+

eI I chg?.nBarl son to culture in expansion nedium

ac ng ™"%8%¥atin. Figure 7 shows a conparison of
pdx| + celFoBcanehiénts) Udei‘tdiht te@?@k b@plopecialthe spbeifitios, examples, and
culture rg“g der ex (8{11 condi ti ons or under expansion
condPPTIERL © m‘?ﬁiree %5 with follistatin and
exendi n- 4he Témsadlfeeaw rlafiixd QOB 6 BR! MatkiR@at @fiﬁahotds @Bhédénce of
follistati toth xpansi on medi ym i ncregsed ¢
nunts&ps Blfaﬁtaxa (e capasefi C@ﬁﬂ% joggpng gupe r@w@l); rFxemplary

WX PIRFHER nﬁﬁwam I 8altiR0 f(Ble&Idt&f-EIdcﬁ‘lsonl})et 1B matrix, and
Description of the Invention 20 (i) Definitions
superfibronectin. Matrigel is derived from a mouse sarcoma cell line. HTB9 is

derived from a bladder cell carcinoma line (US Patent 5,874,306).

As used herein the term “animal” refers to mammals, preferably mammals
such as humans. Likewise, a “patient” or “subject” to be treated by the method of

30 the invention can mean either a human or non-human animal.
“Differentiation” in the present context means the formation of cells

expressing markers known to be associated with cells that are more specialized and
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For convenience, certain terns enployed in the

specification, exanples, and appended clains are
w@odosecteed here. The term "adherent matri x" rePEr/BS1003/023852

any matrix that pronotes adherence of cells in

culture (eg. fibronectin, collagen, |am nins,

supealésbbfoomslm ) terntEXe@ R i S ¥ntiadodl déﬁs flcqSdld

Mat r | g (Becktdgn Di ckllyrr}ison) HTB9 mat ?I?% (W:%‘Hg& division or

supetifisirtitiont For exNaplei el papareaiisronte. fifisrntiatiprse be seen in

oo BB 18 SR e SR Ao o5

her @prthetliabcetllethat Idraducﬁimc‘reas@famwnls«»f fmoutinal s, preferably

mmal s i kew, se tient' or
g?u bj ect ﬁ?%}gl ptm% uc eby 15 frgd rsrﬁl%or%lao'gs?y ng fiy@ cell”. Both
| nv emsaafer: mwarrmaiuffee@ﬂnhted call iichris edpable rbfbwf%iatﬁﬂl 48 giving
erentlatlon q»the qt cont ext ans t he

¢ or st FE RO et oS B L M oo e AJAC gy of moter
ass eellsathactaiit frcgVd Ssettb aiffesheate®of dﬁ’ﬁ%’u%lé RGhRPEEIs. Tn a
18 WD 2004/ 0 dﬁlﬁl PCT/.US2003/ 023852 cl oser_to

bec SFTAEY PRIGAFLY DE; F1L PESERILY & X8t (cell irefempats eensralized

10ur tiveher deN ivliodd d@tendslitd (R6@NY) Setialze, 6AEN BXANBIeR: diteltions,
atic context, differentiation can be seen in

ncy.
t he%?ﬁ BHEH P 51 Y| a8t uifing eoreRIptPly dndividue] sharasiersi asiasgurs in

an ipfsph@ais € divefsaRatidn A enrychs cBR 'aﬁchﬁés'u@é @&iuka? difidntiation
pr oduce increased amounts of insulin. 5 The term

' pr &g énicPBplex erpeess dyRicdly gwﬂwwﬁwgy wgh cet divisions. A
cel ifrer&ehRd cElﬂnﬁ? dérﬁifeq}“on% £ ittt def %ﬁ&l{ fts%h"?éjdeq%]e% from a

which is capable of proliferation and giving Trrs
1pror Evinsirahicelbr a@bISCP $nhawWlily edvd efbibiese }mu{ltcpoga‘ne:am @ag be

I ar Q&sﬁﬁé@&e%terﬁfceﬁpttﬁg Eanggftlf ch% ftg?ée n%?g R g tJ(eOr thay vary

rise to differenti ated dau
cel kensiderably. $rmes &fferentiatevoeetls plsahavetthe cztpzamm tprgjgaemetto fcells

or en l'ized 10 mot her cel |

Whoéié %?a?egedea&?éﬁ{nfal p%teg’Hg) glbc aglaﬁn?remanut{ elhatlilrﬁle or may be

di filﬁluea'dtarmmmzdb'tupommatmh;t vdthfvfaﬁmsrthata’el on, e.g., by
cters, .as OCCUFS

cquirin Lete
c?n pr og?téestsefq;\g/)e brY/%lrlcs?n[?lP &8 18 Hseglfqo KA Gii Purpafentsterp gells
ti sefig®. infeelctll Int'hss olf thé embf}tohﬁtblﬁbcyst%se@ GO PRkRXNos. 5843780,

pr o pi_c occur.ri.n hr cel |
di v??ﬁ%ﬂ@y Eucbll %/L}Se?aé‘nf‘l“é]?‘g’ﬂﬁ’ge‘%tg‘?ﬂgg’%rﬁh%lmfel’ offilgmass of
mJ: bl_agt@li)emtdeﬁeéd frodh sGrhatict B |nf1(\:/l\%£r|tﬁlﬁ§fb ﬁ&: ]fcfcfr(éﬂélﬁpllﬁJS Patent
nmu and_so_on. ile each of these
N gg ‘@H gg 6§9ré35%78) considered stemcells, the
25 ange of Tigetekmt“UPES slBRACRIIT 3N u IS rEfed fo taﬁ’y %ﬁlp\’)?c'hﬁ/ stem cell
congl der abI . Sone differentiated cells dal so have

cap }\ie frogt rgqn‘-)e@qry@é: tisgneg gqc]uglngé?talgwémﬂ@r and adult tlssue Stem
deved|RRRARbeth iRl widd! G4HichPPBRIuT YisSRY iBRdRRHWA! bone

or may be
mairow, brain, olfactory epithelium, skin, pancreas, skeletal muscle, and cardiac

muscle. Each of these stem cells can be characterized based on gene expression,
30  factor responsiveness, and morphology in culture.

“Proliferation” indicates an increase in cell number.
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i nduced artificially upon treatment with various
factors. 20 The term "enbryonic stemcell" is used to

WO efogi1t6e1 t he pl uripotent stemcells of the |iPCOEUSHES023852
mass of the enbryonic bl astocyst (see US Patent Nos.
5843780, 6200806). Such cells can simlarly be
obt ai ned g o Sr Aler & @ik Sialized cell
deri ved g&%ﬁ?ﬁbﬁﬁ?&c céﬁqg r arrt}ghsfer %@g%%lfg? cets
examdhmtogﬁld?@bléorm ceNaig sg@@ﬁm¢tlorﬁ994619 6235970). 25
The ter ul t« Sell
mul ti po{ner H q n? 4 %earﬂf 3%%85? %gmtdfri:d rﬁ&{}e& eBQraﬁ'y% a large,
ti sseﬂxm,gateancrhwhdsg gl‘aed altyatgdutvanavdree]y b@imlctatliulstontapb,shsmveen the

S oiegf b Al ST bARAHE Sl AT o/ AL Sh Bretion,
ol f gedvades aQ;I@tnTcl‘ﬂ of digestivs szly1nes]ahﬂéeﬁla§pan&1eﬁinétrefelsrrblS(Shbsiance
and car i a muscl e. .Each of these temlcel s gl

charliit S1% REErep O ERE GEABICEdPEBaT, ATy 5550 PRIg G AT lipase,

res RN UBBEEC, is asd 4300 gpetiogidi th@Lbe@[rle portion is composed of
"Proliferation" indicates an incre cel nunber

19 RSBt oIyt 19589 sweandiss o 37 84: ese S (SEPHPSIfS Qi Secrete
'Def Qfigesti® BnAmRYPsuel dsauepsifgesl Mﬁrﬁﬁﬂyysu’ﬁdg@&' @érb@@ﬁeptldase

cells” which together performcertain speci al
f unctbiopyrdease eoxyaboruelsasse frisgyelypagold ppses élé%el?ﬂhfé%f Agafigstase,
referg geperally to a large, elongated, racenose
glang RAVEIR transversely behind the stomach,
betmeen tThe mﬂoapkeﬁnUanwfdmeq@mumm;ﬁhempanmﬁaﬁtﬂn islets of
exo ne fun external secre

ety Gh, Bl £ e EPPoR A SO gy ey BE oy ARBeaded
1rsef 8Yithid fe @x&dﬂi% bafafRs. Fdue fiffehat HREcsTeals- &p@ta aﬁu dilgave been
enzynesﬁy§r|n0|pally anyl ase, protease, and |i

whi diensifipd im thecisiets u’gl@daﬁllﬁ cms&félget akpat 20% of-(ch@ cells found in
EXOGLh 8RO Hels ha ! HoABERAS Rfinfihe (RRUGA! GREIAH SR Soveral

surrou ng a S syn esi ze ‘an
sec rtsstes 10 naiikg @s@rgy/ evahblenoghe irgervals betwgprs fasdigen, In the liver,

C hy @&Ga (Hlséaﬂ 4 %&ak&%nbo(féwg?e&gag? gﬁ%rqolters g?%?%%k&éﬁ? from amino

onucl éase, tria
zoh osphioprepases. AZhe &lcalis p):@éuce sanuitosiatih adih abtsein the pancreas to
endocr{) e ortlor] of tg ncreas IS osed o T
o1 anbire Bkt Sledh nd b ARG Faliped S Ot S, The
as r&%@@p&h%ﬁ@ﬁ(ﬁgfgptl@@ kl*l? iepRRdeiadin thé pWellBi MhishBormone
our

exocri ne pancreas erent types of cells- a,
(3, ighibisgrencregiipxoEiieseqretiontof bwé@ow P EnTEICEL @useT Fdaxgtion

cel | tﬁ@%éﬁﬂl&%&le aﬁ@ggére%gs(y%ﬁé séctk%oﬁ'el"ﬂh% th@HAGurdBnt cell in the

pancreatic |slefs and produce the hornone gl ucagon.
Al udslgioncastiwtion 68@0%r af the cells, is the B cell, which produces insulin.

Insulin is known to cause the storage of excess nutrients arising during and shortly

after feeding. The major target organs for insulin are the liver, muscle, and fat-
organs specialized for storage of energy.

The term “pancreatic duct” includes the accessory pancreatic duct, dorsal

30  pancreatic duct, main pancreatic duct and ventral pancreatic duct. Serous glands

have extensions of the lumen between adjacent secretory cells, and these are called

intercellular canaliculi. The term “interlobular ducts” refers to intercalated ducts
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tissues to make energy available in the intervals

between feeding. In the liver, glucagon causes
whe@akdean of gl ycogen and pronotes gl uconeogeP@rS2003/023852

fromam no 20 acid precursors. The 6 cells produce

somatostatin which acts in the pancreas to inhibit

9! UCRIdh&d FRACHAN “mmdfo%{u%@%f <830 Gl Skt TOBlfiSs. The
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nd a

A U BlecR AR R O oot pPR MG or DS el o a cel

cel lof exaerihet fates e The @almaltxednrogemt@r@élb IOlﬁ tlagr inyamizdni eanl dlso be

Th " . ts". ref j .
e R o Bt R RGP At L Frfote con
str md;lffdradorcamd ﬂxffemlitmmmhi Thds® boﬂchtmneﬁncsmierceﬂtoriyg lﬂwi tedls to
in t uct

e 0P SR e g G g o et Bl SEFRsbB e
1t5u ﬁ uié@ aggrﬁgﬁisma b?h@d adld ﬁetcitaet@ihmelg giaua%org aitidmj’nmatostatm

rase activjty, su i car bopat e
e b TR e GG iR et B toe TR UGS from

ductife mathedd dfehdinkétigs Shichfake e bbmtth@épfp@dihr&é ofl péicreatic islets,
conmponents and are capabl e of nDd|%¥ the ionic
conpesiell riho fungien ePyegrynctipppinelufethe shiily intespond to glucose.

pr ogeRriidietliieatrictules beihs uiv@ntﬂ)ncé@é distidt 6 Gy of those prekusly
differentiate into a cell of s ancreatic |ineage

2 cerltughusiecetherpmeiiodse beparsr thivh eecapiiuds Jike spivgh rel FFéfIltWShlp

pr odicad thY vRioRABAT §8td G.el @(I)lﬁatos't:éi’ﬁﬁ'a‘fl@ tgﬁl@&;ﬁ)n-l— &ells are oriented
pancreati c progenitor cell may be caused to

d| f flewardt thetberiphgty PE &t islshr tMﬂlh@/ﬂallyan% iget-lfkg stigctuggs of the
1§xleﬁ{1oﬁ3 Edrktain e, 1§suﬁﬁ‘4- Is %st%ﬁﬂ-cc{nﬁ %ﬁlcggg}i@ celld ap%roxunately

pancr eatic pr ogenl tor ce the i'nvention can
be thegamerreiipsps fawnd eedogenmivply 4t thapansreas.o a subj ect

nder condgi ' C t .
e, oM S O PR e ey LIS B,
t he refetsl to a pnpulatlbmmf pallo lthaft éy &tleashabout V3 %,r lreftabiphatclbast about

ti m?85tgg ?ncﬁ‘g e%eracbe} ap Easqagout%e%f grqcfn negtﬁalﬂ&"l lellla?tleast a%out 95%

i ke gre 6850 Hsfers “ana“secre
gl ugaenRyithawspestanahoedlamaling up a total cell population. Recast, the term

“substantially pure” refers to a population of cells that contain fewer than about
30  20%, more preferably fewer than about 10%, most preferably fewer than about 5%,

of lineage committed cells. In the context of the present invention, a lineage
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The term"islet-like structures” refers to the

clusters of cells derived from the nethods of the

w0 poogoticen whi ch take on both the appearance 0PCT/US2003/023852
pancreatic islets, as well as the function. Such
functions include the ability to respond to gl ucose.

The dogiinGted LdP et 41185t e Bf‘ﬁw'fﬂﬂ&ﬂhé%‘aﬂ?&@ of differentiated
di stinct from many of those previously
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f ewelesckiBenfoaeatiplsth POPS umét%rpwef%[l@@%%nﬁi%%/ﬁm (hereby
about 10% nost preferably fewer than about 5% of

| i ndYGEPOESTMY IeeEPneen there Piiretil cont ext of the present

I nvent i ORg Redl IHRARADE 21 .
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endegtd, ryq%'dkgh-o RS A e itfbs lmtlﬁﬁééﬁgé Bolg&{pﬁgés gﬁgp{ﬂ%lecules

The term non- ad erent sphere”
of théchdrinshentiched pxtrﬁebllhéarlyﬁndtmgm Iedgetog signtling, small molecules

pro r T dherent. t
anO:Z“;l’l]ﬁeC?l lﬁ% sﬂl&) 9(? éﬁﬁ §1%1al Hl%l gﬁlgér \Slmt%l(rl) %gl a np&OtFlcrjl 18vc]q e rlg the
ves gétaselluﬂ%vweuctlon he h@gthpgvmgﬂahagi h efﬁﬂlgvhgnthembameﬂ which

ggggﬁlﬁglta@u!)xt ké%gtle{t hheggehgé es'?g%%lclggg 2{1 o orr: brgg n[P o hedgehog

ref egmits a pol ypeptide that is a rrenber of the

hedgeho gA% %ggdhﬁ/efeél&’tsgﬁq?t efllncy’glgn%gﬂgrh‘“lﬁg tnlg t%ﬁ%%ré‘% e useci;l to compare |

functiona
c hataaitissulis tcbnisnti deriss) 6 @opiiatioakdr lelusiér bOcelkl N Blee ecﬂu@valent is

sig t hr h .t.he hedgeho [ gnaJ [ ng at hway a

t heg‘%ﬂ fqg‘ta %t ! Bl dnia coree dz quiea@ebfégvhwh is
2pol wpeptly qa&tﬁfe& 298bth] maavm corflert, hel“h?r’sf Ellow'%nﬂarﬂﬁﬁhzatlon of the
descrii bed ntl]gl ein ubI i cation W95/ 18856

and MFHYET ‘17‘9%‘“ BeRiRAsed %‘8? &8% AUegenRf celly withinceoe]l gluster,

t heﬁlﬁtL@@tSpE@é Yor - oth%‘ﬁ pbsRation&freks. Tlliheﬁaﬁlgﬁlgrat and human islet is
therapeutic" refers to pol ypeptides, nucleic
approximately 150 um in diameter and contains 40-60 ng insulin/ug of total
protein. On average, human islet-like structures differentiated by the methods of

30 the present invention contain approximately 50 ng insulin/pg of total protein.
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15 acids, and small nolecules that stinulate or
agoni ze hedgehog signaling. Exenplary hedgehog

wao benapwet i cs i ncl ude hedgehog pol ypepti des, SP&il/US2003/023852
nol ecul es  which bind patched extracellularly and
mmc hedgehog signaling, small nolecules which bind
Siplo4 en ecul es which bind a protein
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car dirgneteshllarsugil. Liethﬁavréi é lwectgﬁ @ﬁb@h@re@m agonists can

r €S paRGRniIRAbEitHSfor cardiotrophin-1 in the methods of the invention. The

gp130 agonists may or may not function with equivalent potency, and the optimal

gp130 agonist may vary, for example, according to the source of progenitor cells.
30
FGF family members: The FGF family of growth factors encompasses a

large family of molecules implicated in cell patterning, proliferation, differentiation,
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15 oncostatin Mor IL-6 in this system (Peters et al.,
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as IAbcmaimgI)p d’(efmbsagl mvsdntlclomtetrlpdmes thelimerof agyr & thesn ¥GF family

exa literature for t cti.o act
£ TR Dol Fegp B o et &t o RESARARL o el doua
or dFrﬁFth]:S pfdé&ﬁuellapli@h’tﬁinor eSigfilatly del Ipredﬁat hllvbl’ﬁlth\KOOmIﬁ}ﬂateS
e tina er at G,een et a 01).
or Crafimsni s Ml SRS G S PeThudars ol gifing the
t he e&pzﬁisioﬁl%a/bt aiffetdntlatipahdteddsidegioéd Rereigea izt oo 6€b® FGF

t he d I t t
I( godg)enlwgé%ggqg é]%usg#’]at%g{?g{cwgﬁ%t ar é tlzp';ggfq_rslg atlo%ﬂ%thgcells to

r eguhligd, WIRdke Ntesnsi¥® Efky. 8 mnﬁﬁ&ﬂyl7 ﬂ{ee%és@ﬁteﬁnventlon
prollferatlon and differentiation of mdline

cer é’@é‘lemlfatessftml?j@tfﬂﬁ“é%W@%ﬁme‘?neaPr mep GO eyl BpRetis used

%sé; dgﬁgg %oaﬁfﬁ@)aé%ﬁkgn R4 'aﬁfféfenﬁitloﬁahﬁ PHEAGM: BYRYriRBter of
cells although oth methods need not employ the same FGF family member.

Preferred FGF polypeptides are encoded by nucleic acids comprising an

amino acid sequence at least 60% identical, more preferably 70% identical, and

most preferably 80% identical with a vertebrate FGF polypeptide, or bioactive

30 fragment thereof. Nucleic acids which encode polypeptides at least about 85%,

more preferably at least about 90% or 95%, and most preferably at least about 98-

99% identical with a vertebrate FGF polypeptide, or bioactive fragments thereof,
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although it is anticipated that the various FGF famly

menbers wll have differential efficacies in the
web@ised2net hods. W have exam ned the usef ul NnEGEFUST003/623852

FGF fam |y nenbers in both the differentiation

nethodologies exenplified herein, as well as in the

et hodsgof wifhP ﬂ{écgcg\ e"in{eﬁh(l)r? BidaBfivel ﬁ‘aén!ﬂe%’ts o% F GF can be

dlfferentlatlon cor he present” i nven
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G CAPLFBE 3 LR ROR STaUie gt [ereo Db el mpadrhRbE 0%
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mor & “FGE PAPER) SRR (ST egrot Nclst: #7qsrghich encode
X PHRIGIpeFtidRe dt thftfa%lﬁ rBtSIVﬁfrﬂo@é“pl‘éfera?)bpﬁtr [bAs€ Wbk 9644 6rL9r5%, and
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enpliest Preéeraiyat keegt ab%wn%;” ﬁ%wal with aveitebeie FGE-8, FGF-17,

pol Y eRiF. tesolASepti ®N 6PEiS DY e tﬁel‘%&ﬂ 92 a&8WAHiSIhE Scope of
an am no aci d sequence at |east 60%i déntical, nore

pr efted HBFRtioROIBiodesivei fagmentaed FG¥oen ber whdibaisentifggdey, (a) the
i de e

o oLl Wy TSR AL iy pmtn T
Bncaeepripo)ypept i des at | east about 85% nore

pref erably acﬁ)ﬁtn% e?e%%nt%@%@{we%@g@eg% (;}%?%GFE‘PH ﬁ%%rﬁcuéarly useful

preferably at [éast abou denti c
ver tie btimbatiFfCpapnéayip gpogeditar w@Hs Elghari iev el. PREFETONT 3884-3889).

ol < inel imgobo faSE AR A LR M S usS e ror
fr agnnstypblsnd@i aﬂ:%t cavh, e, TS%;C&O%; Sbthe B0%f D3, 9995, drddentical to

o AZHeT ol o6 R 1 B T Bl Pt or )

Fu nct i onalithaugh i G gl hicntieh atay b&usdd tb prabfice the methods of

constitute. a sub-group within e am | )
( Potis i egiictn thers Brsgtenia bt eee BT, HGRvL) Bt wadidate t
39- 493sesd frefetBObbtBity GMReH Mehbds. FEH-28 ﬁsﬁéi(pl'_e@%d in the liver and
pol ypepti des are encoded by _ nucl eic acids npri sing
an IGHEsasRY ceapiterersHn PebSt-1609 linEférfPﬁhl?ﬁf’r pro&léﬁl@wn in a

r ef. I % antdil F-& r
z@de nvtﬁlﬁgcg oytvlvgstg ) aSp\@/eir‘i% é g,?lgcge @sgy_m%n E’Jcﬁfzé%l s@g?ﬁfyca 6111f§rat10n

pol ypéstivee an% pm] iuestinesdip ch ghréROs) M@.Leéapr A .Gelgj,laf Biology
aci gg. EMH Cl@éb%rtﬂé?esE QJiveR GRS Mﬁ@pfﬁ{g fuﬁaﬁh o@ﬁﬁH& PP Wmily

nor e pre era | east” about or 95%
members, the plesent invention contemplates the use of any of a number of FGF

family members or combinations of family members in either the expansion or
30 differentiation of insulin- cells and cell spheres to insulin+, glucose responsive cells

and islet-like structures.
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nost preferably at |east about 98-99%identical with a
vertebrate FG--8, FG~-17, or FG- 18 pol ypeptide, or
wher@aoticee fragnments thereof, are also wthin PEEUSHOpPE38S2
of the invention. Bioactive fragnments of FGF can be
readily identified by, (a) the ability to bind an FGF

recept or f{diehé A yq%@,glgsgg | Merftodr 6L Bk c{%ﬁﬁﬂkr io??lgnaling

FG- 15 receptors). tion, recent
sug gagleeulesh atedla@Fmanymypdy@np alrct- camldalohg*ramge fpatterning processes
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G- 09% 9% 809%
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ach% n (fe g}eé ga %18|se ressed

i vend %fembﬁrﬁc 4L L oBinatons, W03 | §336 gpd &@9@37924
lion mMige: ondbeemdpiiels, hefedt k@@rddNtodas DeYedd Vq@‘dé&éh&f (Dhh), Sonic
tissues. SpeC| fically, FG- 18 expression induced

si gritefgebast (SHpands I@ﬁaﬂuf@ﬁgehpﬁ (b anpgrentlyaguisisipapl] vertebrates,

I nt Qﬁélhdiﬁg; ﬁﬁﬂ"%r@g aﬁ'dl maf®AR8)A MakE Sdnder, ﬂa‘ém%feh&ll R as tiggie-
Bi ol og 6074). Nevert hel ess, 8| ven

overWlﬁ%]ﬁ ng’@HcﬁT 7Bk appeara ARCCHTRI &Rl y e%nbﬁélg@hogt &) is
pr e%%ﬂt‘eséeﬁéﬁﬂ&bﬁ[} fﬁQHé ?e@@ , HofSint xﬂguslé%ﬁlbp}tonﬁznaevglgprﬂent and in

nmber of Sers or combi nati ons
1’r5 amth%/a%ﬁbéqnéaﬂddwéianhédmw heslgehogd A rinweived(n bone development

di ffcﬁflﬁgte'ngnltrﬂloggnegfs Anﬁ Hl Boﬂe f81%’1ﬁ'r F)n an qhé: %MI Sa?llaeg'ﬁhs vghlch as

i nsulin ose responsi ve ce
St r Wiesauibed . abRBe, W 200W/ily1 insR2lveddn/ U@ﬁﬂ@@élﬁ@?xﬁﬂZneuromductlve

%?th\p g?sf aﬁle%gy\{’t[e %en‘g?fre ent Menbigfﬁlg égﬁg%c%%g%%ﬁjlgdpembers
s h 0 rdmmgnomiad) dgzeto@mgmt rhajz tuerafli dambﬂrr aesbesing thershing functions.
'nv r at ndv ede 0 In the fly,
2 ng{ &° t% ? de g bE 1ean%r Bqgtht "%‘%Egﬁ%ﬁtﬂéﬁt “gHd %%6%/% ef?ese”
di Sdze@ihbgr mmgﬂzdnnh@lgéﬁogaﬁt blndnth‘ﬁselfetﬁ)lﬂfraﬁcﬁ&edawﬁ the same
hed g n,the ntr
| of <1r],e?gsnt %ﬁ@g}ﬁﬂ@l i/}h %qug}egg%)og am{hﬁén rs gﬁ‘ﬁf {;%]s fate and
and behavior iartesagenes i sheitchoindirRgaes @Steﬁcn@ml 2 range of cell and

endeiraae seahasl Ui} Ve o °f1 g waogw

f the single Droso hi | a hedgehog gene
edgehog&ggrﬁ?entaﬁ}f Foeaiply shees d‘é‘%‘&*@%éﬂntﬁ‘?’fmgmcus with a

publhe€hb® polyM¥ptids/ $886& vaRtn NG RGSLAS B¢ any particular theory, the
result of contacting cells with a hedgehog polypeptide may be to activate hedgehog
signaling in the cells and thus affect cell growth, proliferation, patterning,
differentiation, and/or survival. Preferred hedgehog polypeptides are encoded by
30  nucleic acids comprising an amino acid sequence at least 60% identical, more
preferably 70% identical, and most preferably 80% identical with a vertebrate

hedgehog polypeptide, or bioactive fragment thereof. Nucleic acids which encode
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10 Three of these nenbers, herein referred to as

Desert hedgehog (Dhh), Sonic hedgehog (Shh) and I ndi an
whedgohegl (1 hh), apparently exist in all vert ePCHUSR)3/023852

including fish, birds, and mammual s. A fourth nenber,

herein referred to as tiggie- w nkle hedgehog (Thh),
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crpr SDBERREE oo Py 50 e Pkt CRRR bl ol & 050, and
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1ohr %@dé&ggeﬁ@@eﬁ@g‘%dlypeﬂm QF etk fﬁ%ﬁfne&? tﬂerefo@ﬁﬁy BOfhodified to

behavi or i n the sane way, albeit wth erlnE
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fragnents

| nv kDR B8 5%%%%%11? V& PricagheissbysPasisa dbh oged ghméléVe patched
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hedgehog receptor patche éw 1ty to activat

hed kg costpefmgl celly aith d‘uléng g\mmhpt@a rané ®na9s emuedgehog
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genes. Partl cul arl erre hedge e| C acl (f
andabsence of a hedgehog polypeptlde)

30 Feeder Layers: In aspects of the present invention, the method includes a

step wherein the spheres are cultured on an adherent substratum. Without wishing

to be bound be a particular theory, the substratum may secrete inductive factors and
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pol ypeptides for use in the subject nmethods are at

| east 60% 70% 80% 85% 90% 95% or greater than
wOsodeat i cal to human Sonic, human Desert, oPCTIURZIN3/023852

I ndi an 10 hedgehog. Hedgehog pol ypepti des or active
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dowdiechemistrsf 23 a3 Cheld). tﬂﬂ@r pychp astriveg ¢ahebene>e<d'1ded such as

! f. hed
o g uBet RO RulIRE b el SRR AP BBl DGR Brovided s
lﬁnclf@nﬂlalemsevdh¢m§falai@hltwew th a hedgehog poI ypepti de

and one_ ?rL aﬁ@ﬁ& e'l{%%@%{%ﬁ tlaet hﬁ{u?eo % elg %re oate o l'ﬁ%{lt%,]gxg more
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abs @mec@mm Imexﬁgehmgtepxsl ymlmhng;le))ut aﬁbt Flmd:tect toay @b®nectin,
In as

t.h t
i ncl® u rgne EP&E}%\R}% ?@ 4z ﬁlé ‘gﬁ‘%ﬁf@? ggfa rpéOtchﬁtlxcﬂ? ed on

an adherent substratum Wthout wshing to be bound

o 2P GBSt 6 RSB BT ST L camived
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mi greapadigigats othe ccpliure ds, pittasted it e plemers ¢ANP elevating agents,
28 UbShd1als WO A Shhedy Mot hdhoShie-§U Ewlh%ngﬁ}ﬁsgﬁgbf@g -Mp)

an 5 adherent substratum may provide both In
si grﬁ#le:stT ey, [Kogks. @P92 Preg. MeniosPsyehopharmaendrand Biole Rsychiat

for lkh% ﬁ%i' (‘ilﬁfi c&l@ﬂPl, ﬁ)’rskolm, Na-Butyrate, isobutyl methylxanthine (IBMX),
cholera toxin (see Martin et al. (1992) J. Neurobiol 23: 1205-1220), 8-bromo-
cAMP, dibutyryl-cAMP and dioctanoyl-cAMP (e.g., see Rydel et al. (1988) PNAS

30  85:1257).
As described in further detail below, it is contemplated that the subject

methods can be carried out using cyclic AMP (cAMP) agonists. In yet other
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Many types of adherent matrices/substratum can be

used. In one enbodinent, the spheres are cultured on
wa@2ddapriegel | ayer. Matrigel (Collaborative ReBEHDS1903/023852
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20 cAMP El evating Agents described in detail
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rbpkSRmN, 'illml{éﬁﬂ'r Qi%d?inez%otex]eggﬁ shfr Qrol 8ol BiRe, uinol,

d| butyr yl -CA di oct anoyl - cCAVP see Rydel et
tulogerpl, WIHU.B@O]BS 1257). As descr ibed in f urt her

detall beld Woudds WiSicie t %]e t

nmet hods an\fyglé carr f egﬁgﬁi{m lhglc%g/{%: Fsip%:l&ﬁi%ﬂ c%ﬁ’/P%nd thereby
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pan c atjents i ch. haye
nETRYT STy SubTn Bucilr Rl mraeohEs G g
of cgffein@aedojmnlmde niieoplm Lirte, lpapmﬁﬁ@tlhﬂmyl iSotutylXdngiiie OVIIX),
éﬁsent disclosure, it will be apparent to those

APFVRE a

Certain analogs of cAMP, e.g., which are agonists of cAMP, can also be

used. Exemplary cAMP analogs which may be useful in the present method
include dibutyryl-cAMP (db-cAMP), (8-(4)-chlorophenylthio)-cAMP (cpt-cAMP),
8-[(4-bromo-2,3-dioxobutyl)thio]-cAMP, 2-[(4-bromo-2,3-dioxobutyl)thio]-cAMP,
30  8-bromo-cAMP, dioctanoyl-cAMP, Sp-adenosine 3"5'-cyclic phosphorothioate, 8-
piperidino-cAMP, N6-phenyl-cAMP, 8-methylamino-cAMP, 8-(6-
aminohexyl)amino-cAMP, 2'-deoxy-cAMP, N°2-O-dibutryl-cAMP, N°2-O-
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variety of different small nolecul es can be readily

identified, for exanple, by routine drug screening
w@s®waysie2ivhi ch upregul at e cAMP- dependent act i vPCT/882003/023852

For exanple, the subject nethod can be carried out
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ritodrine, soterenol, s4d 5 t erbutal i ne,
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whi ch may inhibit CAW ph‘sphoole werase(s), and
thereby 20 increase thedhatk , ,ife of CAWP, are al so
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chel erythrine, cilostazol, g ucocort|00|d grlseor
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168- (adyl-grdvips irspide gyduph hm/)ng@M/Etrl(cum —(6QMEHz)nX wherein X is OH or

Fi [4_ _zg :{Fgg%_yéto%_alggaggggg ;#fl g tl{(‘)gﬁ? ] oré}_a(R/FRs %ben together form a ring
8 brcompﬂsmgvps wkinm; prfoatly GAMR)mSSthBtH emay inokde heteroatoms (e.g.,

5' Y frJeI&%\ @Eﬂgﬁﬁ%ﬁ? aﬁ’ﬁg ﬁlol’s 8‘%: gexgg?xg pret@rwgly from 1-4,
anﬂleﬂ@hﬁﬁéw ﬁ)l@fﬁrdb@y E&AMP1-22" oleoX)itablAMydrophilic acyl groups include
di.but ryl - CAI\/P N6, 2'-O 29 WD 2004/ 011621
ZQCF/%‘LY@?B@!W 6‘?3‘8’5121 s @r gggéqlw ﬂhegggﬁ,puch as aspartic acid, glutamic acid,

roYdtari MNP serde; @‘réﬂh‘i}ﬁ:bli rBéiNd, - é%é\a clédindamino acids
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and hgvingya lpﬁgzﬁg%){gg% ,s@mhélmvaorskolm or other compoungs listed above,

modified by other possible hydrophilic acyl side chains known to those of skill in

the art may be readily synthesized and tested for activity in the present method.
25 Similarly, variants or derivatives of any of the above-listed compounds may
be effective as cAMP agonists in the subject method. Those skilled in the art will

readily be able to synthesize and test such derivatives for suitable activity.
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for onrel ubpd & £HakRBRLY stfelf Qimlﬂg {‘he d@fél%ﬂtléi%heotpﬂh@fc@ﬂ@w Yhsulin+,
from1-2. Other suitab g,I|IC acyl groups
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i nclalkfese gespgRRt s Isells) ¢ z@rﬁdﬁ@mﬁ e d?resé’étr iiNygatiqpe gontemplates

t here%%dlﬂ?e‘df‘shvl?e?elﬁl%ﬁébxt nere2GMp @it RMoBntBS ubbd during both the
aspar agl ne, gdUt am ne, seri ne, t hr eoni ne, terSI ne,

et c.expansion el digfeeaiiniionant i dartickanduityrezor Hawsier ofcopll lthough both
sid i sted
EnHs Recd iR gllﬁgiog, he Qe emeb{gn;ﬁg%r@g@ :

above, nodifie ot her possi ilic acyl
i de chains known to those of skill in the art nmay be

readi | Y % ?ﬁ&gtselré@g f‘lﬂ;d}) ﬁ% %geﬂ{o(ag C%l?t%linéfa{ey thiiplnte{;ln%ers of the

present variants or derivatives

of a;nlyclzwfs dfheeratds wefetred tte chs owrtt@osimikis rmg-/ ustfel ef émmﬂmg the

??1 tnrlwle ar g P celﬁ Wltpgagoq’leadﬁ hta%fmé}?to msnuthﬁes??lgse&lg afe e 1o

t estdiffaredtiattetoi foah i Rds$+ fcdts G.al, timhxhget}reompansto)a m&hbod). The term

20  steroid refers to any of a group of lipids that contain a hydrogenated cyclo-pentano-
perhydrophenanthrene ring system. Exemplary classes of steroids include
adrenocortical hormones (also known as corticosteroids), the gonadal hormones,
cardiac aglycones, bile acids, sterols (such as cholesterol), toad poisons, and
saponins.

25 Corticosteroids include any of the 2I-carbon steroids which are
endogenously elaborated by the adrenal cortex (excluding the sex hormones of
adrenal origin) in response to adrenocorticotropic hormone (ACTH) released by the
pituitary gland.  Corticosteroids are typically subdivided based on their
predominant biologic activity into glucocorticoids and mineralocorticoids.

30  Generally glucocorticoids affect fat, carbohydrate, and protein metabolism while
mineralocorticoids influence electrolyte and water balance, however these

classifications are not absolute and some corticosteroids exhibit both types of

31



WO 2004/ 011621 PCT/ US2003/ 023852 In certain
enbodi nents, it nay be advantageous to adm nister two
woroamtw2Df t he above cAMP agoni sts, preferabl BCD1S2003/023852
different types. For exanple, use of an adenylate
cycl ase agoni st in conjunction with a cAW
pho ' asi 8!
or gagﬁ\glg)gi efpld ? pAL a4 %o%%g&q.ﬁnclu(g%%g%g Iﬁ%tagn ?;g\‘fg R4S (%Pasone
contledmlcaxttmmet lvertisere, qofredarsylonn‘ métbgpreduibdtore] enathdimgone, and
geri)eame aln the nethods of expansion and/or
di fferent i 'aticon described in detail in the pr esent
appl i cat |(Ic)mt1co§|em1dsaﬂqhye tHeen prsebseint ai oMeedli eating for hormonal
cont enpl at es aﬂxm ments i multiple cAMP, .
o oV ERR S RSy b  THETEEReIHG Aterigy aiary.
di f faeag BbfidbpRRicTE HOBSHLSEE 2k B dnthBifRnmaldy, dnd a$ WPindHhuno-
nore cCAMVP el evating agents 10 are used at a particul ar
steﬁuﬂﬂF$W§ the differentiation of the cells to
i nsul i N+ The Grdse RSBy nBSP OshEdnyRat&Lihb Si¥o o ditRdaalchiicosteroids
the resent invention contenplates enbodi nent s
ripg dhee mthodpplecpanone fesgiiliadniy defadhin the prewst application.
ﬂ)ur | QRN hnd If)‘?esetﬁxfﬁ@&ﬁiog Neopfafhpfhirdsf EhBMihakd @ \%10]‘? mult1ple
particular cul'ture or cluster of cells although
met Hedisosteeils et uwsie-oy tWher Bareecastiqorersids\ag Pieg at a partwular
ageng the(RpisfoR Dk HeQLS. WHaR nRitGIE M
cont éﬁﬁhﬂn% y F ﬁenberg of 't he 1 g§§a551%$&§$§§%ﬁ cd, the
refenwm@onomagnpbwsﬁ@ogﬂbnmﬁdgoaﬁémmsQMMimnm<ﬁmpﬁhdmm@mes
t he I ent cl ust
i ns lﬁc{aﬁfgﬁgﬁ ocfle ?)% %n? éﬁr@g}ﬁg %ﬁlp?ag&etperoenﬁtm a11 org cgmgosterwlds
IBdx|can be hdlrsln(ste.r@i gt noliiplagme h@nhs )dplamuho nxpmmbmpi))toca'lh &Vithout
ter t er.o efers toe p
t ha?b1 ec% E%ulnﬁi gy hy 10 goenr?a 3 cylcr:1 I té]Jnepent aaooWISh to a(gds additional
perhydkoghehmgthrmaempmm@nsyaﬁmﬁuoEmﬁﬂpb@ﬁyﬂﬁla&@ﬁmaﬁ&1of
oi ds nocor.ti.cal al.so, known
as c°8’F“(°f’1°€E8r§{‘f ol Od‘E?‘“{aPh% p%ﬁ%ﬂaﬁonﬁ%?rﬁ%%gf SOY%%’FH’FO&@ over the
agl yoonest cliute Eld cbheeps bEFoobing(@ uetfeskisg cllnreateiualover time
t oad ons, .apnd saponins. 25 Corticosteroids
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e SRS SRR OU o LoHES RO BiTAASHAon of iny of the

rel eaRRMAIaPYrotdi§ or Bbd-profed doehts ARG 10 GRFHIEHAS HRI QIR REBum in
typically subdivided based on their ‘predom nant

bi oltgynethads afvhe RresenitiBvegtion Seceent doicddded g the culture medium.
J% neral ocorticoids. 30 Generally glucocorticoids

affect fat, carbohydrate, and protein netabolismwhile

m ner al odwprovediMethpds of Riswweiating Eel SHlystersalncacoerdence with the
bal 3fGeds I'Z)(P\@fraevﬁreseh{']ﬁ%&tion, cells are cultured as non-adherent clusters for a

period of time, and then dissociated and plated. Although in theory cell clusters can

be dissociated using any of a number of methods, many of these methods are
30 relatively harsh and can cause damage to the cells and/or receptors on the cell
surface that compromise the health and future proliferative and differentiative

capabilities of these cells. Accordingly, the present invention offers a substantial
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corticosteroids exhibit both types of 31 WO
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Expansion Method: The present invention provides a method for

expanding (e.g., increasing) the number of cells in a cluster of cells which can

30 differentiate to insulin+, glucose responsive cells. Thus, although the multi-step
differentiation method described in detail in the present application results in the

production of both insulin+, glucose responsive cells and islet-like structures
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Met ho resent I nve tl on provi
media for at least 1 minute. Without bemg bound by theory, one of skill in the art

might initially believe that exposing cells to acidic media as detailed in the methods
30 of the present invention would be detrimental to their proliferative and/or
differentiative capacity. However, we now demonstrate that such an acidic pulse

promotes the expansion of cells which can differentiate to insulin+, glucose
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30 The expansion method outlined in detail herein, aspects of which are
typified in the examples, optionally involves the addition of one or more factors to

the culture medium during one or more phases of the expansion protocol. Many of
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utilizes an acid pulse. By acid pulse is neant that
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are used at a particular step during the expansion of the cells). When multiple

30 follistatin-based factors are used, the invention contemplates their administration
either at the same or different times. Additionally, the present invention

contemplates that one or more follistatin-based factors can be administered at
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25 Exanple 6 involves the continued culture of the
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30  GLP-1 agonists
As outlined in detail in the examples, the present invention contemplates

methods employing addition of one or more GLP-1 agonists. GLP-1 (glucagon-like
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t he expansi on nmedi um but also the addition of one or
nore follistatin-based factor. 25 The present
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30 Additionally, the potential use of GLP-1 analogs is not limited to the

expansion methodology detailed herein. The present invention contemplates

addition of GLP-1 analogs during the initial isolation of cells from tissue (for
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pancreatolysis, e.g., destruction of pancreatic tissue, such as pancreatitis, e.g., a
condition due to autolysis of pancreatic tissue caused by escape of enzymes into the
substance. Since the islet-like structures generated using the methods of the
30 invention have a ratio of cell types consistent with that found in the endogenous

pancreas, and since those cell types are properly oriented with respect to each other

(i.e., somatostatin+ and glucagon+ cells found at the periphery of the islet), they are
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COMLLi&fires of the invention can be transplanted into a patient in need in order to

30  improve proper glucose responsiveness. The islet-like structures can be simply
transplanted into the patient, or can be transplanted using any of the above outlined

methods which may help to improve the efficacy of the transplanted tissue.
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rren‘mpmlpesassnmbnﬁ,egiu@de taqulsnolcylrh&edlffgxea‘fpﬂied biathei methedsrof the

comesta. iFlE! 67 48, IR HEPRE Ry DAL AR o
excipients. As outlined above, the pharmaceutical composition may be
administered in any of a number of ways including, but not limited to, systemically,

30 intraperitonially, directly transplanted, and furthermore may be administered in
association with hollow fibers, tubular membranes, shunts, or other biocompatible

devices or scaffolds. Additionally, the pharmaceutical composition of the present
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di ffusion of glucose and insulin back and forth

t hrough the nenbrane, yet block passage of antibodies
wa@ea4loywphocyt es, nornogl ycem a was nmai nt ai nedPCHUM03/023852

pancreatectom zed animals treated with this device

(Sullivan et al. (1991) Science 252: 718). In a

secand roach nt ai. ni.n
wer diYe Hﬁglgfnla}’ 2%18prlse hsleé%ﬁf(lece E)tg c;ué%sccg {amm sqlllm§ %%cose W%cwswe
t he BBy idiféerammiatep | tBCthei memaqxeof tlxanlﬁraielny mVBntlcﬁ’hl allebhe or more
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and/.or e differentjate nsu 1n+, ugose,
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exc el ghthdRbRNhhRbe aiMaii@ed id @§sbé1£honf With AbIRE fibk%P ubular
of di abetes. A therapeuticall fective_amount of the

i s| gnembranes, shppts oF Qtheish lgqorrtmté%/lp Aerdsps iopiratialds-pe

transpl apt,8fermbicOthe pRAB&t §lVentidh BRRFAplafts RleBRHs @)ﬁréﬁ@neﬂt based
i nprove proper gl ucose responsiveness. The islet-|ike

st r ustthe @cbnmsﬁatb@ ofj |Cﬁlﬂﬁ <gr cell chtsys| that there hase expapded in eulture to
@at '19(9‘5 ée Ple ?ﬁﬁ(g’hgn bF B Eed_;u&? LAE B0 b lﬁgézédarg%ylﬁance
h nay

[T ne to | nmprove
ef f i thedic gbibfy @h@ffcmmalam @cpam?rs@wehneagﬁo Wﬁhout bing bound by
200
20001 4 R SR RAC RO R I 05k bR R o
st r uotherie yivoamafwenvitofithent eﬂnglvairledtouakdlm,r@y«coberesponsive cells,

Conbl neﬂa a&&herc@l?@p%reqmr %hmspn?l ex_ar‘r‘pl ©

trans "oh “ha f with
1adm ni st mat;mrdrmgkyf t}emwmusentms phdvitles aFphaintaeeutivalecomposition
given the i

f t j h
ot 1 5Peig s e I ehded gt 8 RelRomnish e bHE rugpiprce te
S Up plugitend eptixm-tbl f diradtiofdanéd Wil tHRf method¥LUTARY) plREERS Sivéstion,
agenta In the treatnent  of anY f the above .nentione
|

condit' i9BRET ¥R PRERATEIELY ReCePIaRIeATERH 8T PIRIGES aAS Ougmed

t heraapay) teGahinyac@fticiCdompBsiBmay boOidrhisiseted!ih Kﬁy of a number of
structures | S expected to vary fronlpatlent

(0]
Mat ivene wepdmg Myt grptalipifed ey crmigelsy Btrapssgomally, directly

sel aghgfies age hehehoM hbhy GRPRAAENINERA iR AdcigbY with hollow
factors including the specific condition to be

t r edfthers; tubplacpenbrares, shupism oHWEbiasrmrsHbIgdedeas g1 scaffelds.

in  conbirfatden«iiatnllnt hﬁ 19@5&édQHleﬁ501ﬁ[5a§§1§l% @H&)hyltaﬁg therapy

severity of the patient's illness,

wei ging curgeaisk e phiésal taseizing this |tr9¢tmﬁ@tdls @w alhmgk mrryse@fmcludmg
he n [ f

Hroa R p el bl ancy 36 06 Wbl AN b Qb cart, awine

or diandsheegiasivelliag p@thl@y axd petsain geresadi | y

Exemplification

The invention now being generally described, it will be more readily
30  understood by reference to the following examples which are included merely for
purposes of illustration of certain aspects and embodiments of the present invention,

and are not intended to limit the invention.
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determ ne and prescribe the effective anmount of the

phar maceuti cal conposition required. For exanple, the
w@bopgiocican or veterinarian could start doses OPCT/H82003/023852

conmpounds of the invention enployed in the

pharmaceutical conposition at |levels |ower than that

required in order to achieve the desired therapeutic

effect and 20 gradually increase the dosage until the

desiExathdé ﬂelsblahen aﬁhilwﬂloﬁanhreageﬁbﬂﬁl a suitable

gﬁl)luﬁt dg?AeQ ﬁrfépo a Ogtn @m ﬁgnqemgttﬁvde {Etth Eltur"‘f'dé 101? G cer:]fe‘tfrom
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ol B g aefaispisnghogion ge Yoo 8 Putty SO S By e opbule

t heitissie] Uh hOfoltivig@eRampgle, tdllst R&re GRSiIE ffrdnh @aidregRNductal
|nvent on, the pharnmaceutical conposition conprises

i nsAPREIUTY| ycose responsive cells differentiated by

the met hags pahcréREvasRIiRE@ET b RNEHIQN 2Bl GntedtiBeDb ADARIt rat,
phar maceutically acceptable carriers or _excipients,

As G| AR VA Hakes, 10 FEPYRaTREIoB fo and Mepbmers tstentigm the
ke  REGLA STRY E&heke‘as Y dRbected THITDE nnd pidRY Sf 1Bl Ui IRIFBSS
but 'not limted to, systemcally, 30

i nt reagsa censwiniag IgagneRie @nq galeipmn sB}eaw'é’dwa%ﬁased in ice-cold Ix
fur tﬁ@gwlﬁmwex*egss@m RLIRLAH 88lpds tis@eSoci ation with

hol I'ow f 1 be raneg ﬁunts or ot her

bi oconpatﬂhbltgsuedms; ¢hos aontrifieesf fal 1980 rpxd ot iSomalukep, thehmedia

Doodraih g AR i5p Bttt EBERL: setddiinoche) e
15s| gtssuel was igtubaet un éﬁ)em[ﬂ@lumnm'@ 37r€ubi h+nimytescwile shaking at

Fes pl%BS” %E Foli e\!vfn ﬂglls &E}%r }r)]rto% ?e‘ijy 5’(}% I(W)P fhe Mipe ?agant g}cas 1élecanted
present |nven n nor-e alrma

acc epubabdoalcahmm eaeralmng 8% Rﬂ/ﬁe nTlse reﬁmnmgtt[ssmhe;dec&b me&, rinsed

t he arna nposi tion be adm ni.ster

iy S DA oSS L RETing P Rin B iRy (D this

to, @y@hzﬁﬁﬂt@@dslayso depintaipi@ta the MiSAl |a§(d fiedhrie€ tbly Liberase solution

traq@¥ ﬁnteg ﬁhd furthernore may be administered in
sdhsnadded ARSI MPBHEASHErs, . t ubul ar  menbr anes,

shunts, ol @ﬁth@[otzﬂld@é‘dﬁf@%hp@xhaﬁand oMb 6@FifEedSoAb fugthalSs at 1500
Further re, the prese tgﬂp entj on contﬁyplat es
met HBWs thf SUppraaipeRpO the; peli¢h desyppendfidsip 1P el FHSS with

cel | fagRbsififlahd 6didishe ThiskRBts BRuRdREfRBxPanded in
culture to 10 increase the proportion of pdxl+ cells.

Such cel Tderglameelethe diokaieddych faameanic avag hequehtatsi 235 L with

150 didEE&RiihiL @na%lle%ﬂﬁh BndPANGHE AbAGell a'n@ @Qg@cmlﬁ/%vteﬁ%ﬁed and
bi ng bound by héory, such biased cells can

tr arthfpwaml@dwrwmvwd&ﬁ 87 ajor8 rr@nvtéSadiOﬂlywmélmé ipubatign, the
the s%nﬂgf‘ék \6&% eﬁ{rffuge@\ék ﬁﬂgﬂ@ﬁ{tfoxt? Iﬁl'u}{& fole %ﬁpetrﬁ)atant aspirated off,

i nsu UCOSG espon
and the pellet resuspended in HBSS lacking magnes1um and calcium. This step was

repeated, and the resulting pellet resuspended in 1.06 g/mL Percoll.
30 A Percoll gradient was prepared by layering the Percoll/pellet suspension
with 1.04, 1.03, and 1.02 g/mL Percoll, and the samples were centrifuged at 1970
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as well as to other cell type required in the patient.

15 Accordingly, the present invention provides a
w@basoaeeut i cal conposition conprising cells PCT/U81003/023852

clusters that have been expanded in culture to enhance

the nunber of pdxl+ cells, in accordance with the

nmet hod t he | and, one, 0
pharace0q B, S S pR R EaRth oS8 GpORE of e Db aoets
outhﬁ@mdzmabﬂvﬁmnh&@ﬂbharnaceut|cal conp05|t|on may be

adm ni stered i.n an . i.n
ot ot Pl piatcalon Befibd 3ia isstee i paiitition S pelf o ducta
dir &rs&demhattdf@@l&@iaam@dfreeadfdns‘uum kellsmone d@ﬁyiatbaa that the isolated
adm nj stered in aSSOC|at|on wth hollo

\éll:so f>|t€ff5% cells can be

Pubielky copigipleatiban %o qprdamigpting ipguling o

devifsact@ized %@flﬁsﬂhfi’-swhéﬂq%sdy@& "ﬂnnﬁﬁ&@io@ﬁéﬂﬁlcallys th@mg the
to enconpass al so prophylaxis, thera nd cure

t he okt Prertegrtaelov ight-1 4 additionaly lﬁéﬁl‘??f P@Sléﬁp‘f #ifh réaffel pifiation
. neeqdol rbcﬂaﬂngegtﬂi 012§ cQLf HBLBR ce'llg aR:aE[1§c)' 1%%5@6 1*31" H&R grcgem, a

and mammal s such as equi nes, cattle, sw ne

she emrkasypmllly carselgedivith Wlmmhepestem dehl pgpwiemcmls
gxenplification The invention now being generally
escribed, it will be nore readily 30 understood by

r ef dixanpde 2:dsdlldorf MBMed@MMI&seaﬂni@ﬂs are incl uded

nerely f oses of t erta

ot oo B PROEES s by  DBaPbosfl bR (RREREfar)
i nt %ﬁdj @Ebs&r/@ed inniJivérkiey d)ﬂWWEﬁbnsbﬂ(UW}stmld&%ﬁﬁ@ﬂolﬁQllours One
PCT/ US2003/ 023852 Exa of Puri

e PEAL TRNGERY Dot Ry afitoved g P St i Finmed of
et mag)osesugshe PWeh faha aﬁtbﬂllﬁe omeﬁiah&eis:r @B theh ﬁ:auqmo Y& equal
provi de an inp ich resu i n

pur iPRFHOES: 385 HP%“?‘F 05 s leémﬁwemﬁmwca@asare r{lan%gaéuffer (Uw

and sgafoPe BRBILO +R}J(§25fﬁd%/ lsbyoehd Qﬁisﬁﬂiﬁhﬂ)‘x’c@ﬁ) altme rportlons of
tubule tissue. In the follTow ng exanple, cells were

pur iPRREERSFYeETY A ﬁl@alﬂqr@wa?femsferr@é ¢ B ePnigahfubgmraad centrifuged

PanGE eas ¢ pﬁas.n dlo@%@&t ﬁﬂmte@ omﬁdaﬁngmln%ea AR shpdrRsidt 1RStissue
of an adu care was taken to renove

20xt evds cwaslﬂedtvvlélh éllgwélﬁ% mapfobiTer (5% gacipmgpagnpdum gontaining Hanks
p?”%a%%ed érﬁﬁfcﬂéﬂﬁ{ $@§2§\@r§/l | 356RLEdyhdRl AndbilBZmlic %&ﬁﬁlged

of tissue in contalnlng nmagnesi um an
cal @gtim The tissue was rinsed in ice-cold Ix HBSS to

renmove e)é"Sﬁf\ﬁeg h%%gcoﬁﬁ érﬁrligggloﬁ%{ggg&?re}d a%?g]e:;s]ﬁﬁed?aé%nt, the

ti ssue centrit uge rpm
t he cedivaere resuspended in 10 ml of Liberase HI enzyme solution, and then

25  transferred to another bottle containing an additional 80 ml of Liberase HI enzyme
solution. The bottle containing tissue + 90 ml of Liberase HI enzyme solution was
incubated at 37 °C in a water bath with a maximum shaking speed of 188
cycles/minute. The tissue was initially digested for 15 minutes. Following this first
digestion step, the supernatant was decanted (leaving the tissue pieces in the

30 original bottle) into a centrifuge tube containing 80 ml of 10% BSA to inhibit
enzyme activity as the ducts are being released. The remaining tissue pieces were

rinsed with ice cold HBSS buffer containing SBTI, this supernatant was also
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aspirated, and the centrifuged tissue transferred to
Li berase Sol ution (Roche). The 15 tissue was
w0 pybsateed i n Li berase Sol ution at 37 C for 15r@i/ns1083023852
with shaking at 180 rpm Follow ng this step,
approxi mately 90% of the supernatant was decanted

into a conical tube containi.ng 10% BSA. The renai ni.n

ti s§6‘é‘mﬁg é@eéﬁ%@ﬁé ?qdn@%aﬂmﬂmlgwwsa% P@&%Sd”%%use’a?%é i fresh
C ONY R BIdTAbSAEIERM I e, PRHeabb e tdpk tvefe re@Bt“EH)zrlotthm as needed
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i ce col dlh¢ fecanied sunsmaiant Whichpopgains dHehy IBegied ey ﬁglgeStGd
I eMBhikbrddd tikduS SWR: centrifiided @f 2000 @pih &radlo 1ﬁ11ﬁﬁtatﬂ£teﬂ°c and the pellets
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00
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r es%él@iﬁﬂl%ﬁﬁ%deﬂulﬁoQorﬂ&rmﬁ@sfﬁn‘ﬁ@ i anBBORER Sﬂﬁtﬁﬂ_‘?_—ﬁ 0.125 mg/ml

cal cium S ste IS re}seate as necessary
vol webeasf tiyhsin iifibitared bNAse prcgwabated olatoBy bopRrature for 10

225 t
olffruedd. d{% B RsCRDLALR H@dmag»' ﬂgmggd &6 W at 4

Dnase Nere added And sanpl es were
i ncdﬁafoeleatm@ite£ aﬁldrtthaehﬁttﬂumee; res{ﬁ@ﬂdﬂdm ggltb’hins ice cold 1X

IPnC uglatu}rym%l%nesﬁlp c%gt% g \gﬁ ?lgnc@a E%ﬂt F‘&gﬁi at 1500 rpm

he sup and the
pel | et r&he Sqme okpeingion WIBS%/eIr&aicdmeng smmgwe:ga;hmm andcbentrifuged at

o P el Gt 3T ER 10 RipufsE RS R ARCreOPey (Al A9 qetutar

or adelefit Radiswingepaoed obihe |sﬁpeﬁfataﬂg thehelBewsatduspeatiddgently in

sus en ion. W : 1.03, a . / P I

and é@%@%&ﬁ% ecr‘?f“iafnf%g(g éfzgi&%%?%% 100 U/ml
30043/eﬁ¥$ﬂc@218 RO/ 1USA) 3Hnd ABEH Banskapied ftora ddv MubRUS@Rning basal
Fol | ovv| ng. centrifugation, there should be three |ayers

of AT HNASSI e, and an exocrine pellet. Using this

puri fi cajk Qmis RiMOthe sﬁﬁples&inﬁlrﬁddu@tsp@pwaﬁ'bblﬂﬁnﬁﬁtlrfgeE}k&rme
fromductal tissue that are substantially fr

| no A Ag it Sivgs e ETITHRGESEREN IEFE AP EEEden %16 ducts, the

cel lsgmGeni ik ee Eﬁlﬁé’d% HH0i8f byCAR VAT tRAbA0BANd 1B drfdtislets to
cell's.” Thus, these cells can be characterized as

20ns sttle forﬁﬁ)enmg@g &l egmy teFDeTaELe: @wéﬁp@gqtquy which is enriched for
Fur tdtl@tg r@{setrnaants{%ﬁed ¢&h lﬁ%sﬁuﬁe Qﬁcg@etn{r‘l‘fﬁ%é‘d% 2@!)0’};%1 afdl °C for 10

addi t 1 ona er consistent wt ferenti ati on
al omginutepanthee atieonagant (B cdsicntqdatand thheduskpaniaining pellegiowas

negatl Eéot%n%e%rm'ﬂ%s%ﬁ n@dlﬁr‘hm ein, a marker typically

correl sone of her stem cell popul ations. 10
Exarrpl e 2. Isolation of Purified Human Pancr eati c

eatErs".fi EE’B% (.}Pnap?rg%eﬁ %a ﬁ fo ra]51¥1)%ren ai:mgr Pnsulan-th et-llke structures

The insulin- cells 1solated from ductal or tubule tissue were cultured in
serum-free DMEM/F-12 containing 8 mM HEPES and 2% B-27 (Basal Media)
supplemel}lted with 10 ng/mL of the gp130 agonist human Cardiotrophin-1. The
cells were cultured for 6-7 days during which time they formed non-adherent

30  spheres. Although not wishing to be bound by any particular theory, the presence

of cardiotrophin-1, or another gp130 agonist, may act as a survival factor in much
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and preserved in University of Wsconsin (UW sol ution
for up to 24 hours. One hunman pancreas was

wa@z@epticerl | y renoved from UW sol ution and tripeetsSmwh3/023852
15 adi pose tissue, spleen and intestine. The pancreas
was then cut into 3-4 equal portions, and transferred

Lo PSR b, B RBARLEL DRl e LIS OBHIG) gy o
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t Fol | t he second
oM e (R oD SRS SRt e fhcory, FOF

t he fa@fy hienbersud BSUEPRBRAyINKAdh I hitedenld REFASR, Jrrlh FGF-18

enzyne sol ution, and then 25 transferred to another
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5 mnutes. Followng thi’s first i gestion’ste
s upenaizhessare Waevitie e atd sohdauidyolifhation Bsueidpirasgesf detlular

Ezgﬁtcglﬁ)tﬁ?tﬁlg ﬁ)l \Qﬁ?ﬁ 5%92%% %\Ofa@ul? qﬁ%‘{‘ﬁeﬁy%@ﬁ% ?m«%ert, and Indian)
lact ibehavg mllarbemm otgetaro bizehengicaledndasular Idseys (Thomas et al.

ring ce col
Lol BbleRS 46, BYREEATIH st A S0 Ehpbeiofigh dap: 1p3s-
44 \WH@0 Oﬁdnﬁaﬂiir@&l alﬂﬁﬁgthSﬁmadd@%g%s uskeldard, @@ belidve tiidb ether
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> e fiob PRk At thel LBE VR R et R ot FRESRRE Pshos
wer golyppsilee dsﬁbyl E})ctivhﬂ‘il’%s the &ﬁﬁg@@gl efénalﬁfgepaﬂlﬁ@@[f It\@dbeheve that
per.nat an ch contains ducts |liherate rom
A D U b i Sl e SR el b et IS B affecs.
for E&Qmmem uf @fh Abdgdhdg aganiets wmldnﬁ&lh@t Snallorg@licemolecules which
suspensi on buffer

i mredi at esu nded . in, 40 m
© e S a%o&&a Ridingrip disiecaPHr Rachegn Rismall organic

Bal anaemicdartichoidt Whi £ Bovins@eah? tar/ o hed SAY @@Halfn@y A$dphrin is
i nhibitor) + DNAse and incubated at room erature

for ibeveﬁirqulaﬁr@%se thedpeadigation ODRIAE damibeerrlass t ot theslldupmbsane.
Mer e centy it ygeckiat th%%geréspﬂéréfculﬂme&nf ﬁﬁsaﬂ-ﬁeﬁhﬁ%ﬁgem%?ted

and the pellets were resusgen ed gent Inice

10 evthcsaypmhratpnes ifaptare dort & rilany rharﬁlv@e B&peamme@ tBalntedia was
SOl uhdhented with EGF, FGE-18, IGF-I, IGF-II, TGR-0, VEGF, sonic hedgehog,

and heparin. Such a cocktail of growth factors has been used by others, and we
believe that one of skill could readily select combinations of growth factors
30  belonging to these growth factor families for optimal use in the present methods.

During this stage, the cells show signs of differentiation along a pancreatic lineage
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The duct suspension was |ayered over a sucrose cushion
and centrifuged at 2000 rpmat 4 C for 10 mnutes to

wo amisbiteat e t he renoval of |ipids and cel | ul arPCHER2003023852
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likely that FGF fam |y nenbers closely related to

FGF- 18 such as FGF-8 and FG- 17 woul d have behave
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10 contains a relatively high glucose concentration

(11.1 mM), supplenmented with 1- 5% serum PYY, HGF,
w@n4Porgkol in. One of skill in the art will reCcDysi0p$023852
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days after transplantatlon of the bovme implant, mice received a second
transplantation of either rat islets or human insulin+ cells differentiated in vitro by

the methods of the present invention. The rat or human cells were transplanted
directly into the fourth mammary gland fat pad. Mice received approximately 400

30  islet equivalents of insulin producing cells (either rat or human) determined from
cellular extracts of insulin a day prior to the transplantation. Control mice received

no further treatment. Insulin therapy via the bovine implant was maintained for
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10 mM gl ucose to assay for glucose-stinulated insulin

release. Insulin release and total insulin content
wowrgg/omsasur ed usi ng standard net hods. Additi oP@l/Ug2003/023852

factors were added to the culture of islet-Iike
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transplant
mice was measur ed by radioimmunoassay six weeks after blood glucose values had

stabilized. Serum samples were obtained from untreated mice, mice transplanted
30  with rat islets, and mice transplanted with in vitro differentiated human cells. As
shown in figure 4, untreated mice test negative for human insulin C-peptide. In

contrast, mice transplanted with insulint, human cells differentiated in vitro by the
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insulin+ human cells, differentiated by the nethods of
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30 Following approximately one day in culture, Pdx1+ cells (a marker of
pancreatic progenitor cells) began appearing on the surface of the non-adherent

clusters. The size and number of Pdxl+ cells continues to increase for
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bet ween 90-120 ng/dl for mce transplanted wth either
rat islets (n=2/2) or in vitro 10 differentiated hunman
w@ei®1en=2/ 3) . These normal bl ood gl ucose | evRCBHUSEINE 023852
mai nt ai ned for eight weeks. In contrast, control mce
(those m ce recei ving no additional therapy follow ng
the BOVLAGdIPLA g 34
el evagﬁr %ofri:&l n elﬁé})sbl gg@ F%cosee11 s fofu?re under expansion
r enoeaditigfs, nh&adlwp&namtll cmhfersrmmimlg 8 mmasqiemlmbv:r of Pdx1+
figur e ate t I
di f% gﬁseglte?ea C“lierﬁl %/ (Jqﬁ%eﬁt[l?]& ({{%C%? i 3’? Of{uﬁe lnSlru dypglucose
i NV eedpbaive @Hmhhseerd; r &hsmteama‘ems expangiou @rdtocod eaksb o¢salted in the
or nal bIood
SaarosRiRCoE FRIS SRR o GeR hic RHEmopst R ich e, P et and
hu ﬁaiihycrqbrbﬁnt/\&ég@letahdﬁfhdd pf tsiakitey d&Qs alousg i pencreaﬁyhneage
measurin esence of hu i@EJ in C tid

;
AR R R AL e doRfiyton of the various

confcomp@inishett the hepdeh Prébéddn tgf:nemmgaidxm Qelk. JENERSRN is
level s.in 20tr%ted mcevvastgﬁ uItoflnsulln
pr odeEEeR Py thwatidifenitee cpaditiqas.g gyltao wehsirher sl gnipgease in
10€S Wdk S +Qell§ RSN EXRAIHENhSerVefe tulBRD IS Inbdih @thinthila at pH
untreated mce test neg}at ive for human insulin
C- pept T e thea smsigansio Of Fdexlgesells wes qabpcepdsinderyiagidic culture
t r angplidstsqd ﬁ%ﬁlﬁla’teﬂsﬂﬂ{'w 7. E”@ﬁ‘rﬂfeﬁh&% Bl fih et 'c%ftégplates
in wtrotes‘i) posi tive uman | nsul i n G pept
and that éhe %m%@nw iof é’dkéétceﬂ%sacﬂ e ¢nsha1@£@é &b daheringnthe Sellsender
pre .e., the
pr e?gﬁggugéretﬁgﬁ&aﬁ&ll nshﬁgm@ﬁ?g}p%pt decr eases rapidly
lGpon r endithpughfthe meximuaneffsicton @t ehp,amalnn oeduirsy in the presence of
Bri I fk ' ' - ide in
e &, mliinf sGR0GMEL oI AR AR o DAL $fich Mncreases
T aduﬂrawﬂmmaésmy iissukin ‘ambdrsF@Ef méngdn) wo dbsgived es;mnmalh ofRdx-1+
had zed. .Serum samn wer.e ohtain
unt rceelgt & enmﬂil:ee media WAy PuRIST egf;éfi e‘éﬁlt%é’né?‘é ¢ rF“E%?% t[P%SF factors.
and Slpbcnﬁcallly,aﬁhs ratianblettb thie tehltira mediurootlarf FEF emﬁtdgaﬁ edtl an agent

Pocthigierires iR HEbPIRS @ el ISihe el appoars

contstffisient p@dﬁdeadiﬁﬁllcﬁﬁﬁeeid thé inbimbérSedl Pdxt+ JRUETRITHE Ghiefition
differentiated in vitro 50 WD 2004/ 011621

ot
T A0 688813 SRR OB oGS B YR o e lowing

t esteoR@strdtiod Cofl Bletdid NRRah&tBAbAd (G REPH NS, f@rasi)hhhdﬁso pM),

positive result is dependent on the présence of th

humagsulie(3-200 ug/mheandrﬁGPa(ll 200A€P ilkionally, we confir msd
hat mce transplanted with rat islets also test

negative for human insulin C peptide. 5 Exanple 6:

Expd&xsimple DfDiffetdnsiatop abNen-dfdhGene Chisteng PreévéatlsiynBxpanded in

G Ui ire

Cells were expanded in culture for 8-12 days, as described in Example 6.

Following expansion, non-adherent clusters were subjected to differentiation
30  conditions to generate insulin+, glucose responsive islet-like clusters (see, Example
2). Specifically, non-adherent cell clusters containing an increased number of Pdx-

1+ cells were cultured in the presence of an FGF mitogen and at least one additional
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Responsive Cells A significant limtation in the art
of cell based therapies, such as stemcell based
W0 bnapices, is the limting nunber of cells whPChUS2003/023852
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ol i et it B Bpbhia et e d ot 2 for
hep&Yetaﬂe&\ﬂésﬁﬂ’lptlo‘ﬁ o tHee staps etht QifRpdhame® friecaf.f ect s of

FGF. The _cells were cul tured L]r a nunber of dgys in
this supplodiest B9 mYsaH coapismekisidiat SAhAGaen tapisfey theggpanded

Fol |caid freim a0k bdTBrh €hsym&Niee b8y dinihgCit ExbaBsioPi¥thdd) back to a
cells (a marker, of pancreatic progenitor cells) began

2o p BT REHTEh Meria coupinige By RONARTALRI R flvRose, the cells may be

cl U%ﬂr&ﬂa@ﬂ%n @Ml@MﬁﬂQ bREERE o AfaciEdet t%leéﬂa gH'SrUJ¢§ and
to increase for 1 WO 2004/011621 CT USZOOZE)/ 0

appreste neferaply] 2Hd &y9: Dol hisvalisgragve diffependiayjen medium is still
cul tsHﬁﬂerﬂE}g&f whK P&@ﬂ)ﬁ Qé"det{ﬁf}ﬁ% Ekeﬁﬂﬁe 2N9fs gﬁi%&% %Hﬁceﬁt‘?&t on in

clusters contal ning an i ncreased nunber o
cel |this bfferentipgbpe anadiim gam vty ftireaddn bptaveero Amph ot %@M rd this

%ll{,fc%sé E&}%L@tﬂiﬁon %ag COEr 1eﬁlgﬁlpﬁgsshl¥§ tl?rglééhrog Stﬁﬁc@%&?nﬂhaﬁon

I'S expansi on protoco
the protocol or may vary (i.e., beginning at a higher glucose concentration and

progressing to a lower glucose concentration as shown in Example 2).
Accordingly, the present invention contemplates differentiation of expanded cells in
either medium containing a constant concentration of glucose ranging from ImM —
30 20mM or in medium containing a variable concentration of glucose. In
embodiments where the cells are cultured in medium containing a variable

concentration of glucose, the cells are first cultured in medium containing a higher
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5 production of Pdxl+ cell clusters in cultures of

nmouse enbryonic stemcells, and nay represent a
w@emenalezhet hod of biasing cells along a pancre@r/ius2003/023852

| i neage. Additional experinments assessed the relative

contri bution of the_various conmponent s of the

expa gclogéqn clgéce% g 1ConI {g[rea?e? :}ﬁ{) 2 ? n]%MDd)d I-l-t(l:a%lg lHatnsferred to medium

C onchohﬂammg a Alvten gugmemn@hsarmdtbsaman némdBs Ad statedLfbove, the

Pdx- | + ce 0 eren rs were cultured
o ssaen s e ol RS Flliy S sl G s P Viousty
Pdx-dkgeribed.l s was enhanced under acidic culture
gondi tions (approximately pH 6.9-7.1). Furthernore,
he invention contenplates that the energence of

PdX- Etarfiple! $: ERparRfone b @RE T apibie Wit Gehdidting)dnsiffink-S Glucose
under acidic culture condition of approxinately p1—|

5. 0-RespgusivesCells i Bigdtretenes ordeflisinfingmdduExspdiag |

expansi oy agd#dd @®dhd facttorbeounheaene&mptn E}@tﬁip‘f@ & aﬁe@ibﬁ&nfactors
suppl emented wi th dexamet hasone, tﬁent
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I ncreases I ntrace . ) 'evat
ageretd) aplpwabkP-1saghhistsi(eat exemdi:mrbohzcmlmﬁ GhErle 4H- 1 analogs

t he %rbeoilseﬁ) %( lfurth%? Ac ease ek n%f?)%l dx“’I rcetalp Sh cultures or
ah (f I um

‘ cont’efpl at &s sup Ierre it e
hﬁnthphdn@dfmhduhwqegs concentratl on of factors

dexanet h one f orskol,i.n -5
insulin ( ];ﬁ]ie Q%dlﬁh%ﬁé"r?lfarﬁa H Hlie Sow%h shows that
Exal’p&b@ni?dr &llf étﬁm&rz’.t ﬂhai hava tebn Nependeth ec@rﬂm@tdmﬁeeﬁﬁthods of

Pre Expanded i.n ,Cul fure |'|I's, wer.e expanded i
Ul Ry 5 oF BRasy Shsal SRAEET s, i BSidprBagion medium

Fol |sﬁpplﬁﬂe1ﬁétp\aﬂ§fo®§kollmmﬁxﬂfﬁﬂﬁlﬁml in61LiS FEF 58, \Aﬁd ﬁeparm) prior to

ubj ect to. differentiation 30 conditions
gené?eért @gﬁewgmt}qqmroﬁ E‘i&@’éo’%l‘é‘étﬁb(né% fPi P’é’FeePd’i”k‘i?”S than cells
cl ushif@dréntiafe@Cin X HPBRe 2 -theSRRGHSbE PrdbtYeol. nonh@%e&tem pdx1
cell clusters containing an i ncreased nunber of

1+ CEPessiqeras duthey) pegmentedif ghepfodlisiatingelgied afﬁctwdolhstatm or a

M t QERPinaich &t foll8@8E afGe BUDLI 4BRR! exeRdn Wa%%@ééd%%
PCT/ US2003/ 023852 growth factor or growh factor

agorist of fags aepdeloetippleped rthe agidiceculthienmpdivme dBieflya cultures
2§g SIteS b glt #o?skglm a%&h{[’ﬁel%agﬁg B&dnt)0 Iiex%m@fh%ng kéj&%c%stermd)

insulin, FGF18 (aFGF famlly member), heparin (known to potentiate the activity of

FGF family members), and follistatin (a follistatin-related factor) contained

approximately 281 fold more pdx1+ cells than cells differentiated in the absence of

the expansion protocol. Cultures expanded in forskolin (a cAMP elevating agent),

30  dexamethasone (a corticosteroid), insulin, FGF18 (a FGF family member), heparin

(known to potentiate the activity of FGF family members), follistatin (a follistatin-
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on a coated substratumin the presence of nedi um
containing a standard | evel of glucose to generate

w0 p®uliwz] gl ucose responsive islet-1ike clustECBHUSHEF023852
Exanple 2 5 for a detailed description of these steps
of the differentiation protocol). Exan'pl e 8:
Dffe t on of n- Ad nt C rev
Bp R PO P 4 Qb a0t SeritiBed Frpibbies 300 fold
for BortdddBylls &en deBdiffdemiatct iftha apefcetof theldpansion protocol.

Fol | owi n nsi on, nqQn-adher.ent. cl ers

subj ect e%lg% gﬂof@f‘“@?np Xk F’SWSS‘BBHHF?rﬁt"l‘éte’tsocugf@%r“éteépa“slon
| NSUhédidm  GloHE OfPsuk EEMONHIskss Galthsd amd ekfdrdfon| ié@ium further
clusters largely in accordance wi th the nethods

out | URRigmeHedRAHplodistin. SINAES Hie) ipcrepisrn ndyh X RRtSIEetn cultures
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r espnesissien inghisures ¢%@lm¢g®ﬂét’d§n eedexemiiafpl e 2 for a

etail ed fiot .
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differentjati dlumls stil e

f ncronde bi4Brarren ey mudhgng i bRna G Gugbe Ever trat much
concinblRtatify defivitst fsl‘t&‘chéklreﬁft@ rbenlhbaﬁtb@ By ﬂﬁdﬂowTasC&ﬂldh@Uiﬁér of
broadly between 1nM - and this 25 gl uc

condéhitinat Plaﬁa%wh&lfaﬂérm% Wity ands Appdb lfSh a%wgmmtem) the

t he igdntieh @DhtbiaplaRE thdPhRt ACEtherOictivRY inkdit¥rs(dwhther they inhibit
at a higher glucose concentration and

begi nni n
P ogﬁ%‘é@ﬂﬁgth? R Mesanisy | as delbigatin At wia e ditfper mechaHgihin the
in Bxamlf Rdtocol AGHL rlgi'eﬂgdnyoon{eﬁl%la%secﬁg Q&dlﬂldﬁvﬁfﬁﬂh@ﬁtm and/or

contenplates differentiation of expanded
ei t mee efedioamidbsiatii-brsery fastarnnalt amt ot @n@@mbqrattﬂ @mlcgftratlons

gl U%é@ra%gﬁgk 3%?]{ %cﬁn@%n%n g’pfoﬁ%%% ?lﬂst?ﬁg LdiHig ji"aﬁtors in the

cont al ni n [ e concentration o ose.

e b owitwie o aslivmh émldtkhefroorel hg/matcel mginlu rl\é@‘e prefergdy, inowever, the
ont C C

2§el l@ag o Fﬁra\@ﬁ sﬁl l(ﬁ P% rlu ?&} égﬁﬂl qg élgé ﬁlllﬂnolﬁ th?,| Cgﬁg of the

53 \ABdizio64/001 itfﬁﬁibleP(Tﬁllisﬁﬂﬁ)(b@sied) 238%8s, dhaicimsention contemplates

f fgﬁe t ?iﬁxtéeé% 18(vﬁggat &l fa}c O?rIJS g‘(ﬂlem thaena%oxt/ehree?erenced concentration

ranges as well as embodiments in which the total concentration of the two or more
factors is within the above referenced concentration range.

30 Exendin-4 is mechanistically related to other proteins, and the invention
contemplates the use of not only exendin-4 (in the presence or absence of a

follistatin based factor) but also other proteins or small molecules that are
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containing a | ower glucose concentration (less than
10mV). As stated above, the sequential addition of

w0 amiois2t o this medi um shoul d remain the saneP@BUS2003/023852
previously described. 5 Exanple 9: Expansion of Cells
Capabl e of Generating Insulin+ G ucose Responsive
Cells in the Presence F atin_an
n a@mtpp%} qagivafed et th exctencgl% SA? 6&3#?]"1&@%{11?‘@ gi[éiflgp ary; ﬁﬂ’q agonists
Ex ?lr‘iﬂd:l@d& exadiﬂmh ?:c Gmaidlrf 4c (HLIPSI dndv ﬁmele nnhlogid tl“ﬁelz I invention
i nfl uence. the e enc |c ragenitor cells
e SOETENG S TG ek CLE SenBlnT gt caprin medium in
capahé 9re@éncdlcfrfae§eﬁ5ﬁ bﬁbmengr nord fa)ﬂmtaltlﬁbaseglfu&@@e The invention
responsi v aII we show t hat

ol |qo§1{egllpf SH %%‘Hltiﬂgé’? Viasy t“e"‘ gjmd/or 51 qflr%‘%r%\f}ﬂdﬁ ;1 agonists (in the

f ol | drsdeadel d? ab&indd &hne @R MoRy BIIRIaAN bhsRD |fawtd?s) &taﬁ? bf a number of
agents that inhibit activin etc.). P-1

agorfioseegtrptéiong.  Prefeeahly; W@ﬁnabﬁ%rwamwmn oc@spe@m—@P other GLP-1

anal Lgsists iflhe )cuﬁﬁ@ 1Q§‘d1ﬁ’1§ edhob@ dELRET AMGT ?(f"slemtgnﬁ More
expansi on of pdxl+ cells in cultures or = 15 spheres of

i nsuirgfprablyehoweverrphe finakeaneentigtion sheyld botfipgt Ekngméto 400 ng/ml.
%)ummrtﬁéizc,eaqe bf‘tl'ﬂce aHiti I\MHHEE éblo‘f’%.é&ﬂﬁg theoﬁlggﬁfghtcgﬁt?xﬁglates

tures that have n expan accordin
met heodwdiofentsExariythecagh faptaddy sdded it a@adbowexstfemmcem catmyigration

P | . .
b S s RUPILSLRRAEEL WY BHARLIALAG I T v oo mor
hepdnétory ipwitlon theab@@ refeeinceddionéeptrativiniratgeon pr oduced
approximately 62 fold nore pdxl+ cells than cells

differentiated in the absence of the expansion
lprot ocol. This effect on pdxl expression was further

he follistatin-rel ated factor
foI :‘x‘g‘{ﬁ?lﬁﬂ%ﬁ erence onmbi nati on of follistatin and the
GLP-Kacagowkidtet 1x@00D) Midbetva 3edsbded Reo 181e4mlpsive | i st
of factors use su I mst the acidic culture
medildinelssy iek4y &0613 '@@%é%ﬁded in forskolin (a
CAVRcgk eut(R0W) AgR Y Acddeseawss:dsgsne (a

t t d | FG-18 FGF f
A Ok (h092) Eib R loeyh AE G T Bt o aet Lvity of
FG- de@Bidky eMBRN0R605 Drudyd: 3@hlisssatin (a

follistatin-relaté actor) contained approxinmately

281 Kiglpyietbr( 29990 dquinat af Nenroseighceky: 185641 06Per ent i at ed i n

the 1:%?15&99?199“7) FEBET &P 1eN 199, 0t ocol . Cul tures
expanded in forskol'itn (a CAWP el evating agent), 30

dean@mMH@bﬁe@@&l)M@zﬁﬁmﬁamgl YHs885-395. FGF18 (a
GF K tentiate th
T

f ol IMsltlertaido et BA2WO) 2 AUSAR0R/2023852
de Kretser et al. (2002) Human Reprod Update 8: 529-541.
Welt et al. (2002) Exp Biol Med 227: 724-752.
Schneyer et al. (2001) Mol Cell Endocrinology 180: 33-38.

30  Edlund (2001) Diabetes 50 Suppl 1: S5-9.
Phillips and de Kretser (1998) Front Neuroendocrinology 19: 287-322.
Mather et al. (1997) Proc Soc Exp Biol Med 215: 209-222.
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related factor), and exendin-4 (a GLP-1 agoni st)
contai ned approximately 300 fold nore pdxl+ cells
wao b@n/ocwkl s differentiated in the absence of tP@I/US2003/023852
expansi on protocol. Figure 6 conmpares pdxl expression
in cell clusters cultured in expansion nedium al one

versus cel| cl sitera, gul t ureE ] E expansj.on medi um
f ur tthep et 8. & ??; ﬁ ﬁ’? ﬂl%ot e the
' anA‘%ﬁSa%dlAhd&%ﬂ (266290&%&&1%Nhﬁlt16h!|1152M996—995)nt ai ni ng
follistatin. ar es dxl expression in cell

cl udperd ekl &299?3@@2&5@%10 ‘medi um al one ver sus

Ce' ok St Ar @06Y Iibtcad sbnls%%néﬂﬁl on nedium further
uppl emented with Tollistatin and exendin-4. Note the

ﬁncﬁé@s@ 2l 2Q9a )] ournsi of insEnsiqcrinel Meatabf/ e k2820130 ni ng
fo' lg!reéfsaett hln(%ﬂglJgﬁfﬁglﬁgf:guﬁitlo%QSWﬂ@@9'170be' ng bound by

e expansion of pdxl+ cells
f oI [meervgd Hddi PO Retens PragdformdieasiSet Hi'i33%9and/ or

enom el LB e B B TE o ot fims” i

of these proteins is
mec ambisdes etdll (1996 BadedtinotogwtlB&rl 7p0-07@% n, t he

\nv ion.c o4.

lb ol ﬁl}t%l?%\sf ?n?@ggﬁp & Bt Olggte%%'% &)E\mﬂ' ?)r4 8831?}[15)1% nol ecul es
t hatLampeteif et Al (190fektpy Clib. Brxgjnerinal. &¥isbetes 10D(shps Rat74+V8.
(folljstatin d factors),. lary related factors
i nclchhéaf’éﬁli Q@@Wi%gag%r otein and i nhibin.
AddiAtigeadilay (1996yBeveldpatentiazh1400f146] | i statin's

nedecah (oS EE s e TR EIY 102y 1y © *

15Nt SaRGHSH WL §93) Bibelen#7:Digt B-1803L i Vi n protein), the
i nvention conte mpl ates the u ot her activin

f

i nhiApelayisset PR beu ol 7n§91t§iog 20 activin by the

Sa”‘i‘hﬂﬁ@&sha%ﬁ'\ﬁlmla%s(lf99ﬂs)|ﬁ $isdlel MhIOMeMiods & oditiober ent

mechani sm in M on Sf?r ot ocol. The invention

contVenrpleat @ sl. (1t5?§3 YWitistatin, and/or one

of 8l i Eabl @ﬁﬁqgéagmamt any of a nunber

of cmgﬁgleﬂr?traallsg )nIF’ref e¥§b 'y the final concentration
26f follistatin or follistatin related factors in the

cul ty 69 ?‘gﬁl cum shoul d be from1 ng/m to 1 ng/m. Mre

prefera however, the 25 fi naI concentration should

be fW@%/lmmg/m to 400 ng/m. In the case of the

addi le follistatin-based factors, the

|nve[} ]?aé%n?@gﬁb%b ates enbodi nents in which each

f actPaT/USoeideel i n t he above referenced concentration

ran as enbodi ments in which the total
2éong)m§(3]?‘%{§b%f the two or nore factors is within

t he above referenced concentration range. 30 Exendin-4

i s mechanilistubliatibys, paéms ad fatenidppBeatipnisotre@hersin imvochotdiel by

i nv ? 1168513 in (fl%ﬂteﬁ{fglt}ﬁt%% Lhe eg%@c Rfe de}f 1n@1@id¥1alﬁ?ﬁ§ﬂ&'t1@n Datent

( presence or absence
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t hatbyagference in its entirety.
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55 WD 2004/ 011621 PCT/ US2003/ 023852 functionally

equi val ent to exendin-4 (G.P-1 agonists). Exenplary
w@2m@4a1mgoni sts i ncl ude exendi n-3, exendi n- 4, PC/BS103/023852

and GP-1 anal ogs. The invention contenplates the use

of one or nore GLP-1 agonists in the expansion nmedi um

in the presence or absence of one or nore

follistatin-based factors. .The 'qyention 5

contenpl ates the addition g?"%& 'di n-4, and/or one of

nore GLP-1 agonists (in the presence or absence of

one or e follistatin sed factqrs at _any. of. a

nunber of hov oRuEh e po el FEnemir iegbieqB byeRlip Reind no more

c ongieRtro@ine @Rp&fmedeiod) ard equivalehteto 1Bk Bpetificagahodihietsi df the

t he cul tur di.ym shoyl d be, from 1 ng/ fo 1 mo/m.
Kor En el GoaEIe) Mok e it SR aleRo A MEaHb eI passed by
shouhdrohewihg o0 ng/ m to 400 ng/m. 10 In the case
of the addition of nmultiple GLP-1 agonists, the

i nvention contenpl ates enbodinents in which each
factor is added in the above referenced concentration
ranges as well as enbodi nents in which the total
concentration of the two or nore factors is within

t he above referenced concentration range. 15
Addi ti onal References Kaczorowski et at. (2002)

Di abetes Metab Res Rev. 18: 442-450. Lunel sky et al.
(2001) Science 292: 1389-1394. Peck et al. (2002) Ann
NY Acad Sci. 958: 59-68. 20 Abrahamet al. (2002)
Endocri nol ogy 143: 3152-3161. Petrovsky et al. (2002)
Drugs 62: 2617-2635. Finley et al. (1996) Journal of
Neur osci ence 16: 1056-1065. Dell et al. (1997)
FEBStLetter 419: 161-165. Wankell et al. (2001)
Journal of Endocrinology 171: 385-395. 25
Gaddy-Kurten et al. (2002) Endocrinol ogy 143: 74-83.
Mal donado et al. (2000) Journal of Gastrointestina
Surg 4: 269-275. de Kretser et al. (2002) Human
Reprod Update 8: 529-541. Welt et al. (2002) Exp Biol
Med 227: 724-752. Schneyer et al. (2001) Mt Cel
Endocri nol ogy 180: 33-38. 30 Edlund (2001) Di abetes
50 Suppl 1: S5-9. Phillips and de Kretser (1998) Front
Neur oendocri nol ogy 19: 287-322.

58



Mat her et al. (1997) Proc Soc ExRBi ol Med 215:

209-222. 56 WD 2004/011621 PCT/ US2003/ 023852 Thum et
wW@bke402602) Exp Cin Endocrinol Diabetes 110: BRABUIDB3/023852

Azi z and Anderson (2002) Journal of Nutrition 132:

990-995. Tourrel et al. (2002) D abetes 51:

1443-1452. Tourrel et al. (2001) Di abetes 50:

1564£138%5 5 Egan et al. (2002) Journal of din

Endocrinol Metab 87: 1282-1290. Peters et al. (2001)

Journal of Nutrjition 131: 2164-217Q. Doyl.e and an

(2001) RACERHO 6gulﬂﬁﬁnﬁ§‘ﬁé£a“‘3%1.y p&l‘?g@%wﬁm'é{% %&E-g‘\?@i the

et ghoulin-1RASNiffkeaRt @Sinddin+ bdikdwiilR thsulifFedeNandesspaisive to

al . (1997) Endocrinol ogy 138: 1750-1762. 10 G thens,

8. (898 J. Ped. Gastroenterol. and Nutr. 7: 486-506.

Lanpeter et al. (1995) Exp. din. Endocrinol. Diabetes

103 (suppl 2): 74-78. Ofield et al. (1996)

Devél- opn&h? methpd obglaimpbhavhersiy e iqulirt oglls are pdois)

Devel opnment 122: 1409-1416. Madsen et al. (1996) Eur.

J. Biochem 242: 435-445. 15 Edlund, H (1998)

Di abet es Thgmethgd pf dlgipg!, wiysesinihe gisular- cells. arg 1polgtryl fiogrpancreas.

1@Lol. 7: 801-804. G thens and Wel an. (1983) J. Tissue
lt. Methods 8: 97-102. Van Nest et al. (1983) Dev.

Bi ol4. 98Theo5the0d8f cluianhiwhertrethe inselin- c¢lls3@¢soldted Gomrduct or

Inve[a%lil 99, 414-423. 20 W95/ 18856 WD96/17924 US

Pat eR NG 5326201 PCT/ US00/ 03419 25 PCT/ USOL/ 24897

Al'l publications, patents and patent applications are

h ' ' b f ' L. Nt |

the Ssame 105 PEMP SE Y 4 R 7 GapEib S bhsuE R selfed s
1pat eny of gincieadicedict, apjitic dadt] idMenasctsidendyftulad (e)s.,phskimal

Ir 2? Ié;lll u a{slra% tqlbggﬂ, %ﬂ% ﬁgcé,tt%r lc]h(:i\c‘[,l lggc&er:rggsr (?utcg %j am?lXtory duct,
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6. The method of claim 1, wherein the insulin- cells differentiate to form islet-

20  like structures containing insulin+ cells.
7. The method of claim 6, wherein the insulin+ cells are glucose responsive.

8. The method of claim 6, wherein the islet-like structures contain glucagon+

25 cells and somatostatin+ cells.

9. The method of claim 8, wherein the glucagon+ cells and the somatostatin+

cells are localized to the periphery of the islet-like structure.

30 10. The method of claim 1, wherein the insulin- cells are stem cells.
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57 WD 2004/011621 PCT/ US2003/ 023852 Equival ents Those

skilled in the art will recognize, or be able to
wW@s@enimen using no nore than routine experi MeCOL/AB20081023852

many equi val ents to the specific enbodinments of the 5

i nvention described herein. Such equivalents are

I nt ende

5o £ Som AR R AARSTH Y, L PR EHGYT o
met HBRIYPHE sieml aells, ifeig staubestlarer bdull senperllsf i ed, i nsul i n-
cells, wherein the insulin- cells differentiate to
insulin+ cells, which insulin+ cells are responsive to

5 gldcoskhe methathe ciméetl Hd),dwhn?ein: ﬂmiadmlttstem,helﬂseimseﬂda&:d from any
3. .The

ns | spare claim1,
tined iy R B Ch AR e s RudRariate s v Bl gt rem
10 ¢blls Tdaeilacmtdmm dellsf livel stexmcdl]s, wtdlethelial stehecells) Sehbtdpoietic stem
Cell?. i sol q &angduct or tubule tissue. 5. The
net fo& % nﬁ?ﬂF 32 $%ef'n the duct or tubule tissue

is selected from 15 any of pancreatic duct, hepatic
tubte. RGOy . Wi haediFiedaellises derved from an

10 acidufteisaies duct, eJacuIatory duct, sem niferous
tubul e, efferent duct, cystic duct, | ynphati ¢ duct, or
thoracic duct. 6. The nethod of claim1l, wherein the

I nsiy. i N-THeehtBodbf EISHEDNS, | Alefeid hel é&i‘hmtisﬁeeig selgcgecl Erglg any of

structures containing insulin+t cel
cl alptAnesPingheordi gpideRBis; drsmisi prrorees, llgerasft@n@huwélentestme large

r eslﬁ%@@ﬂevfectumg k1d£9}e b[‘&ﬁgl&o&o l‘fsj ﬂfn c@rdlm eﬁl{&:ﬁ?&l malscle

islet-11ke structures cohtain gfuc gon+ S an
1%0%@@?’@1@ nbloeds [Vesgulatire, Thwilaget brod, bfneoharom, Rferyeh éongirgy or
t he gL g&@ I'l's and the somatostatin+ cells are
Iocallzgﬁ e periphery of the islet-like

structure. 30 10. The nmethod of claim 1, wherein the

:DQTS#UISQ 8%%:%%1%@ §<§5§ffe§én§f§ig geslu'bﬁantiaﬁ? purt 16%0191?!,{191} ce%% Jfo insulin+,
glucose responsive cells, comprising
20 (a) culturing purified cells as non-adherent spheres;
(b) selecting cells by culturing in the presence of a gp130 agonist;
(©) dissociating the spheres and culturing in the presence of mitogens,
wherein at least one mitogen is an FGF family member;
(d) culturing the spheres in the presence of at least two growth factors,
25 or
growth factor agonists, wherein at least one growth factor is an FGF
family member;
(e) plating the spheres on a coated substratum in high-glucose media;
and

30 ® culturing the spheres in media containing standard glucose.
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11. The nmethod of claim 10, wherein the stein cells

are selected fromany of enbryonic stemcells, feta
war@aoewkl s, or adult stemcells. 12. The net hpdr/v§2003/023852

claim1l, wherein the adult stemcells are sel ected

fromany 5 of neural sten1ce||s neur al crest stem

cells, p creatic_ste erive

col 1% DARE ey SeRkEn] £ ShoinyBs blpl fhani faRtebil flom any of
end %ﬂﬂitt@hmslt e, 0Rédsttin Vg MBLOPRI Btili@ryie@troplat Fstor,and
nesenchY stemcells. 13. The met hod of claim 11,

whergsHIqcKie caleny siiaylained@i®’s are derived froman 10

adult tissue. 14. The nethod of claim 13, wherein the

adult tissue is selected fromany of brain, spina

Sor d7- epiTaemethed ofielaim &3, WheistrthakGF fanyily menbes ﬁ%ﬁtﬁp () or (d)

smal;l sélé&e%sﬁdnﬂ&y Afmes FGRLE $GROES FG‘Fel‘bt BaF-1K] 1‘5@9—1’7 or FGF-
add esophagus, |ung, cardiac nuscie, skeletal

nusdme, 15 endot hel i um bl ood, vascul ature, cartil age,

bone, bone marrow, uterus, tongue, or olfactory

epithelium 15. A nethod for differentiating

subslt8ant iTae method of ¢laietl]5, whengini the FGB fansilyt memlm 9f stepr(c) or (d)

%l uc??e?ea:@e%%ﬁ%gﬂ O%F@ é %‘ﬁg?lggy S@%T@ 20 (a) culturing

non- @ eres; (b) selecting
ceIIs by culturlng in the presence of a gpl 30 agoni st;

(c) i ss ing i

br esdnoe 1or AP gbnt FARBFEIAE Gl bbbl Bhet o Ofiay;
an Eﬁﬂfn]ﬂfeﬁiﬁaléqtedmﬂibemy of(sohjic hedgthug dgert hedgslplgeoelhdiam t he
pr eshg‘ncegl of at least two growh factors, 25 or growh
f act®5728Geni st s, wherein at |east one growh factor is
18n FGF fanlly menber; (e) plating the spheres on a

SR s S R LTy I R

gl UGRSBling. 60 WO 2004/ 011621 PCT/ US2003/ 023852 16. The
met hod of claim 15, wherein the gpl30 agonist is
sel ected fromany of cardiotrophin- 1, LIF,

oncogt at iThe Mettol o@anyl dfchims Ghilnl B0, %%fﬂtsfe%qm ificludes heparin.
factor, or granulocyte colony stinulating factor. 5

207. The method of claim 15, wherein the FGF famly
e "’%‘f Oy Lol OF c19m (fglvherem the growth factors of (d) are family

members selected from any of EGF, FGF, IGF-1, IGF-II, TGF-a, TGF-$3, PDGF,
VEGF, or hedgehog.

25 23.  The method of claim 15, wherein the coated substratum of (e) comprises at

least one of poly-L-ornithine, laminin, fibronectin, or superfibronectin.
24.  The method of claim 23, wherein the coated substratum is superfibronectin.

30 25. The method of claim 15, wherein the coated substratum of (€) comprises

Matrigel or a cellular feeder layer.
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is selected fromany of FG-5, FG-7, FGF-8, FG--10,

FG-- 16, FG--17, or FGF- 18. 18. The nethod of claim
waz2go4meerei n the FGF fam |y nmenber of step (c)PCr/USmP3/023852

10 is selected fromany of FG--8, FG--17, or FG--18.

19. The nmethod of claim 15, wherein step (c) includes

a hedgehog famly nmenber sel ected from any oé( soni C.
P8 ho g e ol AU G TF Ao ST AR o) PRIEgges o
The}é’é‘%ﬁ@ﬁf}/{%fuc&ée?i m 15, wherein step (c) includes an
agoni st o edgehog signaling. 21. The nmethod of any

of clains claim17-20, wherein step (c) includes

he Py i N7 0B %f-[:{b‘g? ﬁ@,tmgei@fhe Gl g%'—éﬁwla@e m¥E E@hPtsEdR least

growh factors o are famly ~nenbers sel ected
F r obd mM/glofosEGF, FGF, | G-I, IG--IIl, TGF-a, TGF-(3,
PDGF, VEG-, or hedgehog. 25 23. The nethod of claim
15, wherein the coated substratum of (e) conprises at
| ea28. oriBheofethal of clairor hi wheirgie () ingtrides # leapl dne davéas s¢lpcted

or superfibronegdiin. . t hod of claim 23,
\/\heﬁgélr)lr?n?'ﬁ Se&%r%f%%ﬁs%%%tof gopﬁ(r%mlﬁ:'s superfibronectin. 30
25. The nethod of claim 15, wherein the coated

1 oedr 1 HiFupenoan st 6T sTein U b Pt e BB Sabt Angine
Theaggat.hod of claim 15, wherein the high-glucose nedia

of (e) conprises at |east 10 mM gl ucose. 27. The
met hod of claim 26, wherein the high-glucose nedi a

CONRY.i SePhAheth®PStclaif 28 Iwiehif) hile:s 6ne AP Floeating bfumd isof
claim 15, wherein (e) includes at |east one factor

sel &8Ol from any of serum PYY, HG-, or forskolin.
140 29. The nethod of claim 15, wherein (e) includes at
| east one cAMP el evating agent. 30. The nethod of

1 e
cl aBhn 29Thewethed of daimi28eherepdiecANd’ BPwuiae pergt geted Lom
for ﬁr‘f}%f ¢PT-cAMP, forskolin, Na-Butyrate, isobutyl methylxanthine, cholera toxin,

8-bromo-cAMP, dibutyryl-cAMP, dioctanoyl-cAMP, pertussis toxin,

prostaglandins, colforsin, B-adrenergic receptor agonists, or cAMP analogs.

20

32.  The method of claim 29, wherein at least one cAMP elevating agent is an

inhibitor of cAMP phosphodiesterase.

33.  The method of claim 15, wherein the standard glucose media of (f)

25  comprises less than 7.5 mM glucose.

34.  The method of claim 33, wherein the standard glucose media comprises less

than 6 mM glucose.

30 35. The method of claim 34, wherein the standard glucose media comprises less

than 5.5 mM glucose.
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15 31. The nethod of claim 29, wherein the cAW
el evating agent is selected from any of CPT-cAM,
wo ergkoléen, Na- Butyrate, isobutyl nethyl xant hi PET/US2003/023852
chol era toxin, 8-brono-cAMP, dibutyryl-cAWP,
di oct anoyl - cAMP, pertussis toxin, prostaglandins,

colforsin, (3-adrepergLc .receptor a LSts, or CAMP.
anab®gs. Thegneihod Oﬁ‘i@“ % BT ngll%fiﬁqggb aé&ﬁ%‘}%ﬁﬁ copprises at
| eaghst GREREDNRIRa RN #§ A9 61, leftird Ricotimiiild, on§f CoA or
CAMP phosphodi esterase. 33. The nethod of claim 15,
wheeépdinthe standard gl ucose nmedia of (f) 25

conprises less than 7.5 mM gl ucose. 34. The nethod of
claim 33, wherein the standard gl ucose_nedia conprises
3 esd7. t Hkhe maethed dficlaied &, Wieeinthe 1@Hb“‘r%{1h@€feréﬁtl%gg’i fm
34, . wher el ngar e nmedia conprises |ess
el R S 503 o1 621

PCT/ US2003/ 023852 36. The nethod of claim 15, wherein,
t heagredi B Ghiethddordfith 5 QDR RIS Siudtires dISAShtaN®
factor selecie rom any of serum |eptin,

ni cglutaygamt dels andbanrmpdsta@oAcells. exendi n-4. 5 37. The
1(5"3t hod of claim 15, wherein the insulin- cells
differentiate to form islet-like structures

conB@i ni Tig rhetsed dfintaim 8BJ wher@s the BhmagmtHvelds apfl tled smimatcB@tint
wherejn the islet-1ike structu al.so. contain

gl uEL GO PL O iepeDBheEY BETS T IERRE™10 30, The

met hod of claim 38, wherein the glucagon+ cells and

the somatostatip+ cells are localized tgo the .

per fdher y’edFeT‘P?fEOfi claymal 54 Yhegern #l’edl&‘iﬂlﬂzdefgr ‘if%.ereﬂxhaémﬁet hod
19 cliiafial§, puyiied, @istlid-Rellsw ihsatinf @ils dichidey ephndiid figpd:a +
substantially purified, insulin- cells to insulin+

cel Felsiithin e 8owsaqhsrsat WYeithe pdxl+ cells within the
non- adherent spheres. 41. A nmethod for differentiating
substantially purified, insulin- cell, @ﬁt 0 insuljn+,
gl uébse £ pdiffergptfaging é‘&%ﬁ?‘iwé]iyrﬁ’ﬁﬂé =(‘1§)‘IIIE&FfllstfPill?§b‘lln+’ |
Pur b6 r&BbAsveaRI Oftnfiif” ent spher es;

20 (a) culturing purified cells as non-adherent spheres;

(b) selecting cells by culturing in serum-free media supplemented with
cardiotrophin-1;
(©) dissociating the spheres and culturing in serum-free media
supplemented
25 with FGF-18 and a hedgehog polypeptide;
(d) culturing the spheres in the presence of at least two growth factors,
or
growth factor agonists, wherein at least one growth factor is FGF-18;
(e) plating the spheres on a coated substratum in high-glucose media;
30 and
® culturing the spheres in media containing standard glucose

supplemented
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(b) selecting cells by culturing in serumfree nedia
suppl emented with cardiotrophin-1; (c) dissociating
W b@4mpteer es and culturing in serumfree nmedi aPCT/US2003/023852
suppl enented 25 with FG- 18 and a hedgehog
pol ypeptide; (d) culturing the spheres in the presence
of at least two growth factors, or growh factor
agoni sts, wh&FBincoHpaMidest one growth factor is
FG--18; (e) platlng t he spheres on a coated

substratumin hi gl ucose nedi a; 30 and ul turing
th&%phéff@anth?dr?géﬂaan brivherein g msdigod &) an%lrdzﬁ‘&ﬁ rin.

suppl emented 63 WO 2004/ 011621 PCT/ US2003/ 023852 with

ni coti nam de. 42. The nethod of claim41l, wherein the
jredia ole(eai)ethqqicqf LT 4he)|dqunhthe groygh fapinss ofdeseimgmbers of a

| :
renBar e SR BB AR o B P G aoE T
of E,GFDGF%GH@hadgeH@ (3 IGF-I, |GF- |l, PDGF,

VEGF, or hedgehog. 44. The nethod of clain141, wherein
the nmedia of (d) includes heparin. 10 45. The net hod
of g4.ai nTiklmethddiasfeiaim dhewicost the nsdipstf(@tineiudes h¢myin.
conprises at |east one of poly-L-ornithine, |amnin,
19i bronectin, or superfibronectin. 46. The nethod of

cl aism 451 hé’&ﬂﬁﬁcﬁi 4T clag 4¢oaliceein gighshtediubbranim O&Je) comprises at
conprises 15 superflb onect 47. The t ho

c1 altons oG L IHRe. SORD b 5L 41 TR Ppggtn
conprises Matrigel or a cellular feeder |ayer. 20 48.
A conposition conprising an islet-like struc

di f fer enThandbod ofstaimdy b‘gbeéﬁ{l g1 crgred ORIty 0% ﬁé g?‘fll?fises

15€! LshePibrilep@eny thereof. 49. A conposition conprising
I nsul'i n+, glucose responsive cells differentiated

fron1substant|ally purified insulin- cells or progeny
t heﬁ?.Of : Tl%éBmethod of claim 41, wherein the coated substratum of (e) comprises

Matrigel or a cellular feeder layer.

20 48. A composition comprising an islet-like structure differentiated from

substantially purified insulin- cells or progeny thereof.

49. A composition comprising insulin+, glucose responsive cells differentiated

from substantially purified insulin- cells or progeny thereof.

25
50. A composition comprising an islet-like structure differentiated from
substantially purified insulin- cells or progeny thereof and a pharmaceutically
acceptable carrier or excipient.

30 51. A composition comprising insulin+, glucose responsive cells differentiated

from substantially purified insulin- cells or progeny thereof and a pharmaceutically

acceptable carrier or excipient.
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50. A conposition conprising an islet-like structure
differentiated from substantially purified insulin-
weeios®1eel progeny thereof and a pharnmaceuti cal PET/US2003/023852
acceptable carrier or excipient. 30 51. A conposition
conprising insulin+, glucose responsive cells
di ffgrenty 1! HaBbreli I-n- .
cel Is? or Ap‘?%‘gg%ff’frt&‘%éﬁ% %{lag%tﬁ r%?@rg%deétaﬁc aelr ?&Lﬁ}) ilhpaired
acc epipaidiecnessito ghicoses comprisips edtnlmsMng\@ @@Ml@@ﬂalmunt of the
PCT/ reat
1§‘fsleg%n C{Q%tﬁ%% g’{‘: %}na4c8féé‘:§szgf§fq%/£ o m{ roqr% g'ldﬂgseare%héls&ess
responS|veness to glucose conpr|3|ng adn1n|ster|ng to
f,‘Slh:I at | %2 @l@d Z?lftéeé.hlg/% p?tben WHE &8 nclilluon charac!flerlzg({ gy 11npa1red
gl uqe@ensﬁmmns glesescompbisihg adiinisedring o fhe patieneat am@ind of the
pati.e a conditio ch racteriz aire
P oL hetitie FaPgTie Sau UG Bl siirive Coepiatg ehsose
t he pgbhgnean anount of the i nsulin+, glucose
responsive cells of claim49 or 51 effective to
i nprove glucose- responsiveness. 10 54. A nethod of

loncreasi Ngmkihed 6g ﬂ‘f@ﬁ:ﬁs@% thEeiberCf IPiL1-1 BBI1RInHORmAARGE R Yphere
sphere of insulin- wher ei n sai d_Pdx1- can

di f fefinshtin-cels, pheyoipsaid PﬁX&%p@%&%ﬁ%q RejeLHegplls comprising

cul turinggsai Qulhmg ki tns@I1- osi1st® 1R Ph RAR @A REHRN tind
spher e; and (b) culturing said non-adherent sphere in
medi a cofpri sPHEAg s&@on-mhp@gewh%mw laecba\ﬁmnmsexgamul?@
agent for at hl%gén Efﬁﬁ% C%WP eldv Kg%eﬁpﬁér éﬂéels%ﬂerlﬂ
| east one day In-culture in red conpri si ng an?é
I5i t ogerebydolipveng ﬁtl\lﬁhseblmﬁhmm opltwgreintmeadipecompnisiag apf*GF mitogen
del eII [ h . '
dlfferen eﬁyﬁﬁ %ﬁ%ﬁﬂw ?mﬁ%&?%%g%@?ng%ﬂi%ﬁgﬁﬁ@Fﬁﬁﬁhae
of atllaclmaﬁzﬂgffe«bmramtn Pdglitccettethci@ases aci di ¢ nedi a of pH
5.0-7.2. 20 56. The nethod of claimb55, wherein said
media is acidic nedia of pH 6.9-7.1. 57. The nethod
of ci5ai MThé metitod o€ clains 8, evhaein adhesdenis asiploanaliadf ptled.0-§.2.
*é cultured in acidic nmedia prior to addition of

dia conprising an FG-F mtogen and 25 a CcAWMP
el evssl i Nghagetod 0B 8lainT & wietehodidafiedid Biatiik fedthepel 619-7.1.
said nedia conprising an FG-F mtogen and a CAMP
el evating agent is acidic nmedia. 30 59. The nethod of

cl aigm 57, ThehRERSD of abin MR ivehefRTOiH SioAGdRGet Gphéfet FO&INS is
cultured in acidic media prior to addition of media comprising an FGF mitogen and

25  acAMP elevating agent.

58.  The method of claim 57, wherein said media comprising an FGF mitogen

and a cAMP elevating agent is acidic media.

30 59. The method of claim 57, wherein said media comprising an FGF mitogen

and a cAMP elevating agent is neutral media.
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and a cAMWP el evating agent is neutral nmedia. 65 WD

2004/ 011621 PCT/ US2003/ 023852 60. The nethod of claim
wGo4keeei n sai d net hod conprises cul turing seCTUSZING/023852

adherent spheres in nmedia conprising an FGF nmitogen, a

CAWP el evating agent, insulin and/or a

cortj.coster . 5.61. e C

cal ece 19k Plefiog oo, PESHERM IR il QB cnlIBEELR non-

FGF aﬁherﬁ(ﬁ%pﬁered:ﬁ:mad)a chrprisiity, anFB3EF hritoged, a~€AMR &levaiing agent,
of c 60, wherein said cAWP el evating

ageﬂ?31§a§%P %f%ﬁh”?? 4 any of CPT-cAWP, forskolin,

Na- But yrate, isobutyl nethylxanthine cholera 10

t oxi CAl [ ABP di oct anoyl - CAMP,

per tilssi " 2 Gified '}/Pia ?@ it S0 BB ISR f el fom any of
( 3- AR aGH-g, F@csm@-mq@m&g BGFar, 6AMY-asal ogs. 63.

The net hod of claim60, wherein said corticosteroid is
sel ected fromany of dexanethasone, hydrocorti sone,

COr tgrS ONEhe REQRHY §10é1§lﬁle 60, PR RE8 CUAMF’ leRRSing é]g'ént is selected
tri anti nol one, or bet anet’ hasone 64. he net ho

cl aifransany ahePEicAMiiferskalinnda Bubrige. lé@éltbé Lneﬂl)/llﬁaﬁ@ll@aﬂ@lel a

10N-to.86 N ef_BRin oGP € SdibiltyFROA P C OBEthriy i QAQI@’e gémﬂm €toxin,
follistatin-based factors or one or nore

agormiretaglandns g®lforFhe fadteherdicaceptonigmbis, owdzﬁéi%amalc@J d

nmet hod conprises culturing said non- adherent spheres

"in media conprising one or nore follistatin-based

f act66r s dihd nmtlE)d obclaimn 6@ v@ﬁﬁidsﬁgmﬂimsarcﬁdi isG6lectéth &om any of
d of 0

ol STt RoBhe bifpeisne SORgien et dRgfgpregpisolone

f50l lthisghéholbne, ar beddrhdtisksade n-r el at ed gene protein, or an
i nhi bin. 67. The nethod of claim®64 or 65, mherein
said G.P-1 agonist is selected from any of exendin-4,

exergdi N- The @elirodlof Blaind5{AWerkintdaal @8hoB&nGRIsYRulturing said non-
2004/.011621 PCT/ US2003/ 023852 68. The mst hod of any

of @Figqrﬁxg sghere%@ 13@1%@m1:fr{§}ngrp§? o&gﬁ;ber ilqtpém -based factors or one

di ffenRd GaPlIINGonig@i d non-adherent spheres conpri sing
Pdx-|+ cells to produce insulin+, glucose responsive

Pel | s.

65.  The method of claim 54, wherein said method comprises culturing said non-
adherent spheres in media comprising one or more follistatin-based factors and one

or more GLP-1 agonists

25  66. The method of claim 64 or 65, wherein said follistatin-based factor is

selected from any of a follistatin, a follistatin-related gene protein, or an inhibin.
67.  The method of claim 64 or 65, wherein said GLP-1 agonist is selected from

any of exendin-4, exendin-3, GLP-1, or a GLP-1 analog.
30
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5 69. A nethod of dissociating a cluster of cells,

conprising culturing the cluster of cells in the
w@e@goneel of Protease XXII1. 70. The met hod of PCT/ab2003/023852

69, wherein said cells are stemcells. 10 71. The

met hod of claim 70, wherein said stemcells are

sel ed Yo [ el al. I

ste?ﬁ%ce lk?ﬁﬁgﬂaégﬁ¥0§?%ﬁ%g?e %gg%ﬁﬁ#cgmﬁ%?%%%ﬂ%¢mnﬁug

cl ai #id7non-gdhereat sphores gompising cheﬂﬁ cchd tospadecesisbdint-gglucose

fro eural stemcells, neural crest stem

celﬁkﬁﬁﬁgﬁg§%gtlc stem cel |l s, skln derived stem 15

cells, cardiac stein cells, I|ver stemcells,

ndothel i al el | 0, ic stei.n

ﬁese"ﬁdgh & nebE T ficRuind STRLEPSY Gt SR btilly afifing the Juster

V\hercé“ccllsaltlmb @ehghde cffﬂ’mtemsecmm are isolated from an

adult tissue. 20 74. The nmethod of claim 73, wherein

said adult tissue is selected fromany of brain,

spi MA@l camd meefoid d€EHInS 69, G@eirSsaidRNE 8 3m delly er ,

stomach, small intestine, large intestine, rectum

ki dney, bl adder, esophagus, |ung, cardi ac nuscl e,

®kel At al ’Imuéhﬁ.‘dtlﬁ)d ofeiMigt 7oeivherdin ldoQsh MBSk |s@l§dﬂécf3from any of

cartlla bone, marr ow, uterus, tongue, or 25

oIfé?}6%?“%%W?H@51§ﬁ$“?50d§ @6Wﬁ5§@ﬁ¥@ﬂsconpr|5|ng

substantially purified insulin+, glucose responsive

cells dlfferentlated by the nethod of any of clainms 1,

15, 741 ol hggeting of glainnAL, mdigrei saifl adu gtemreells eyl selowes! from any

r esR@AsiEst&SEdlls qieﬁlfa? ERQ e c%ﬁ V\%X%%%if g%&n:%ﬁl 5, Sin-BWVed stem

of clainms 1, 15, or 68.
1pCT/cRib? 9@31392@8152118 Hiper st@ecedls dndgthliah stemgells bepatopoietic stem

rengﬁstl\/&e&gLﬂa,ﬁ,ah El[ellhtgalsrranuf acture of a nedi cament

to treat a condition in a patient, wherein said
condition is characterized by an |nh|b|t|on of

gl ucgse ige H]%H}%h\é)?gﬁﬁl’? 71 QVI}C? q_yasi& F&’ult st%n Feggs:oag%gsp@@d from an

structures containin ucos
cel laguli fissu¢.he nanufacture of a nedlcanent to treat a
ondition in a patient, wherein said condition is
Characterized by an inhibition of glucose

respénsi Thaesthod 69 clalh &3 uskereih seidaidal idsudlis dBected R hfly of
s di abetes.. 10 80. The use of

sal% ?ondjtfon cmﬁgyls .

cl ailFA 7Pigp! opel: SRS, deraus: dancgsaglvieh Sopg i snalk ditesfine, large

I Nj GtystiQE, rectum, kidney, bladder, esophagus, lung, cardiac muscle, skeletal muscle,
endothelium, blood, vasculature, cartilage, bone, bone marrow, uterus, tongue, or

25  olfactory epithelium.

75. A composition comprising substantially purified insulin+, glucose

responsive cells differentiated by the method of any of claims 1, 15, 41 or 68.

30 76.  Anisolated insulint, glucose responsive cell differentiated by the method of

any of claims 1, 15, 41 or 68.
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di sease of the pancreas. 81. The use of claim77 or
78, wherein said condition conprises an injury or 15
waele@easw2nf (3-cells. 68 PCT/US2003/023852

10

15

77. Use of insulin+, glucose responsive cells in the manufacture of a
medicament to treat a condition in a patient, wherein said condition is characterized

by an inhibition of glucose responsiveness.

78.  Use of islet-like structures containing insulin+, glucose responsive cells in
the manufacture of a medicament to treat a condition in a patient, wherein said
condition is characterized by an inhibition of glucose responsiveness.

79. The use of claim 77 or 78, wherein said condition comprises diabetes.

80.  The use of claim 77 or 78, wherein said condition comprises an injury or

disease of the pancreas.

81.  The use of claim 77 or 78, wherein said condition comprises an injury or

disease of B-cells.
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