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may exist to influence the differentiation of a cell to express a marker of neuronal
differentiation, that cell must ultimately be able to function as a neuron (ie, to
transmit/respond to neurotransmitters). Therapeutic intervention for diabetes

requires not only cells which express markers of pancreatic differentiation (ie.,



transmt/respond to neurotransmtters). Therapeutic
intervention for diabetes requires not only cells

whi ch express markers of pancreatic differentiation

(i.e., 3 25 January 2007 insulin) but also cells

whi ch are gl ucose responsive. The present invent2®hanuary 2007
provides inproved nethods for differentiating cells

whi ch Iplinhbt glse calls sdichaeg glurose sponpianc Theeprpsent invention provides
endoc rijn B vel fﬁeﬁfc@@fb@ﬁiﬁ'&%ﬁ&@% &IE vhich nBteﬁlﬂgneSXhl\égs Rirkers of
gl ucose (e.g., for exanple secreting 1nsultnin :

r es poparcreatic sindacsine diffirentintiony ibulc ars eal$oeregponyive Bughicose (e.g., for

cells j - j Lapr.Qv f
treat ieg%ﬂm%?g ﬁ%cg%ng%?“glll ilg{egﬂe() I tgfe?e%{tﬁg%gigﬁg Igg.uggs:e lgvels). Such
wel | aslisqurbeide theswsis orsimphovet naftiods bf trleeinp anjyuiiss and disorders of

abi | i 0 respond,to gl ucase., The present

i nvenﬁégﬁﬂ Brs %g‘é’%ly?sn%trﬁ%rscg%?rqﬁﬁ‘ﬁgﬁg aﬁ%& the body's ability to properly
di f f erespunddd glugosei nsul i n+, gl ucose responsi ve cells.

The i nventj.,0on _contenpl ates that such insuljn+, . .
gl ucose r eSHFoRESTA -[ﬁg?’f D ERoViges doprayved rinsthedsq for, differentiating

st em ingdlins., glubsk vebpasivadiells. PheSifiverfiidh lconteth tiak Sibh insulint,
cells, and enbr%ggél stemcells), as well as tromnore

conmi $1P5a5e respansiye celizaayheadifiarentiaed dvom sem celis (inshuding adult stem
Provig@fs felaPsthrf QLR 8l ¢ b btk u :

~differ lg%ti ated usi F}g t?{gi’ ?gltlhg(ge%tlﬂéﬁ‘g%}gﬁs %nésr%om committed
i sl ettisfyex e The uesentr yentiont fartker frongdes the  isojated dlet-like structures

I €S DOl rRidfc to i nit, and ,
gl ucagon+ cagiﬂl gﬁng ?%emléﬁ\ésgﬁfl}l %fri: ur t her %l%@?edggucmes contain
met hdelinbr glugose réspepsiyatdelistas weyl dsrsmmpistatint mod glucagon+ cells.

t her j is upt. of the islet-like- .
Sl 0 S, B b i
i nv eficrapeuticatly effertive ammir oflthé islet-Giltk btiidhies of the invention.

substantially purified, insulin- cells, wherein said
cells differentiate to insulin+, glucose responsive

- cell's. | noog: spendihetmlentidrgrolidss!h infethdaefol SumirfigSubfantially
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EXPIoges 93940 '0F 9% pure, eInOJnoihlgFembodiment, the purified population of cells
has fewer than about 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 committed cell is one that expresses one or more of the
foliowing markers of a differentiated endocrine cell: insulin, somatostatin, or
gluicagon. '

In one embodiment, the insulin+ cells are aiso pdx1+.



follow ng markers of a differentiated endocrine cell
insulin, somatostatin, or glucagon. In one

enbodi ment, the insulin+ cells are also pdxl+. 4 25
January 2007 1In one enbodinent, the insulin- cells

. are isolated from pancreatic tissue. |In another 25January 2007
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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: (&) culturing substantially purified cells as
non-adherent spheres; (b) selecting cells by culturing in the presence of a gpl30
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



met hod conprises the follow ng steps: (a) culturing
substantially purified cells as non-adherent spheres;

(b) selecting cells by culturing in the presence of a

gpl30 agonist; (c) dissociating the spheres and

culturing in the presence of nmitogens, wherein 2 January 2007
| east one nitqgen is an FGF fam |y nmenber; (d)
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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-o, TGF-B,
PDGF, VEGF, and hedgehog.
In another embodiment, the coated substratum of step () comprises at least
one of poly-L-ornithine, laznihin, fibronectin, or superfibronectin. In a preferred
embodiment, the coated substratum comprises superfibronectin.



I n anot her enbodi nent, the growh factors of step (d)
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substratum of step (e) conprises at |east one o025 January 2007
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The gl ucose medi um can range from 10- 17 nMin

step (e). |In mbthehembodinest sRpi(c) mthdes( Mbdih WOhtdMRE at least one
medi a %ont a:!nl Q%q% | east one, factor selected from

the gr Hﬂr o the group Q?‘Hﬁf‘ﬂﬂﬂf‘??ﬂlp@ﬁ}(‘!aﬁ(ﬁﬁ and forskolin.
forskol i n. 1handhsHeRABodRRROSEFRMncludssHp 1da)onk emgmaama;g agent.

| east one CAMP elevating agent. In a preferre
enbodilferRretersd embpgimente thecAMP slgeatingiagentds sddectad from the group
the greoudsti %@ﬁ%&f&r% ; Nalutyrhe ﬁﬁp i

Na- Butyr_at(;ﬁ i sobuty ’m?ﬁgﬁiaﬁﬁl ne‘,g"g 0 é?’fmy{x&?}ﬁf’ cholera
8- br oﬁwmﬁbwwgylﬁwﬁmttﬁmwoym, pertussis toxin,

pert usgi i 0, t ndi ns ol forsjn

0- adr z)ﬁ%sfh&iagéirng’c%%@g?é fg%iﬁi%%? e hgl}do%@Mquqalogs. In
anot henothergireferred embiuhdentethe cAMPeelevaliip agany at forlolan SRtanother
is forskol.in. In g%ther odi nent, at | east qne

cAVP SPEQ%GWQ A pue SAME, glexpiing, agant cia\pe inhibitor of cAMP
phosppbstphsdiestera®e. | n anot her enbodi ment, the standard

gl ucose nedi a of step (1) conprises less than 7.5 mM
gl ucose. | ﬂ" %Hﬁ’&lict‘iéfn?’@ﬂﬁ'&atr thertandard slucoss medig of|strpddecomprises -

medi ajegd tha® 7SPmM. slu6REP A Ffthel BRBodifAR, the %?AJH media of

In still another enbodi nent, the standar cose

medi aSteR (Breopnrisys lesyrphansemM alucostaardn Sl amnthgt ewbediment, the
0 A SOt o ) SR gt g
fromthe gp@gghmogmmg thef media ofrstepl @ptddiﬁoﬂa!ly comprises at [east
0 SO REBP B4 O 50 Sy o o motioamice
panc raaloiyd Gods sodexendin-4,

: In one embodiment, the insulin- cells are isolated from pancreatic tissue.

In another embodiment, the insulin- cells are isolated from duct or fubule
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
duct. _

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

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



In anot her enbodi nent, the insulin- cells are isolated
fromduct or tubule tissue. In another enbodi nent,

the duct or tubule tissue is selected fromthe group

consi sting of pancreatic duct, hepatic duct, kidney

duct, kidney tubule (e.g., proximal tubule, disRalJanuary2007
t ubul e bile.duct, tear duct, |actiferous duct, _
ej acul %ﬂeo%b‘)dﬂﬁ?fﬁ’, the eﬁ#lhﬂﬁ%r%ﬂ%aﬁcw&bp@_m theegroup gansisting of
CySt I Cneﬁitﬂbhtelﬂ mh@hfap m@&%&m @“g, ]%:ag &cm %&E SI%iJé_P?riSved Stcm

anot her . enbodi ment, the insulin- |'s are stem

sel ect ElsrAdiacskm celf.diver stesneslisandothelial stem icolisn hematomiatic stem
Ils, d . | 7

55 Janen e nESAURG o AR 10 Shbuler ShERIE e abll e cells ae

are sdrdatedtion ap adultiissey: dupet euothdr smbndimeht, theastenpdells are i8olated

B e D TN T TSI v,

skin-derived stem cells, ‘car
st em ERMprenis,aletinis.pehireds, Hves ivtosrebh, SmallGntesting Jargt itesGhe Rctum,

cell sy | stemcel.ls. In another .
enbodihrf‘g%tg, t EeE Zegét(ﬁ'ﬁ?gugt g‘\%’c‘?f#'%c mugele,i %‘:Slleﬁfgﬂ’s?l?!o‘i?fjﬁtﬁe“ms
adul t blobd,svasculaturey etrtitiget boae, BunbQaArFEWAL uterubl StofifRMand olfactory

cellseﬁﬁ .1solated froman adult tissue selected from
t he grougll%l%hsi sting of brain, spinal cord,

epi der i s, Indaotties empadif@athe inbuliRl cefd Q@Féﬂnatg"f@ghdm islet-like
intestine large .intestine, rectum kidney, Dbladder,
esophdgieres, ﬁH‘g%m”e%uﬂaﬁ“h%* fellsc| it agpeeferrediiembodinient, the islet-like

endot siebiuttd) addicaftl cHASE Wnhstnd: ﬁ&&&héﬁ}i}&mb&ﬁ?: In another

bone naqr%%v uterus, tongue, and actor
epi t H&P empodimentnithe ghieagoni- nd somathsatindsestls mre loalibal to the
d'ifff%ﬁﬁﬁérﬁbfﬂxﬁ%léct&kw -li ke structures

ce

containing insuliln+t S. In a preferred enbodi nent,
the islet-like structures additionally contain

gl ucagon+yp ‘ tatint cells. ln another . L.

preferred .e:bgogl mai[‘tg&’ t%i?eﬂ]é’ Etléjggﬁ'ﬂ idgs, 3 E’Bﬁ‘ﬁflo@f Slffeentiating

cel | Substaptiallyc pliifiel] insolin-hexlls pe rihsulif+y gléosk tesponsive cells. The
In a thi spect, the invention

* or o ot SoBe e Y Btoyhend o} il suaratiali putieg cels as
pur i horeatherens th&res_l;_cei)l @leE:ﬁhg' REMS iHy+cu : Oﬁf sle:ium-ﬁ-ee medija
res Ve . IS 0 CO [ ses e 0 oW n

st eBé‘@{‘&eﬂ%ﬁN@} F'?{B“’Eﬂg’g'tgnﬁg? legf%ﬂmmtm siherss| and casgring in
non- sedline-fie8t medik Shigplementell Wit FGl?la]rB\%mt&ﬁ b/ FRdfohiof Polypeied; (d)

in serumfree nmedia_ supplenente
car d‘f"g%meﬁpli‘?m(’ﬁ fhegirasense ofatileagt tweegrowthefeters aorggrowth factor

P oot R LA e R RoE M ETE L e s on o
s phefoaled ispbstragum, i!ebicgegww ratdis; aad t(f)} eultuging dtehspheres in media
F actoaifinidy staaRighuco & dufflemented with nicotinamide.

In one embodiment, the insulin- cells are stem cells.

In one embodiment, the insulin- cells are cytokeratin+-

In one embodiment, the insulin- cells are cytokeratin-,

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-q,



agoni sts, wherein at .| east one growth factor is

FG--18; (e) plating the spheres on a coated

substratum i n hi gh-glucose nedia; and (f) culturing

the spheres in nedia containing standard gl ucose

suppl emented wi th nicotinamide. In one enbodi men2s Jaheary 2007

insulin- cells are stemcel | s. In one enbodi nent, the

i nsul i FGRkA) IGF-BEGF-WPDKJF( YEGF; and hedgeHog. q&’a&ﬁh&%ﬁtbodnmem the
thelnsuILnf @are cytokeratin-. In one

enbodi M2 © B( giiopally ingfudes heparin. o) udes hepari n.

anot her errbhﬁalﬁ’ﬂﬁi embodfndhi, AHd Ebate@GhbYiranA! o%&e?Ro)(cQ}rw%% at least

menbers of rowt h factor faml sel ect
group 8’6‘\"]9f§??’ rgithipetamipigy- fi "P@F“ , or gipedibjemactin: yIn a preferred

2007 dssbodimentFe boateld Shibstratun (Qgﬁg (%%%Pn% ? d{%%?&ﬂ}%ﬁﬂ

I n anot her enbodi nent, the
optionally Wnélllquéseﬂﬂ@émﬁnh the ncaatedt kubstmuthouﬂi stepit (¢) comprises

t he COﬁiﬂﬁfkeP&Q%fhﬁEJ%dQI P (e) conprises at |east

one of poly-L-ornithrine, amnln fibronectin, or
- super f i br orfaené embddiment, pheihsulme celiserdisalitetfom phﬂweatlc tissue.

2882?19 i gtjgﬁéc Lﬂgpﬁ%& ano@ﬁF‘F‘l(tEtg gﬁ@%@ r%@%?e ijolated fom gfyet or tubule

. subst rtissuan lofanstheEmbedineat) el dvesor thhilé tigat isGEledted from the group
cel | ulc%LSIf enede | aye ﬁ{ ﬂﬂ? en‘aodl nt, the insulin-

cel | s BFEUELD P%‘HX’P{‘% Ut P2 %o dugtn kidhey Hubule (c.g.,
enbodipmediinal tubsle) distl iubuley; YileSdulf, Qedr&ﬁl:eﬁ&@ifefr&@rﬁdw %ﬁaculatory
or tubule tissue. L@Bano t her. embodi nent, the

t ubul &Yk SEBiteroustubule, efferent duety pystie ﬂwpiynmbﬁm @lct,ragd thoracic
of pada#teati ¢ duct, hepatic duct, kidney duct, Kkidney
proxi mal tubul e, distal tubul e) bile

|
ddgu et ((a:r fnother embedimento the insdin- cal]sacubteamaells salented, from the
sem NigfapSusisinp of &nb 6&8&@#@%0 tal Fél& 4G iul stem cells. In

| ynphati c duct, "and t oracl c n - anot
enbod PR fmbodiment; the adilé stee élls mselsmdrﬁonﬂ ths gmlipe@dnmdtmg of

- from phga P sCRe[ﬁf'dl %Hapﬁ?nﬁl;c{aﬁ%%g%%%% preslan-ﬂenved stem

fetal stemcells, and
embodéals,mardiacstenachllslivet stmnccell:i, encaiﬂ&llaladt@ﬁt:aﬂ, Heirftidpofetic stem

"gr oup.d 0g te ceII . heural crest
stem c(ﬂg%h%anc%’ﬁ%atl s%ms(fegfn ﬁ'eﬁ“ ingenbithroadullstem cells are
cel | dsolated Gomamnatisinised.| B, yei anwfer Szh&éﬂlﬁ&it, the stem ceils are isolated

endot el i al Cﬁlﬁteﬁ% cel Ils 641 0| etic stem ce | s, and
nesenccﬁ])l/ - e S, palect h@P“lél?ﬁ'b'iéﬁ“ﬁér?f reife Spmﬂl cord,
adul tepkiefnisCddnB, fnereas, ﬁ@&a&&ﬂa&{ SR htRHHY, fargd MfddGne, rectum,
I n y%dn%?oha&;erenbodl nment, the stemcells are isol at ed

esophagus, lung, cardiac muscle, skeletal muscle, endothelium,
blood, vasculature, cartilage, bone, bone marrow, uterus, tongue, and olfactory
epithelium.

In a fourth aspect, the invention provides a method for expanding, wiﬁxin a
non-adherent cell cluster, the number of cells capable of differentiating along a
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,
pancreas, liver, stonmach, small intestine, |arge

intestine, rectum kidney, bladder, esophagus, |ung

cardi ac nuscle, skeletal nuscle, endothelium bl-’ov!)%llllarymm
vascul ature, cartil age, bone, bone narrow, uterus,

tongue, ankb akfeabbdiment, eiRimdidd comprises dphrdivg the %ﬁﬁB&tof pdx1-

o noPRIEha Bfing et Gl St Hoey i plar bl dichrentae

capabtogpdat-+ cilkf erenti ati ng along a pancreatic

| i neage. In one odi t he. met hod caonpri ses
expandi ng [?‘r?ée el d‘iPF‘PG forppinanding the mumber pfells capable

non- aﬁﬂt&ﬁ’@'@ﬁha@iﬁﬁ hlofi H reati® celPlinkaFd &6y, r%QQZLHtuhH QQE in acidic

errbodlg}e t he net conpri ses expan I ng t
of pd® %e‘i"‘!%eh}’nﬂlaﬁeﬂﬁwwwmm apid (shegkn e o pre grebodlment, said acid

cl ust@bek Mhﬁ‘ﬂr&@é’ cu‘iﬁhﬂ |m a&ﬁlcl Iﬁﬁﬁé ey %‘f%&# £58nutb.OIn another

pdxl + cells.” I n one e |nen
ex parfbediment theumetbed mmpmea cultyringésitle i m afidic med:a for at least 2, 3,

di ff ef engi ?}Fnﬁ ﬁ‘J 9?91 lféa% f'quﬁmﬁ étzllgﬂgﬁﬁre?rgw:ment, the

conpri sées’ cul’turi in aci
t he degthad qoawsase:ultunng:caﬂs shanidic mediaofoe atcledsn d51%0) 45, 60, 90 or

Srrgldfja 'n%nut?rbogli Otgg_rl Sﬁfﬂgﬁ%‘t} r| n&h I |'s Ln ac dj ¢ g cells in

t he wseiticadediofr tslesst Q24 Hoir§lg mehn Sanbmmasmdwmeﬁplhﬁ method
for at | east 10, 11, 12, 13,

.3, 4, §,.6, .7, 8
14 OP"‘E%"S,WHH%’EQF_JWIH i Acidic miedia oy r$the met hod
conpr | SeSIanﬂdth&ieﬁﬂJoﬂﬁh thé ndthadl 6o W%Erir@t céIR & Lacidic
15, 30, 45 60, 90 or 0 m nutes. In anot her

enboBefiadn the mesenge; ofcn E‘thﬁ'itpg@sﬂné (intageqt that deereasey intracellutar
aCId@QNMEdIa for at least 2-24 hours. In still another
enbodi ment, the nethod conprises culturing cells in

aci di c relBi apother embodmnbdhes methedaenmpises ewlbuiigneslls in acidic

the ABERNGH thed |y feasdlfitribe

in the presen e %ngﬁmbﬁgé&g a&n egtnﬁgigg fﬂq {lular

i ncr @Wmmadlalahdla&prucmmﬁd I n anot her enbodi nent,

the neth S in.aci

e, e U Sl S B g T8 ot

i ncresakzan thet prescatd of an FGFAhﬁogamdlaﬂragbmStﬂhﬂ incfoasks dntracellular

cort [ er n not her enbodi nent, the

met 116 %‘ﬁ?&‘é‘?%ﬁf‘tﬁ%@ calls in acidic

In any of the foregoing embodiments of this aspect of the present invention,

the expansion medium includes follistatin and/or a follistatin-related protein (herein
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
still another related embodiment, the expansion medjum 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

corticosteroid. In any of the foregoing enbodi ments of

this aspect of the present invention, the expansion

nmedi um i ncludes follistatin and/or a 25 January 2007
follistatin-related protein (herein the term

fo :c i St aﬁmansimpmdac@lacﬁimﬂ&[yéviﬂie: inbentiog %dnt@:lﬁﬁlﬁfeg @Rl dadiitioR of one or
refer t 0 Sst.atin . LOL!] atin-rel ate . .
pr ot ei n‘siE'SmFe (ll’#nﬁ]%#ée%)f‘?&?gﬁm%mf’%iaq%? PF §thititors ¢factiyipgt multiple

pr ot ei npoints aluriog shei BbiatinNorOExpameioh protdcslsat BehhefoRr&! e invention
[ activin via the sane

t hat ne i vel egul at e

roahant Sempia, e il oF ogs o morgiaf dhe fopeping dphigatinbased factors
act i vi ngr.inHibitoas\ftab¥in aRHR A d1BGHntiatibR o LSPRANRY QilisMedi UM
includes a follistatjn-related _gene protein. I'n still

anot her rel é‘f ay %f [CHINE ?m{??@?%a Wisowpactef thewpresent invention,
i ncl udetie épahsiét Rédith irﬁiude@%&hcﬁhﬂ' andif a'ét‘gﬁ.i‘%ag& (herein the term

contenplates the addition of one or nore
f or egoiHd -1 it stil the nstshgraeridally torefento éxehdibidf exendini3, GLP-1,

acti Vi Bndbth Qi | L,sol ation.or 0.25

January 2oow&pg>5ag§ﬂ .“‘%ﬂ@‘%?%{g’%%%‘?g "‘é‘i!' Hrodified gr %‘Fﬁét‘z"d forms of
it EV e fnt F‘@ho%ﬁf@mf g @IsP-1 Iagomsﬁsjld ﬂ}he Iiltl\&fltimﬂﬁm&inplm e ;ih@iddition of

e fo n- actors or .inhibitors .
of act i Bt RBblng (A2 E Sgnrin of St ey B iation or
ont npb! Eact headdl ELon of- oo or et additon of one or
|

For egort fionh Hopite 6L B feopltias ullpl nofs i ibe gplation or
act i vi expensionngrotobals. dPirthemneuré, itBé indBntRin RAPIHES ﬂ?eez{ddft%m of one
In any_of oi ng_enbodi nents of this aspect o

th or.e
the pr&JBYF ‘ﬁr’r&% fR"?&?ﬁP,g GLFrd agenisis stuging thadififerentiation cdf expanded

exendicels! Additioally - RvéntRR | : -1
GLP-1 agtgni st vvial ? be aséd gglﬁg?élgﬁ P{f%dgﬂi?g%}gé{gt%‘mom GLP-1

exendi2F0sts and qpe Ar moredpltistatin-based fastare at @yRtep during dgsisolation,
" i ncl udkpghsish MloF ifRRAtARH bf { r derivatized forns

of anyﬂ(ﬂ;fs the fore oﬁtﬁ%}a&ghfq‘g%bni sts). The

i nvent i on Boyafphedpregoinhembatiimentoof this aspieeofthe praseat Mivention,

the f ee9u8K Rtofan' ' point during the
I sol at ieon or o%pcaagl'g? gﬂ% %@%Pfgéfm'wmﬁé- gﬁgne embodiment,
i nventhediiifmitesemiy slected fitnn RGRIS, HGH7,HGIB8.RGH- 10, PG 6 FGF-17

the f Rl P-1.aqoni st s at ltiple paints durin

e |8ERSEIE % Eodu BBl b ke o For.s

t he iFGB17iaod FGFAl8 ninl ambther éhbodadelit! ihe FaK mﬁﬁ%ﬂ i®selected from
e

nor e ..? e foregoing GLP-1 agonists during t
di fferentrati on of expanded <cells. Additionally, the

i nvent i on Inany et fredinglmboditehisQUT ik a%@& o ’the?%@nt invention,

GP-r ggq%rt'n sts and one or nore follistatin-base

fact §P% Bt ) ncreasesniraceliuiemeAMBosant beoselected dpam shp agent that

and/ efevalics intfaesllulzR CARP. Of dob @mbEdihiat, the agent is selected from CPT-
cAMP, forskolin, Na-Butyrate, isobutyl methylxanthine, cholera toxin, 8-bromo-
cAMP, dibutyrl-cAMP, dioctanoyl-cAMP, pertussis toxin, prostaglandins,
colforsin, P-adrenergic receptor agonists, and cAMP analogs. In another
embodiment, the agent is selected from forskolin.
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In any of the foregoing enbodi nents of this aspect of

the present invention, the FGF mtogen can be

sel ected fromany FG- pol ypeptide. |In one enbodi nent,

the FGF mtogen is selected fromFG--5, FG--7, FG-8,
FGF-10, FGF-16, FGF-17 and FGF-18. In another 25 January 2007
enbodi ment, the FGE mitogen is selected from FG--8,

FGF- 17 andlfeegy.of fhe Fprpeoingsnfondimaenitefi this aepectiof gherpepsent invention,
M t 09 €k doftichSik:fil @Al bé EdMted EIm by cdrilocdiBioid® Inldd€ embodiment, the
foregoi ng enbadi nments of this aspect of the present

i nvenPrHFosterid o isy gelspted hfom; (fhe o giouR  iconsisties:| 9fu| dexamethasone,
CAMP : r g : e

it o e ARl TR AnB b R Gl (finotone, and
sel echdymethasenecPT- cAVP, forskolin, Na- But yr at e,

I sobutyl . 5‘%&;‘ | ; | ox| -bronp- .. .
CAMP, di buI??ElF%lA JH& F%c‘?%%y gllgM?c’i%%dr %Jnggzlmscr?ag% F‘Fﬁue‘
prost agl aridiansther embloflinresty ythe Mrsaliir eally gre dsolatalePomrduct or tubule

agoni AVP.anal ogs. | n. anot her, enpbodi t,

Ehon e Ao BENRLBAMEBE e dybt B0 liporS B35 Bbip the group
2007 ctohsifstalgy' ob fparickvatic @agdieltagioeﬂﬁk?,ﬂkmw tapa,f k{dﬁbﬁ_ttébule (e.g.,
aspec (0] resen I NVENLI ON e corticosterol d,

e on® Prodinat REuR! G b Tt St stel sy ltiforcis dhuch, ejaculatory
enmbodhop Béminifyous Rbl, ¢fRfne A0t cystic ARE HhpHatic! 1T, 18 thoracic

group, consi sting of dexamet hasone, hydrocorti sone,
cort (Uthe, pr edni sol one, nethyl predni sol one,

tri anti ok AkvtheR BAbodiMbRAITR NASHAL cells hrd Bem SARO LI LRI from the

the insulin- cells are isolated from pancreatic
ti ss§EUP CANSHEHE Iob emipriyeniel sigmraclls,ifbtal stems géllspandadilt stear eells. In

i sol ' , t her ..
coodh Embb AR e Bl i ok Mo KR T, o of
t he Beweltene gellsi neural grest stem rocls paareatiostem tetipadkirederived stem

duct [ ki t uhul e . roximal . .

t ubugf,]j ﬁzﬁ%ﬁ“}? bl e Sty o pem BRI retopoictic stem
| act ¢eller and snaderchymal jstem dedls. ofnyanothec émbakiant i theedduliStem cell

t ubul atagfferent tuct ystic duct Jynmphati c duct ’m_c:,e 5o
and lfﬁor g fiom mlcﬁﬁlgg S @ﬁ’(‘?{ hather py the gterg cells are isolated
i nsufrom-ancadlistigne seleatd Gohl ﬂleS?’o@;EtcﬁﬂsiiihQ rofthigin, gﬁﬁiﬁﬂpcord,
consj g‘{?i ng of enbryoni F stemcells, fetal stemcells,

and RIFDSsFEms, panpreas, fixer, Hamach,Hall frtestine, fasge itastine, rectum,

st erkidiRl) Gladde, &ﬁblﬁﬁﬁ@dmlfg; QRtdidtemBdcRy) F&kflfiﬁ!%ﬁ&élé} Gn@bthelium,

neural stemcells, neural crest stemce pancreati c

st ef¥qosh [vasculafure, caetilgage fors; chene drariow, wemsliterngust end olfactory
cel |5Fi,thdﬁiu}ﬁ@r stemcells, endothelial stemcells,

henat opoi eti c stem

In a fifth aspect, the invention provides a method of differentiating
substantially purified, insulin- cells to insulin+, glucose respousive cells foilowing
the initial expansion of pdx1+ cells within clusters of insulin- cells. |

In 2 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 pdx1+
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cells, and nesenchymal stemcells. |In another

enbodi nent, the adult stemcells are isolated froman

adult tissue. In yet another enbodi nent, the stem

cells are isolated froman adult tissue selected from

t he ‘group consisting of brain, spinal cord, 25 January 2007
epiderms, derms, pancreas, liver, stomach, snall

i Nt est ichif, whidth WfuskeRtt &S ikl BRCt B préférf%e%bohiﬁe%@l%e islet-like
esophagus, lung, cardiac nuscle, skeletal nuscle,

endot h&WqcHies cpkiaip dinsylinge 181vgose despensivei kellye, Ibomacther preferred
bone Mgk Qitment! elﬁt‘frlls %e?}-‘l’iﬁgu&mcﬁﬁ’& ‘%.tiéiﬁ(;ﬁaﬁ?ycontain \%Iu(%%orﬂ— and

epithelium In a aspect, the invention pro
a met h&unagstatint fossenin still ragotheu preferred iembbdimendy ithe glicagont and

i nsul i gs S 1 L e 10 onsi ve. Gel
fol.l ovwgbr% t lg Fﬂllstaféglﬁaehg%datﬁgﬂl‘ e}‘r‘?ﬂ glfe r% X e+"“d§dellﬂfes W {“ﬁ"r n
clusters of insulin- cells. In a sixth aspect, the '

i nvention oVi a co sition of islet-like .. T
structur esqéiq‘ Fg"%gtﬁﬁsg?cggﬁlgymgwmbfp"f ‘%’sfao%'é‘iﬂsﬁﬁm of insulint,
met hodglncoSe adspomsive toells Idiffesdntiared yemy dfftlle Bstegoing methods. Such

differentiated following an_initial ansi aqn t hod
to | nc'i"%“i’g # @%dwnsg'ﬁ oslls J‘Eﬂ’ugf’y‘ﬁégmumaef‘? wing an initial
Wi t hi nexpirisivheiethadito indfedse the pdialt-losils withirfcliidd 6f insflin- cells

embodi nent, the islet-like structures contain
i nsulin+, glucose responsive cells. In another

preferred peapeihikipect! € ihveh&dn %x{)lfiaessi bothpddfifon of cell clusters

addi tional ly contain glucagon+ and sonatostatin+ .

cel | s.expapded jby| thanwetheds 9f cthe rpresanteinyentionetot include an increased
gl ucagRRERAGE ! 34 LR efibdirsient 114§ Lonri

the periphery th%éilgs?%toa??l&g&dé@?n@c@ﬁre.m n 3%&8"33 at least
seventlf-feldpdefold;t Fefaldyy€fald n8Qsfolsly iod el90-eold anmespdrilencells than

£ Ny j ls diff .
by ang o e in oo RSl SBRIT BOUERY Statds P BB ofhe
gl ucoypeesené gpyentinny dn aebther exehodineenditlief eilahistess aanprise at least 100-

fol | oy 1 Nht Si | ncr.easg [t

pabec BBt pdo- B, 2R 2R o oid dopRGey G Spr-£25d more
ei Iglht pclbasmells thati bieserved ; gmtb:éibal#ﬁéx@‘ﬁ\ihﬁﬁgw@e ?&lﬂ?&ﬁh biistypexpahded by
ce ust.er.s xpan . the nmethods of the present
invenﬁ?gﬁhFﬂs?ﬂﬁTﬁﬁgmgﬁwF Meased proportion of pdxl+
cells. In one enbodi nent, the cell clusters conprise

at least _10-fold, 20-fold, 50-fold, 60-fold, 80-fold,

or 100-f ol 2ftiRta agReet fheavension pspyides maethoda for treating p patient by
cl UStﬁrﬁpMingga WeFaBetthally reﬁ%é%%uﬁ%@?ggtﬁﬁee Bﬁﬁoﬂﬁvc, insulin+

met hods of t present 1nvention. 1n anc o
enbodiefe nip ong gmbediments the glucese respapsives insulin cells comprse islet-like
f ol d,srhEfek O By o Qe _fold 250cfold .

275-fol d, 5008 ofé SmbBaitont Afe palidly 1€ bl pationt. | o, another
obserembgdiment eltie glatientehes whai cénditione chavcteyized | byslay impaired
expandath feness to glucose. Such conditions include diabetes, obesity, cancer, and

pancreatic injury.

In another embodiment, the invention contemplates that the insulint,
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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the nethods of the present invention. In a ninth

aspect, the invention provides nethods for treating a
patient by transplanting a therapeutically effective

amount of glucose responsive, insulin+ cells. In one

enbodi ment, the glucose responsive, insulin+ cel2§January 2007
conprise islet-like structures. In one enbodi nent,

the patient is a human patient. In another

enbodi nent , ' h . condifian characferized

by an i n’pai[l} ég&ﬁggéﬁgé?ev@ﬁ%@gg&oﬁ%S?fstg‘? “%8% msulint, glucose
condi tresprarsivereells drethdinsmafaetre afbemedisames€fds eatid ™ condition in a

pancregtl e ni ury..ln.another enbodj ment, the. . )
P en @it A i (BB iy e RA bY e iphibitgn et ability of said
r espomaiients baly te propyripespadidgledoss, ed ei t her al one, or

in conbi naféixon w th .other therapeutic agents or _
regi mens. ExSHpI APRPAfment o the, conditione pemprises diskgfasensin another
i ncl uembodindéntaghe chitidnl dBnipBiskstal injhiy Sy bi B dicdd

exer ci 3%13 25 January 2(5’37 Injaﬁtehﬁﬂd{asg%gt&f@gﬁﬁgcm‘ In

i nventiobier grbrdimest, the pondjtion gemprises amisinry to-or agliscassf the B-cells

r espogthy/Saneehd. S 1 N the manufacture of a nmedi cament
for treating a condition in a patient, wherein said
condition is characterized by an inhibition in the

ability of i i.ent. s, body to properly respond to.

gl ucose. I%Sa%nglmée?%@%a‘l?pﬁg t,‘f‘t"}%m%‘ng'iof’ﬁ% BRI spriming a

ggﬁgﬁlﬁ_{oeglatldmo_ﬁﬁgﬂs?hr tt:ulmrér;mdm ' egagﬁe ofgtc* Ejgl %eggg? eagédic medie,
LLnj ury . .

o P BARR Ol el SHor whish aremes feid snl ideunpromotes the

i nj umbilityoofahiesa cellsieagrandto gdner éefiscel | s of the

pancreas._ |l n an_el eventh aspect, the invention

el
provi des T 9RscHbadigren the acidip shockremarisesiculturing seididells inracidic
cul t eredia fo:04tEdsE britGmititel Uh | hHodifibhtSeh gl ;
nmedi a,.. thereby provi dieng ‘gﬁ%aezi%lgi C sh%t’cﬁgk\%ﬁa%h&%% prEprises
sai d°UE¥ipg ssif gelisingcidicomedie forahlsast 203,14, 5y 6,6, 8; Beb® 11, 12, 13,
cell g4t 18 1 @ RALEL : one.enbodi ment., the .
aci di ¢ shogﬁﬁg%s[m?? ses %uﬁh@%’l’ glaei AL THOg icﬂmgﬂ$eﬁicgﬁ“r’ng
medi ¥i4 eflls dn aidiesmedim fomit teastel5, B, 45 6090 oL MEDEHINRE! , In still

L U R AN Bk U GGl S iy M o
11, @Q?I%Z-Zihqm’mr 15 minutes. In another enmbodinent,
L1 1R BASo LR BRI B 35 afeoprnent, i
;nh 2 zgmgcens ra-essgliel:tgcllJ ;&teﬂna?ﬂgﬁﬁ?m&iwbmb@aﬁpg&hﬂée@l fetal stem
15> SPAdui Stem cells. fu ‘an%ther emdbo%iemen?, 'dllenad"tj}i:tIstc|n1cm=,rlrltse arl'caselected
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
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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for at |least 2-24 hours. In one enbodinent, the cells

are stemcells. In another enbodi nent, the stemcells

are selected fromthe group consisting of enbryonic
stemcells, fetal stem cells, and adult stemcells.

I n anot her enbodi nent, the adult stem cells are 25January 2007
sel ect e%g fromthe group consisting of neural stem

cells, myselesendgthelinn, chlbes], vpanrineat datilage! ®8he, bone marrow,

cells, &&h@t&@ﬁé’wo%?pﬁ%%ﬁm%cardi ac stemcells,

liver stemcells, endo tem cell s,
hemat opoi etic stemcells, and nesenchymal stem cells.

I n anot her LAEen he adult stemcells are .

i sol at %g f[gg%;g‘gtggﬁl‘%p#s e MViiiopeproyidst (fer improved method of

enmbodi fBfAclatinger clugton o lotll, a6mprishid atIRFInE 'tBe | .

tissue pRelRCt @, Ea%%n)gfﬁ]dgﬁou ’ S?ogns_i stlin%g of ﬁ:%tregﬁﬁ’c{ells m the

spi nal “cord, epi JePRi S My o frpo e embodimenls thel ¢ollsrare stem cells. In

st omac Aothenrednibodinrhe Sthé RRm Lk Ge isBj i egtum . . '

Ki dneyemlg,s/,grgger esggg?%#s, l'ung, Sc%ﬁg‘? efl%%mt}{s?cg'égp cqpsisting of

25 Januar ofem g fitra cpdls, andoadulll stemm cHllsoodin another

vascul enhodinent,ahé dduddfem be ut erus,.
 PeRary e PEh R ol B Bng of neurl

tongue, anc} ol factory epithelium

the i vehty kn“ﬂ%‘ $tegincellenapereaticnsterh @ellsp kkin-derived stem cells,
di ssoahlidcREnPodis Uier e rising culturin

the cluster of cells %t?}ﬁ%ﬁ%’ Mgrg t(lelgféaﬁgge"b?ehﬁ%ﬁ’t"éﬁ’g%‘dw Stor cells,
XXI 11 209 fegtRehgnyodemealls. It enatlelr | embodineit, afie @84 Stem! Eblls are

anot, hésolaGsaERsH BEsYult s iﬁe ﬁ%"g@o%%r%m@% ' Ség('e %gt?egg &lgpr?e isolated

the gr.oup consisting o

st em &8 &1 adylt tiawe| selestoe rrone Ithes prolip @ﬂgsgg.?;%f brain, spinal cord,

enbodif®ih; : L stemcells are sele r
group, cons 1% ?%}ﬁ)ég g&cﬁgﬁ,rlg@ stomach. swpll duteshiagrlange intestine, rectum,
st em kiérays bladderc esphigus,shiggn GaflidcSmusdfd, rkk&iﬁﬂs YfdotS ! &idbthelium,

cells ' stem.cell s, liver stemce

endot kécfdl’: %gdg?ag"rﬁe’c‘éﬁ%é, > W@%t‘lﬁ’ﬁ%i@‘f%&sﬂt@m dehgws, andptfactory
meserfpithelmin. st em cel I's. 1 n anot her enbodi ment, the

adult stemcells are isolated froman adult tissue.

In yet another enbodinment, the stemcells are isolated

from an abuhrdy 6f t56 e .qr Qu .
consi sting of brain, %%}gﬁ%o&d@ m@%ﬁ%‘%r ﬁ%“%,l’t Yhergspecifically
pancP&&%, “APreseipn of v giverh maghenlis mieattetst consprisk ahe @xpression of a

| Nt epiiidigar r&éﬁ;%}neahjrgffly- agdder. eso us, lung, .
cardj ac. m,ls?(r:l e, skeleta nlggg#ggisw&f‘ﬁ@ﬂ? exangle, dpsulint or
vas ctif'aiffSetncan te indigts, this ergivenhuell @ xprossed Wisuli Brokin (¥ or does
tong.msz]@égg iﬂufiaglto@%ﬁ{{_hepi thelium In any of the

0

- foregoi ng aspect e invention, except where
specifically noted, expression of a given marker is

meant topgENRLLES L e phe: estsljnggnﬁ%; 3&11 employ, unless otherwise
indicated, conventional techniques of cell biology, céll culture, 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
example, Molecular Cloning: A Laboratory Manual, 2nd Bd., 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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particul ar protein as neasured by

hnmunohi st ochem stry. For exanple, insulin+ or

~insulin- is neant to indicate that a given cel

expresses insulin protein (+) or does not express

insulin protein The practice of the present inve? Jamary 2007
wi | en‘pg@yb unl ess otherw se i ndicated, conventional

t echnfu Mullig ot ahlb$.Rpjent Nej 4,683,19% iNecleipdpiddiybyidization (B.
bi ol o I I

Feconpy pomb S8 Mafiny b PRy TURLAOR AN ranclatign (B, D Hames
ski | | &c¥. Jy Higeins eds. $984; @@mOﬁAem?adzCeliaj@s&rﬁr@hde}f, lethB. Liss,
litergturesnSaa 0

Labor%%br? p/h mfﬁ?éeddeé@mhgdh% g&% r%(s, ?b@1 tE‘APm"'111 A

and Mmétical Guidehd Mo&oulan@lohhglﬁtﬂsfﬂ,aliﬁdmmm Mefiodésh Enzymology

oo (ol B Ak, AL VRS ThanSRE yidtors por Marnigié cplls 0. 1.

25 Jaiiker yn®MOP. Calbs.edd. 08987, CMd $pring Harldr. Labbr&orﬁamlﬁods In

Moo S atogy, Valt a3 ) ooy iontetion MigtpoosIn el
gJ?PMMemcdlaB .Biblo r&lCBWaﬂcell'f %@ae:ﬁﬂépm&,m(m, 1987);

' o Hofitbpok’ OF Epeyimenth fbmpiolesy s oty @h Mrikeiy o C. C.
Pr es Black@f) edsB- 1986 W%;pu?atwﬁfiﬂgthn&@& Eﬁﬂl{gde ((-Eglg lSerg Harbor

Mol ecul ar C oni n é’ﬁ € treati se
Enzy kaberatory Rressalel primg Hambor, Na%., 19%9).Y. ) : Gene

Transf er M&&f Rlafiy %d“@&@bé%%{ﬁ?é inéex{cr?m will beMpphiht from the

and M P. 0s e pring Harbor
_Laboftdloam}g)detﬂﬂbdﬂ@dspﬂqn,alﬁr&cmﬂie@@ms Vols. 154 and 155
(Wi et at. eds.), Imunochem cal Methods In Cell And
Mol ecul ar Bi ol ogy (Mayer and Wal ker, eds., Academ c
Preswnwﬂok O Experinental

Vol V ) r.an
b1 noRRfRCY o8 'ehi? Eimscntidtefs et fke o Grofied wsiagishs, methods
(Col of B Ipl”@edtlafnbafuon LafeogRtese Y reEichbive. C@ld—liﬁﬁrstﬁﬁztures were
Har b "V\ﬁ? 2‘15@0: her features and advant ages
the & @HW% throngh step (O i fhe preseneq,pf mm@ﬂd either 3
det ahie6r ThaRION dlidosd "ThepdtabH in@itatkd Watahtis R likd BhRivr&Tespond to

Descrlptlon of the Drawi ngs Figure 1 shows that
di 1 rEse X releasing gnsulin.i AGionaliyy e 1pedini e pupRrlpgnted with

the fm%@oaﬁch ?%t%a??o RoSsi SRt ré YdienSd ' fhe LIMAAREstructures to

responswe 't ke StI‘UCt res were

di f OBt i z’ﬁhesg fagtaes inglude thed cocktadlUBIMBY: €eperdin-4, teptinemalonyl

e s i nd P bE ARtaEhde b Bloedy Wi Sl . These

r es fastets may hefp lpcmethdmlet-&keﬂsicmgwi to mspdnd to glucose. Alternatively,
Add _kﬁe'sg r@r!:tl may eheETE (%o arec%%tul?a}ép @ ge ﬁxcaj,t Vt\)ncct',urs in the in vivo

environment,

Figure 2 shows that differentiated islet-like structures produced using the methods
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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factors which appear to boost the responsiveness of

the islet-like structures to glucose. These factors

i nclude the cocktail ELM (exendin-4, |eptin, nalonyl

CoA, nicotinam de), or hedgehog pol ypeptides (desert,

I ndi an, and sonic). These factors may hel p pri n2Sdgmuary 2007
islet-like structures to respond to gl ucose.

Al t er naleptinghay, helt tocfarthek atimolate thigayspbiienéss of Gedglet liMeatrBctures to
signmiéyhégat occurs in the in vivo environnent.

Figure 2 shows that differentiated islet-Ilike

structures produced using the nethods of the present

' ti I ive. Siml to th
resul t ST oPYE et ipnmlauatin of irvgmn differendaisro insdings glucose

t hat t respomsivet dnidaecefi rchhiitshkfc@q‘&ﬁxﬁ? Efg,?{rl]éé ﬁﬁ:gﬁ%é r%l/tl)od O%lxcosc levels in

responsgiye, and that factors inc . 0 _
exendi P4 tenfed Siabrtirmies BiHp-Sci¢; farmalg ariempjth 2@omal blood glucose
| epti nlevely of®hA120 %%dir\%}@ rinjé&é.drwm% §ingﬁ%ose of streptozotocin (STZ).
responsi,veness of the islef-like struCtures to

gl ucos eyl acbloods glycpse tewsl ovar 358 mhgidlt ot tven corfsedutive days were
Vi tro gt ibbabidusty Bt d Ribta ponsive . -
human celf |'s can succtéssl,%%wl %/Eh:gtglsn%g& %%?r?’gf'ﬁ%l"g%gh implant. Two
gl ucos@rys ajes) animals weEtranspladtetiwith eithet rat ishitcer. inNGE> Effecbatiated,
femal e; 1 i mal._ bl.o | ugcgse .levels of,

- 90- 120“%% dl M\%\u}edr}‘egéﬂﬁj eC sélldn %ﬁ?ﬁ’yagévﬁlﬁf‘ eb%lglg’e bgyine implant was
st r ept waiotaised rfox SHeh . dayd/afier \sldt for abunla@OcklD trespRatHioy @b ensure

over 3 I t secutive da were il anted

subcuteg’g‘éﬁ{é"ﬁv’%? pelfs g@f’mnﬁéﬂn?‘@fj at e bawipe usulip dmplept, blood

i npl arglucodenlzvelsl ayfindliaéd betwodh 9@{@ _ ffibf ﬁn;éeptrtﬁ&gﬁﬂted with rat
invitro differentiated,

with either rat islets or ro differ K L,

i nsul g Eﬂr&@ﬁ a{%‘ifc'qr gnicq transplanted with inovjtre) diffepantiated pipsuling human
bovi neelly@=28), was maintained for seven days after

islet or human cell transplantation to ensure

engraftment of the cells. Follow ng renoval of the

bovi ngid | dhBwd Addhies : P .
nor mal igggﬁk’b%{gv\/‘\llbeemr%14 90- 12%1r ?rr%%rlr‘fl 91#1 Wcﬂgﬂﬁrﬁgﬁg ﬁF%uAPe%'pep tide.
wi t h Radioimmynepssaysnwereoperformied sik weeks afterablopd agltoese values had

W th EmbiMddgr ' | Uk pn+ hunan . cel |
(n--213). Fi‘gd’? i R Yrt BpEbr shASH bl TR i Bice ransplanted
radi o s selis. fon-fasting saruns sdmplesCwpiepdtitalged from control mice,

of o 2B ARGIRRINHICRT i G B SRR PR e Binactiifgnince

of selosulinehutmammellsi nAndlysis ofn sinple 6ff lanGaR! RAIE Gervid 49 positive

huma ls.,.Non-fasting.seru anpl.es were ohtained

fro mn‘fc?ﬁﬁ'r'%'i thi pasay me'ﬁi'P@-gTﬁ“r a@m%a%@a? Ytcted sty teptaegative for

and rlivesan tC-peptide awhidsl mibd Rarisplaivtbd WathOin| §ifb hifbeb®fed, insulint,
human cells test positive for human C-peptide. -

Figure 5 summarizes experiments demonstrating the effectiveness of the expansion
protocol (in the presence or absence of follistatin and/or exendin-4) in increasing
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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i nsulin+. human cells. Analysis of a sanple of human

serum served as a positive control for the assay

nmet hod. The graph shows that untreated mce test

negative for human C-peptide, while mce transpl anted

with in vitro differentiated, insulin+, human c2$January 2007
test positive for human C-peptide. Figure 5 summarizes

exper i3pERXinaiRln 6hHld mciersg in pxlEcélsend dealdEsinaompirison to the use
expan c e

o 11 o o it ftrs(flod BEy A GRRE RaBioMB REReRbtion of e
nunbe dactsis psed|in thueﬂxpmsmmpmthm with &ither follistatindr wih etcombination

a1 1 oPb el hh, Ea Y AU, o Rl Sl bl B R imorese

expanmsmwtlpclp,tmboﬂh pdl- extld ynd i kealliBe of t he expansi on
protocol resulted in an 17 25 January 2007

approximately 62 fold increase in pdxl+ cells and

t ot al Figie 6 3hewsTH Roinpatiboh @f pdRlsalls Aid i Wells B €8l clusters

differentiati on rotocol .alone. Additionally
suppl ‘é‘ﬁ%ﬁ@ igjicon 'é'e%?rsuwsfe@tnaﬁswrheo@mﬁémﬂﬁmcmd

pr ot ofish fw[isﬁt:ﬁl t PRdse fradults Sieﬁbhﬂra&r tlYéfttaHdﬁoﬁ (Hfofoﬂﬁia'tlﬁnto the

of follistatin and exendin-4 resulted in a 2

and 3BPsKInedivn dcsgased theayaher plpdx+ cplls i :n@pmgmn to culture in
cel | sexpiididnn élﬁ&lﬁhacidF?fl dififyr € 6 shows a conparison of
pdx| + ceI I él an nsu n0+§ce1ﬁl s in cell clusters

cul tured under expansion conditions or under expansion

0853, B EESA o WL ] i 5 e

t he cultyred ainder empatisiom conditiease dinddreexpanmsivar conflitipob<supplemented

|:{:Lfc‘%‘%’rkf’@$f£8§“ et 3*%433'{*%?%9@#5 Wﬁgﬁﬁmb&foﬂlmtm

pdx| o thel dxpamsich mﬁdsluinl indreaxed ki fuinbee lof pk14stelsSin comparison to

cul t urf‘eua?]under expansi o con% i ons or under expansion

cond ¥ ‘B’&I IS5 st atin and

exendi n- 4. These results denonstrate that addition of

follistatin to the expansion medi umincreased the

nunbZetailed Deserintiop,of the Iaventionar i'son to culture in

expagpi Onpéﬁghm | acki ng follistatin. Detailed

DESC?)FptI on of the Invention r) Definitions For

conveni erfe corvenieare cmﬂmmrmppmbqwd i thetspesification, examples, and

specj cims 5% appended cl ai s are

col l ecte heres The term@adherent matri x" refers to

any matr |'13h°ttmn “aghenmuitmatrid tiefersetn (aay afatrixcthbi promntes adherence of

cul t a | am ni

supeéré e g{ kt%; ﬁ&%&&tﬂ ctﬁl%én, 1hms superfi 'Brdnectm) Exemplary
matnces include Matngel (Beckton—chkmson), HTBY9 matrix, and

superfibronectin. Matrige! 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
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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matrices include Matrigel (Beckton-D ckinson), HTB9

matri x, and - superfibronectin. Matrigel is derived

froma nouse sarcoma cell line. HIB9 is derived from

a bl adder cell carcinoma |ine (US Patent 5, 874, 306).

As used herein the term"animal" refers to manmal$January 2007

pref er gh |s .suc maps.. Ljkew se, a
"pat i entdl EB‘%’[“@J?"““E 6’%&??%39&3 mﬁmblnelﬂfudhwfdmsmn or
the i n\rwmmnmﬁmdmmﬁbtlherpaacr%m )%gaﬂgghlgc seen in

ani mal Differentiation” in the present conte

the forffaProgyrtisn of islgtdike cplh chistersrepnisininigoars inkreassd pr n of B-
associ apﬁmlwcu&tﬁﬁlﬂrgduwﬂ&mg;ig {l%ﬁfoecbﬁll i zed an
0

18 25 January 2007 closer to bec ‘m nal |y
di fferenti aT H | P@g¢m®apdﬁ1 B uséd MOﬁ}mslglMt[ﬁi‘% QEN”. Both

di T er efhs Alfdrq8 an %H&gﬁéﬂ%&f&lf \glelﬁlbgg:g% a{) : 5 ?fgﬁ:gﬁ( :md giving

differentiation can be seen
i s| et - fifeite mogd ﬂm@nwﬁﬂshmigfhe abilig t@Eenbﬁ&ra?ﬁfg%‘i’lumber of mother

ropor f. heI cel ] s that_ produce
Pnc?ea‘tééelgﬁlgpn%ﬂ? Hi&% % ted e g p@g&ﬁﬂ@@mﬂc&lls Ina

cel I " nrgfeuscbdmbgdmawmte brd &R&H| t
s |é:?g%t cel | V\A/ﬁl crﬁ@& {6 8 generalized

di f.f
capabr &g ol P bt (Frousiyd goiebes eftesimeiffrent dirctions,
rbwtdnﬂereml‘
proge ahsn,wlmC&ﬁﬁné %ﬁbl%lgtalﬁdlﬁﬁﬂﬁurgﬁa%@eu oceurs in

| ar ge urrber cell s that

ri se Po S e a‘éﬁ'ﬂ 0 o‘imlw‘tfmceqwéla anditidsvesd acglnm idifferentiation

cel.l sis lancOmpleX Girédess dypfh eLm P en| i or
or stem.cell refegers to a gene |§egp&ﬁ@tﬁl§? |le1510ns A

\(/j\/n]? fs e ““P"gﬂﬁ%ﬁ”sm%)pﬂ@g’e ixpm s pettipatentzell mﬁdhei&elf s denved fiom a
i ffema ht 8411 @A y i on,

acqw ri gboco%ét%laysq ndi v%al éa%ﬁa ?sgrgl"ﬁ‘ggtc%éﬂ}ssmay be
i n gellse the fangatofmauaypeewweﬁ give HseStoAREY vary

tissu&;ﬁsd ul i a s a conpl ex
process 1 ypll%alsﬁ{f/‘ occurrl %a ?ﬁﬁ%ﬁ&; frihisycapasity to give rise to cells
di vi sqfosrgater/sde\ulopmemhpomm CSiich dapet ,%y/se T ffI%r may be

nultl self is derlved

mul ti pot eg‘imﬁ?#yu%ﬁ cghwitlyparjous fagtors. of these

mul t i pot eiihe teh “embEynib StemCeAIS §

rangge m‘ cel | @ Igg 5 ch can glﬁgéﬁgﬁﬁg‘ﬁ@élhﬁv%oéﬁ%mwus

consi der a'ﬂ?? ce %’?ﬁ?s Bf%f’e‘“‘lwqﬂé& @'Qﬂwﬁl (secalU8 Pateat/ Dos. 15843780,

capa62a0306)0 Sudte célisSant SRy e 8 H%c{f n§‘ the inner, gell. mass of
[ y be

deve ner;%s% ofential. Such capac
or 133 %F?mﬂccqeﬂlﬂuyle@mmnstb:r (Ged, lﬁirrdxampIthS Patent

- var i Nus59488TR 5994610128 597%)." enbryonic stemcel 1" is
used to refer to the plurfpotent stemcells of the

Lg?g&;&ﬁ:ﬁg%uﬁ $tem enell? y&);;sed to | refot gﬁuz}t muRfRteSstem cell
simd ﬁsr | z}/vebe OPsLiiltedﬁmﬁac:;%%l?indﬁE%ld&‘é?qﬂ%éldw o o
iety of adult tissues mcludmg blood, bone
marrow, brain, olfactory epitheliurn, slcm, pancreas, skeletal muscle, and cardiac
muscle. Each of these stem cells can be characterized based on gene expression,

. factor responsiveness, and morphelogy in culiture,

“Proliferation” indicates an increase in cell number.
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bl ast ocysts derived fromsomatic cell nuclear transfer
(see, for exanple, US Patent Nos 5945577, 5994619,

6235970). The term "adult stemcell"” is used to refer
to any nmultipotent stemcell derived from :
non- enbryoni ¢ tissue, including fetal, juvenile, Z@I@nuary 2007

adult tissye. Stem cells have been |soI ated from
wi de vari eltp tsfm SHine” refers fRoa 2royR 1of davRg obsimdlarly W@l‘ze‘i cells

”HHOthcB&%bﬁ ﬂrﬁﬁﬁb@%ﬂnﬁﬁé;ﬁlf’f&ﬁmﬁﬁa skin, pancreas,
skel etal muscle, and cardiac nuscle. Each of these

stem cel | sTl@aWHbe mm’éﬁ%mmg@a@e@néﬁe@@ngmwly to a large,
eXPr egRhdfd R oARSHRANE HalKeSely Bfind TleRAGhSBY bitfleen the

culture.” "Proli eralon I ndi cat es an I ncrease I n ceII
nurrbespleen agd ﬂgmmar%emmm@mp dnictipn, .’ external rsgeretion,

i P PR Qo RXF e oot 1oaB Cpabich R Bt 8 pgubotance

toget er per mcer
term ﬂ‘tpnarlhaenr pausteas sommmgem;gm,zpmc[pallw amglher; protease, and lipase,
gener o _a lar el.onaat ed, acenpse gl .and
OF b pltnlon B L86H ox SHRAEOE R 8, SESHIRE, pRptgh iy cppposed of
Spl e esevena] dsepbiss dedls urrdidingos dumde, | Theseogells r@n&uﬂﬁ i secrete

ext.ernal secretion, rovi des a source ]
O el ASmeS eh e YR  SmON PAASBBR Carborgpeptidase,

substrinf®:leakd, q%syhaommagee&ﬁcﬁg@é@a NipAse, ﬁibémﬁme A, elastase,
principally anylase pr ot ease, and I|pase

substaademylass. used as a digestive aid. The exocr| ne

C0r  ounai i AMMRER. Sopiert O peiGOR i fonsieg, pt e st of

secr diangeriingeTlid islets@f Lymgethansiappearas fouyali ohges of cells embedded

chynot, i no car bo dase, r| onucl ase
oo PR B ponerems YRy b5 o b, ad -have becn
phos platifideRiehédslets! afHeas Rells aiigu@mdba&ezoﬁ R the cells found in

endocrine portion of the pancreas Is conposed of the
i sl epanceeptic ligets end arastucerthe hosmenesgludagbmn §iln¢agon agipmoageveral

as r
- exoc?%ﬁ%e%alﬁ%ézg@? F%; E@Lf“?eren typestw&’%l 3Q‘IhF’€ Inthe fiver,
J3, Slucagnu calisesdiereskdbwe of glycheak arfd praimotes glheniesgenesis ﬁ'dﬂnammo

pancPAL PRSP 118 7ol e Smpio e ot o iy pancress to

G ucibibit #HaédgoR TeR@%ChA to tdeﬁﬁssespahw Ex&ﬁﬁé Qéécretlon The
available in the intervals between feeding.

| i vehormons paneirate ealypertidp (BBksowpdused it ety e#!%nahrs hormone
%g”ﬂﬁiﬁgﬁ &W%@Hﬁﬁm&&%ﬁm ﬁﬁd %tz_gh@% %ﬁ@g rélaxation

roduce somatostatin
pancofethe gallbladdnh iapil tdegieatea dile swe¢teas eltwnmiostabtindant eelbin the

Pangg f:élt | Cnsgélgcr I6ﬂ-§‘80§/§ %%%é gé]ls, ]l-Shﬁle B cell, which produces insulin.

Insulin is known to cause the storage of excess nutrients arising during gnd 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” inchudes the accessory pancreatic duct, dorsal
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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hor none pancreatic pol ypeptide (PP) is produced in the

4, cells. This hornone inhibits pancreatic exocrine
secretion of bicarbonate and enzynmes, causes

rel axation of the gallbladder, and decreases bile
secretion. The nost abundant cell in the islets25January 2007
constituting 60-80% of the cells, is the 0 cell, which

pr oducewsd istriaiéd ducts fonsd: Withini bbiesOwNsdcpetrawhils §ilthe pancreas. The
st or age: i ent risi during.and shortly

Xc RBut a I n . ah .
af t er féngéafﬁai.egﬁcés rfﬁfegrtotﬂi ge 3‘5’? g%%eﬁ dRining3, psorptery acinus or
the | i vele. miBiesraalatedn dudtsaofterd hgN Sarbbfifc! Ahi&sd séi{vity such that
of,. _enet rm " pancreatic. duct” includes

t . . Th
The. ao BisdibsRgie idhmy baaded f ine iconant tisdtveh &iraged ducts” are the

duct, imgest pRe litaldbGlaldet casbn¥AN hhd Emgﬂ%%[eeﬁ{rﬁ&ifying the ionic
duct . Serouigglr??nds . have extensions of the | unen
bet wee RS SECEHPBY ory cells, and these are called

i ntercel | ul fhe eANSlan&ddtic- : r . .
ducts” refers to ?Ant.er.caIpa@eaémg(l:Jl%ltqmsréﬁ%%)&’27150(g ﬁzﬁ@%’rcﬂn differentiate
2007 'Yine il ofperceeatic dineage. swen 8l cell which chrojrodues ahbrmone or enzyme .

secr et @mtalif iptoliuded ﬁagfhfel?a‘rﬂgrt@ﬁaﬁ%? Fbf %sﬁatn'ccgfa%raﬁc? | c}gogenitor cell

ducts" refers to t Seg
secr etT#ybeeiuseigo differdntinte at leastiphstiallf) intorr] BISGr $ iR, or a cell
have r . C ,. such. t hat

hydr ase act.ivi t ) .
bi cargbgn%?g"imoﬁ&ﬁaﬁﬁé’ G Reogepiter ecllsyaftthe, faveption; eansalso be
| evel .cultBedippioeth shihiStrativn Qo ahabjetaldRs tonBitiohd Hhich promote cell
intral o(ﬁ | aﬁ d%ﬂt1 %%%Qnents and are _capabl e of
modi f I ‘3" g B398 i Thesm cenditions riealydsrenlturing: the cells to

t er m ‘aliew pEsliraion¥h 9HR N Which G5l th f | .
whi ch, angdi fferentiate |Into gt%ee%o pa'ﬁ%dr%ééfq"% pseudo islet-

| i neadfke aggregates of elpsters Apd-secreteringyHin.lucagen, kot sonmépstatin.
enzyme noThHa ‘ Shudie creatic cell or .
i nstance, a zka\érr}% r ?%?ﬁ%tg pr oge ngl’,‘trgl?&c{eol @L c{if‘gﬁmbog %Eﬁg“éﬂ"’d from
to di ﬂ?@r@hﬂﬁ@f the inMentianazhictptake orebdth the apperrance 6f pahcrestic islets,

-+ sl . cel XOCIin ate.. The '
pancrista?flgla%)rthoe g{e]?]%c’g'r é(':‘ g ﬁIsnc%?m t‘ﬁcé“‘%w{;'g ﬁF‘?'@'nt"dBWOB‘FI & glucose.

der ot L oo ot e e LT GAEY Gfoso perionsly

u 1Ll | | i

di ff eﬁugg%?aﬁ"%;.ﬁm%: éns”g"’@%?ﬁaf‘"f"o Yi 'i"rﬁ%.ifﬂlétec £ {Spptigh gelationship

t he cwidug the varidub cell piped (il sahatoRatind idt &agsnmuﬁ Il[%e oriented

ti rret&p ctfﬂl | s .cr??n bf rgad@tto f or.m pseudo, ls_l.et- i ke

aggr egat es g rPUPREEY OF deaksiet)s o4 iditiansllys thei inlet-ra siengbes of the

and _smventiors badin the Thilii S somatohtiH drld fuchb i et Frapproximately

refer,s to the clysters of cells derived from t
et h & Toins 55 fRparl eRdoenausly in haencsesbot h ¢ he

FIREE TRl 14000 ) o popui,

r espBies ¢ agiopelation of cpflg that jscat Ieaiskabasit 75861 prefesabiyf att lasst about

| NVe8%Othofd Frefthably Adbast AR T arlf mbUGRSFeBhi ek TSt about 95%
pure, with respect to the cells making up a total cell population. Recast, the term
“substantially pure” refers to a population of cells that contain fewer than about
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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cul tured using other nethods because they recapitul ate

t he spati al relationship anong the various cell types
(i.e., somatostatin+ and glucagon+ cells are oriented
tovvard the periphery of the islet). Additionally, the
islet-1iKe structures of the invention contain 2hdanuary 2007

i nsul i n+, somatostatin+ and gl ucag]gm cells in

appr oX§Ommitled, cell ppressaseat desst ope af the follewiag thagenoaf Hifferentiated
I Nt henpahme &k mﬁﬂ% goﬁ{amsmﬁhlq)} C@.LI y pure", with

respect to _a particular cell "popul ation, refers to a
popul at i on The tesm| hen-adhgrent sphalte” Irefarstto diecability 68the progenitor cells

pr ef e ref er abl

east Apepyre oltitin iy, TH Co1a hdpictp g another, bus
95% gmd@ot tpiadhere toshadardtcolturh oessels] Howater, e cyls avill @dllfdre when
cell S the te antially ,
pure" Hn'lfd "?&k {’)"3"’"5‘5% glu 'i'e‘geﬁlc%?f %‘eﬁdp?e‘%}ﬁglfw ain :
f Swe { t hanAs lnsadt herﬂ.ﬁl%he@hﬂg pb@f;q{tﬁb'r yefébrg\ﬁ? B gg)lﬁ@ptlde that is a
abou a an abou

| | neagéﬂl?:{%n;? ?} gedggfqu g"%ﬁ l?‘ﬁ%‘s é’Bn’EeSR?"%f@ﬁ'@wpraééeﬁlﬂcﬁonal
i n?/lentl:hamctenahdsl nelmlyeﬁmaionaﬁcﬂaiiué}[f i Sﬁ?szl ! e%'%ﬂlﬁ?% stimulate
cell g epsf one o e foll ow mar Ker's

of - di SPBIEh Hraelthe chreioeusrabing ety mil e s o i
Sonatresdpidri phckel, MsHanHRn folﬁgcfiésfﬁ@ wélP and are

sphe%S refers to the_abi rogeni or ce S
of t HEsS ricxRmplg i PET |ppbhcatlen WO/ ﬁ@md WOR6/17824 Ghereby

are aﬂ@gp&a&d tend not to adhere
to stan ardc %?%cegg%%?%%ver, the cells wll
adher e whés ussdaheem uffedzeing dhdrapautic” ireferk e polgeptides, mucleic
of a h her ei n ho

pol y%ﬁ?l gl?f re ers gfeg p%ﬁ%%ﬁ’?ﬂdé’tw E%{%gFF&r%éﬁm'mg
of t g&lbamekgpem&mblm Iedgehop Lypé‘;it:ﬂéﬂlbﬁhEEmolecuies
and % ra hﬁ sti.cs. uncti onal
char act er | ﬁ%faﬁgl ea‘lgﬂ?‘fq‘? Eﬂ{]ssh%ﬁaaﬁl% gmall molecules -
si gnwhich @mimm@hnw and QfgEheRcEledRWalch %d&aﬂraﬁéﬁlym@&%d in the
the %eﬂtgég gl nd tl}ﬁ}?ﬂ cept or patched. Hedgehog

pol ypep tapducion o OF Signaling tﬂwgaﬂlél‘ape“ﬁcs which
des cstindate f@r petuaiR GedgehdfiClightlitld GR! LRH n\@f-}éﬁ ]t§8§6hedgehog

and W96117924 ( her eby |ncorporated by reterence in
t her®OBI®Si rety). As used herein, "hedgehog

t her apeutAsisol 8E@is it Al " ACEs WG BloSure ﬁé%:d%hcggxpare |

and gtg'a m)I ecul e$ that stinulate or agonize

?1 i g gulin eopgseh porpss mgbhg@ ot hlustepefiitells.s Anng[budﬁwalent is
e Baky e u [
pat ?ﬁggﬁext r a?gl %ﬂa{jar | r‘ﬁr% Ca‘ﬁ %’@}?\A@?ﬂ r]r!ﬁgvhlch is

s e YPi¢ably canantified ashiotah pboteld oneot. h&thalIowe dmﬂaﬂizanon of the
ol %ﬁé oP s ith SRl @asgti S8 ﬁlcnto{af \ﬁl(l)rln cgils w1%un a cell cluster,

culture, sphere, or other population of cells. The standard rat and human islet is
approximately 150 um in diameter and contains 40-60 ng .in-sulin/u.g of total
protein. On average, human islet-like structures differentiated by the methods of
the present invention contain approximately 50 ng insulin/g of total protein.
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intracel lul ar tranducti on of hedgehog signaling.

Hedgehog t herapeutics which stinmulate or potentiate
hedgehog signaling are also referred to as hedgehog

agoni sts. As used herein, "islet equivalents" or "lEs"

is a nmeasure used to conpare total insulin cont2hfanuary 2007

acr oss % popul ation-or cluster of cells. An islet
equi val 8t | e"ﬁmﬁekp@m@d on total insulin content

and an esti $0 mgr typi cal | ,
quantified ér?lt o?’%? prot ein ontME#PPm P? \?/a%lo\%ﬁ“tyﬁed which are
st andar eliRmsterizad cofthe basis oﬁ:ﬂguaﬂmgthufugh tfeltbinmof @fghﬂrﬁansducer gpl30

based ofwijdeRest @Al r of cell th| n a cel
cl uster jculturaz (l TRy % S ol imminology o3|474-3481) This

cel | s. fmiy g aﬁmmsrlatlu(teadlmt;nmmn sgi[a}y ?a,mpﬂ)c (I;a(‘)’tor (CNTF),
appr oxij meter and contai ns 40-60 ng

i nsul i n5 119 o'f]ﬂ]? Q?‘g%"%ﬁﬂ@ Qreosttindd £P8M and, gardiotrophin-1. These
i S| et - |fudters seknownitodmvelh fdrREEsTrbd; Sty Gxanip'i@ L1588 oflly used to
t he Pr §; ntio Qnt ajn appr.oxi mat €l

i nsul i n)g’ '§ ?’“{’}Sﬁéﬁ ?‘h"f orpbryonig &ﬁ@aﬂeyrss EB@ﬁddl(nbna)ly has been

Exenpl zdelyotﬁﬂ‘bteditd’lﬁ e petiliterficada Biy%& ?ﬂfnﬂ 14.ly ?ﬁegellse%nd some

cyt okin en |dent|f|ed whi'c

on thee’ﬁ%g‘} ES] ‘Fﬁ Fq ?Fga{ 88)glnternationad Rew :

tr ansdamz p tefdiotlopih Ei ea

Jour nal ?rmunz)l ogy 25 347%568%’&%&% "yw%? and also

cyt oki H‘S%"&F ﬁ !V&awtq phage response (Petsirs ewaly(lmr KEBSDbttet 372: 177-

fact or 150§NTh, MKEM

oncost afgl n M (OS and&dgﬁgl ?‘ﬁ %‘F‘H’% C}gsrféggmartothat of LIF,

f act olr%’,il Rardiatrophin-h amd LAF \have etu)br@ pronédRed r&?gnse than either

exanp se pronote the

proli f@?%#@n o%ﬁ'wﬁgﬁrhﬁ%ﬁﬁ%@“ﬁs’ﬁp Zhd

addi ti onal Ibﬁothasceiueandlesjhmn&ém@h%ﬂed th -

prolifgrat ﬁ%ﬁe‘g? rr::g/ObiLraSt 85 i yror di al afgfe;éru?n ce llmél lzilar?da wide

ISO?E mmulamlgr%i:m ﬁi&‘i:{ r]@&@gy:ﬂifﬁ Ogggszgg catictioplin
ner ; - LiveR splecriSHSsUe (Uin et al. (1996)

Car di hig-l_J ar di ac rryocyte ypertrophy in

vitr o%%ﬁ‘— #] %20'%3 c‘%@q@qﬂlﬁe\"’%m@ that pmdmophm

( Pet epmnmtesaheur@ﬁpgﬁ,)v,ﬁEBﬁcha{nke{he 3dkvivat (df d%&%ﬂlp %r'é'w neurons

of  cardi otrophin-1 on rat hepatic ce

ff
g i mef@%h%&t al (24¢ lkMMMW i 288412941 Panrica et al.

LI F hﬂ@%)&oﬁﬁﬂ%fﬁi&{i%&&i‘ @ﬁg%@ h@%' ther
oncostatin_M or system (PeTers et al.

supra). Mirearespld0 agonists b@emw@mmn alieediev"ebpment of many
car di gifféreitdySreims N Aol MAREn ik %&glggtﬁtfaq tglghfslﬁénri}o:\{ 'has not been

when adm nistered to mce whe
st i mAcBtlusively demdnstrited) dmmwever] oneqrossilde daey@r 188 dp B0l £RRist is to

U1 SSUftorhokh Retfiflar Yrvival 2 that end, it is expected that other gp130 agonists can
functionally substitute for cardiotrophin-1 in the methods of the invention. The
gp130 agonists miay or may not function with equivalent potency, and the optimal
£p130 agonist may vary, for example, according to the source of progenitor cells.

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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Cytoki ne 8: 920-926). Additionally, two reports

i ndi cate that cardiotrophin-1 pronotes neuronal

survival, including the survival of dopanunergic

neurons (OPPenheimet al. (2001) Journal of

Neur osci ence 21: 1283-1291; Pennica et al. (19935 January 2007
Journaldof Bi ol.ogical Chem stry 270: 10915-10922).

d ear ¢ YRR Bgdiride sangg o wissyess | dhgrepprer epresatly 20y identified

devel mmmxaﬁfF@pmyanddméJeeﬁrer@ %geﬁﬁougﬂbﬁl EmbryBit B adult

in thg thods of this |nvent| s not” be
concl 5%%%&% ﬁ%i"éﬂk’?ﬁ’éﬂkm@ wnﬂﬂémpos& ble role
for the gpiffde EORad) ekatngiQ m%@'ﬂr&u&ehat otﬁﬁl onal fg;gity of

survival. To that end, 1t I's expected t
agoni ¥47ous JKGFt Garaily awambers. s uBer iexemples FGF-5 or FGF.AE resoue

car i PdiSHaRplr oolt Bedih'fn 873 138 Sl o Gell Allh@on (Fcen et al

gpl30 agoni sts may or nmay n unctr.on w equiva
pot en@P01)al Ther 3@ $07-61f]), FOP 2igbalingan irequiredh forvthe prolifepition and

P TedterdfeC B Biolhitf iR o Ching SBRAG HRfuGs OVGtin ot al
encon@ﬁ@i@mmwmf%mvwﬁ)?&nﬂ pfegelated Gridient of

25 3dN0iep GG B 1 s trpbton sod Efnbaianof pidiie cersbolla

ti ssmmﬁhe}{eeﬁﬂqzmjmmm eBQlZ?dPK!BLfMQ rmrmal i an
FGFs, and\,}.éhes re xpressed throughout errbféonl c and
adul t Bﬁﬁwﬂf P‘REHF ingentipp, nwﬁﬁylp!%{t% §ifamily member,
condiatth@uph. it TRe btichafed "HhaY ﬂ%X%m?&:SSFGF Ea'ﬂﬁl &Hﬁﬁ{bé{su{wﬁl have

for - ljge functional activit vari ous y
me b diferentig} effigagigs inthe lmﬁlquFVvIQhavesmmed the usefulness of

phot GGECRRAIY menfilets il 88t ihd tﬁﬂ%rg%ba%bﬁ %ﬁ‘ﬂ)‘%ﬁiogwg Exéxﬁ:tlilﬁ@&l hcrcm,

degeneratl on (Geen et at.
- 507- 33 5p!l asdp the methpdsraf dxpandinguidxdl cklls piidreto their differentiation.

Phe. (e arapipe ke b iepitts R iy G O ity

(2 oom)embms ldaring the nlﬁhoﬂxeuﬁémmmtan%r diffreniiftin, dosotbed in detail

regulate i ent GFl7re ul gt es
pr ol +uf er at I On an ‘&‘?"F‘?‘?; rﬁ"F‘é‘FB’o %1 PIRSet j Hgention ° contemplates
cer ehebddanentstmuwhioh afuiipe EGFafamxﬁr-Z&ﬁQibeQeme' @edefiring the

127: 1833 18 he nethod t he present i nvention
may BRPT @é""?‘ﬁ‘ﬁ“ FFg &“mb&ﬂt -g-ttWogor more FGF
ant i ﬁmﬂgh@hﬁeﬁadre 38 aa/aagawwﬁn Si6F dbriip th¥ dﬂi‘éﬁéﬂﬁ&tﬁm\ﬁfme cells to

have i fferential effjicacies in the clained nmeth

e i BHSE TAROTBES Gelkbss AAdit iprily; othe | prwﬁbwgnnon
i N Rehtmplatestihbchimdld dhbeR R BPQ.RJ:? fﬁgﬁﬁﬂl Hglcule?s used
s of “expan

herein, as well as in the nethod 1I’ng pdx
cel 1941ipg both the cxpeasien and fifersntistion afe parficdar diltngy gr, cluster of

t e cEAGHEBhe BNE Ol ROTAR TR iR iR H5Paaly R

Prefea'red 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
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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menbers during the nmethods of expansion and/or
differentiation described in detail in the present
application. Simlarly the present invention

contenpl ates enbodi nents in which nmultiple FGF -

fam |y menbers are used during the expansion an2¥ danuary 2007

differentiati gn nethods described herein (e.g., two or
nore F@E 3k Within thersicepesofsthe invenibm t Bmagiive tfrapients ofRGF can be

duri ng ik £ it . I to .insulin+,
gl ucosé&égggg%égélﬁécg% é@l %]?Qbiﬁ%cﬂ) ttB ﬁ'g(r:@l I:K?/F ref’?‘?éor@@?e‘i‘f? currently 4
i nvent iidsptiftecbmammplian BGF eodptais)ment s wher ei n one or |
nore FGF fagl.y JS . u [ oth the o
expansi on ag%{cé?@g% Z%Sf“l’l %ﬁ%ﬁ%ﬁgﬁ%ﬁg( ﬂc‘iﬁ’l"glme aistigrgup within
or |C| uwlﬁfamfbgﬁﬁ?mbt Tio@gw)mmgnﬁ?@meﬁ DRheRt9: 39-49). In
enpl oy s a er. Preferre e
pol ype?i‘%dl?%é‘.sc?‘g’?’g%cr% Fﬁﬂb&oixpgptg& d%° ewseped by mycleic acids
e S s
i dent i Ugpuicg) taﬁ& HIW’%ﬁ’ t@”ﬁ@"?f&i Y8 gt vettebratg FGF-8, FGF-17, or
bi oactFGP-18 poBgeite, bibibRtie &rft therdft! Sucldtl £dids which encode
ptides at | east about 85% nore

de_pol
SPE? ef@ﬁ;&;ﬁﬁﬁs [P [ast ahpis 5% omare profeslly anlgastrabiaut 90% or 95%, and
br f e1rabt Yroliy 86 ead 400 9 B0 AN & Sl pBir s, FGE-17,

vertebrate FG- pol ypeptide, or Dbroactive"f
t her eF FGF218 polypeptdeapybiostive fragneents thereaf] areialvotwithin the scope of

scope ; <N 0D . 4. Bi ti ragnent g, of, F an
e " B SR BERARY s Yo' Gl o
FGF r abidipt tor bigd e FGFarecepton (theret dry cdrenitlglenidisdtifRd mammalian FGF

mamm}égg .E?: receptors). Functional analysis suggests
that F g 7/ 18 constitute a sub-group wthin the

Eea\jelf ag l yItn(ﬁgttfogg 49 eﬁf?}ncé ano he‘rﬁatérrbo.ol?ﬁr%n'%fpmﬁmllarly useful
pref gﬁlr ed G Sng‘?"ff‘B% PRogenitgr i:[e’n@éﬁlﬁai e;yalnﬂfa’si 9: 3884-3889).
aci dsAcmodipgly 3h Bgothét exbioBineAt itk SreiHe -
identical, .oore preferabl e?%% i dent F‘g?@hang@{hﬂg@gmat FGF
pr ef e?"ZW?“%@& il%&éo/ b P 3%, B0%ETBI0%, O5%CEIB, or identical to
FGF- IAGF-Glnayfteusdfil in theR&ids O | o€ T ragment
t her eof . E“él ei ¢ aci ds which eﬁggggmtggﬁé%aébti des at
| east abouttigueh anyFGF Himilyanembey may beawmed togiractice #29%methods of
95% kiR GnveliBsd tﬂ{r@ﬁseé‘@%h 98-99% .
i denti calvevvi th a verte rget@Lthcﬁ-@%Es @%gﬂ’i%% 5P BpRg-oqngidate to
p_olt ﬁpewfemd Betyaly tin thesd mathndmt EGI;-!i&ﬁae?ipmaﬁdeinahcsnver and
Fr aghancrd, BRERR0AL xR M PUFAR in kB diisge prolieryie in a
abi I varjety of tixsnes, fpedi%[yﬂt@?al&éxﬁrésbi@ﬁ EdRER] seifi QB frflifération
' dentd thé el B B Rtcbeiles uf SER! Y934y Moleoutar and Celiular Biolo

- 18: 6063-6074). Nevertheless, given the overlapping function of many FGF family

members, the present invention contemplates the use of any of a number of FGF

family members or combinations of family members in either the expansion or
differentiation of insulin- cells and cell spheres to insulin+, glucose responsive cells |
and islet-like structures. |
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In addition, recent evidence suggests that FG-7 may

be particularly useful in stimulating pancreatic

progenitor cells (Elghazi et al. PNAS 99: 3884-3889).
Accordingly in another enbodi nent, the present

i nvention contenpl ates that FGF poI ypept i des at23 dampnary 2007
60% 70% T7TR% 00/ 85% 90% 95% 99% or_identical

o FaR- 7 rigfasion fopily oy Wﬁe%%a%@r@kedgff@gﬁp@menfsignaung

i nvent inoleculdy iﬂ%ﬂid@hm ;?azrtaﬁﬁgﬁdrﬂ 208 "B raHEY Y Rer gqarocesses

this invention,

to pr gt:ce t he rretég(?
evi dentBIEayerehray ertehigte degplopment. slﬂaﬂlgﬂndi &@dhﬂt@ebg gene
to posgdsss B i

Seiates RégaleRtal aA Bfifgingh (d¥so! pauég pancreas in vertebrates, a

FOP- 18 |s expressed in the [iver an
ect opllff &leE g Tymilyis imgiveddn the cantod ofhﬁmmsymmetw polarity in

prol i B¢ @NK! cifical
FGF- 18 expr g%gil[%snﬁﬁdg %&gl% i @gﬁﬁg%ef'ﬁﬁ‘"é{ genesis.
—in the Iivdhe dﬁ@bmﬂmllyncbfebﬂigdwg gbirds indiudeh .at (LBORhr members,

Nover i palis el e SloRoRfl ks aie AGHoP Y faghos senc

FGF f amd plsptemmb dessribedhia Hﬂ’Ielslﬂﬂﬁbaﬂoﬂym 9618856 and wo 96/17924
cont e %e usFﬂ_ﬁfhanlx a, nunber of FG- fam|
rrenbers or cO BF f’ﬁ o @sset iAgd &ﬁhﬁméphh), Sonic

the ekg@ahagofshby andilfdigy Rtk fmr, )OhppaRatly ieRist Ql?lahsvertebrates
and c iu %@ to |nsuI [ n+ ucose responsive cel
and |§’I° E'"‘E L?ef‘a}aégn A apgiatey; bewgyreferred to as tiggie-

Hedgetwingie! hedgehogTEITRS Siped® HB&GA: o fshe Desdge Whehog (Dhh) is
fam |y of Sllg'l‘ﬂgl i ng, nol ecul es nedi at e many 1 np #00

shor t XPESRed, RlEh ethp astes, bathn dn ppW@qujdﬂvbhgment and in

[ nverme&{uﬂﬂrﬁds%ﬂﬂad‘iﬁﬂaﬁw hg%gﬁclgt% a‘fOI Lal hmdﬁ\é}{l%{f)pment

si ngl hedgehog gene regulat
di sc dpeb'HF i§ andninrbope | formatmarmeba adlusls -and, Sh.& which as

it i U il
and [aFiMitiesor Qﬂ?@g ﬂlﬁélﬂ%:mtimmlm Q?l the hog fannly members

sper he vertebrat.e
ggnes % udes aflEP%lggt’tél?%ﬁF ahn?ﬁﬁ’g\[%"fyp"%o mg@ncﬂons '
of | Recest sgiss Dy Pt &Oﬂﬁiﬂﬁhﬁﬁldm gﬁé@&g& Wedlschog, desert
e ene n escribed in
publgfm’g? @ﬂ‘%n%? 1’%5@%‘0 nﬁ! Sesgflw mmr pafed avitf the same
thesmmb%ﬁltnmlﬁ the [tRES 'hwééh b 6] é:ﬁl&éds fbﬁﬂ&e&ﬁgﬁw and
ndi"an geho

( Dhh SonLc eho Shh)
(17t S’pﬁ’aﬂ’é eif Wlféll qhﬁma paiengics n a range of cell and

i ncl tisethsbd S érstl’d'ﬂﬁ%tal do%%ﬁ%&%ﬁgﬁﬁ 107-117).

herein referred to as tiggi e W

:ggegr : gmgftlnﬁéce% g{ﬁtﬁdclﬁ Eengﬁgft%’t@t esgﬂg’ﬂ? gcog]gwcﬁ%% cglls with a
onbrP0erhes Belypemtie: Withentwishing to be bound by 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
nucleic acids comprising an amino acid sequence at Ieast 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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the adult rodent and human; |ndi an hedgehog (IM is

i nvol ved in bone devel opnent during enbryogenesis and

in bone formation in the adult; and, Shh, which as

~ descri bed above, is primarily involved in norphogenic

and neuroinductive activities. Despite the diff@&pdanuary2007

roles fulfilled by the hedgehog fam |y nenbers during
nor nal RP&XP&PB%&@P]{GMM 84 more profepablly at ledst oot 80%i 02 ®5%, and

t he sanfost UnefehaBRSat 1635C Situt %%%ea%egjé%aﬁ g‘t&ﬁi‘ &ZQ%PPW hedgehog

col | eagues denonstrate that sonic
hedgehd§,YP&pifle) otlibienctiesd agmogpisattierdofnate tal® WRBEBDINGT scope of 'the

pat chedpyntibn,t jhet | ditional Iy, t

three hed eﬁ:)ghg am | y ré{e erolsf%%%eg% canby @%erldgﬂ%ed by, (a) the
behavi @pilifytor bied therhsdgehyg reab;hl | e %atchied,r(b)dt'hé Elﬁiliit)gﬁ) activate hedgehog
pot enc [ e iy an t| ssue based assays .

( Pat hi ls’:gtﬁalapa‘%. ?%‘gg)w séh“gﬂi'%enéss‘éﬁ“ e [Ty fareple, okganscription of
107; 11h§dgel’r¢galtalpgﬁs gﬁﬁmwhmdﬂammfﬁ Qfét&gdgﬂgl ﬁvt\?%elfq}g atcids and
cont ac W a _.hedgehog pol ypepti de: ou

Wi shi ngbl?%P%@“ﬁ% iz the 5‘1‘8"*%%@%&5%&8@9& 7000 80%, 85%, 90%,
r esul t 9396, ar@ndatee thian @5 %aldnSicaditd Kunda eh@hn ' .
may behto act H’eﬁé@phed eho_a Si gnglrsiﬁﬁgs’ln tﬁg&glg%PEM&mman
and t hiSEsHog, EpﬁgB‘?HP es g5 agfiver feagments thereof may be modified to
pat t erinclode, forledabies Hhé dF e eSSk pen

Pr ef ery ed hedge afég'l pol ypept i dgs rgﬁgﬁg%éﬁe%a(kffpmky ot al. (1998)
nucl ei et Hé+-9 fisal SNestEn 2Byl A3 7a45; Pogeretah @996 Science 274:
| east 2663 dent nore preferably 70% i denti cal,

and nost preferably 80%identical with a vertebrate ,
hedgehog péidgisiepallydene of skill om dltei are will agopiize tHALIfARE function of

Nucl eicentaQin WSk e 26 25. Januar 007 _

pol ypl‘gg?i d@gscaeypk@gs ﬁbgg%ﬁ;g K qlﬁ r’égbﬁ%f‘éf‘t&ﬂmge&?g signaling,
e e oy Sopeompikhodtigt canalicg 3y ok b8 hodgeiog
pol ypept P de,e %&Sgl .giithleé%e_h?g AGFED)s SHel é@%egfl& thegipggics may
Wi t hi sinitete dedgebogpdigaling by wﬂéggbiolnaﬁ%&ééh}ﬂ Islgﬁalglg pathway at

f t .hedgeh be- i dent

(o) B Bofbt i T B OR of byl senamppeobat such Aedgohog

pat cHberapeuitips inbladehidldié ¥oids) pAgpdpradse a.{a%?&ﬁ*}f?&ecuﬁe%s%h% stimulate
€,

cti on. whi ch can be assessed by, for exanp

t
{1 andErFPR GIETEIE Wo o b v pejak incbipedseag pibisar Exyemplry
pr ef dedghol UHEHRAGs HAhR &M&h&ﬁ%ﬁg@%@% B B‘t’f'd%?agfs Smulate

use i}n t he subj ect nethods are at
859 "etgafog gme dgnaling rand hsmelD Seoleciust thaal stimld RHgekog

Soni gign&NHER AovRE 4 - [ ian. hedgehoqg.
Hedge]ﬁggwgl ypept | ecsf(}%f a%?@\l}ge%?pgg%ﬁggﬁ}eﬁg%gdph%»pamhed
gedwﬂ’ﬁfiﬁzgémm‘iﬂrﬂﬂ hedgzog signating e metteds 9F tident inventon
ydr gphabi t . Pe et al.., our na
of Biol ogi%% eér%ﬁg #‘5 %%ECP?’/MB?&F@NW qs{mefe hedgehog
( 199tprapeutisacwr @htketing cells with one or more hedgehog therapeutics (in the
absence of a hedgehog polypeptide). '

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 inductjve factors and
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255-9). Additionally, one of skill in the art wll

recogni ze that if the function of contacting cells

with a hedgehog pol ypeptide is to stinulate hedgehog
signaling, then this can also be acconplished by
contacting cells with other hedgehog therapeuti 25 January 2007
agents (i.e., hedgehog agonists). Such hedgehog

t her apb felivenahighdocafrodrmeairation] g partjcid rgfaetbisn grHeysubstratum also

por nt PR 88 BrdeE SERIEIARRSRRTEY P Rt ppetins B During

such m&g@mfghe B;ﬂmeapn ulhel sybstratumh, wdls BieCOLBErvedi®! Hlfgrate out of the

pol yp hat S I ate

hedgeh g 5| gna g’%sggtqﬁ%r' U'i. rﬁ‘%"‘?W“PEéhcsPhemonaﬂ
hedge hdlyermtshmﬁunnﬁwmbﬁwboﬁh mdoahe @;gnbns £ W?,-Htak 6ffer a means to
i ncl uq.&g]srml L c%es tEgt bind to patched and

simula é‘gﬁ‘btg signaling and snal |

nol ecul es Muay SpésTef adBertitd aREREs/ u‘swaah

downst r eam of glatched t?ﬁus by- passs,l n%t e%eed ?Sed In one
relie%@ Eﬁ:ﬁ}“@ﬂ‘e SPPf?Eﬁszi‘feé%!' o8 g Madrig flamd‘gmgl (Collaborative

si gnaResegrch,T ., "BdaRRd SMmad wnﬁﬁ
i ncl ude colr:’t act i ng cells WI tg]% a %pgghog pol ypeﬁt assoc;ated
and oﬁ‘éteﬂf‘ls igrivedras @ eioest of muringbasemen, mmbmmmraetns,r@nsmtmg

. gglslence of a he lar1og po i%pegf (fé?'%%‘ggageteﬁc @?‘g" qqmdogen

as,pet @ftactine apd mrpre]mwdeﬁ'nn:cthe Elf'im:lﬂ?rhﬁrl;ﬂelﬂlﬂﬁk welas (1986)
2 dhor SoteBfi) st 362 PP e ik mastteso i b g sach as
P et e Caoror o o5 S anuary SO0 s con be provided as
del i \S%;rd\é'elaﬂ%%& 11!i"<5@?xlrlﬁ'gltcc&}ﬁ'l'f@'htrat| on gf particul ar

factors. Thensthérsdnibeditiong B culfild 9assls e Bl Hh D ¢ or more

further %Hflcatton of . the desi red progenitor cel
Dur i YT %rawtmesnﬁhacé@% bWo maibiimited ute, fibronectin,

cel | Smﬁﬂﬂar@ﬁ&ﬁﬁ,\dﬁﬁimﬁ@@m &Bg,ﬁp and
adhere to the substratum hus t e;usfag%%uri ng

the spheres on an adherent substratum may provi de
bot h I ndugAMverfiin s f msan exam
further enrich for &eggs%%&ngﬁﬂ& lh F ined
adhethe 'tseﬁﬁtw ctafswtdm pawnewmge agmm in Ithe mansxon and/or
enb ogiERRat e pbtured on a Matr
I ayer Vi ggl?et?%l {;P or a mvﬁét%oé‘ar e"%"dmems the
Bedf tgre isigontagted with tham’ﬂuﬂnlmmt%gbnoforsﬁaﬁﬁ [ Euﬂi‘lﬁi*ly, in other
ass e s. deriv an extract of rine
baserre { rt% iia5 &g of gothtgctecgg%glog{squdnorﬁ nelexating agents,
of dlsachdasl 84(4-dﬂd:rbﬁt@ﬁylﬂﬁ6)radﬁﬁﬁﬁ613"5'S}%ﬁ@h%ud%gﬁgﬁl(@ﬁ-'&&m)
an
(S ORPER example, Koike. (1992) Prog. Neuro-Psychopharmacol. and Biol. Psychiat
16: 95-106), CPT-QAW, forskolin, Na-Butyrate, isobutyl methylxanthine (IBMX),
cholera toxin (see Martin et al. (1992) J. Neurobio] 23: 1205-1220), 8-bromo-
cAMP, dibutyryl-cAMP and dioctanoyl-cAMP (e.g., see Rydel et al. (1988) NAS
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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and entactin, and was prepared fromthe EHS tunor

(Kleinman et a], (1986) Biochemstry 25: 312-318).

O her such matri xes can be provided, such as

Hurmatri x. Li kewi se, natural and r econbi nant | y

engi neered cells can be provided as feeder |aye?§Japuary2007
the instant cultures. In another enbodi nent, the

culture W@gglg}egts,a the igyeatien) cantemploise thy impive administration of cAMP
ext r a- c ebbnidtafo [ but

limit edelth% fi bﬁ%@cﬂlﬁg Rgvgul%gnr #H’%é]onec?mhpaqcﬁ%’ﬁue as well as
col | ager® P"éﬁﬂ“ﬁ’éﬂ?&r}laﬁe 8 kechfoe ipproveloghyreaio. peefdfifince, especially of

El evat i BiicsdSiR3bead nﬁ&sﬁ?ﬁﬁ% in detail herein, we
have exa%m negc%t h% use nljgscgéjof utilizing cAW

SI fe;/at i ng agadight qf@qm@emwmmnf b t Wi]ﬂba(pparent to those i m the art that a
iffere of ,t resent j.nvention.

cert ai n%eirrg g??r[eﬂr%!%p&ﬁ%] mo&?ﬂ" % ’EQS‘HY Adantifieds fPh example, by
t he cAMPRudhedag lswgma:geashayﬁ Oowhilsl hpr@gulﬁb RAMPLdpendeft activities. For

ot hﬁ:)r e&g&%’ %@u‘g ect he%légl Y e ot Cogttgau%ltngdcovr\:lptoluqndosnwhwh may
8{ 4- chi am;qw admjrfhibw@icla@dﬁﬂﬁéihg eroracohﬁ (FRY %hblgnfrigg@ Ftﬁﬁg Prertussis

hate ( &é%/ﬁ) see for exanpl e,
Neur o- ding -3 BOE-IPandc RGR), cbbforsib arkD B)adrenergic

fr:;rhyc/:ﬁxan %?%B%%%Fer a t?r %':OS‘%%Z%%‘W refereed to herein as

at. (19B2yrepcrgiieagonisist) iRIudel Abatedod, 2 @hmtiBerbl, Oﬁfﬁﬂt 'V%’mbuterol
di butyr%@%‘ﬁ nd di.oct gnoyl - cAMp. (e g., see Ryde

al § orprgnalipe, HOP%m&eéw?iPtb@uﬂ%nd@mm:m, ephedrme,
det ai | efindphyine, ietafddfiné; QeHyBIHR

met hods_can _be carrj ed out u5| ng cy I\%H}Eét%ﬁb)hcmpmalm
agoni s{PEPamIge,y o1 Isgethatine, og isoprotaneuels y zﬁﬂﬂterol metaproterenol,

enbodi e hédair n\{%g&ﬂ% t yi V0
admi ni str a?lmon of ecA agonﬁgl{u b%&?ﬂ%ﬁf ﬁ‘gﬂL protokylol,

have DERRErelefimieal; sttodsinen soterenok aSaImetérols Stefbutadific, V&etoquinol,

as tqu@gﬁ%n%dmoq@o[have a need for inproved
pancr eat i cﬁgerforrmnce especial ly of

gl ucose- defS@mgetnds which mlayscahlbmtcm phosphddiditersé(s), Md thereby

pr eseherdics par t to those in
the art t ha?il egﬁ&iggfr‘el Jeti W f'Fthe $Hbjcst methpd.  Such
can beéompaiids ynclldienamzinoael nﬁlﬁno@(a;me, iBE anagrelide,

drug s§dESRing a whi upregul ate ¢ endent
activi t‘f es. a{;orﬁg&%xéwﬁ*l el ‘ﬁ’ﬂga"sub'?&&?m:neﬂﬁ@b“‘d’h nigghylxanthine
carri BNV mle%hmﬂmmw.ﬁo] lﬁoﬁcéfﬁafmd%? s%@]]g]ce acld etazolate,
adeny e CY | as |n§L forskolln
Coxi oL e Tjameuds . Fying; DAl sy mmthine (M),
(e. g.andﬂ.’éﬁ%kammé PCGE- 2), coI forsin and 13-adrenergic

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 dibutyrylcAMP (db-cAMP), (8-(4)-chlorophenylthio)-cAMP (cpt-cAMP),

-{(4—bromo-2,3-dioxobutyl)thio]—-cAMP 2-{(4-bromo-2,3-dioxobutyl)thio]-cAMP,

8-bromo-cAMP, dioctanoyl-cAMP, Sp-adenosine 3"5cyclic phosphorothioate, 8-
piperidino-cAMP, N"-phcnchAMP 8-methylamino-cAMP, 8-(6-
aminohexyl)amino-cAMP, 2'-deoxy-cAMP, N6,2'-0-dibutryl-cAMP, NS,2-0-
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receptor agonists. 13-Adrenergic receptor agonists
(sonetines referred to herein as "1li-adrenergic
agoni sts") include al buterol, banbuterol, bitoltero

carbuterol, clenbuterol, clorprenaline, denopanine,

di oxet hedri ne dopexarri ne, ephedrine, epinephri 2% January 2007
et af edfi n %I pi nephrine, fenotenm , fornoterol,

hexopr b arfﬁoﬁ@ UWMri ﬁé@-m@@blﬁtﬁmhcéhﬁ? 20
mabut Qﬁ@&ob.m e O
oxyfedrine, pi rbut ero prena ter Ef@%&?erol’ 2-0

protomﬂewccm}'@@@erol rimterol, ritodrine,
soterenol, sal neterol, terbut al i ne, tretoquinol,

t ul obut er oAbov@Hﬁted%ﬁiﬁ 1l us<FEITR e eé%"hﬁéiﬁbdﬁ%/ay be modified to

i nhi bi, est er.

i ncr eaﬁs ee%%,:@ tﬁgﬁw @Ftwcf%h/ﬁ'( %‘fré’%ﬁﬁ’%"’ﬁc’lﬂ%‘@gj{ﬂ releyagtproperty
subj e®f Prﬁﬁmﬂd ies yxamplegfoskaelin liastht dstmulea i none,

m | rinone, xanthine, methylxanthine, wanagrelide,

ci |l ostam de, nedorinone, | ruio? pHe rolipram
3-isobutyl-I-methyl xant hi nes e hel erythrine,

cil ostazol, glucocorticoi seefi ¢ acid,

etazol ate, caffeine, ind Waol heophyl l'ine,

papveri ne, nethyl isobut MX), and

f enoxam ne. Certain anal ogg , €.g., which are

agoni sts of cAWP, can al 38 W€ wmsed. Exenplary cAWP

anal ogs whi ch may be useful Feskdig present net hod

i ncl ude di butyryl - CAMP (db- cAVP),

(8-(4)-chl orophenyl t hi o) - CAMP (cpt-cAMWP),

8- [ ( Mepdidaations, af firgsolib uwlich thaveo been AbBnd to increase the hydropluhc
2-[( 0 \ SN

di octAc g%%@%%éifﬁgk &i‘gpﬁggééﬁﬁo%%éﬁgy %L“‘SC%%%F dgs;rﬁ'?}m gical activity
phos piradude tahylatiineof ghe hydrexyilslatnO6 addlidr, C%@:ﬁ&h edindvalCoNhe acetyl

RISl S5 Bropf oS RbESin (G ngvitod witha

Januhy@mﬂﬂﬁb?acyﬁ igfoupC CyihayCoptdnally bd‘fﬂélié&ytaiéﬂy ksui%!lé’h drophilic

rmnobut

nobut ‘5 - CAl
N6 rTBW lé %Waaﬂﬁghe siryefurs:- )(CHz)nX, “whercin X is OH or
TONONRECR fy hydehie a/may@adqlsgrasb %PWRBQ&eH%Séé{ﬁer frm a ring

t he subject nethods fied to 1ncre
bi 0atPHHrsHe Br§ goms, mfvrabgv 5-’6 ptomwducqo ey riecdededpiteradtonys (e.g.,

rel egﬁéﬁznﬁr & r&%hpg %%)eax‘f@m%%e%éf %%Tlei(gnﬁlc?erably from 1-4,

forskolin has t
even more preferably from 1-2, Other suitable hydrophilic acyl groups include

hydrophilic amino acids or derivatives thereof, such as aspartic acid, glutamic acid,

asparagine, glutamine, serine, threonine, tyrosine, etc., including amino .acids
having a heterocyclic side chain. Forskolin, or other compounds 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.
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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OHis 6 7 CAc M2 Me OH Forskolin Modifications of
forskolin which have been found to increase the

hydrophilic character of forskolin w thout severely
attenuating the desired biological activity include

acyl ation of the hydroxyls at C6 and/or C7 (afte?5January 2007

renoval of the acetyl group) wth hydrophilic acyl
groups. | n dBednembotiments, it B8y besadvaitiapdoasl torkdniinister two or more

hydr ophifltheCaraey chﬂﬁo{f@ Hggp ﬁbﬁrpog e lt%&?ag Fer example, use of an

deacetyl ated. Suitab
i ncl udeadedatp aydiase agopist hecoejunctmhw;el a AP phbsp l:och’esterase antagonist

wher ei rlna§ﬂa§e9[h‘ﬂf w%ﬁsgﬁ% ﬁ'gfx en, a Cl-C4 alkyl

group, or two Its aring _
conprising 3he Pmmwemmfoemahbméﬂk Wk @ffEny mh&@ cARP elevating

i ncl ud erazi ne or rphol i ne
rings); %gé?l%t ﬁ%ﬂe&ﬂ?sgﬁgFP@FlgWg d‘ﬁ?"@ﬂﬂ“&b Hescribedrin detail in

1- 4, dwqmesamr Heetiof! 8hMila
&pp i r?mr&cﬁitdlggéﬁﬁlﬁl e n[]ﬁghseembodunents

hydroph| oups i nc
aci ds glrwt}‘&‘ %‘PP@e@Mﬁé’F"%‘ﬂg Aggein aze usedpduring dhe expipsion and/or

gl ut andlifferaiistion AStAGIsaRidRBed KU n
threoni ne, tyrosine, etc., i néﬁﬁﬁ ﬁ%om&ﬁé&g%ﬁa@ elevating agents

havi ng®& 8t 8cRAEtiqular stegedusingiithe d%reﬂtlahm oﬁltheowlerto insulin+,

conpou Q@Séllggﬁ,q o) by ot her . possi.bl

hydr ophi | i ¢ “acyl mglpdééﬁsé)hap%gh dng‘%h %"8 PIELL igyentpy |qontemplates

in  t HEbeAimenss Wheseinendior ynosy eAMB silevetinguagént BRis&bldfrig both the -

activi arly, variants or

der | vae%i?‘?/dg@n%? any géﬁig{l??nqlgk%&gulﬂ@tl o skt AEellfalhough both
be- ef fresghdds @eetsnat slploygiersamt SAMP dldvarisgRied). met hod.

Those skilled in the art will readily be able to
synthesize and test such derivatives for suitable

acti vi ty %rﬁ&s&aﬁuaryhezﬂ%m kR tHoRS (cBhtem! Wﬁw&.@{nﬁm of the

it ma ant ageou adm ni ster two
the a ove TR )sé/lft gﬁ'ﬁ%@“doﬂ?éf@%?ﬁtﬂ@ﬁscﬁwmfghm expanding the

typesmﬂm X esti! ﬁlthlﬂ&i%n&ﬁh@&lt AR ot cl
agonl | n coné ctl with a cAMP phosl&‘shuﬁﬁl gé?lFerasare able to

ant ag el £i-cdysimgsthe expapsion geetlicdy  The term
effecmmhefemes:ﬁ bfh pog <R he use

any of these cAl\/PyeI e\%tF%gmagent@@u%wmgﬁgﬁnmw
of ~ exisEREropherauthrenc dingf erstert.i aExempldrys clashedoﬁ Seroids  include

det ai ddrednBeortikld HESE ﬂ?@?ﬁ%»gxggée%rg < mﬂf@r ltl}/ gonadal hormones,

present_invention contenpla
cardiac aglycones, bile acids, sterols (such as cholesterol), toad poisons, and

saponins.

| Corticosteroids include any of the 2l-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.
Generally glucocorticoids affect fat, carbohydrate, and protein metabolism while
mineralocorticoids influence clectrolyte and water balance, however these
classifications are not absolute and some corticosteroids exhibit both types of
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in which nultiple cAVP el evating agents are used

during the expansion and/or differentiation nethods

descri bed herein (e.g., two or nore cAWVP el evati ng

agents are used at a particular step during the
differentiation of the cells to insulin+, gluco28January2007
responsiye cel Is). Additionally, . the present i nvention

cont enfifiiiftés Exgnplisei qentisosseraide nelude,dmwé arsmotrbmitedto)Mexamethasone,

el evat hypflos@dhe,| o] S

and di f*tg?ent i g?l %on oﬁgﬁ%(glﬁstgg’ggl fg?thgull t unsg%lgel’ qﬁ'ﬂ%‘f“@?“e’ and
of cel""éa‘a?tbiﬁi@agh bot h met hods need not enpl oy the

same cAMWP %&ﬁ%ﬁ&&d@% 0 ‘}h"'g?&tinc%s g#ldgﬁgn-rhefor hormonal

present nmethods cont enp a menfer’s
subcl ﬁBla@ﬁm@lt dtempd,sfor edppressich mﬁ:A@iHmmbu@DB)t the @h&ior pituitary,

are usgfallan ndi n nunber ells within :
non- a é"# en é?ssa"g?“%'&ﬁ’%‘f’laﬁ E@?'F’@CWO%P@ ahindmmuno-
to diSﬁPm*mamuate to formPdxl + cells (i.e., during

t he expansl.IgIF The term steroid refers to any

of a group “%{{coggmp 95 the Hgrue oy phithege corticosteroids

cycl o-dpring Mmeﬁﬁﬂwdéx@ﬁﬁﬁﬂadb&&m%ﬂ%rd&ﬂ e t application.
Exenp ary &i sses of steroids include adreno ortic
hor mo &8 RFFSTR imeention cputersplates| epbodindnts o mdiichl multiple

hor no B@ﬁcosttﬁﬁiﬂﬁ' laACusBd (/. OR@%or hidrk %oﬁﬁbgémﬁ b RbF at o particular

(such_as chol esterol), ‘oad poi sons saponi ns.
Cor t i 5 funing th §W‘%éﬂb¢19@1@ﬁ When mmbrmmmmm aqised, the

whi ¢ hingéti d the adrenal

cortex efgle&gl ng tﬁe sex&rﬁﬂ%&nﬁ@sm% %‘Féﬂg f)ﬂ%ﬁ? times.

in red Q@I%ﬂmmommmmmnpﬂammme o) corticosteroids
I e I

i coabe it terefat b e Y O PR e B IoR TotooaL.  Without

bi ol ding &omd/bvyﬂlm,oeg@ UEIGFWM e ds l?ﬂj‘j w%h to fa%id atddmonal

m nerg ner a ucocQrticoids affec

fat, clét%b&rﬁlt (’j&@tg" the P f)‘?sl?f’e‘?‘#‘&@ttﬁb‘aﬁ% RPN ithe concentration of

i nercai‘tmosietontt of &5 miidfainle li)ﬁxﬁctﬂhﬁ@dnb&itbéh@n 3P dortiBdsRioid over the

bal ang¢ ver these f\SSl fications are not

e
absol0Y&® 3ﬁ %?@F?PBQ baoging-orasreshing culre medigmover time
of mwas kﬂ@«w&i the RQF celPéiltiudel bivd w%ﬁﬂ% giyen the finite half

cort éerm ds include, but are not
dexafith RE8¥AE Proteips aad small sslesuleg.orAgoontingly, the present invention

pr edabmahplRes cifbbliiet SHVLAL MiGwidd 13 THACLAARL &My of the

bet anet hasone Corticosterold een use
cl i np#tigul %remrpteﬁgmflmn-m@tpmmts uaedpb auppiamint theeeulimy medium in

pi t U RIS LB the Boseir edie B} péle o e b B mediom.
as an-anti-inflammatory, and as an i nmuno-
Improved Methods of Dissociating Cell Clusters: In accordance with the
methods of the present invention, 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
relatively harsh and can cause damage to the cells and/or receptors on the cell
surface that compromise the health and futore proliferative and differentiative
capabilities of these cells. Accordingly, the present invention offers a substantial
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suppressant. The present invention contenplates the
use of any of these corticosteroids during the nethod

of expansi on described in detail in the present
application. Simlarly the present invention
contenpl at es enbodi nments in which nultiple 25 January 2007

corticosteroids are used (e.g., two or nore
cort i cABPTEVHne ovardhe pder ast by prexiditigoameathod of dissaiating glusters of

th i . . t . .

Lo LS Bl L e
their adni nPitheuitticing beiuph by thdory, hee bawalimovetéd fhar Brotease XXIIT
times. eﬂ&ﬁd&l&'uﬁb@&%’w‘[%ﬁls&wﬁlﬁﬂ qt:o:q%@{]otgj:l%?%gw health pf.the cells.

contenpl ates”that one or not-e cor
adni ni Sxotgasd XXM indlsd kaiosvnt inrthe pioian Protetiase Mypé XX or Protease M

expansij r .. Wit hout i ng bound by theory, _

one- of Mg Bl 3 preiply Rifiaed Eart Aspeteilis ot dRd commiersally

corti cosilahlei fikfns )Sigma t(nevvespaaddrih.ooR) il twe Q¥iliNGde the terms

boost lgrla%con?ent)g al qn of COrLi cost er Oi dor to

mai nt ain e oparticctd-ar (CURRsE itk 2nd Patease, M Amepse dnigichangeably

over ' ttheugleattosiefepfo s . Ohé &iﬁ&f&%ﬁﬁeﬂwﬁ&ﬁﬁﬂl@&me is
S nown

or reygﬁg nthulture medi um over time |

in t h&edryd Fricupquatthet Willdydeplypeicasegt togmodies ealerqyivalent to 1.0
gi ven pinkge fof tjrbén g P f ol [ apd sl |

nol ecul es. Ag%':rgr d:ibﬁll Iinyu,1 aﬂ?g[ grseéggﬁ 'lﬁ'n\?glﬁet F%‘?}mp invedifion further
cont epramplatea nip of sdisseciating: feell f clubtersi uging @ enzyme  with

initi L 1by f_the. particul ar_protei r

non- préig%s%?ﬂm gtga S egsﬁé%n@gp%cﬁwéaﬁémmﬁhgs %“g?ef'ﬁf’r '

medi um i n Themethedshafdbe priesdnt invpritimedhtenple thitFrotehd ST can

agent i - d.t he cul tur di um | nproved

vt nots s 0 A86R e el of s oy bot o beonsivwers of stem

with célle. Imembenbodifneittie BSRRMGS stehy €8s @R be & ; f%ﬁu any of
0

cul tured as non-agdherent clusters for a perio _
time, TANd YR é’ﬁ%"r"ﬂ% JepLitem oy apf adultistenceliso UBe adylt stem cells

t heor gendsl deletled Foflf nyCe¥neulf? skl i ' | .
a nun‘rg% ;e et hods,many - of %gﬁ’nﬁﬁaﬁg‘n%ﬂs’%mm
rel atf f’% Shslin-fleriyd stemncedla coediatasteny selisolivarstege talls, endothelial
and/ Gient @6l poetic ent t. CON Org S

the heal t h%ggﬁ%t urﬁg proﬁlkséﬂfﬁ/e%%gw stefft”Celts.” FuFtBermore,
di f f dhteAdwlhistoape celisaparbibe i isolated offom hemyeaduiél fissue, In yet another

AcCCOlag ' tion off a

Suber oo aent, 558k SR LOERAGH a8 4L e st o auy of
plr i ohrmtspnfgyl qgrdﬁvpidd:rm_gip, dermis, ipaubresk, 1???5 malas ifsﬁ@l[ intestine, large
cl us L.ch preserve e proliferative

and Ei‘fl e?’en | dt@@g%&@@prgwﬁ@% igc mgsqle, skeletal muscle,
bei ngndothelidmpylood; sascplaturg; chnilggedbsie M ashrioh iterus, tongue, and
_Prot Sﬁ%’?"’éﬁ%‘ Ie. effectively dissociates cell clusters

ut ¢ ro '

wi t ho ‘g'ingthe health of the cells.

Protease XXIll is also known in the art as Proteinase

Type XXl I]'!‘. or Pr oide se M . :
xpansion Method: The present invention provides a method for

expanding {e.g., inbreasing) the number of cells in a cluster of cells which can
differentiate to insulin+, glucose responsive cells. Thus, although the multi-step
differentiation method described in detail in the present application results in the
productionrof both insulint, glucose respongsive cells and islet-like structures

33



Amano, and was originally purified from Aspergillus

oryzae. It is commercially available from Si gna

(www. si gmaal drich.con), and we will use the terns

Protei nase Type XXIIl, Protease XXl Il, and Protease M

Amano i nt er changeabl y t hroughout to refer to the§January2007

enzynmne e uni f C|all abl e enzyne is
def i ned %‘“ﬁﬁe LIH@{J F%H&ﬂﬁb%‘z‘l@%@énwnﬂqgenous islet,

pr odudhe eqiaﬁsﬁotaﬁbﬂw@dl@?t outlihed héteinBndyObeused td ifk&%éh@ Gfficiency

mn at .pH 7 The present |nvent| on furthe
cont er?‘sﬁﬁf Hgﬂ"g “@l boupd byatheerys e Pa%d%ﬂlem:nber of cells

usi Ng withire 8 Zyiliige \Ur tspheré o _ .
speci fi ciéwygland aéts?v?rt ybéﬂ?ﬁ%? oﬁt%géagheai %%(l F %_%Y‘%Jréﬁﬁnng to

met hodfsu Reospresrqunsive pollsethe P@aﬂ%methgd eencbetusat in combination
Prot eas® thel it H’@rebﬁ%ﬂ n?eﬂgids 0 u S

cells | ncl udi ng, but not tﬁ’ g ustglf's ué?ebegt grff'suj‘"+’
cel | sBlupgseaesponsivssallsabininablecfron u given mltml cultvenofirdullia- cells.

can be sel ni.c stemc

fetal st errl{gﬂé:éﬁ% & h 0%’0?4 %’?gﬁ%r %‘gﬂt@n °?Hu gq!ﬁstﬂlgt“é?n"f the
cel | sexpeagiorhmethed erlxtmd Theompms)onomeiﬁwﬁ:ﬁﬂre@éseﬂib%ﬂb%r of cells

Skl n- W SR o B GEF oo o i EErensigiog o nsutins,

stem Qmolss resporivehuelis. alSucts toguamded| deH pobﬂ%xféﬂﬁh%'é&sayed by an
stem, 3H?d ne n%gﬁ&a stemcells. Furthernore,

the a s‘f' eoxpeesting eellsy - Althengh naduret terminally
tiss uﬁﬁ‘crbﬁtlaﬁtto ﬁi},ﬁﬁlﬂe iglucesEepbiiBR ooltd, ifess gﬁﬁnﬂﬁl c!e?s Bdifures or

i sol atﬁd from an adul t tissue select ed fr

br ai pEpd B Seresings assavs: fo sdmpﬁh@ﬂreasfactors useful in
i velfliheng Qamnﬁilﬁbffmleﬂﬁﬁﬁh'd&egdil@f ng B.o8 5,{}ﬁlm+ glucose

rectum ki dne bl adder, esophagu ar di

mu's ¢ FESPoRSEes; cellss o glyeagpest cellsrigsomatbstatin cblla@tb) Furthermore such
vascg}agédgreﬁpang aBene eru

t ongue, and a‘%tggl!llsg?lsclepl o %g%%a@% ﬁjc‘?d}"’asls of a
The B}e@yemc |B1wdtcpuﬁmrmeuwlmss can beumplahmﬂ in evpan dlhilg)an or

ceI I S wgﬁé %pd;{é%’ ehtl g Of .ce :"HW%‘ C{"ﬂ’éﬁ’é@‘ﬂ tion, the

res pb!nadv@lls cbuld responid tO BiCﬁ]h ﬂuﬁho Ts@almihﬂ |d]ﬂ’6r@ﬁ1ate to insulint,

di ff H)on rrehho ribed in detail in the
pres n ap é‘{f’f’t it epansion methed prpsars o Giyction to
| nsubtmase the mmﬂmhaﬁp@ns Icu;&b&eéﬂ ifferegtidtiigAb-d iklin+, glucose
strugtures %Z contalnlngacellular
or gamrZat T o c%H? béﬁs 'énﬂlaﬁ Fiere readilydinfipenged by in vivo factors
endcgé dwis vh@hﬁbroenﬁfbﬁnﬁﬁ%ﬂ %blﬁ@ fc??ﬂ QRGhht 9&1&*& ?‘Eeg?y

e

herein na% Fe used to i ncrease t I Cl ency

process ed il P15 aﬁaéhewpmwgrweth@; cempasedctmynng the
|t Eglj"leltun cel | slﬁ‘t?dﬁéat are capg@fhe&h%ﬂdﬁ?t?er ent’l &a P ?glethod
utilizes an acid pulse. By acid pulse is meant that the cells are cultured in acidic
media for at least 1 minute. Without being bound by theory, one of skill in the art
might initially believe that exposing cells to acidic media as detailed in the methods
of the present invention would be detrimental to their proliferative and/or
differentiative capacity. However, we now demonsirate that such an acidic pulse
promotes the expansion of cells which can differentiate to insulint, glucose
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i nsul i nt glucose responsive cells, the expansion

nmet hod can be used in conbination wth the nulti-step
differentiation nethod to increase the nunber of

insulin+, glucose responsive cells obtainable froma

given initial culture of insulin- cells. Additiof&aguary 2007

however .t he. Ere ent,.invention contenpl ates the use of
the exPERUSy; il nbs asid Auise maE help fapsinertheredlbadd facilitate their

i nCr eas ASpdnbiRertysTRE fac e N .cul ture or o
sphere ofpcf:uel Fs t hat aﬁseﬁgﬂa%@g?%%o @P%F%]} 8#1??‘@?1 F@ist“&thm the
i nsul i nHlfureypr sphete ofcefis n ditheughetb sneckartm eneBARE this priming or

cel | popialid ihAthes b n__inc se in. the,
number of %’m expr esi)ﬁg ceﬁer&t%v?ﬁgﬁﬁ?#ﬁﬁ&y {y Zhat this acid pulse
t er ni naISIRF to promiots thisynghrerization iofiealll im# chugtbiUsFREI, and thus increase
r esponshy Qumblr & . ded I'1's. cultures or _
spheres mal;/g%er t{%}gﬁ??ﬁ@g@%@ﬁfsﬁgﬂf&gg% We'i de ARi5 fway, a greater
ot her fP&RPOBion ofdhsioglls incultiire hde wepbiend r oﬂﬂli’ﬂﬁnshlﬁimﬁo:s which expand

differ L afd, 0 f. x| + cel . 0.,
gl ucosgﬁkt ?%{sl-pko%glgvl% Q%e ‘Fi et O°YF #pd egpndiess pf the underlying
somat oeghanism gavetning thé oflity bPad AAMIEPLRe n?ﬂ%ﬂ.oﬁ%@g%ﬂpmim of

expand e r clysters of cells can thense
formt E@‘I%aésﬂhg ‘g? CAperiments o i ip theppxamples dleinpastrate aeh b utility.

cl ust eilhis despits any bR HeRdy i i 0 -
ani mal patient | J?i:’negfalﬂlg(’jle. g.Ch,1 t_% %Jl( éﬁt&{.ﬁ%%ﬁ%{@%{ f.&em of acidic
Fol | owl ng‘ PRI TS it it in Aceandingly the présentinbention pravides methods

r esponef isthgl £ adid phRe Yd [ I differentiate to

i nsul istg+ :g{i%gésg regdpgﬁg?\?gfkggﬁ g{&g@%ﬁcfl?f’ért reppfgsiveness to
expan ghrs ORpIp Sxiransionof pdut exmession withiicd adtte 6MR1ls. The
pr oporprésent i f. differentiating to a L

i nsul iﬂﬁf, al ucgggihﬁtrhe ponéelg\}rga%ogf P?“’g’&ﬂ' iﬁ%g'ﬁ??@@m@e? acidic
may b&UNSP conditians gs ipart |afen aethodyoft provionag 86 eRpahsior Sk pdx1

the i Bxpbiéfn ggﬁﬁlp%/‘#ro ment and coul d provide an
e

 efficient cellular Py. As detailed in the
exanpl es, Iehencesqixdinient) tieebdid Galse TR ed® ol nfithith, EbwelE:, acid
cell 9&&@5?{[@ h@(&ﬁdaa sup | emented With certain
f act otrhs. $h| hoaadr T oAy traplatpd; |Whenacidipulses are employed,
pul setheBtheacidic medis exay e to s .
cul t %)?gag'éw acb@{?ﬁ ab,di,‘i;‘\ or égféalggﬂgfda?%bnhﬁﬁ?é{%’ as outlined in
Wt hou L ﬁg cP"gE a¢ifl Rlsgs apsnemployeskithd acidict inediarthay be
m ghtsupplemerned. YHOMVELWR ad ' t o aci,dic
medi %F%s detailed ip the Jgﬁnﬁ%g&ég@g?ﬁegj Ap'“?g'gglﬁt's Changed from
i nvent i SHGHa iy nentralymedia, then this neutralheedia mag lalsh ebeasupplemented

and/ orith tté bdditiem BRlorsy STIRAPAGILLN mEQUEY.E ow oo

denopstrate that such an aciﬂgﬁlzéﬁl p‘E}Fg\éﬁlcb#%FmV\ﬁg@mfrﬁ@etaﬂed in

expa € & in¥elvessthospntinuebeutuire éfcthe oblistinicidi medium which is

I NSUkHeR SRSEwi > ry 2007 respansive

cells. Th ﬁsléfg_ci d B"JF’ é‘é&én‘ﬁ‘ép ﬁ"gﬁ"ﬁsyffli’ Igysniian fergher gpitemplates the

f aci Hierod e agidlisishock (indhpresenenw abschee $abifbsa! Hﬁﬂirs) followed by
e

expag falshs o GRS doHud pﬁd wxllugh 5 e!.nssu\é\ii)ltenggnr;edt with the expansion
factors (such as forskolin, FGF, etc).

" 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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culture or sphere of cells. Al though the nechani sm

nmedi ating this primng or biasing influence of the
acid-pulse is not know, one possibility is that this

acid pulse helps to pronote the synchronization of

cells in a cluster of cells, and thus increase 2hdanuary2007

nunber of cells entering S phase of the cell cycle. In
t hi s whigtorshaye besn discusgaddp detail ehovef It hdditioalth methiods employing one

cul turg g dj o f.actors.which

expand.” TR SAAME oot BEHC T BoF gt o isP Pl he prosont
and r e¥jenioe seontsiplates Gxhasioy i methodse odngpldyiny foNistatih N(br  other
t he ut gl K IS ul.se,.i r ofot i t he, )
expans‘irogirﬁ? %l%%%g F‘fdé& %’%‘éd"é'grf P nqﬂgg'i') JEPstReithsr alone
the exdifptassbinibionwith omtar nsure bf theltkpdniiol factors dekhildd 5Pk L nple 6.
any prevailing viewin the art as to the detringntal .

effects of acidic conditions on cells in culture.
Accor dollisfatin-bhded fvt@sent i nvention provides net hods

of using ag aﬁﬂl'd ul‘iq‘e%.o @lri me cells, and thus

promot e t hef © 'B?Sﬁ'n Rlbe cxgnples, theopresephinyentisn nontemplates
expansiethodof e ¥dHtRAS b i gyl : I f .
ol Lo e lenpibying PUIMIBR bP Rt r nfhre? il IR actors hercin
of usfeﬁﬂ“’gP E‘M%ﬁ@l@ﬁéﬂ@db@m or follistatin-eelated factors).
condi { | ONSFelAt a0lesied FeoR0c o8 @ TleRpd iy e of many

expansgi on of pdxl ~expression in‘a culture o
In on&Veihed E‘E‘th}wltlm net ehly mbwenal sndiepilaaal cdlBebut also cells

m nut RrivEPBEH gd.dgrm f ug.Lo several S
are al sg_ cont gﬁrr_%f]%t ed. %%%ﬁcgog%g"pu 1@18gt @ﬂ’ﬂg%’e@?"m the
t hen fprsioncofcfpllistatiul i thought te tewppdisted; it dehsivir Part, by its activin
addi tg rs, n:as,. out Li.ned. in am] e 6. \Wen, .
br i eflhlgg}%d'y %ﬁﬁ@tgs ﬁgllhg& a‘,g“f“nlg’ %ﬁ‘g@{?’ Ipeectingwith activin
be guseine(@billips cind Hsvikieser (1998 Ebnt NeGREAMCRRIS! P9t 287-322;
V\henmpgergﬁgi?gg' changed from acidic nedia to _ ?
neut 1 al HeHt AL #Mﬁﬁﬁﬂ-ﬂ@&mmw&%y al so be
suppl emenOedgr piitditls whith 3biekd BRAMcLTRCHAbRory HMSits istatin
al th u‘%q t he ticul ar enpbodi nent det al e e{&ﬁﬁt}r of foll
Ex an‘ﬁf We'g‘ff{?és lesoofi these &ellistatinbases! factorstinchods fodlistatin-
i n agdlmtd gdi Proteh \WRd Ghitia (WalRd R £ .
addi H}ggﬁl factors, the | rngent [ ]o%t u¢2?ﬂ§% 4 End olo
t he P%nSHReNSr ¢t 8h (P01 NolhGelh Eadmerine] 180: 33383 Gaddy-
of adtdrl endl ey WnideriBldad S Bi.gaf LAansher of the
cells to neut r(al ?) T whi Id V?ﬁ'e?xssagpl %M’V#Fﬁmmn
t he BRpedsfshe presgot ipventios gottermplatt aos budy the, adBiGon of Fsllistatin to
The g s gﬁslﬁ ined.in detail herein, '
aspect s io§ I%Pc .a’ﬁ%t g‘%g‘ﬁfﬁ‘gﬂ"‘? ?qunﬁé'r 'é‘?‘&r%ﬁ’é@f,‘“‘bas"d factor.
?pt i onal [The pmwth !m'snl ﬁoh&oatégi_platsagh@&_ se@f Ondbr MBreSollistatin-based
aCteh Ses t Qur c e | um during one or nore
phases of&{‘rﬁg @)?p%ﬁé’l noﬁﬁaaﬂﬁ'i'.‘{ ot defail oig the present
J an @pplica@@0 7 Similarly the present invention contemplates embodiments in which ‘
multiple follistatin-based factors are used (e.g., two or more follistatin-based factors
are used at a particular step during the expansion of the cells). When multiple
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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factors have been discussed in detail above. In

addition to nethods enploying one or nore of a cAWP

el evating agent, an FG~, and/or a corticosteroid, the
present invention, contenpl ates expansi on net hods

enploying follistatin (or other follistatin-rel2$danuary2007
factors) and/or exendin-4 (or other GLP-1 agonists)

ei t her mayltiple timsr points cdmini rthe iexpansion tprafomel.or Withow ling bound by
t he ex ' ' [ e .

folli s?]géta ?)}r’]-ggeaée !?glic?%% e %ﬁ%‘l}{; Fﬁ%@%ogai&'g{hg}apn-ibﬂsed factors to
t he exd&hpixpansioneedime e aither howstithe eoncentrition|of &tllstatin-based factors

nmet hods,,. 0N hLion €0k, Nur

folli st% gﬁxﬂ Easg)gp ? ac{latrorc gnc(eﬁﬁéafugﬁﬂf i%’r"('e . %@ﬁdtfﬂmm over the course

ifnlt Ie_r chéw_jtsabl'lyisamnée;pt bf l&ioalﬁﬂgm; b?ﬁi?é ?am&r mediim over time is well

ollis -relate ctors). Follistatinis a

secr et Ml&t@l ?1& 8§Bea{€‘f’"@t“5°? )“?qwlls (OFeh, Aecatrangivensthe figjte half life of

many ohemerpeteing| ind ysaall infulécils.Ng ARbrdmiglyy HEUDRRAIt invention
cells, derived fromthe

d epjd | cells, but. als; 0
s 0d cYICEHIPS RRPRImEIS iy MBiGk: 1o Hige B aniioh gddifioRof any of the
the  f puntidule® Proddin b hbh-pioddin E%e;/lé_tfséﬁ)ié%bpl&ﬁetﬁﬁlﬁ% culture ?lyedium in

medi at ed, in part, its actlivin

t | east

act i vi We@eﬁﬁl i dhepreent invemsion. sheagents re-addedtinyhe wdiureymedium.
i nteracti ngyaditiohalBC & VE}(HE ' -Fg‘!'- | | | 8§ -
Kretser (1998) Froﬁtme ur%tgrng%gdrfirrﬁ{cl)‘ ogy f%ggs %ﬁm limited to
Mat herth"eFxP&Pﬂ'(ﬂlwﬁlPddpgx delaidedbhereiBi dlhe Iﬂ;ﬁmﬂ]iﬁvention contemplates
209- 224Xt . el ich . fhe actiyi .
i b op 3&5{2?’?’&%@%&?%@{@% 3ol fialfy of ocls from tissue
; dent i(for euam&aiufmlgfth@iniﬁaémfn|dfic§nmﬁbm-maest_ic or other ductal

act ot c . tin- .relate e protein apd = |
i b e hemp Predl thidiths Sy ToFrmBaRs ok Sddfion SF fonistatin-
gy i ot sty e

. crin : - 38; - Kurten et al.

(2002 OJIl:’ﬁ!g%%E?sﬁ%I %ﬁ?’ﬁ&%@y - poggl. a}A@)ébrmingyﬁng hthe multi-step
ex pandifferentistivh postocod dedcHBedliepsie Bid uBlY BRldrORay also be added during

conte Iaégﬁnot only the addition of follistatinto .
Che. oo RB oot sy diBkeatistion oresses t iAseitionallys dhe fnvention

mor e dovkdniphit@ithé\ndRdF e EtaGH-Bsed é&%m@ﬁﬁgﬁie dk@éﬁ@n&%ﬁ%odf cells to
contenpl ates the use of one or nore tolTistatin-base

f act oPIE, BMePse HesneRsiK® Gells regardlesss phwhetherchollistatiniased factors
det aiyyerk kis : ans@&,{o i AR Pl .| AT

. pr-esen‘t3 i né\?(rear?trlﬁ%gﬁ?%ht enp (g{ttgtgg gﬂ%@g?&@g@%w&hﬁgﬁe&ﬂ those
nul t iggHEwers|pravinualyiexpinded.d Firthetmors, inembudiadnisdn syhichtfullistatin-

OF  Myfpkadf | ' ors.. ar ed at. a

o ¢ restd ety Bie Uk a0l 86 bltabiod ind, ditfen Bl of the ol the
When inygntiprp centerhipltes shethods- mawhithf e tsams RIRtaEEAsed Btor or
inve%clt' S0 £ I s their adm.ni stratj.on either. at

the sane 3?3 g‘%@?@réﬁ 'Pleﬁ@is? aﬁd’gﬁlf%ﬁ‘gsﬁ“&{“e@ﬁéﬂp\’@%ﬁ'ﬂﬁemm
i nvefelligatin-toat bt Ao tdedt fob Nbe OkxplRMidh of the cells versus the
folllﬁfegl.nzba %9 fﬂctors can be adm nistered at 36

d niiation of the cells.

GLP-1 agonists
As outlined in detail in the examples, the preéent invention contemplates
methods employing addition of one or more GLP-1 agonists. GLP-1 (glucagon-like
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25 January 2007 multiple time points during the

expansi on protocol. Wthout being bound by theory,

one of skill in the art may wish to add additiona
follistatin-based factors to the expansion nediumto

ei ther boost the concentration of follistatin-bad&danuary 2007
factors ,or to maintain a particular concentration of

folli smflﬁ?%l)dag% inselinotrgpis hormone thatexedsitsaption viadntbtaction with the

This c b i r hi,ng cul tur.e pum ..
over thDﬁl;—@ f?éceﬁmfgl §Qv%?1dcl)\;\“%l) iglna%‘)ﬁé1E g‘?‘fc b&?" E&p tl'ﬁlegl} Pgﬁ(?"ég exendin-3,
and i sexgtdined, #d @GR4 rapalggsmdrich bave beani thedifiadl fo ihd:réa;:] tHeir stability

many b H( | .
o1 s eri MEVTS netes (P 81 08 oot Gl ndodnal mipitfy
f ol | ovlilBgAziteind Airdembn (2002) Joumabbf Fivitieh 1311@(]'90.995; Tourrel et al.
parti i or -protein ts used to o
Doippl S002) RS 3 Hash Rl g of of R300) uiamal of Ciip Endocrinol
pr lefemm ?””33“23‘.’;?&‘@9. enal. '(:?ﬁl)efoat%ﬁt@lf Natrition 131: 2164-2170;
cul tu iona e potential us€ o

fol || APYFIE %ﬁg@@% ?@E@‘eﬁ@ﬁﬁ%bﬁ?ﬂs Payle agd Egan ¢2AQ1) Recent Prog
expan giofl ReB5613d@l39g)y det ai | ed herein. The present

Pt Ay

i nventi onu‘gont | ates addition of follistatin-based
factors durfREeglE thaickpagsion smstheds of thefpresent inventiomcontemplate
ti ssugot obfyahe SIEHG Fexélidid thd'Ephddidnl Alail ' it
cells fror%qgancr eat | cxor ot her %ﬁg%gf" Aﬁ%dﬂ%ﬂi,&lét?%%ggﬁdmon of
pr eseffi® o mashBLBr amalegs.ar |y contenpl ates the addition

of cell s taeiheecRintesf EhREApL 43 ed bl B i 100 G analogs
Fol | | dwriggithe eethad pfcxmnsiomelyscribed inedetail imnhe pedsetit application.
duri [t St: di fferentiation. protocal, )

descr e%@@%@n@p%ﬂgmcﬁﬁp&@%ggﬁg@ %é”q%@o‘éﬂmplc GLP-
duri nlgaualugg g;e: tsed (tl-alget\a(: ﬁ:pmbm GIJ;I:%; GhAlbgy @vtahkéalf &t:&fbartticrx]ﬂar step
se. gt e eleapign of tiecoaisk Shen atitinly GFol malog are used, the
di f f ementiornténemplates WeirSadirinistrafion either at @e'SffCor different times.
responsiyve fells regar dl ess of whet her ‘

f ol | ARiriopally, the broselt imypation,goptempletes it one gr mivee GLP-1 analogs -
expanai s adafink@Raat Gl .uf@qaé {,s,ga -

whet erﬁ%lﬁ;osﬁ? cells we"?"'etﬁg‘?‘éﬁ%gs y ex%i n e(c’i'%mtoco" Without
Fur t REPEBPE b thepmyo anevehekall imithajsttahay wishite add iadditional GLP-1
bl ) o BydSEA D DILP A B RBRLAGAS or
cont &R{9EaPE Y maintainia particwléri concentrationanfGLP-1 analogs over the course

fol | sdufthiden TR factars gre used in both,
met hods, as m%ﬁ%ggép@g{r}%&%{ &Oﬁ{%erqﬁngvﬁ‘%’ﬁe WF&PE’r‘E'ﬁTt'me is well
f ol | kngwatin thevart ofl célbatliore aud i3 ofise dedesvaryt fieee tizamst: AL life of
of t e st he ifferentiation of the cells. |
ap-‘?ﬁ‘a@ g’#tggs/ it psﬁ'i“tlﬁi AP o cAgeprdingy hiee PER#HIte davention
t he contemplutesi emiexdinénts BOWhieHPloRbwing the tnkl hdafBh AF ahy of the
addLPtah%lrhﬁpf Ogege or nore GLP-1 agonists. GLP-1 o
(gl SEESERE progein or non-protem agents used to supplement the culture medium in
the methods of the present invention, the agent is re-added to the culture medium.
} 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 dwing the initial isolation of cells from tissue (for
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37 25 January 2007 peptide-1) is an insulinotropic

hornone that exerts its action via interaction with

the GLP-1 receptor. Several G.P-1 agonists have been
identified including exendin-3, exendin-4, and GLP-1

anal ogs whi ch have been nodified to increase t he2$ January 2007
stability and in vivo half-life (Thumet al. (2002)

Exper GXpmplendisigitieohitBl iatletiensof talls froki Bancichfic or’ther dabrl! tissue).

Tounr o fpgé%?‘g‘)i“‘%ﬁﬁ{% ielsRlipleeS et iions3 G%%giaﬁwéqss during
al . (2C¥Brentatiomet celld to@hsulinEpltacse rebnsivéie B GIR-1 analogs maybe
120750 i ) B S e
1562- 15dd; faBow maysldo Eaaaw?&% nRR6 @Rk oﬁﬁ%‘cﬁ lh'QﬁéTHERe?ennat.on

56: 377 399) C t he expanS|on ods of
the pré& fqﬁ@é’ﬁf’ g’ W%‘i‘&ﬂ coptemplatss therisg of GEP-1 analogs during

addi ti die di&i’efenﬁﬂdinnoﬂcélﬁ fohRislinRa RHicOR 1‘5?153 nsive ob.ﬂ&r regardless of.

al so th dd| on of one or nore GLP-1 anal ogs
pr esen{’v GHPdnanalogs e used dluring thesexpaitsiagnef fbpsq-milg and also

GLP- | ﬂ:ﬁ&’dﬁﬁé‘? of %Hefhelg tﬂogﬁ ;c!ggr gggan?nfeaggwggéﬁﬁed Furthermore, in

descri bed i n detai int
Si ni | afbodiments, jre svbish GLR-éranalogs ersntsedrdiicing both the expansion and

enbodi P- 1 lo re
et BBt Yl o b 8l V55 e e
parti GLEA agalep or ghalognare tulsel, as«pelhsl entbodiinehidn wdichsiifferent GLP-

cont erpialoba Srowetd e Prleibh b e vl e el

or different ti rres Addl tionally, the present

| nventJL 2%9%‘]@ tes that one or nore GLP-1 anal ogs

can b 2¥ nultiple time points during the

expansi on nhep&rsah inWéhiidiPatso ﬁ@ld@ﬁsm g(yﬂuﬁ‘%%?ﬁe responsive,

oneofS| ntheartrra VVIS to add a

GLP-1 ‘Y‘Bclt 8 beused thempeutisalhufer treatuientnd vatioessdisorders
the C%b@@iﬂfeﬂ ayittP insBfficfeht 'ﬁlnctl@ﬂl@ %ggtrn]cg Fmﬁc?eaga*l'ﬂé ?xh@n@on further

‘particular concentration of 0gs over
cour s Brovistes substapitally pare iglet-likecsppeturss, \bludshlen-gkeamuctum comprise

refre Pm}
t he arﬁ{ﬂhlg}?- cel l"aﬁture w“%ﬁh%ﬁ%ﬂﬁteogn necee's"?%r &yﬁé%‘“‘meﬂt

the f Pﬂraneumqrdm momted witin ylsq!ﬁiotm fasctianitig sfithb pancreas.

nol ecul es. 7, %ﬂ i nvention
cont enpl at es e %I msn °'}“8F|"%‘{,\E‘%Wfpetheﬂeaﬂnent or

i ni tiprophydadiis mﬁmvavfct)mf)pan&cdﬂaehsoﬁ&rd; both| exberibe @h@ lefidRFine. For
he culture

non- in e used to su I ement .
rodi e R HePga rvties Srpsnanged SHismUenh do. paria
7 agentpanerweetadpl,edgt exddikﬁh 64 &)Uftﬁnffﬂdhéiﬁ&ncml t[}il&%ée' Yuch cell
t he potgl%lal us GLP-1 analogs is not limted
t he ons can used 1o regenerate or replace pancreatic tissue lost due to,
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
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.c., somatostatin+ and glucagon+ cells found at the periphery of the islet), they are
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expansi on et hodol ogy detail ed herein. The present

i nvention contenplates addition of GP-1 anal ogs

during the initial isolation of cells fromtissue (for

38 25 January 2007 exanple, during the initial

i solation of cells from pancreatic or other duct3f January 2007
tissue). The present invention simlarly contenplates

t hat dikeliyttp Grovide affeptive weatineny fordlisordess effiictingpald or agwortion of the
of celggl.;crgag. i nsulin+, glucose responsive cells. GP-1

anal ogs may be wused at any point during the -

mul ti - st epThi¢ primarg ain af trestment it lmtioforndeediatisted nindlites is the same,

Bl S QR AR g G P10 s

Addi t Tesatukdny of tType i Indiabétesomvolves admihistrationt Serapfaemént doses of
GLP-1.anal ogs duri he di.fferentiatiop of cells tg . .,
- i nsul fnﬁ@fmgﬁﬂc%@téﬂp %gfﬁhﬁeélf V& Taee I?Zsalii rﬁ?%@gt%bfj."“ mot require
m?et_ﬂm- |t1iomaiéﬂnﬁ' o ragardles w?a%mqﬁ*e h. may be
of thpse, cells al so, regardl ess.o et her those )
cel | s%ﬁ&% gn mﬁ&eﬁ;‘g&wﬂ igment DY SherpRovith ral hypoglycemic
enbodiger sicH & stiTbrilure: Pinbuld kAP may Be ryffled %wele?r,sespeciany

both the expansion and differentiation of the cel]|
-the i Ikslates sages of thesliseeses torpsedvseieonti! ofyperelsemisinen attempt

GLP- Lo@iaimask %\mﬁﬁ?ﬁg ié??ée BistiSE YhichSn f#5m islet exhanstion.

enbodi ments in ] rent "GP | anal ogs are use
for the elermJdeogntly tissueengiobdring wpprosches tocirgatment have focused on

di f-f q‘aﬂ%l&ﬁﬁh?@althy g%ﬁéréah%é}? %?uaﬁg Blt%c{agﬁ{l#egﬁtp ¢T:Bfefp%rane to avoid

present ‘I nveftion” al' SO provi dess
gl ucomaune sypestion.VEyree gereral approachdshavenlren kested rin bsimiabmaddels. In

ther pcall.y,for tyeatoent., @f. vayi ous disorders,
asso??egﬁ%a% %W%Wr{gﬁﬁrﬂ? éin‘(‘OIFg,{{}tai Mg 'g?‘ F‘?{g"m islets. ‘The
panc membranttie connvcedt o polyhidr Beaph tHAt BitufeBnnects the device to blood
subst ani t al Q‘ ure.islet-]ike structures,

r

..whi ch
i sl et'*PPlie BY RnRRlation of iie; membrenes permeabilify, 9o Aseto allow free
T espdiffisio ofedlicose MY Mbulmeback @nd! St hRRIER AR inefdldnY, yet block
for treatnment of variqus disorders associated with

ins uPPSSBee Rf ‘f"ﬁ‘ﬁ%‘l‘% o gl_YBH’h?%’E"_Sp Aprmeglycemin, was maintained in
| 1] updcAdafectohlifed SHhAE tredtsd Gith ik Gevide” (SFﬂi%x? et ﬁ?{‘lg@@f Science

used in _the treatnment or prophylaxis of a varie
panc#af1®- di sorders, both exocrine and endocrine. For

i nst ance, ta!}%c& I 'ulabﬂf' . . . e

t ranspl anItne sd%saggruent ﬁ? g$%g%rg'a: pagééf?%g? lelz% grr?ylfumomhzed
e. g. in thg pobysagshaside salgipatt oWherf thehdevizeneaseplsce Intispstiteneally in
such:Gek: ( ' d to,regenerate or
7o ittt anfARLb B0 Wby dIE i e bEPEESE e Smpativlity
pancwasatedrysl @acay.efal. (1908} Saienece 264: d782)ancreati ¢

tissue, h.as.pancreatitis, e.49., , candi,ti.,on, due
to aut ol ﬁ)l% s ‘@é"%%é‘?‘é%f’?% T’P@g u@eca‘,éﬂé‘i}' B?d’es'ﬂ%%'@ pfelucose
enzyrespondiveé cells A thes veiitidAGepresehn &F exdaRert ?b&htihll té@itment option
strufgt us.es enelg%t ed using the nmethods of the e
r either tgpe of diabetes. A therapeutically effective amount of the islet-like
structures of the invention can be transplanted into a patient in need in order to
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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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 gl ucagon+ cells 3
found at the periphery of the islet), they are 28J2Buary 2007
January 2007 |likely to provide effective treatnent

for di saeReve, HefiBeidio oéﬂt&?ﬁﬁﬁcsathepfl{dsﬂllﬁntg’{%%% EP 1isgert-ﬁlsce structures

pancreas. The primary aimof treatnent In
of di alf@gies diffrentiated dells mpe be sombinechwitle |ojher tthgapies. For example,

reducti I I X nprmal as. .
possi bltggsﬁgﬁt%igﬁ ?r‘egﬁ bg% %?/epr)'lé&}léﬁd‘?igte eslsﬁﬁ@% \t}f;gxogenous insulin.
admi ni dturthermere, @ivancib¢ impontentt rofof ertaithmuiitys it the . etiblogy of type I

contra e Type 2, di abetes frequently dpes,
not re??ﬁbgggg’ adm %’éﬁo&ti W ob° FI%"BI"I'I’?‘.‘ o%’gkaﬂ%'@’,mamn of
i ni ti alimmnsosapgressivebgats. 2 di abetes may be based on

diet and lifestyle ch es nted hy ther Wi, t h .
oral hypogl ;“ctzlﬁ%&gamgﬂé gﬁ@ﬁ%"é’lﬁ"f’%ﬁ?l"ﬁf‘ Eg'_ls’ the dosage (i.e.,
| nsul i whitheomsfitutesay theapeasidally esffecti@aHGint ¥S RREIIRE Istuctures) is
in the_ | ater stvgl%_e of the disease, to produce control

[

of hypg’rpﬁfW & lgm%qlf éq.,ﬁtwnt.t Qppﬁqqmgﬁ)rké variety of factors. The
conpl | sedctedndosaife leba wili am&iﬂm GridBPYf Blotor€inbhuliie the specific

i sl et exhaustion. Mre recen , tlssue-engineerin
appr oatiRadionyte b, treled. ofhiere drugs ueemapoynds tandies phatenisln gised in

heal t HCthi et &4
eal t hyonitaRiioR ahtéﬁhb Phrfibislar %ﬁ?%ﬁ%&%gﬁﬂgﬂ Pillness, the

menbrane to avoi I mune r
appr odERe¥eXh Weight aeneral dwaltdandrprion imedicalniisterysof the patient; and like

first,g I | oiled in a housing that
aGhors YUl RowAHT 1hb RiRickir

contains Isle o Fran€ i s connected to a
pol yner gr dplphydician ion veterimarion having ordifey dkill &e theoart can readily

bl ood I ' tion of t nmegbr ane ., ...
per meaBi T 3? ,aﬁts1 %ﬁ*@%ﬁ?r%ﬂtﬁ%@ﬁf%wmm composition
gl % ogequired. iFm-ubxaElpubacne pﬁ;dida?rdrhv&égﬁgﬁﬂh cbﬁlg start doses of the
menbr t oc| assage qf, gnti bodi es, an :
e St o RSB SN i fob et Somposdon a v
pancr dawee cthanTiize dequitedin Srdefr Rlablflewd th delirél HRMp&RIc effect and
(Sul lgéﬁn f}’t al . 1(4}0?&5% Sci.ence | 252;718). In a second
appr ol “al dneTede © uptithe deiryl aliortds adhitved. wier e |
i nmobi | i zep gohibra, !&%umleycﬁﬂf erdfﬁ%oﬁéaing%é ifPéfion RA1 be that
devi ce was g ace intraperitoneally I i abetic
ani nafEOWR Ohhg compewd aviich is the lewsstdase offective torpiodyooa therapeutic
ti ssugFeepMaRkh Bh | dfodtive W Y, includi
(1991) SCience 254: e digse FRP Bontftty (dRGR with Bliors indluding the
and/ oatienles aficf feay andithessevatity pftbeit injury oxdiscass e .
r esponsi V&, Cal.l f ' [.Qn.represent an . -
excel | ent_qgot&'!gn(t%sgl Ott ?'gaﬂfrgn%aﬁ?%v%{;kfo&h ¢ ‘phiarmaceutical composition
comprises insulin+, glucose responsive cells differentiated by the methods of the
present invention and one or more pharmaceutically acceptable carriers or
excipients,. As outlined above, the pharmaceutical composition may be
administered in any of a number of ways including, but not limited to, systemically,
intraperitonially, directly traqsplanted, and furthermore may be administered in
association with hollow fibers, tubular membranes, shunts, or other biocompatibhle

devices or scaffolds. Additionally, the pharmaceutical composition of the present
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for either type of diabetes. A therapeutically

effective amount of the islet-like structures of the

i nvention can be transplanted into a patient in need

in order to inprove proper glucose responsiveness.

The islet-like structures can be sinply transpl 2hifaguary 2007
into the patient, or can be transplanted using any of

t he abinwentiontrhdyreaipriseasladites sttingss ddaaidifd iRsulia+] FldoS/ Rsponsive

the effica of .the transplanted tissue. . 40 25
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Furthernore, given the inportant role ut ol nmu
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In“the nt of "any of

i Munosuppr essi ve agents. treat ne
t he above Kurthermarmothe prestint invergion comerdplsgmethodsef treatment based

what j t ically.effective anpunt. of

ol et TR A Sybn of BUARF KA Sfkert 15} hG 13 piRAMED in Siture (0
pat i emncrease gt preprrtichepfopiti-hgellsd Suchadelle hyveObeeh didsad fo enhance
The egled .do e level wll depend upon.a, vari et

of fac E)rr%f gPL@%mfﬁeﬁ%“ﬁe%Pﬂcﬁﬂagﬁé'ﬂm i0 fﬂ[“l}'tl?é“g Bound by
t r eat deorypsuvhibistedigils catiRusflanted e vivo 48 nfily n2dré réadB¥ respond
in ny inatjon wth the particular transplant, the

sever c’cn@e & VivA dugaene Gt giegise tq psulingy glucass responsive cells,

wei ghiis welPasat atheP@llty e rafustedin (B¢ pdfedld. cal history of
the patient, and like factors well known in the

medi cal ar %00’44@%313 pregefit Bivestiondirevidesi aphanmadeniieal composition
or di n@ﬁbrﬁ{ﬂﬁl dells & &H%hﬁ{efs tﬁ&m&&@% 'e}é &} ' 18 'dfhance the

prescribe e eff'ective anmbunt o he™ phar maceut’i ca

conpodimbepef pleifusellsdn amordagseawith dhe miethogshyfsthe ipresentrinvention,
vet erg ' I ﬂarﬁﬁa%ﬁi the.. unds of .

t he |dr11192{’11tb ?{gr{ﬁ %Urrﬁ oye |?1&??132'§?%%F rr%gﬁelu 82%?011"“%5' As outlined
co (rjrpcﬂbpt'q, the pharasewicsl compusition tlﬂ}’lbﬁ Mm::rsmﬂ inedy bfia number of
or der, Ve e_desired thergpeutic effect a .

gr ad lﬁé\%yﬁlﬁi&‘c r gbsbge“yt 'ﬁog 5‘8&%“8 %y ﬁ?ﬁ?’"‘“ﬁt"’ o ppeLtionigliye cdirectly
i's adfansplexded, : : Ir?nd Cfatieern t@me raays llb}atagbii::iﬁd?miﬁ ﬁﬂﬁ:t&ti@? w?ﬁl hollow
conpQynd 0 e i,nvention w e at _anmount o e
conp SRS WhyifrEebtas. i O oeiBoconmativi gevicss op sttt

a t her apelhe Germefrieataiont” 36l Ghterdtiad @6 lefcdmphSs 185 Brophithxis, therapy
genelrmg‘ie‘l)i&/r gqe*@etgd upon factors including the "patient's :
age, ire, featical repaivine Hiis treptment;in pajt gnioal iginceds decluding
I N 1 BEMERS, Gin ParticBr PERES Ynd! Jite? BldnfiRals SR as equines, cattle, swine

har maceuti cal conposition
P and sieep; as well asnl')poulu'y and pets in general.

Exemplification ‘ .
The invention now being generally described, it will be more readily
-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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conpri ses insulin+, glucose responsive cells

differentiated by the nethods of the present

i nvention and one or nore pharmaceutically acceptabl e
carriers or excipients. As outlined above, the

pharmaceuti cal conposition may be adm nistered R2f Janyary 2007
of a nunber of ways including, but not limted to,
systemcally, intraperitonially, directly

transpl anted, and furthernore_nmay be adm nistered in

associ a?ﬁx%wp!ﬁlr%"%ﬂ“f‘ prifjed Bancretic| Galls nrenbr anes,

shunts, or oAhempdrage QEpaf i) MeselEMbHES i '
Addi ti oEgI ly theﬁghar,?gceut i’g}?ﬁ co g@?ﬁ%ﬁ&g{i&?h{g% cells from

pr esent 1S54 Wi poyide ap jmproped methodwhich resuitsyin bighiyriusified population
P ots | bten A o
i sl et - | oficRllS from AhdthlqRsmieO R PdanibE gsdggép{#lé@ %{sﬁﬂongzg S dyctal or tubule

responsive cells differentrate

pr esent 1SRy e 8% folipwing examplapeadls werar pusified: tionalpaycreatic ductal
accept apkiRelfi@f./ i €rs or excipients. As outlined above,

the pharmaceutical conposition may be adm nistered in

any of a nuribeparsreaganss disserted fiom ghe piden and irltéstinésosk an adult rat,

to, syshem aleftaperitoni all di rect .

t ranspl ant eg, Wa%n eﬁu{(’t ﬁg{ok%rmﬂl%ﬁea“gdﬁﬂﬂl’éf‘%eﬂsﬁ“ﬁ from the

o S ol ShDer b Geomont b o dial e Se v aRRe in 1x HBSS

 Further? r?ggae%tnpﬁ]éngp?%@?ﬁmi wﬂe‘fﬂ‘i‘% st | Vs ripsed in ice-cold Ix
‘met hod$BSS t rexmtveexdessblorrelld tnd dagpodsidstd, St r at i on of

cells or ceﬂl ﬁl usters that have been expanded in
culture to ~ThE¥ES NS then prnbged #h 1300 waxfor T atihutes, the media

Such caspiratelameé teaRhtritnga Wsue ilePh L)

to differentiate al Qn%.ggapancrqatl c | nLéage. %ﬂﬁlph%g%gchc). The
bing blgﬁ‘azgil{nwhﬁ@érw, ihetpsp Sphitiemat 37e10 l&r Camiloges, with shaking a

ransp d Foll : . [ respo 0

the T hoy ba oy poing i oo dpproiiery 83/ o lhe' genalint wak decanted
i nsul i'At? 2 eAnirablibe pentgining i10% BSA.| The renminivey fissaspieces were rinsed
ot her i@ |; i [ patient ., Accordi.ngl .

t he pr eserlftx;I %ﬁse%??%nﬂ“g‘?%\?? lé%jg]%g %mwfﬂ dahy ttor (%BTI), this

conpoSPRarRsant wemplsp decaptedeintosthe BSAg lahd Gbshsice esld iBérase solution
have %Eﬁleﬁﬁfﬁeﬁq@ﬂw’rg culture to enhance the ~nunber
I'Ts, TN aceorgancy

of pdxl+ ce ®wi th the nethods of the
present i nidirdfitientotal deveinted Supnaliit WaPbuRkiRGa by §ﬁ'EJ1Mesat 1500
accepiabl g Gl rl'merfs or %ic{ngi ents. As outlined above, .
the pHarmacaut T car: CaMyesidnd e pellst mauspended in 109 e HIBSS with
any ommmmmwﬁmmﬁsaepk@w&w. limted
to, syste 'call%heigt aperitonially, directly
transpl ant S, Yolihe F thenisolated aluptaiyagseentsomwasnbrobght d 226 mL with
assocHBSS @ontininl it BAEi [Anes

8 diphbadit ahit Bl6itm, DHBU Ma ARURLANGS, added, and

or .ot her bi oconpatible Vi ces or

?’E : n:té? PRI are incubatedsat 3% °6 fonf) minutes cBotomdng thissiacubation, the
pr Ophiimples werd &R1rHBYed at 1500 rpm for 5 minutes, the supematant aspirated off,
and the pellet resuspended in HBSS lacking magnesium and calcium. This step was -
repeated, and the resulting pellet resuspended in 1.06 g/mL Percoll.
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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and cure, and the patient receiving this treatnent is

any animal in need, including primates, in particular
humans, and ot her manmal s such as equi nes, cattle,

swine and sheep; as well as poultry and pets in

general . Exenplification The invention now bei ngd5 January 2007
~generally described, it will be nore readily

~ under spmdfolr tﬂ/mhﬁf@.r Foltewing céntrifugatioh,ahtre ghauldibpthes layers of cells

whi ch QL& | Iuded mar‘%ﬂ%/l for purposes of
i |l ust ﬂsélff" 6‘?‘3’&08?’?%\? spects and enbodi nents of the -

present i nwemg mapmmdomahmweumawﬁ@ﬁbmmbﬁ 61 éells §8m ductal
i nventj on. on of Purifjed

Pancr é‘éﬂeé'l%érq by &f lfé‘?ef%l at ot ogfls; nWe ettipted; thap thg fisolated

the pregiihtaiiFibdtiQbbn P60 Bontitfihdting Mshlii+ SdllsC Thhs tHesO8Ils can be
tissue, We provide an inproved nethod which results in

hi ghl thé‘eﬁtw%as peWin-avhes assayed wamynocytoehemially | Furthermore, the
t 1 SSURells3d o g’}ﬂ;vb For Eﬁﬂ@ LA aQHlﬁbrEél n?ﬁ*mjfr m];'lgl&g{ta\mfh dlfferentlatlon

ductal or tubule tiSsué. ow ng exanpl e,
cel | salmg @ ppuarédticed Preedinfatoa e ealls are disotnagative for nestin protein, a

epi thel i an S..was di.ss fro he spl een

and in esil g@%g%ngﬁéﬁiﬁQﬂmgthl §ﬂﬂ°%é M} aken to
renmove exterior fat and nmenbranous tissue fronrthe
pancrgas. .The ncre sse ted into 2 pi eces

of ti §ﬂ%pk2 ﬁﬁggg?ﬁﬁggﬁgﬁ% Pﬂ?ﬁ@hﬁg esi um and

cal ci um TH\Sndni fafitieasRds Harvased!from o lié@rt%étﬂxg'dﬁnoﬂﬁg?}?-ﬁ’a@ years)
remove excess bl ood cells_and adlg se tissue.

ti ssu@dpreserved ip Ueiyersity @5 dfjscqnsin rsahmwaorslprrp r?dtbQBTS One
the nmghad padeihd ¥af hscephl Fihr%mS%Et ﬁ-bfnhw sbwﬁﬁr‘x‘%nd trimmed of

transferred to Li berase Soluti on t1ssue
was |4¢&9§%tléﬁ§°,r spleenand,istesting| ulhq)mnateaswas:th@r cut5into 3-4 equal

t {
2 op, PeEiond dn 3o 3ty b Bfainil oo bl fntlog butter UW
decarmbition Hil.2%6B%ori €625 mehd sopiraminypsiy inbilsitoBSATheTjpretions of
th | d
oo b e S Uf it Sl KhiREta it ot ] By it contifoged
(B giT |a) lSQO]ICrpm a:l 430 efomrmmeswﬁsllm#mg)reidﬂ:t@amfmb Supémaihiitﬁthe tissue
, res asg, S ion S
o e a7 e it el St BB Tk Ry et captiing Hanks

dec arﬂahdcﬁtsmr Sutiitivnt + 0ALS5 GRhY isbyteas tryPdin mbiBifdp)! ﬁﬂ oBhtrifuged
1500 m the supernatant renoved, and the pelle

resudf®hded in 100 nL HBSS with magnesi um and
cal ci um  Rdliotvisd 1P sécdnd SdfeithSftion Step BERARBYAI of IRSsupernatant, the

vol ume of the isol ated duct ments was brought to

225 fglls,yene resuspended in 10 ml of Lgberase HI enzyme sc?lutlon, and then
transferred to another bottle containing an additional 80 ml of Liberase HI enzyme
solution. The botle containing tissue + 90 ml of Liberase HI enzyme solutiéﬁ 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 supematant was decanted (leaving the tissue pieces in the
original botile) into a centrifuge tube containing 80 m! 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




HBSS cont ai ni ng magnesi um and cal ci um Dnasel and

Aprotinin were added, and the sanples were incubated

at 37 Cfor 20 mnutes. Following this incubation, the

sanpl es were centrifuged at 1500 rpm for 5 m nutes,

t he supernatant aspirated og and the pell et 25 January 2007
resuspended in HESS | acki ng magnesi um and cal ci um

Thi s StdepanteiSintd msmh;qﬂd 48 deriddfing %%gL :phé%% Ggr a%h?ended in fresh

resuspendeg(bt 1.06 nmL Percol |
was pré ﬁ?ﬁ ?%H’H@%Ye@!ﬂpblﬂpedﬂemﬂﬂéas]d@nmsmnwded

with 1. 04 TheAecadfed sdperatas imhlcﬂ%ﬁgjnégu S hoeTste £f8817ﬂlc digested .

sanpl es were centrlfuged at 1970
r pm f orPAARCAS tistHeeWas qeptritugrl A2088 mm FirPgatiitsies att‘#fé} end the pellets

o e ) Sesofhid®, 0 o, Sln Y o msn. 1x

i sol at e¥cimiBaamesivinorentining [Hesks Batmckdc Salt Solutmﬁue 0.125 mg/ml

that agg 35&{3 Iy suli.nt+ cells.
estimai g ﬁi tﬁé’ﬁ'!";s‘%lf)a}[%g" e?qlas et P@@s@ﬁ?ﬁ“’m for 10
1% of wdmtesnifiolowing Dwmmeaunene tHesducts htbi"e cdntrﬁ-’ﬁgdcaelzbm tpm at 4

can beo h cterlzed when yed

i mmnocytct?)%hgnﬁn Hétékfb?"ém feﬁ'éspe I@“ﬁl’éﬂ ice cold 1X
negat i cabidnyimaghesiiiy c@mﬁdglmu@rmjmmrmrsml st ent

wth differ nt ation along a pancreatic or (j-cell

fate. The c cLuspension, WaS [pXered aver @rsuprose pushisn gnd pentrifuged at

a  marioe rpmpatoabe MorC 0 it 38 ke SREFerMyaP b AYAnd cellular
cell p ua]éé“%'r‘;v Exan'ple . Isolation of Puri

Human angremoxal iqf; the Fupramatans the pellet Was resuspended gently in
f rom aal® 3hddils AOMEMABHO, an3

preserved in Un?(?ery t ro%fonw SCO%éI %#UWOFW &PO Utmi
up to PswSenr& Eg)nmd them barsfisredate @ new (thbec edritaining basal
remvmmol ution and trinmmed of adi pose

ti ssue, spleen and intestine. The pancreas was then
out into 3Af thiguwint, therstinplescontind ducnsf el ednthﬁnﬂtmg exocrine

Sorut B bRl bl ROkl Sl R aihat wb dice, the
i nhi banplgs.ard Rethpopirifisd ﬂlaca‘iavrmwlmgw €xobtile tisBitddand istets to

smal | transferred t ni cal tube, and
cent “Ee;tﬂ fogisg?m'f%ﬁ“f’% © SupgrRAtang SVhich is enriched for

Fol | oductsgwrashﬁﬂﬁhrﬂf totahﬂesﬁlilﬂﬁrdilatcaﬁﬁ'lﬁtgehﬁt 2060ipm ateC for 10
washed. 3.19 esti on wash buffer (IX
cal ci lﬂﬁ'}“ \gn MR VoS, goqmplaths ands they dueicpostaining pellet was

Sol utmpehdgdihaﬁsgg,{mmﬁoybean trypsin inhibitor) and
centrifuged again. Follow ng the second

centrifugation step and renoval of the supernatant,

t ﬂiy rgﬁgdol  $CAifiproFod MRG0k Dilteldheidting bR AREL structures
A The insulin- cells isolated from ductal or tubule tissue were cultured in
-ﬁ'ee DMEM/F-12 containing 8 mM HEPES and 2% B-27 (Basal Media)
supplemented 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
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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transferred to another bottle containing an additional

80 m of Liberase H enzyne solution. The bottle
containing tissue + 90 m of Liberase H enzyne

solution was incubated at 37 Cin a water bath with a

maxi mum shaki ng speed of 188 cycles/minute. The25 January 2007
tissue was initially digested for 15 m nutes.

Fol | ovih GARemay that exogendug bHR added &t the cultunemedip ssehaita pfomote the

was d i.n he tissue,pieces in the
ori gi ﬁlglaﬂﬁga?ﬁéw&?%m%ry@glﬁfﬁﬁﬁﬂg t ube contai ning 80
n of 10x HBSthetnext stby, tietspherezwere disbdiated 1 fpld Efls Al Protease

are b a The .r emai nj tissue pjeces were
rinsed w tE i‘rc glgdg‘fu&mﬁgé’é%ﬂffk %’ch%'m’lﬁﬁnﬁ‘i‘ with2) ngfmpf;, FGF-18,
super &0 agimixsniahaigehoftants Ul Hepark Ohe AR B Hltured for 6-7
into tdgﬁsdg%sd& and .the remaining tissue pieces were _

r esuspehaag Fyiing tis gxpansion o selfsre, pnd rerssyasste 47 fgm non-
above adhieeqn sphres. I WitidhewisRing Qo tHeRand 35 4§ ﬁ)g@feé}uaa{ g%o;-y, FGF

decanted supernatant, which contains dutts

from Y 18 gre grenih factars withdmewnwpidogeri prapemigs cnd FGF-18
2000 fspherinall rBdsky! 4. ¢ h r

i mredi.atel y JFE&S penfgg%e ?fger@ugrﬁ ﬂggépeﬁs%# @%ﬁi?’ ﬁ other FGF
(0. 2943mHlx members ypwlil havensigiarsemits otitsmethod) ahth ftissems especially

Bal anﬁpé]l!, ?alnﬁﬂjj 4 ean t in

i nhi bi t or‘)ﬁaﬁﬁ%ﬁme a{%’g"[?eﬁsg"d‘%sggégg‘%w ' %@%*?éw@é%@?%m FGF-

for 1V werllibee bﬂhevdzg%nghgy mwmt' 4meth6c]tc. nESimli(l)ar!)!;IEI{ajgsﬁ; o family

wer e rpm or m put es,

et bl bd3R6w R o oot BT e ponfiersplon ' pidedgnay of gellulr

g a: CItQﬂinfem_% zm!s ithm\trariomt bédpehsg Hﬁﬂlyszln&abaﬂgﬁﬂié%ieﬁ, and Indian
ol u uct suspensi.on was | ayered over a ;

sucr oﬂs?ggbg' u 916" dhd v&‘é%?’ r‘&f‘ﬁﬁ’@ﬁ“&t’l a‘éo%lu}aﬁ @psgys (Thomas et al.

for 12000) Mibissest49: Qm-iﬂw,a‘mmhikeetrﬁf@fﬁé‘it)hﬂfdoéﬁ&&i[@ 29 1033-

e

cel | ebrjs. Follow ng renoval o
supe 3h§‘§)a ﬁgm{dﬂ@}b althqugh §ﬁg° hedgehngavasadedylesne, Iwe tietieve that other
bas alhedgetlb l@%ﬁw Wi Iﬂﬁ# 20 Bk :

. 3 ut al\@é, glg%. m %gnl%g{}%‘gWS %‘E&%g) bgn tHER hedgehog
t r anBP et act-bynashivatingethe dwedgshog signnlingapathwestl wenbetieve that
DNAS gtherd I vwhiPhddhi Qtfgeﬁ . i CtS as.

vel | contga‘#ln&r:‘g\l%l iéli;%g%g%%” ne@?@ﬁg@éﬁgﬁﬁ@ dmilar effects.
t he Ex#aplpnef suplskedgchogaginiste wouldrimchireswiatirorgdnitnméleaules which

ook ARSI el (! S rmic
for moleptlesiwbichact o e dowvastiramatargee of hedpehogOsipMahaN Heparin is
fr e T TS Ronligtith Srr Bl Bmtersso BoresH megubrane,
m nut es, liittie saxpstep)ahesheitd verteamMiedtdn BASM NibBum supplemented
dUCtu?iﬁ:lo Qév%}arl" g?gwtgetjatl:tgrts f%? %—7 days.” In these experiments the media was
supplemented with EGF, FGF-18, IGF-1, IGF-I], TGF-a, 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
t . 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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resuspended in basal nedium Exanple 3: |nproved

Met hod for Differentiating Insulin+, islet-like

structures The insulin- cells isolated fromductal or

tubul e tissue were cultured in serumfree DVEM F-12

contai ning 8 mM HEPES and 2% B-27 (Basal Media) 25 January 2007
suppl emented with 10 ng/ nmL of the gpl 30 agoni st hunman

Car di ot RpIsrswred byTémpression bf inseline A Ubw UG Gy i

during Wi’thﬁu*}héﬁlg I he fo”{ﬁ% non-_adherentﬁsgégﬁe‘%é%me of cells
Al t hough not WS ’F%‘al%f&sw BproAigatsby 1 0%cnf theellsin the sphere).
theory, the lprtbs emaestep) theCpheteOivE@PMtE dn o&rtedaﬁﬁﬁ@ﬁlflture lastic
gpl 30 ag&nm, m&a&%@g&gﬁﬁfdﬁ&vi val factor 1n nuc P ’
45 25 January 200 d.plgted, Hatherthe geheras sard plited. In these
added texpediments)thefissubRbihde PRSHPW, e t.he .
proliferarion of hgyrngn errbr?;oni c gsf%%{eggﬁﬁ S.BIEH ﬁs'fﬂ%ﬁbm'_’cct‘" or
next st e&'t tc’i'?é'ﬂgrﬁh & ebsgive ghatiells withint thelspheres adbgtedo the matrix and
cel | s uppeag tPeRVERRDF / Eﬁg@., L cul tured in .
Basal Nedia suppl errentﬂg%;%\l/l\n&%h 2 ntg‘?{r}fg'nét]g:éel und hy gny particular
ng/ . S mﬁégﬁ helg to enrich im@"mﬂﬁﬂmépﬁirﬁ WhhGeffdreutiate along
were cu i - ur i S expansion ]
phase they prglliiﬁf%r@'a?}éfggﬁ%?ggg g’é@‘g{&g"‘%&aﬁp#ﬁ@mﬁ@ which
adher efiPtt&phe reafivelyy highogiicase sricetration PR, DN sipbleRidited with |-
parti cy¥aeruhi H(ﬁ"GFndtfan‘l menbers are grow h

factors with' gtp\éggm’ oge'ﬁ %h%roperti es, and FG--18

i s nor mal | yORspf ghild dul thenart il kdcugiizerthak RARGH :
seens Jdefe . Lk, g{aﬁer .FG f?ml rren‘c_)gs?gﬁr?woﬁ? 3%veelevaung
simlarresults s gahs o fie glevating-agents may be used, either
especi aldteyor i cdnsinatiohdh teGrtfagbf Mg H“é@?ﬁlﬁefﬂoﬁ sel y

related to Fg‘i}% such as FG--8 an woul d have
behave si mitt a1 hal Fep: thesmedia Watremayed, kad thy spiides geogiured for

fam | y-5 deystie CMRIL Rielil 0Miaikide B and. oo
proliferat] F)n in.a wde rang% g‘?%ﬁﬁ'g{"%sgoﬁﬂ{l@won(smm
3nd t 8 %’g efl?gt_eﬂ @am SeTHm; Pffl_ldia#‘lobpﬁn, adnicetinamide. A similar
" deser tockedild of Bdtcad aYed .y in a variety o

bi och %cal, and cel | ul ar ass%??‘%%é‘%ﬁlée Rt I E’elp(%@'ﬁ%}fe final
Di abef¥§TAYatveeygnts G pancréatierdevebipnmet (WRRRLY et al. (2001) Science
Endocpezngbonysolyd 2. = 1040),.  Accordingly, although — ~
soni ¢ hedgeho Mmétﬁg&lﬁégg,gbﬁgvﬁgf F@\?@g‘%ﬂi&f‘"‘%&?‘flﬂsmm'
hedglezfé‘@lzpwg | Beestiautol that gsprbdnitély 909t e cels remaining in
r esul 8 spHefes C 0 ol ypeptides ac

acti vat is%g th%g?fle geﬁogl"@fﬁa@wﬁa OBW/\?&Q&W%M%& cagon-t+
that se8theFxprgsions ofiticsd) mae 3¢ A8S9ENII HABRRAY the same
coul N gbsgvtgﬁ] simlar effects. Exanpies o uc
hedgehog tg%’gnl WBinegnqusly) 8 Pangreatip dgvetopment.  Of particular
nol edgtecthewbmetostatii-nad glitQodtsf &AL r[},ﬁgg i

bi ndigna L0 Lhe rﬁc&gtorglpatgched, g’f@;orra g&r"gag%%pmphery"f
- €s Whic, now be considered islet-like structures. The spatial
relationship among the insulin+, somatostatin- and glucagon+ cells is important
because it recapitulates the spatial relationship among the cells that occurs
~endogenously in the pancreas,
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nol ecul es which act on a downstreamtarget of hedgehog
signaling. Heparin is believed to increase the

| ocalization of FGF fam |y nenbers to the cel

menbrane. In the next step, the spheres were cultured

in Basal Medium suppl emented with several grow BS January 2007
factors for 6-7 days. In these experinents the nedia

was  SEEIpPiavE Fhedsloplike straptareaiEe glamsie@&pﬁnsﬂveF I,

TGF-u, VE Such a,
cockt a| I (?élth&%tﬁ #ngiﬂfgﬁ 89%'“’%@3”% a9 the gxpression of markers
and wef pammanedéfmnammm @hsistiit Withoftitibnaaed foﬁnanon, the only

sel ec h factors | ongi ng
e ol bt BB ey idead Siacuonah butp demonstate
pr esefhat thetcebsiare respunsmgtotgmcasest | Figtes 1 gid 2o xﬁnaﬁﬁe\ékpenmems

si gns fere on aI pancreatic |1 neag
46 25" JSh gg’%y %@“‘“&@‘ cﬂwé’s@s@ esponsive g glicose (shown
i nsul hm3mMngo§&lahd3wagm&ds@| percent age of cells

within the re ssmsulln( proxi matel y 10%
of the ceI I&?F ﬁé‘g‘ﬁ prentiatipn, projogel beéueqbqtalt indExample 2,

sphertae wlw-llﬁe BinthRéh Wéle &Qﬂﬁqg%eﬁﬁéﬁ?&%fgﬂﬁ af'ﬁ'gf tgllpgﬁ)ée or 20

The c%g s -were not dissociate ate
spher®8Y glpcosp o pgsay fqrrglmeeseuméatgbmsmmmeas& h&nstlis felénse and

cul t ustal Rtast WoTe

super fi brolﬁfgc:dto|i:ltr‘13 or rG -L- om tgﬁmﬁ%’s mghogls s dyddisiopally, factors
cel | V&5 added tPerefxphé‘e@glsiﬁﬂ&emmmhe m@dreuxs@nﬂmes results
appe o] t o shi ng

e by ik ‘5‘9‘%‘ A, 08 adilln SR EhEhor mhpepidyor wgc,t dsert, or
enri anwsthmredwnmtehssim‘m Sriohtir&sNtodiigH ,gm.e 2

al on ‘iEﬁﬂ% i 0 e spheres vvere cultur
for 4-b aays I'n ﬁﬁh‘%cgwd the "addition; ofspancreatic maturatlon

r el aféctors inclodin ngdl EGA,CéXm@lﬁIdr Rt BPkin
supp nt ed W'%E @05% serum bmd,o HGF&l’aa%gl inccased the

for SKOT T “HSE0 ghhgluegse. wi | | recogni ze that

f or skol rWithﬁWa&M'?% :Pam t ;
a w | e,.of cA %%%ﬂmﬁb a&g ts qﬁéorﬁ 8,‘38{1]011 of
ei t Tpling pancrpatic aRROD or$ nnd/mehng«mogqmlmépﬁdee may

prestﬁliithe manﬂcbeeuctﬁresio% dl a was
remgved, and the spheres vvére cu tureffgqegro ypgoessary
in %VF?E %Bawhménmstafpmiwgsea Altetmatively thesk Gavtags mpfnemc some of

conwgnﬂ ﬂgg errent -5%

serum exend| é :ertl n, angﬁnpagg‘?ﬁ‘g‘}ﬁngégl%"iq’ﬁ?ﬂoﬁi‘e
cockt ai | Fagtf ﬁﬁm@csptm@fmmnnagsbd dlyathe00$ th Noulth@ istet-like
pas i na rentjative events

in pancregbl c ‘%&l&g opTEnReT ﬁrﬁﬂg%l?so\?(c‘ tefl magurafion)factors prior
Sci %@@SPMOMES%ﬂﬁB‘%m%br tréhds tﬁ@isi&-hk@?%-ﬁ@ﬁ% ¥o£ bpimal

sb nrichment of insulin+ cel
sgh res. Ir%g %é\"%"ﬁ'ﬁt °VW3¥=I'5b%F%&Pﬁ@!@¢MMSOfﬁm will be

cel suppliedny rthe\ Geildlar environment following transplantation, and thus any
priming required so that the islet-like structures attain maximal and efficient
glucose responsiveness may happen in vivo once the structures are transplanted.
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the spheres are insulin+. Additionally,.we observe
somat ost ati n+ and gl ucagon+ cells. Expression of

these narkers is observed at approximately the samne

per cent age observed endogenously during pancreatic

devel opment. O particular note, the somatostat #hdanuary 2007

and glucagon+ cells were oriented toward the periphery

of th e%§@welee’§; TRxmusplantationndin vitro differefgited] insulift hhink# cells
structures. The spatial relationship anong the

i nsulin+, somatostatin+ and glucagon+ cells is

i nportant  beuaingertant utxbtyacm the.iprédeit miehBdsS A tedh vitro erentlatmn
relati %ﬁbtﬁmﬂ”ﬁﬂ%%@( ls 1Ehat .occurs endogenous

in the pancreas 1"8 oglls ap( dsletliler; clystaesis that such tlssue may
st ruct (Reetrangplnigdl i obe: rB&ﬁsplaitaﬁsn 27 tHap lééﬂs)’al%%P islet-like clusters

Al t hou for ti.on of islet-like structures
the expr eSSI Sty {¥g tpatmggt @Qﬁ%f@aﬂlﬂh&% as well as other conditions

di 1 er Ieg:é&:{afdsﬁmnﬁi aﬁﬁ@ﬁ)ﬁ@%ﬂ Bhalt B-SHAC; | b arcs i e ability to

li ke st glucesp devels. fmthyltﬁtthmapproach was tested in a
deﬁDnShfo@E@moHEla&f diltetes ©! 5%7 AUefied rrz.ﬂ onw to gr?a.gtenzed by

Figures 1 and sunmari ze experi
denons#Gvaredy e'mtod bloed ighicate kidle Ve u!@ﬁ]ulﬁsﬁﬁtthﬁétetrmwdplantanon of

responﬁ,g,ylﬁl_,t e £ehown ere 3 | ucose an

mM gl ucose) ﬁu@%lg% e conp &%ydﬁﬁ@;m‘?& &f jthp present invention,
pr ot octsForeds pesb cblocd ghicasel Ievels EaREe wice. ¢ Alditionally, use of
i slet @W E%lg%%%s%e tured in the presence gf

eit hetgu } eﬁd\'ﬁs (OB 8Em tthat the igprovement in blood
gl ucogEuse Mlehtledreama hhtenww{h@%lt b

and hgd 1,'%gul in content were neasuf;ﬁgﬁdg%ughe@%‘aum by the
st andar U)Addi t i onal | y, factors were added to

the cul t ur ThekxpesibRital ich8ms hukd ekt e

sumar,. zega ts V\/nl ch indi catfg?tt%at%%@eé‘oﬁ?fmmed n
of heg g %’bq (@HTW&W&BMIGW& ot bblpod glucose
i ncr ehsel Behﬁceh%pm% sfp yerures to hig

gl ucoiﬁée Fi, gure 2 sumr?%gigéa;%tssga h.I\/\JE# (?H’fsﬁﬂl?te%ﬁw (8TZ).

t hat maeHity of #mﬁatﬂdplawermxbntd elevated blood) ghﬁ:@détlefréis within 24

incl ukburg WRLORNse BRidd fevel ol %(gt}glregﬁaqg]thg@e ﬁagﬂg{cg@r two

| eptin increased the espon3|v
t o higHsesutiveoslays Werchased \fbrs lirthgr tsmdge SRR il WEY implanted

e SEe b ol 4 Ao 87 iy i ey e (i i
gg%iﬁb iage dividey mthdirp‘, mig?ﬂl EI{O?T%S{ ﬁﬂ;tﬁll g'?]tr lﬁlglf:rgés @iﬁu& Qind in vitro
£ or &ﬁucégu a hﬁ]b’l gﬁrsegi%{eats QB »al notg)that fqi@mmrappplantahon of
S o a it gﬁ?gjﬁﬁﬁzﬁé e
0Se B, t tbeml:p@g@s 1mplgmtms|yxcb ereceived a second
adv atrémphatatios of GitHet £4t Bs1dtS biSfuianKfsulint: 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
islet equivalents of insulin producing cells (either rat or human) determined from
cellular extracts of insulin a day prior to the hansplantaﬁon. Control mice received
no further treatment. Insulin therapy via the bovine implant was maintained for
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structures in the presence of one or nore of the above

cited maturation factors prior to transplantation

inorder to "prinme' or ready the islet-like structures

for optimal gl ucose responsiveness. However, it is

al so possible that these factors will be suppli &8Jaguary 2007
the cellular environnent follow ng transplantation,

and t hsesemndyys pﬁérrﬁmq;lmﬁlniohrogdﬂ]??at bﬁllmhbzeltii;ﬁb &b dnisk® in vivo
structures atfai,n Xi and efficient glucose
respod%%V@WE@ NW&VHEABS@WHFH vivo once the structures .
are transplsenée daysdshed trahapladition20P fat EleA™ BuMan insulint cells

Transpl.antation of in yvitro differentiated, insulin+
hunanp‘{iﬁ?fr’fg’a@ﬁ’em@vmo{m fifmeghads iof {he greseridnyspiians the bovine implant
et hodgasfreotdde In"the/ hibdeReddsl the beSﬁhe ?’f‘f&m lem;gﬁ&ngﬂﬁ’m these

gl ucose, responsi ve cells and islet- e clusters .
that SpEMlyt mustbe syppliehby the smpsplantederst ion hymarp tissue.  Following

Tr ans phadVaRlor Qhe Bbvihd GRMaS! ﬂ)lﬁo@{’}gfc?ge ie%l?%#sii)%ﬁyoiﬁcreascd for

clusters represents an attractl reat me
for dieppeximgtelaivodays. He Wedbgluwse tivels dres retwhédto a normal range

resul i . of ' | R-isle r .
i ot ur EeReRotE51 UL 4P it ek ot B4 Bl Frargusy in vieo
| evel diffentiatpd dmviag adells ¥n=<%3)t hiTheszpporant blood licsé evels were
in a del ,of diabetes - STZ treated mce. Such,

i co BRI RE Beb( a0 B Ehasorptn] B B rareceiving no
gl ucoadkitionak Itherapé followings tlied bovind Ampldn@N sHPeeiced | &) iRnediate
i nsul iln+ .humatﬂ cells, di f&_gregt' ated by the nmethods of
the pf 5‘?39? m %E’f’?‘fﬂ uoosg { flé Alpwing repioval phibe implartos e
level s in THeCRRuIR SBamASL tinORRLY3 déiRndte that insulint cells,
transplanted human cells allowed us to confirmthat

the i9HBFEUERHR vitrp by the dnethads ob dhe nreseet igvantion, cambe transplanted
M C© MAvoltd sk 8 HornaP biobl! BRBod15VRLS. HREVBKINE Bl riiindiMditional

transpl anted tissue). 'IQ e experi nmenta
r esul3alygs ta oS shetibe transplanted humameells zect indeed progluciag insulin,

nor e Bt he SRR Ayl st BB 1 sl ket mic

r eceithese experigientyicenfiried G thef restoratign: of mérmal bloddFl6cose levels in

The Ok | i n ted m.ce exhi.bited el evated bl ood

gl ucg?g Jé‘@%l‘gafsvt\%etﬁ Ogﬁns%ﬁﬁpg‘.'wﬂ/l%g g“'\%‘fﬁ?'é‘:%isood

gl ucose | Bigete 4reummmarixds gfe&aflﬂﬁ‘. c%fhﬁe{se %ﬁﬁbntﬁléféﬁ |wﬁéélf ﬂ&ﬂ\éhstmted
cons ive days were used for further. study. Suc

ni ¢ eﬁ‘\%ﬁ‘ﬁ“e“ﬁ%g F%lﬁ‘t %@ ﬂeﬁ%‘ae g‘t‘&ﬁ'@aﬂ éwnwcrmp%des 90 dd expect.
r el ehsentast] meveitansplantedtWieH SR+ Rindddt celld-differefidled in vitro test

Inc.),.an i vided [.nto three random groups: control,
r at !)-’%5? P%?&Hnﬁné?w 1 Cpegtidis, and such a ngsifiveest sesuli iedependent on

e et gt i 1 o oty i
gl ucksPHde deresases sapidly upon remoyeliofithe trapsplantedsiumat aells).

Briefly, the presence of human insulin C-peptide in the serum of treated
mice was measured by radioimmunoassay six weeks after blood glucose values had
stabilized. Serum samples were obtained from untreated mice, mice transplanted
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 insulin+, human cells differentiated in vitro by the
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days after transplantation of the bovine inplant, mce

recei ved a second transplantation of either rat

islets or human insulin+ cells differentiated in vitro

by the nmethods of the present invention. The rat or

human cells were transplanted directly into the2sJanuary2007
fourth mammary gl and fat pad. M ce received

appr oxi mettedy oftiprescht Rivertivd itasBpRNivE fRThumBs Hshith C-peptide and this.
pr oduci N (.either rat or, human) determ ned fprcgm ’

.cells
cel | ul af éﬁ‘fc_rwts‘s &FP‘?“HQ"!IIHPH“ @%ﬁ??emci ofrthe bumpre cells in the animal.
t ranspl Adtibna0ip, wEesHrakd {Haﬁﬁlic%%%ﬁép dafkd Wi Jﬁg{sfg%t%% fest negative

treat rreEPt I nsulin therapy via the bovinei

mai nt ai FSGUREHnsukiy Gpepidhuary 2007 seven ‘days after
transplantation of the rat or human tissue to ensure

in vivo engir aftment and i nsulin production. Seven

days afExample £ Fxpansian i ofn Cells ICapalile | of t Generathigdinsulin+, Glucose

i nsul i netespBasive el f ferentiated in vitro by the methods
of the present 1nvention, the bovine inplant was
removed. | n# fignificagblimiaticn inhtee H0uf coff based ied, B6&H asstem cell

pr oducty, Qi thddefid1e ni.jmal s S uppl i ed by the )

t ranspl ant efhci ?]a%’ %?“%@’H‘é‘ﬂgﬁ@g%é{fﬁgl%%mcarﬁ%mw the desired
of t he chaedteristiésranti ant be rebdifyoiso|@bd 61 @ ghve Rhe sample. Accordingly
transi gn%%}fﬁ&aﬂcr eased for g:rlg@r oxi mtely two days. e ’
bl ood %1 Degny wptpvement applicpble ja @ wislearangsr af methodg edesigned to
bet weedifBGnfias progéuiior tells aldngQ phrtidalmi et th ' '

rat isbﬁts n.:Z%%) &r in vintgr gwudifferepfciqg%ye éﬁﬁﬁ!ﬁtgﬂﬁ&e@aﬂd
cel | s (Y5-Popustiongf cells capable of prsprading|te e @iven idiffesérgiatien protocol to
Mei nt apeeshte Diiffeletifited\ BAKST ti ty Ol i &€
(those yd ce receiving no %a%%ﬁ@ﬁ%@%?%ﬁ%ﬁ%’wmmm
t he botfACHESes is Beed) Vs pave identified am expansicti mbthod which increases the

el evat jdbet 6f bebts . . ls fal l.Low
remual of P i pRBen YRS fom A B P sampl, and
fi gur 0% ierra¥es tthe tnembhm of | celi leapablecefl teSponding to a differentiation
di ff erggbid ' (o he net hods, of the present

i nvent'i on, Egn E)l{e&eydrsg%g%%élﬁ{)sgw?fnﬂ?ice “to restore

nor mal bl oBehcrpatic daet bellsewere ibitaEY Gom WEnd¥EHSHRE 'WSue, using the
addi ti | y:sis. t.a confi that the transplanted
human ce sdev\slgﬁ% ﬁo‘%@& 'Bfl%‘aﬂefe% T‘Ws‘t?i‘-? Wyere pigted as non-adherent
easu etlhguttreinDREMEE2 OFH ayeinhiithhile, G0 peHitifl-bftpromycin
t he sg.;{,u%pﬁdg{cr at edeﬂcﬁe, hese experinents - ’
conf i Fied t IHECELearipsien aed 8wl HEPES. obellaying ddedays in.
| evel aultu, thomalieladitafiguis BMEM PRl -7 11 LM glutamine, 1%

produced Figure 4 summafi zes

' . he hunman cel |l s.
“resul Y@‘cﬁxfﬁ@g‘@“%eﬁnﬂn%eﬁt%”mﬂilférﬁcémﬂ@n&chmlegies)t hThis media

unt r eRkshpPle@Bntb® With RIS DEuld ] 7.107
e pegfttgisget as one woul d exag@%% g“"%@%ﬁi%‘%{&?ﬂ,’”m’%ém 107 M, -
t r ansirskpintiOith insidiol (20-pghuliand GREF-18 QOf ighnBNt THS @ddia was
n vi 6pﬁgn£l§§ﬁpplemcnted with heparin which is often used to enhance the effects of
FGF. The qells were culfured for a number of days in this supplemented media
which was changed daily. .
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

51



positive for human insulin C peptide, and such a

positive test result is dependent on the presence of

transpl anted human cells (i.e., the presence of hunan
insulin C peptide decreases rapidly upon renoval of

the transplanted human cells). Briefly, the presdhdanuary2007
of human insulin C peptide in the serumof treated

m ce varomamlyeld: Haysr afioluwing! i80S 5Rylagd in \bakks lafdéleéxpansxon

bl ood 936 val tabilized. Serums

were o {' rf'ébln?‘?B e[ﬁ’i'?l‘g'ﬁf ﬁte'ﬁ]"egtamfﬂgc@‘ f"rcg’ﬁ%%n%ﬁl@ﬂ of Pdx1+

Wi th reells mi'eeklﬂ:\_]ecﬂﬂdtonh Qﬁﬁ'&rﬁﬂﬁﬁ@i ﬁxﬂ&%& 1) ?)dehae %ﬂsﬁﬁﬂ- glucose
own jn ure

di fferentiated, hunan c
unt r eAPRYSHeEl clisters o ét‘ﬁ ?Fe‘ﬁ?télus RXRAESION HEQE‘P‘iOh also resulted in the

G- pepipradectionrof FaM- a1 blustdls G cﬁlﬁﬁé&%?'rﬁéﬂs@@m‘ﬁﬂoﬂm stem cells, and
insulin+, human cells differentiated in vitro eﬁ _

50 257y Wﬁﬂtmwakmw bissing ﬁ@lsw@g@m@nq:rmt@dmmm
test positAySftbRi ebzgég%gbngsg&%béa ﬁe?ﬁlﬂﬁ*bedgontﬁ%oh Jafsﬁl%e various

positive result Is nt u presence of 't
humancnonenis of the-expahsien protosd lntgeoﬁatﬂlgll’dmb- cellsf | Expanision is

t hat ﬁbﬁ&tgdr@}n | a@ﬂiceallf}‘ﬂ'et pept oﬁg%)( %B:‘tsgl%%i an increase in

negative for man I NS
ExpanBéoht eflls @dich siotadisdént cinteSareer attturg ihnsedia Mintained at pH

€] uco§§74Retﬁgo |ve Celtlhg%l C%HI fi Cﬁ%@n@?‘e Iéf);(lll‘ilc culture

the art of cel
bas edcondmorwp{appl;oxmtéljn eH 6. mmi) ng*‘uﬁhéi‘b@l‘c e MObdtion\Yoh&Mplates

appe t passess t ar acteristics and can

oo Hmiifs BRERERS i Wl <olE P eibascsd byneaiang o cals under
Accoradidieghufture canditigibf dppoRimdtPHRQUED), appl i cabl e to

a wde ra of met hods desi nedto ifferentiate

progeni t o ghethe, maxinum M?‘b@ﬂ&?‘l’%m oceiyrsd\ie the presence of

met thlalc\Aﬁieaﬁnﬁ%Qﬂﬁ&ner&é?ﬁuﬁlﬁpHéﬁﬁ] fsofid, &?légé C@Pﬁpl facreases

of res onding to a given dlfferentlatlon pr
-generiftagelilaricAMP, dpsufin pediandZGF mifpgen; we gbseofediempansion of Pdx-1+

The pHRSERdn ﬁi&o R@IaO0Rad Eg:‘ap%%ted anvg@{] %gﬁ’e\,ﬁ E&e% t of @gsg factors.

W have identified an expansi on
t he Spesifisally,che pdditiorstot ﬁhe cmmgmhmom FGF mhrtaglemahﬂ @n agent

fro [ S n creases
nunbn%évrﬁlcgfmgﬁ?‘eé %éuga es 8hcﬁ ﬁévlﬂg e age:?t) appears
di f.f suficienit oo i pwducprantmﬁﬂ#setm) thrr ohisee of TRk + klls. O I ThE GRention
resp VELES @es(Pan rea th C IIs re isol ated
from human don ?rhﬁ Tt with the, fyjlowing

i n debedntratioh G M@bS: aexaﬁteﬁaamlel ‘*ﬂtﬁ) Pt Rsidtin (1 (-50 ),
non-adherent cell clusters in M F12 (pH 7.4),

gl ut‘ﬁﬂ’l‘lﬂéS'zﬁﬂ/#géﬂ)séM FOR(ke0qg/mlycin, 2% B27 (Life
Sci ences Technol ogi es). and 8 nM HEPES. Fol lowi ng 1-4 -
days in . |
Example 7: Differentiation of Non-Adherent Clusters Previously Expanded in

Culture

Cells were expanded in culture for 8-12 days, as described in Example 6.
Following expansibn, non-adherent -clusters were subjected to differentiation
conditions to generate insulint, 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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cul ture, the nedia was changed to DVEM F12 (pH

6.9-7.1), 2 mMMglutamne, 1% penicillin-streptonycin,

and 2% B27 (Life Sciences Technol ogies). This nedi a

was supplenmented with the follow ng four factors:

dexanet hasone (10'7-10A M, forskolin (10 M, i a8dhnwary 2007
(20 gg/mM) and FG--18 (20 ng/m). The nedia was

opt i onajgoytls G 6FEBWEaMbldBoReP Mon Ll Ll !

used to enhance tﬂ%f_]effect s&gf y@b%&%éﬁg%qefegw\%eﬁgmplmdma
cul tur e‘éoafetﬁi & thy pregengs of A highi-glussp plediomn arebifinally cultured
medi a ¥k GBatk@ sy ' . Fol l.owing . .

appr oxi mat el y one day ﬁﬂ“%?ﬁ u‘r“’é",“fgaﬁé*“im%ﬂ?'glﬂsé standard level of
mar ker BRCOSHIhEPnSEte wsydinbogindosorespamisive lislddila Rlusters (see Example 2

appear i 138, Qétaiidde . f.Lhe nan- adher ent

clusters. The si f%lj @I’%%Fﬁ‘lﬁﬁ) ee%tep&or%glﬁﬂa‘)&é%a\t’%n retethues

to increase for 51 25 January 2007 approximtely 12
days. I"Hm g to. 12 da [ ulture under

expans ;i%r? c Og'dll) |e5?1'§',a%f’fb ﬂ}-(gﬂ'ﬁgrd@ﬁfe“é Lllysters Peeviqusly Expanded in
cont ai fwktpran i ncreased nunber of Pdxl+ cells were

subj ected t differentjati on protocol to produce
i nsul i n+, gf&ﬁ@%%’e “f"B@‘BBﬂLm efor 8cli2 days rag despribesoineExample 6.

t hat t FoBoveinpaaspatdsion) AinaBbred SRisfefS U t%ﬁ?)b&e& he diﬁ'grgntiation

pr oduct ingﬂg(ﬁ Pdxl + cell clusters 1 n cul es of nou
enbr yofiT"¢ SV AP ERfrEte ipsintnglycase prspousive eellyeandrisliet-like clusters
et hodlasgelp iR icagin®l Wit M dlsPARHAN Hkalrbl A ISpeotally, non-

Addi ti opal experimnments assesse e relati
cont r i BtieTeBhoddk clysirs gentaining an inorepsdaminbends Rdxel+ cells are cultured

expansinQiic k& ' i Pdx| + cel |l s.
S I Bl b
condi g 2 - spiferérare theéd plaee oh B coated sub

Pdx- 110%&5&%&1?&1510%[ &gg%s'%]t Gl ust ﬁl;f': g/er e cultureg  mm
in rreﬂeggrrq?gnt arned at-p onsIve txet-lipclusters (top Fxagple 2 for a
Pdx- 1 k4 desriptionrolfi theseesteps ofthe diRidhitistichWrbtiédd).

condi ti onsﬂ(owéo i mat el H6.9-7.1). Fulﬂrt h%drbrmre,

the | n\/llesgi}_t;) on corhé‘grlﬂy OésF%“tF'ﬂB it aatberfhanctgansfer the expanded
Pdx- 1eelbsefrors acidiv hedivm (8 iy the kised Giring the ekphhifo

under cidic, cul.tur .(t:%ndi tion of ggg?%% mat é’lc‘é&lﬁﬁ) back to a
5.0-7. RPN A%t ﬁmwg@pmgnm of glucose, the cells may be
~ expandifibrentiated i BMEMIFIIWurF@%6 4 Scidd 56}?;}(?6%;8%@&%'%‘1)-72 and

suppl errent%g vgth dexanmet hasone, an a
i ncr eX8Es Preferably i (6f-24)- c At alternativiendifferdntintior Giredium is  stil

M t ogsippletiRnel Wth\BHors 4R ﬁgﬁﬁﬁ']ﬂ gécﬁlﬁgféj :ﬂﬁﬁlch%fc\gﬁ%gggﬁon in

t he ,di& s .suppl enented Wt a )
fact dPS. ﬂ%‘%@%ﬁf"iﬂc‘aﬁh‘w ca garydbrioadlp rbetveeeh HenM U+ 20B, and this

ey At 08 Sy e o
“apped¥efocol or may vary (ie., beginning at a higher glucose concentration and
progressing to a Jower 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 1mM —
20mM or in rmedium containing a variable concentration of giucose. In
embodiments where the celis are coltured in medium containing a variable

<concentration of glucose, the cells are first cultured in medium containing a higher
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sufficient to produce an increase in the nunber of

Pdxl + cells. The invention further contenpl ates

suppl enentation of the culture mediumwith the

following concentration of factors: dexanethasone
(10OM10"10M), forskolin (1-50 pM, insulin (5-2&9January 2007
g/m), and FGF (1-200 nglnm). Exanple 7: :

Di f f er gingose tdoneentsitiohlofproatth dhamn 0 GhM3 tand Sthéfr eunsfersddy to medium

Expand [ ture Cells re ded in.cylture

o - eling £tirle i3 gt (RRET Kouhcs it bove, the
ex panssequentizlGidditiod 6f Bororsad tid mediuRhcul® kRiaRthe Sarh@as previously
di ffer%}%i ation conditions to generate insulin+,

gl ucos é’%‘%onsi ve islet-like clusters (see, Exanple

2). Specifically, non-adherent cell clusters

cont ai EI{Fn an i ncreased nunmber. of Pdx- 1+ cells were

cul t ur SEPHRIe Fickpraasign of Gelisahapabie of (Greratingdngulint, Glucose
| east mRffomAdiICPRhe Prence of ﬂaﬂﬁk%% gg«gﬁr EantﬁM-H

factor or growth factor agonist.. -adnerent spheres
were then 31 aiditien ip the facters putlinesip sletailtin Example Geadditional factors

prese agduhd R ' f] I .

Bl oy S ahdl SRR e Eirfthey” St Wk hogonitpr cells are
nedi ufxreBdRdaioninergase the awuber cbf| celle bapable of| diffestisting to insulin+,
gener ' | At u ongive islet-]ike
O Ut ErGosp Bt ceft, “SRSANATRATBLY ot Ty e frogps e
t8 hes efollistatin, Hilisatio rd?tbd gmrpg;tm; Mbg’ othecagents tEataﬂlﬁbile activin,

. Differ | akkan_of . - Adher en ust er reviously

Expanécfté'g aﬁ@&l @r’?fqu? “&IO (Pzg" \%F@b‘ip%‘?ﬂ@ﬂii %Lguh@&e‘? analogs,
for 8etdp catnps usdlsto dadker iilteehsé thefipamiRlon & pdxFP lcbiBin"Gltures or
-expans rent clusters are subjected to

[ on on-.adh
di ffe’fph?‘ff”lr ipglin-¢eB%di ti ons to generate insulin+,

gl ucose r aHBGEMILY Of 8Rbd Sud&lark ShifthaliiedGin ngyl%t%%ich shows that
I argelr?\ig in accordance with the nmethods outlined In

Exanpiregepttorspell palfurss, thafobave dese capanded lapoonlings te e methods of
cont Eainple 8N(4 Refs° P Hsal YORIMOY BHX o' 2t on medium
cultured in the presence of an m togen and a

| eas tSuRpiEmeniegd Witloienskolin, dexamettasuney inglin, BEBIA, hnd heparin) prier to
agoni : 7 r h |ate n,

Coat o SRERRRE RRluoBE B Rindt§ (oM ol By 2iels tan cois
r es pdifferentiated | intthe iakeencd of ther expassien praepl.e Thif effe@ on pdx]

0ot b0 B el 8 Bl s i o
cont evmbindtion dftalistatindnt thie GHPV azbristekendin-f &as ¥@RAIS the above
cel | B BB S e Sl b B,
co lnlt eipanded in forskolih (4 c AMPCRIAtin dgeRt), exathelfRsife (alddRicosteroid),
ce i?lsqungﬁls (a FGF family 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 expansioni protocol. Cultures expanded in forskolin (a cAMP elevating agent),
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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differentiated in DVMEM F12 buffered to an acidic pH

(for exanple, pH 5.0-7.2 and nore preferably pH

6.9-7.1). This alternative differentiation mediumis

still supplenmented with factors, as detailed in:

Exanpl e 2. The glucose concentration in this  25January 2007
di fferentiation nediumcan vary broadly between 1nmM -

20mM  amdated fastor)ghniC @&Adif-a TS SRIPL PidoRRt) TBitain

remain the s Erough ut r(t he dif erent| at | ogﬁﬁox:mately 300 fold
pr ot ocoP%pﬁgc‘?} fergrsigtadiin g absence ofitlshepansion protocol,
gl ucose concgipire édiﬁba%q:dxf) %ﬂ%ﬁﬁﬁ'lﬂ g:el? glugsel-sot\fv?tured in expansion

gl ucose _cgncenfration as shown
Accor di Tgfiym aloge yersusn, gell rﬂkém cmltmmht mrgkpdsion  medium  further

di f o1 exipplRineARI WithHARAAET NoH 1 fofhes? dfl gg&ge?:&'g%qw cultures

contai ning a constant concentration
f r om 1nigniainiegoilistating Figwe Zlmmpmttsq)dmﬂ ngrassitmrma;blll elusters cultured

concentlﬁaelk mﬁfm%hh&ﬁoaﬁ&i vellous & n‘ﬁ I ?eﬁg%&i Irugﬁqtqgisxon medium

cells are ture I'n nmedi um coft
concentﬂ‘ﬁhﬁf annhmmwgb foliistati edd exentia-4 | Note the!ihdtbR€ in pdxl

in medigymeaont: 53 25 January 2007
gl ucose tt;:pg%scen Fatton. P@’gﬁé‘}%wdfgem “+and t hen
transferr edWlthoutE!ﬁ:mgmoumbby diebiy) thebabi® i 'thd lz%ﬁb ASi6n 1 of pdxl+ colls

concen As stated a

seque nﬁ %I‘” 64‘#%2’?10{)?‘9’%&%‘% #d{qg; exendiutt o the @glldd: expansion

r emai nmediems &vRoR Fetp ko UTHyweve SSveP @kt dai iy
Expansij oqﬁgf ‘{%ﬁl l's abl e of Gene?atl ng | nsuIrH% st proteins is
A ucosTehBBHEErelatedly piher PTOTFWeﬂPrlemNmecmﬁemplaﬁes the use of not

Fol | i sory ol i G B by é%&dgulhkﬁ g:{blécg NBst xp functionally

factors lined in detail

fact or‘?éIul b to) dallistain N@lh@ﬂnnbdseds faors)he Rafefrpline Beliited factors
1, e BI04t
i nsul i 9-fol S@P@é@g%‘flbegd@hs‘redeow inediate &¢iifs SN by an \Mhibitor of
?(I;Io}Nl tsath | ];16% PW&*&H n r% 125 OE}‘B é“dp?‘ﬁ'l‘téﬁnm"m protein), the
.a 22 ./ 2.m1venmmeqntqg|d§§ thehae ofnfthé?:n *‘g.“ﬁﬁé lhh"gi;grgd(?ﬁ_&hér they inhibit
GapP-1. @’E % h‘g"éi"g af listatin.on b a @MMWbamsm) in the
|S B ;:]l(re ;ea?ngmhfﬁﬁﬁmahsmmrﬂénhﬁﬂ}ﬁgﬂt?ggﬂﬁie? gﬂeghdﬁﬂi?hqf?ﬁh&ﬁun and/or
st udi gs QF r#?hﬁsfa?%‘gaﬁlﬂﬂ factgiss &t snyefce numbes of hencentrations.

pr ogebefepably thel firfall bt Mfatibh JF f1A Mﬁ"tr.rg &R l%ﬁgﬁr}gﬁ%d factors in the

A S o g o i sty hoverc i
s lég%mabﬁﬁnmfoh siueﬁla%@'ﬁdh 19603 308 Gl " e case of the
and heparin) prior

addition of - multiple follxstatm—based factors, the invention contemplates

embodlmmw in which each factor is added in the above referenced concentration
ranges as well as embodiments in which the total concentration of the two or more -

factors is within the above referenced concentration range. |
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

follistgﬁn based factor) but also other proteins or small molecules that are
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their differentiation produced approximately 62 fold

nore pdxl+ cells than cells differentiated in the

absence of the expansion protocol. This effect on pdxl
expression was further augnmented if the

follistatin-related factor follistatin or a 25 January 2007
conbi nation of follistatin and the G.P-1 agoni st

exendi ﬁmdtxmﬁﬂy agtiedtent dxbﬂilﬂhC(GﬁP-ﬂ hisef. £ GIPE
to sup nt t%gaam di uIture umer&ﬁ{ﬂi}f eldagomsts

cul tur B8 - rendip-di sttt nl(aldcmﬂ’ él@almng The invention

agent )conﬁbﬁ@@ h8 IR6F dn@ o Hdre G IL LAY (,Es\s
FGFI 8 fam |y nenber), hep arl|en ol\ll\lmﬂ‘lt?éiﬂahﬁon medium in

pot ent MG PESENGE caabﬁem of ome mF@prq fobiistajinchastdefaetprs. afk invention
fol | I sdonteinpidiéd tfl@bdd'itﬁi‘lq;f 'eﬂenﬂﬁi—@taﬁglur %l?eg&ft}fl]an LD fgébggrs (in the

approxi mately 281 fold nmore pdXl+ ce
di f f erREvPeRGear @bgence ¢fong s marecfollistatin besedx”:pmls;; graay of a number of

roto r [ | in
ol cvar nccoitin) eS8 8 bl crh Sl b Bk o oter GLP-
i nsul |agom$ta;|:i118h¢ Fuln@F rhedinrh yshnlid‘dsr fromhe peynto (km@iil, More

O, PSR e B o b5 S8 ALt 400,

rel at éniﬂl’ga:aseomﬁthe addihtmmihﬂulﬁplé Q- Ehﬁbnlst%\!illi%ﬁhﬁénl}llon contemplates
cont ain appr oxi e pore- pdxl + cells

Chan. BPRGRER B8 wBh gt et i ed: ot abovsrrfervaced concearation
_expansangcs asrvﬁélbwﬂmboﬁhﬂﬂfs% ShichRS o c@ﬁb‘éﬁhﬁéﬂ LERARItRB or more
in cebwpcl ust. tur%d i n_expansi on nedi um al one -

versu VeI ?’&‘?@@lcﬁ’fﬁ‘eﬂm@i@pmpon medi um
further suppl errented with follistatin. Note the

i ncrease in pdxl expression in cultures containing
follistatin. Figure 7 conpares pdxl expression in cell

cl ust gaditiohaitetEdneds" €XpPansi on medi um al one versus
cell clusters cultured in expansion nedium further

supp| Bareerosskist ah(2062) Rishetssi MetabResRen d8:442-4500t e t he
i ncr S tures cont ai ni ng
foll %%%kﬂeg%bw@%iﬁvﬁﬁaﬁy ‘bei ng bound by

t heorReck etrad (B002) dnfi OIY Abwel Sri(958559%68. of pdx| + cel |'s

exen il 10 Bigeindlih, Bl s not et

k nowPetrdiatue etcal, (2002) @Iﬁtgﬁ&cﬂmgf t hese proteins |s

Imssg fril%tr#t%gd%qiﬁlatg t 0 ot her f)roteln the

f ol | Detlat AIN(109Y) FHBSYL<Hh\€19: PERIG, NS Or smal | ol ecul es

t hat _ar unctional l ewvalent to follistatin
(fol I"?@E%II r?fk@% Jqupne iRalogy ¥dy3§%3%t ed factors

i ncl Ga@dyiRltdnsd “ 4 n and i nhi bin.

Addi t | orléll I Y t?{/g{:’o?ﬁt 48 ﬂf ?I 'statin's

acti nado obal. (200@)lonrnahe: m., estinah Suigtds 2684285.as5- an

I nhi gk p ally

i nt e‘?éact se)\c/)\n&t %%dgyrn%!%‘g%é‘?@l&#ﬁ %ﬁ%@r n), the
Welt et al. (2002) Exp Biol Med 227: 724-752.

Schneyer et al. (2001) Mol Cell Endocrinology 180: 33-38.
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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i nvention contenpl ates the use of other activin

inhibitors (whether they inhibit activin by the sane
mechani smas follistatin or via a different nmechani sm

in the expansion protocol. The invention contenpl ates

the addition of follistatin, and/or one of nore2SJanuary 2007
follistatin-based factors, at any of a nunber of

Fol |1 ot oy taF QooP ufCifiitolyi) ey FAERRLL, " ©

cul tur eAmdudmc{;m(ZﬂOz)doﬁmﬂmfNum ni132:890-98%)/ Ml . More

b1 rortoRE A8 PO DR ol PR P0G 01 *The

addi ti dh’ouu'élmlLQD@l)d)xﬁMdslseimﬁnné’ﬂBsed factors, the

i nventi cont t es ipents.jn [

f act or M@ﬁ&@iﬁ@%@oﬁgéﬁ%&u on
ranges Ih&rs\mhll (2081)doladiof BhtrRion 1311 6421 7oe t ot al

concen $°f &gl wo or more _factors is within
the ab é r“@ Eﬂ@r{é ) a8igdd’-3%endin-4 is
nechan BetrepalVdivet b BosDhBet €1 718LBEI NS, and the

i nvent Eon conte !I?at es the use of not onIy exendi n-4

(in t hETpindsy QEQMEJQHB 11'6‘1‘0-17§2»at| n based

factor n,tpéhts gil %gt&a M4 R qdRdgRecul es
that are January unc ‘le equi val ent

to exeﬁﬁlll?ﬁtﬂte( abetes 108 Bsuppl 2): 74-78.

agoni sgieid -4, GP-1 and
GP-1 ang olggl H@E@e‘ldnveh@ig%nlﬁcont Iat es the use of
one orAhlgres eGILH1296) Premelogment 122: 140%418nsi on nedi um i n

122IeI P; Qﬁ@ %SQ%MZQ% ggﬁﬁﬁm cont enpl at es

t he acﬁﬂlmidoH QP98 Distebtes 47, 18andRzs, one of nore GP-1
agonl S nt Se r nce of one or nore-
folli é%ﬂg’ﬁtstﬁzws‘?i@%%%g ’f‘ﬁa’ﬁ)g of a nunber of
concerGithehs mmgsm‘ YishReaCli BMethoaegagighat i on of
—_—__f

exendi.n-4_or ot her onists Tn the culture

medi um2HES € ab e 9B3)dAeva Biok /9% 2950308- ng/ m .- More

pr ef enafbillote HPHE f ration should be
from50 ng/m tomgggﬁbﬁn Ih&@ig@?ﬁgﬁggse of the
addition of multiple GLP 1 agorists, the invention

cont ey pRsg embodi nents in which each factor is _
added in the above referenced concentration ranges as
wel | B09%M7828 ments in which thetotal concentration

of t.hesPuRnGe. BE@0;factors is within the above
referenced concentration range. Additional References
Kacz oPGl#IS00/884181 . (2002) Di abetes Metab Res Rev 18:

442- %Sb%ﬂﬁky et al. (2001) Science 292:

1389

All publications, patents and'patent applications are herein incorporated by
reference in their entirety to the same extent as if each individual publication, patént
or patent application was specifically and individually indicated to be incorporated
by reference in its entirety.
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2 ST i S0 B o
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G thens and Welan. (1983) J. Tissue Cult. Methods 8:
97-102. Van Nest et al. (1983) Dev. Biol. 98:

295-303. Lanmbillote et al. (1997) J. din. Invest.
99:414-423. W95/18856 W96/ 17924 US Patent No.
6326201 PCP/ US00/ 03419 PCI/USO /24897 All 25 January 2007
publications, patents and patent applications are
herein incorporated by reference in their entirety to
t he sameClilEnt as if each individual publication,
patent or patent application was specifically and
individually indicated to be incorporated by

ref er ende i nAimethagfor differgntiabig &8s, tampesiyg 20AAng substantially

or b cgh e 130 Bl Efflilel§ "L abpSpil o gbiose

experinmentation, many equivalents to the specific

enbodi mgnts of the invention described herein. Such

equi val ént s ﬁ?@?@?@f&l@&ntlowbﬁeléﬂwnwgﬁé@llsw pdxhe.
following clainms. 58 25 January 2007 Cdains: 1. A

nmet hod for differentiating cells, conprising culturing
subst andi al |The mathadiof elaim T, nbeteinthe inswlinscellpare isolated from pancreas.
differentiate to insulin+ cells responsive to glucose.

2. The nethod of claim1, wherein the insulin+ cells

are pdx| +. The methed pfelaiod, whereinabenndulinwbedls aderisoldt! from duct or
i nsul i RyGed ligu@dre isolated frompancreas. 4. The

method of claiml, wherein the insulin- cells are

i solated fromduct or tubule tissue. 5 The nethod of

claim4 wherein.the. duct, of tubule tissue iis sel ected
g fhe hﬂ%?@%fi‘??f’&m&u‘é’fl?mﬁ Yeporfppule tisgpe s, sgfected from

from any of pan

?ug t i kiyd:tfgalyndredﬁu kiect;t(mp@ticadumtg m}]@qc%,ud&uy ﬁxguléit(ég.%roximal
ubul e iLe duct, ft. uc actjferqus duct,

ej acul ﬁ{bB ydlﬁtﬁ@’tﬂ,"he)s@%%f‘tf tearsiyst, {agig,fg;ogs dygtfegaculatoryidnst, |

cysti csdnififerobtTRDE effereftéabt; cydfic &R TRRPIKatEHE:, or thoracic duct.

6. The method of claim 1, wherein the insulin- cells differentiate to form islet-
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 glicagon+
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.

10.  The method of claim 1, wherein the insulin- cells are stem cells.

59



6. The nethod of claim1, wherein the insulin- cells
differentiate to formislet- |like structures

containing insulin+ cells. 7. The nethod of claim®6,

wherein the insulin+ cells are glucose responsive. 8.

The nethod of claim6, wherein the islet-like 25 January 2007
structures contain glucagon+ cells and somatostatin+

cells. 9. The nethod of claim8, wherein the glucagon+

cells and the somatostatin+ <cells are localized to

t he pedl.pheFhe mdthadres claint B, whitein thé st balls Gre sdBeted Béin any of

col I's, “AeyEhRLEh el 8 S collor il swenli of claim

10, wherein the stemcells are selected fromany of

enbryop em cel.l fetal stemcells, or adult stem
cel | s. wlz. SﬁFﬁgw&E’fjﬂg%WIICWBW@,a%@%FWSWCWﬁom any
st em o£hdusal atem celiy, Bttt Breft sRM RNY, parfbf‘eaﬂ@é{&ﬁt:el&ts?(m-d ived stem
cells, ﬁeur | crest stemcells, pancreatic stem cell S,

ski n- §& ag sterpeells ives ster gells, erdothelishstersl dells, heratopoietic stem
st em eelld, fnd BAERMDRLI sflm sigem cel |'s, henat opoi etic stem
cells, and nesenchymal stemcells. 13. The net hod of

claim1ll, wherein the adult stemcells are derived

froman aghd hethdBotdBim }fl,:wh-m:?rr Igg%&ellgtdsp?rg Wﬁ%% g‘gt%v?éd from an

wherein the adult tissue’is se

br ai PACEESHE cord, epidernis, dennis, pancreas,
liver, stomach, small intestine, large intestine,
rectum ki dney, bl adder, esophagus, |ung, cardiac

musclld, sHA&keretiodufshim, 13, wheteinthé hdim tisthR delected from any of
bone_ .marrow, uterus,

vasc ti.-hage, ,bone, IS, .
! ong it dbial AL it RO, ohRcpandises, ieeh Soishiwengpsine, large
i 11 entetin,anctung s lador 2o b Ok Rl Bl 651 ol
to ipnsulinp+ i | ycose, responsi ve cells, conprising a’?s ’
cul t %}} | h](f IBrBrli’ 8?‘@ yasculafuge, gartilags, bowsdronp magiole aiens, topgie, or
cul t wifactgryepithedininn t he presence of a gpl30 agoni st;

(c) dissociating the spheres and culturing in the
presence of mtogens, wherein at |east one mtogen is

an FGF f&mmeﬂlmémﬁﬁﬁm{ngﬁngg%%&ﬁ{niagﬁg?mm%ﬁcﬁg nljirgsﬁﬁm,

presence of at |east two grow ors,” or gt
f act 810 JATPERsive GeHs cemprising | east one growth factor is

an  FGF T@ | YultleiiR Blrified cells as non-adherent spheres;
(b)  culturing cells in the presence of a gpl30 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,
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
(D culturing the spheres in media containing standard glucose.
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(e) plating the spheres on a coated substratumin

hi gh-gl ucose nedia; and (f) culturing the spheres in

medi a cont ai ni ng standard gl ucose. 60 25 January 2007

16. The nmethod of claim 15, wherein the gpl 30 agoni st

is selected fromany of cardiotrophin-1, LIF, 25January 20067
oncostatin M IL-6, IL-11, ciliary neurotrophic

factor, 1@r |
actor. 16 ‘g?o'fﬂfe&mﬂncl a.ﬁqﬁﬁ’“ﬁgi ?fel?é%eﬁiﬂa B0la g&:&%ée%r%%m any of

of st eptardigtrophin-HLIF, oncesiatio M.db-6 Hokl, dlﬁl’)ufeuﬂﬁép&cfactor or
FGF- 7, W&y&ﬁﬁn}%mﬁ%g@ FGF 17, or FGF- 18. 18.
0

The net claim15 ereln the FG- fam |y nmenber
of step (c) or (d) is selected fromany of FGF 8,

Crep (577 naeaiod ol TR OHGF G nueofufp & or @

from anysedﬁctedcﬁnntmw@dgaﬁ@ FGE%EGF-WEGEQIOQMF-QE HGEH B or FGF-
hedgehgg. 20. The nethod of claim 15, wherein step (c)

i ncludes an agoni st of hedgehog signaling. 21. The

nmet hod of any of clains claim17-20, wherein step (c)

i nclud he aim 15, wherein

! U998, DePRL et Gl B PR hetior b eaiten e or @
f r om aippselobtedGom anthf FGSB; FGF- Gror FGE-1BGF- a2, TGR-f),

PDG-, VEG-, or ‘hedgehog. 23. The nethod of claim 15,
wherein the coated substratum of (e) conprises at

| east tMe Ofhepfitiod.ofelbich s s
superfi brgerectl n. 24. The %c#gg&gﬂcﬂ‘fncfdd&%l%% HO%EI n

t he coBf@ from gny of sonisdedgeheg desertihedgehass or Tiian
met hodh ai m 15, wherein the coated substratum of
(e) conprises Matrigel or a cellular feeder l|layer. 61
25 January 2007 26. The nethod of claim 15, wherein

ol tgsg. P eRREt Lind L5 e AR 05 B8 ap aBfifuol Bdgchos

hi gh- gigmelirg: medi a conprises at least 11 nM gl ucose.

21.  The method of any of claims claim 17-20, wherein step (c) includes heparin.
22.  The method of claim 15, wherein the growth factors of (d) are family
members selected from any of EGF, FGF, IGF-1, IGF-11, TGF-a, TGF-B, PDGE,

'VEGEF, or hedgehog.

23.  The method of claim 15, wherein the coated subslrafum 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 supefﬁbronectin.

25.  The method of claim 15, wherein the coated substratum of (e) comprises
Matrigel or a cellular feeder layer. '
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28. The nethod of claim 15, wherein (e) includes at

| east one factor selected fromany of serum PYY,

HG-, or forskolin. 29. The nmethod of claim 15, wherein

(e) includes at |east one cAWP el evating agent. 30.

The met hod of claim29, wherein at | east one cAMPS January 2007
el evating agent is forskolin. 31. The nethod of claim

29, wher ei i . : .
20y BT ARSIk At QO i LS A i

met hylerBA0 mMeluceseol era toxin, 8- br ono- CAVP,

di butyryl - CAMP, di oct anoyl - CAMP, pertussis toxin,

prost agl andi n, col forsin, R-adrenergic receptor

agoni &t-s, The roethad aficliim 36, wiein thib bigheglinose media batpriseOat least

wher ej ik t one cAMP el evating agent is an
i nhi billt or %I\L'%%%P phosphodi est erase. 33. The nethod of .

clai m 15, wherein the standard gl ucose nmedia of (f)

c AT ASS: TR Bt alnd 1 SN G tde e o e il
| ess frdnhady &F seidng PYOQ FIGF, aSforskdln. met hod of cl ai m 34,

wherein the standard gl ucose nmedia conprises |ess
than 5.5 nmM gl ucose. 62 25 January 2007 36. The

et hQ@g. of Tak aletoll of cMIETS; WherelAQe) BEudestt 1ebétlone cAMP elevating
additionally conprises at |east one factor sel ected

from®8# - of serum leptin, nicotinanide, nalonyl CoA .
or exendin-4. 37. The nethod of claim15, wherein the
insulin- cells differentiate to formislet- Iike

st r udfur eThemathad of elaim 295 whermin at lshst one B8MPRievating dgeunt is
of claighya. 7. wherein the islet-like structures also
contain glucagon+ cells and somatostatin+ cells. 39.
The met hod of claim38, wherein the glucagon+ cells

por i Bhory EOY pRbd bt i 257yl SANE olef i i Hoppind rom

of ol ofiCRL-cAREY Sirskolid NarBuithest, fsobutlnh oyt tiad, oiiera toxin
- +

col | EORm AV donbndea Aol SAME iR | ne

non- peReFaiting BAI €A, B-adrenergic receptor agonists, or ;AMP analogs.

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)
comprises less than 7.5 mM glucose.

34.  The method of claim 33, wherein the standard glucose media comprises less
than 6 mM glucose.

35.  The method of claim 34, wherein the standard glucose media comprises less
than 5.5 mM glucose.
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41. A nethod for differentiating substantially

purified, insulin- cells to insulin+, (glucose

responsive cells, conprising (a) culturing purified

cell's as non-adherent spheres; (b) culturing cells in

serumfree nedi a suppl emented w th cardi ot r ophi n25 January 2007

(c) dissociating the spheres and culturing in

serumfree nmedia supplenmented with FG--18 and a

hedgehog pol ypeptide; (d) culturing the spheres in the

presence3of dhe inethed ofcluimd 5 oviicheid B tnRkif, of (fPAddBfoRM My comprises at
S

factor a [ wherein at | east one growth factor i

FGF- 18; efg%oli%%t?ri Sﬁ%‘ﬁ@"’&ﬁ%ﬁ’ S leptiy, digotigamide, malonyl CoA or
subst r at eendin-4hi gh- gl ucose nedi a; and (f) culturing

the spheres in nedia containing standard gl ucose

suppl enented with nicotinam de. 63 25 January 2007

42. The3Wet fbd nethod bélin s, whblemdhdink{18- CORY hifefhtidtE o form islet-
i ncl udesl. hg&grl n. 43, .The gﬁt hod of claim4l, wherein
the growbs SFUGre; confginingipsulintcsllsnbers of a  growt h
factor famly selected fromany of EG-, FG-, TG a.
TGF-(3,,d G=J), 1G~ ||, PDGF, VEGF, or hedgehog. 44.
The metHod Tre methedefslpim 4 cwharein thedsletelite sirusturésdso contain
| ncl udegudagai dells arfiRomdtdRatielcBRd of claim4l, wherein
t he coated substratum of (tg‘? conprises at |east one
of poly-L-ornithine, lamnin, fibronectin, or
superfibronectin. 46. The nethod of claim45, wherein

the coated substratum of (e) conprises
super f i38r ondbe method of claime 8wehdreid thafghedagdnmcdlls andiRr sBindtostatind:

the cogtmdys f. {e ises Matrigel or a

cel | ul gtf, fee%g?&%gﬁepo%gﬁerg@@g%&'ﬁ? ¥HCWEpri si ng an
islet-like structure differentiated from

subst agji al Ifi .1nsuljn-. cells or progeny .

DSt a0 o b A o B A g

gl ucos eubstmaliyspurified Ghiutin tiefl§ ©igdlihALAR indiidREbxpanding the paxl+
subst apéﬂs%hzx%tﬁu” fl@d insulin- cells or pr ogerPy

t her eof . . 88??(5 Ptoqﬂ‘?f?ﬁ‘rprising an islet-like
structure differentiated from substantially purified

insulip- cells or progeny thereof and a
ohar mebeyt | A gfepd for differeriating substantially purified, insulin- cells to insulin.

glucose responsive cells, comprising

(a8)  culturing purified cells as non-adherent spheres;
()  culturing cells in serum-free media supplemented with cardiotrophin-
L
(©)  dissociating the spheres and culturing in serum-free media
supplemented 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; and
Y culturing the spheres in media containing standard glucose
supplemented with nicotinamide.
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acceptable carrier or excipient 51. A conposition
conprising insulin+, glucose responsive cells
differentiated fromsubstantially purified insulin-
cells or progeny thereof and a pharnmaceutically
acceptabl e carrier or excipient. 64 25 January 2@8§7anuary 2007
52. A nethod for treating a patient wwth a condition
characterized by inpaired responsiveness to gl ucose,
conprising adm nistering to the patient an anmount of
the islet-like structures of claim48 or 50 effective
to i npAdve Tht meted of dspClls WieRRIEe mediBof (6) ﬁﬁ5§5
treating a patient with a condition characterlze

i npai red responsiveness to glucose, conprising

admi ni 43.er Thgmietod Bﬁclﬁﬁme%eﬁﬂ,] tﬁé@ﬂf&h dtods %g@) are members of a

i nsul i n+, ucose responS| ve Cce a| m

ef f ect Wt} e % hardly selegter-Bers any oo FIGR TEF . m‘@ B,AGF-1, IGF-
nethodﬂqﬁxmmqqgﬁshq&d%glgnunber of Pdxl cells in a
e

non- adher ent’ sphér ‘nsulin- cells, wherein said
Pdx1- can differentiate to deI+ cells conprising (a)

cul t urggng W= el 0 herent,
spheréM gﬂkﬁb cgkﬁﬁFVﬁgwﬁ %ﬁﬁﬂmgﬁﬁgﬁéﬁi Hﬁﬁ@min
medi a conprising an FG- niltogen and a cAWP eIevating
agent 4kor whereby fol | ow ng at | east
one da;% in cuﬁéﬁofﬂmﬂg‘i wherep heicestedsubsiratumept (g) cospsises at
and alastidae Bfmﬂdﬂ@ﬂﬁ&?mhmhﬂq}bw{é&ﬁ{ ol pehibro &%Jn' s in

sai d non-adherent sphere which can dlfferentlate 'to
Pdxl + cells increases. 55. The nethod of clai m 54,

wher e#é salie m&kbidofic HerdiBEL 8o s@%&&
The net?gwp&% claln1ggﬁaaﬁtreln galghwe I a |s%g§°gm§n&5
9. 7. 1.

medi &% 57. The method of claim"’
wherei n sai d non-adherent sphere of cells is cultured
in a%kdlc nedla prlor to addition of nedia conprising

an F thed @f claint4lymheiethe ¢oatgd apstdtum o8(e) Fraprises
nEthqﬂmﬁéﬂ@}ﬁhﬂmﬁgﬁﬁﬁﬁgﬁ%¢n said nmedia conprising an

FGF mtogen and a él'evating agent is acidic
medi a. 59. The nmethod of claim57, wherein said nedia

<" nei o Aain bR et ol o

substantially punﬁed insulin- cells or progeny thereof.

49. A composition comprising insulin+, glucose responsive cells differentiated
from substantially purified insulin- cells or progeny thereof.

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

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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60. The nethod of claim54, wherein said nethod

conprises culturing said non- adherent spheres in

medi a conprising an FG- mtogen, a cAMP el evating

agent, insulin and/or a corticosteroid. 61. The !
met hod of claim60, wherein said FGF mitogen is 25 January 2007
sel ected fromany of FG--5, FG-7, FG--8, FG-- 10,

FGF- 16, SEGF-A thethod firTeatldh 2 paent Wik 25 brablofthed i
wherein said cAVP el evati naglﬁ.ag:ent ias {éfg (gjc(?led fron[%@qmp-wed

any of TEPPRYYNESS tp gluepss compriniag pmipistering to the patiept an amount of the

met hy | xpRrt-like 3 ructiRs beEIdim 4800650 efBetivt R .
di but yryl - CAMP, di oct ang]yl g C‘AI\/B, pergbﬁglgﬁ?yglgg?srﬁrespouswenes&

prost agl andi ns, colforsin, (i-adrenergic receptor

agoni sts3, ois mEGd 354k santh gﬁlﬂ of,.clai.mgo,. .
wherein said corti costeg?’% %I9 %hsmtsgﬁlég?}é F’oérlﬁz '}a%lncgq%?daby impaired
dexanetBRaRsNENCSS Jelglueases dopprising adeitisiedngto the patient an amount of the

Pt amerhagny o EHHRRREE bR 305 4 o 35 SRS Imareygtucose-
met hod respensiven®s. cul turi ng sai d non- adherent spheres

in nmedia conprising one or nore follistatin-based
factors or one or nore GP-1 agonists. 65. The nethod

of 8' abfn 544 r?vdﬂmdaifﬁnfeésﬁgm nfabef GF B S@SHs Bt/ lnbii-hdlirent sphere
sal nop.- erent, spher, I.n nedgla conprising one or

ror e 1 51 IR Rl i Bour s hiene t s eellepmmprsing
agoni sts 6qa) TheulsidpQdidhsulih-ell? 6 Forfl ncﬁ@&h?l@ﬁlr sphéle; an

said follistatin-based factor is selected fromany o
a fol listatPh, gufingsaidaon-adhesnssmberedemedip compiising arFGF

an inhibin. 67. mipgelBidHAANE | erein
said GLP-1 goni_st I s sel ect eg&%%&é%@ggﬁgaes;‘(%déﬂ -4,
exendi Yesebydphoving gk least operday inpidfuomin nosli2®mpmisingay FGF mitogen

2007 ' 54. .60, 6
firt he@a_ co %‘f&? Eﬁ%ﬁ% i__“g%‘é ?{el"yn?"?‘gbﬂc%‘?“ﬂia‘fegs incicEhqnclpent sphere
spher e¥hichorap dif§irengiatedr Phulomlls mcteaseppr oduce i nsul i n+,

gl ucose responsive cells. 69. A method of
di ssociating a cluster of cells, conprising culturing

t he cl58st eThe méthod bf dlainns4, vbereinasid Aediadh adilio WRABDL pH 5.0-7.2.
XXRI'. 70. The nethod of claim 69, wherein said cel Ips
are stemcells. 71. The nethod of claim 70, wherein

sai d $§6.em Tied thethed 6f csimess] @Herbin Q4 ARdiaG aciBO RIMRAVEFH 6.9-7.1.
stemcells, fetal stemcells, or adult stemcells.

57.  The method of claim 54, wherein said non-adherent sphere of cells is
cultured in acidic media prior to addition of media comprising an FGF mitogen and
& cAMP clevating agent.

58.  The method of claim 57, wherein said media comprising an FGF mitogen
and a cAMP elevating agent is acidic media,

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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72. The nmethod of claim 71, wherein said adult stem

cells are selected fromany of neural stemcells,

neural crest stemcells, pancreatic stemcells,

skin-derived stem cells, cardiac stemcells, liver
stemcells, endothelial stemcells, henatopoieti@5dJdapmary 2007
cells, or nesenchymal stemcells. 73. The nethod of

cl ai m 80, wiike method of clhin $u] Wheréif Bi€ Rlettod 2b:8ori id non-
from agdheadglst tissue.,. 74. J The net hod.  of cfﬂzﬁ%%sggsaldmn
wher ei AARSEGE Sphgres m media comprsingan EGE (mitegsha mxpAMBfelevating agent,
br ai n, insydinnaid/or alkcoiticssrsi@r M s, derm s, pancreas,

liver, stomach, small intestine, large intestine,

rectum ki dney, bl adder, esophagus, |ung, cardiac

nmuscl egl. skerRiméthdisFe .helsi
vascule‘gélgr e cartila leﬂ,ﬁng((g’ne, tglg%el& ﬁgfr@\%%g%{ségﬁlﬁ%m from any of
t onguefClses F%FT7aE@Er33’@pN,H‘QFrUnFGF57, ¢ RGRvtdsi ti on '
conprising substantially purified insulin, glucose

responsive cells differentiated by the method of any
of cl &2ns The maethod1 oforlai860, Féherehn sdid @AMIE dlevatinp lagsnt is selected

gl uco ' i £.f erenti ated he . net hod

or " aont BSPPECEYEAN) Exdiplh NSRS sl iaplnins chotera
77. Ukinf S-bromioicAMP, g dibutysyl-cAN O RBdctMoFIEIAMIP,| heftlifis toxin,
manuf ﬁ&&ﬁéﬁg&f a madllﬁa nt ,to treat a condition in a

pati eft %%ﬁog‘ﬂ?lﬂ’ Fgipircspior agarists s eAMEdmalogs.

an inhibition of glucose responsiveness. 78. Use of

islet:like structures containing insulin+, glucose .

r espofrsi velenethod of claim S0y yherein said cortishsteroidasiselertedrftom any of

to tréexbmathe e, tHyRRdch pat.i i.n said .

conditjon is charﬂact errlﬂsz(glg’ g%/)hgﬁﬁer’ nﬁ%ﬁ?lg??’ oPelyiprguisolone,

r espdHamGiBAloye, or hetamathasonse of claim 77 or 78, wherein

said condition conprises di abetes. 80. The use of

claim77 or 78, wherein said condition conprises an

i nj urbf or Theimedhodef olsin 56, whervir itbmethdd coliftisesd@ltafing said non-

cl ai RyKete sphSes W&ﬁa’ n said condition &ion'p_ri ses an

injury or peies W edda comprising one @k more follistatin-based factors or one
or more GLP-1 agonists,

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
- ormore GLP-1 agonists

66. The method of claim 64 or 65, wherein said follistaﬁn-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.

.66



25 January 2007

68.  The method of any of claims 54, 60 or 65, further comprising differentiating
said non-adherent spheres comprising Pdx-1+ cells to produce insulint, glucose

responsive cells.

69. A method of dissociating a cluster of cells, comprising culturing the cluster
of cells in the presence of Protease XXIIL

70.  The method of claim 69, wherein said cells are stem cells.

71.  The method of claim 70, wherein said stem cells are selected from any of
embryonic stem cells, fetal stem cells, or adult stem cells.

72.  The method of claim 71, wherein said adult stem cells are selected from any
of neural stem celis, neural crest stem cells, pancreatic stem cells, skin-derived stem
cells, cardiac stem cells, liver stem cells, endothelial stem cells, hematopoietic stem .

cells, or mesenchymal stem cells.

73.  The method of claim 71, wherein said adult stem cells are isolated from an
adult tissue. ' '

74.  The method of claim 73, wherein said adult tissue is selected from any of
brain, spinal cord, epidermis, dermis, pancreas, liver, stomach, small intestine, large
intestine, rectum, kidney, bladder, esophagus, lung, cardiac muscle, skeletal muscle,
endothelium, blood, vasculature, cartilage, bone, bone marrow, uterus tongue, or

olfactory epithelium,

75. A composition comprising substantially purified insulint, glucose
responsive cells differentiated by the method of any of claims 1, 15, 41 or 68.

76.  Anisolated insulin+, glucose responsive cell differentiated by the method of
any.of claims 1, 15, 41 or 68.
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77.  ‘Use of insulint, 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 freat 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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