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enzymes are dEPIPPEIEHharen py&larenesdn thes ealstiesn by t ubes constructed of
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This invention was made with the assistance of government support
25  under United States Grant No. U19 DK61244 from the National Institutes of

Health. The government may have certain rights to the invention.

Field of the Invention

This invention relates to the field of non-embryonic multipotent stem
30  cells, specifically to the use of non-embryonic multipotent stem cells to provide

pancreatic cells and methods for producing and using them.



The endocrine pancreas, conprising only about 1-2% of the pancreatic nass,
contains clusters of hornone-producing cells referred to as islets of
20Langer hans (the islet cells are responsible for the maintenance of bl ood
gl ucose |l evels by secreting insulin). These clusters are made up of at | east
seven cell types, including, but not limted to, insulin-producing 13-cells,
gl ucagonpr oduci ng oz-cells, somatostatin-producing .5-cells, and PP-cells
whi ch produce pancreatic pol yBagtdroend sithehekention 2002). In addition, a
subpopul ation_of 25 endocrine cells referred to as 6-cells recently has
been describe@ﬂﬁﬁﬁiler, RS., et al., 2005). These cells were discovered

based on thei r pr ofiiiah@gasqf adhivnGhddap@ed BRAEWHICR 1R ok adak BoRept | de known

to be secreted by enteroendocrine cell di gestive tract.

Transcri pt i onagpeCiz§danksidinaihe gidopimddodtyi Adaphemranatonieadlyfdesaibed
30Differentiation, . . Endoder m speci f.i cat i .foregut a m dgut endoder m
apeci 1 car] omssiainaireait ropumarauih R heRideRt S8 10N B by e
conpl ement  of diddamse) & Pédyp Bnd aail Glaperédb@1bcaldd nelpde spleed! Mitis orgint 1 al
endoderm specification in the nouse jnvolves expression of Soxl1l7

( Kanai - Azuma, hwsesdivognain tissge pypes: ggocripe Hipsugscomprisedsothoth wanaand (Weber, H.

etal ., 2000; , o3 t I@%H] 7 (Henry, GL.,
and Mel t on, Dﬁ%&& ?‘gélgsﬁlﬁ ?Sg%}gﬁﬁ%%‘%r <§/o,n t eét%z%)&hgdg‘ trgb &r%gé{ogﬂé%he lé:e?gr,
Hn[err], is naesda fdralelivdne intethe bowderdamo fThe epspiac prneedspeopguisingnd ni dgut
endoderm (Ang,, S, L, al . 993). . her 5 transcri.ption factors then

com & tnid T optey e mabie st At A e Hob S RE B ig. gastric,
duodenal and paneidaP&cRREPEaR(reforred td Bs {oiiS) RBNIGIucPAesBRSnkymaeri ved in
part fromthe ventral and dorsal foregut endoderm,  which subsequently fuse

to form the nturBYBsyinaseayiopholiate, FpsinhehypioHyPEBsATBOREpESEat ed Wit h

expr essi on of L P Ad; . | eti on of H xb9
(Hentsch, B. g%%%@%ﬁﬁg%%§k§§k€@§%%£?g;$%§?§?§%%fé g%&%%yﬁtH%EG) | eads to
dorsal or congigetiee pwror Basibeg@netsicsd of esiped dvwadlycellgwdicht dimugh a dor sal
pancr eas d can be.detected j.n Pdx-1 defigcient enbrygs. Ventral pancreas
ormat i onl's PRRME R oRG il B9 S PP H TS PEHDE S S TR eab dor sal
pancreas speciidtaibed1s lbsatedef dosih@fhg cAbcbngohe MBREVRES coMB@EnE: t hat i niti al
specification is different between dorsal and ventral pancreas. As a
pancreatic bueliss still formed, despite the elinination of either
transcription fact j I e t si on of

H xb9 or Pdx-1 forﬁ%gﬁ@éﬁg%#%ﬁ%gﬁﬁﬁ?ﬂgﬁPg%ﬂﬁ&ﬁﬁﬁﬁ'%%ﬁﬁ?%ﬁ%ﬁégég§exocrine
ver sus endocr mass, pantainssdisstars odissmon@apreducmg delle xqferesisto am ishdts ¢ f | a/ p48

20(Anl gren, Ti. et al .1998). and n3 dwohl, G e | .., .2000),

respect i vg(? y. L@geﬁ@{“e(,theljf]]ﬁ celdliﬁrgge%g%lg% g‘;;rtr%lﬂ)e IH?@@“HEEHEB@QG SHSPi er, i.e.,
during speci f je¢alk bpBecRfting RBUNSNThde dMARES ABkiade By Of 4tHeusp@ENEell Y. et al .,
2002). Like Pdx-1,  which is needed to specify pancreatic endoderm Ngn3 is
needed to spebPesy shdaehttinet bndetier sylm-pradicargdoedlisnglusdgagage, and it is
bel i eved t hat I C i r 1 cells.
Ngri3 is aIsopéggggéggﬁbiﬁk%ﬁgﬁﬁﬁH%?gﬁﬁﬁgﬁ%gégggygggﬁ%Q?gkéﬁﬁmggd del etion
of this transpacphiiopolfmptide (BddtndpHI, 206H)f &radslitemds eutipopulptiorcefeas

devel opment, but al so.nervous syst devel nt. Furt cogrgtnent to

0 cel 1o 20 vi Etor R ERUDRIERLT &Y PRAE e RRTeR: aosteli (LGP R e e

al,. 1997), Palx@o(S5amdede.ccld wete dakcoverddRiddd onNk62pRddiSismslghrelin, &t al ., 30
1998; accessi on number NM 002509 for human nmRNA sequence) and Nkx6.1
(Sander, M e@PPsfite stipglagng peptide Kpesyn (9 berseespige by entesegrdqcyinmeeliEpdder i ne
Pancreas and @pLelk (bifferentiation During devel opment endodermis specified
by a conbinati on of factors, including nmenbers of the TGFO and Wit fam|y.
Wit 3 i s expr eSgmstriptionahé i¢ Yinddriymesindeainedtadcrdmaiddbially nesoderm and Wit 3
nul | nice3€o 0, mj %ﬂnnesodern1cx endoderm (Liu, P. et al., 1999). Nodal is
expressedin st and in the anterior regions of the primtive

streak (Zhou, X. -eEmloderml@ISficatidndfordgiCand midgut endoderm specification and

subsequently pancreas specification are regulated by a complement of

transcription factors (Figure 1). Specifically, initial endoderm specification in

the mouse involves expression of Sox17 (Kanai-Azuma, M, et al., 2002), as



Wit 3 nul |l enbryos, Nodal null enbryos also fail to devel op nesodermand 5
endoderm Usi ng Xenopus ani mal cap assays, it was al so shown that activin-A,
anot her nenber of the TG- famly, induces both nesoderm and endoderm
specification in a dose dependent fashion, with high concentrations of
activin-A inducing dorsal nesoderm and endoderm and | ow concentrations

i nduci ng ventral nmesoderm (McDowell, N. etal., 1997). 10Subsequent pancreas
C(ﬁrmi 'g;lént gndellemt@atf ﬁ-:SmﬁdGatacff(ﬁG&ef;@gT&i il7e000; im»s?k&g raﬁ%.:qh@t gdﬁbé rnﬁrrbers of
the T and Wit fam | vy, S rs of the F an edgehog
fam | ies. Conlﬁgﬁb*ﬂlw{xﬁrw?@?m'é%ﬂédé?%}ﬁ‘é‘blq AcBiBdnSubgpquently.equi r es among
ot her signal t 4 ILfi cation.

| ndeed, expr Zt}slésqlq%)p%tog\{% nﬁd%)fadt&h{{ggtﬁﬁ sk ﬁge[ehidel%gg%gr% {’{Ib}ﬁ’?&ﬁ hg Pdx- 1

pronot er al tenresmttefeffonegglmdm@uomdodbmcmgoﬁzh es elylloe3). Othast eri or

ext ensi on .of the s or ma ris e proxi mal
duodenum an&raingcrﬁ’i‘gg?qcaocr%@le{}\mlﬂm} ‘tegBtrf"“&m@%'ﬂ%f‘%‘?d&ngé%R‘é?i s of the
pancreas. Congir® feeRin V\ggsﬂlctauoae@h)glﬁrmgﬂemndgmr al Wit signaling inhibitors
can be detect ed in tI%e nouse enbryonic pancreas, including sFRP-1, -2, -3
and 20 4 as wel | d8 o weuse naBFRasHs devived epartfrom troepiral anddersalhs cormi t ment

hedgehog ( SrEy R Aot Si@uchdh B THRRARIS i UL "5 acept or,

pat ched (Pt c)Commitsest tmtiregpansroasspassadiateld Witk crtdsamniod Iﬂldtcanpca‘rpmbﬁat iC

:gh} (r)urel : 3@2 I(ftrlﬁPla#bg‘?éjgfﬁtP&t hlgtD ‘l%l i gn’%d%llg&b%d plals ;lg%) B‘%hg)t 0(2:28% act

to repress SHBENRIMAIS kP, 1996) 1QIPRMGFBRSH SupRAOSRAE s agenesiffancr eas versus
liver specification in the ventral gut endodermis at |east in part

det ermi ned byrespertvehy, sHercibeughyg doral paticepeebitd abdidalectad iodi-n (Jung, J. et
al., 1999), 91%8 ow doses of 30
FGF2 may be Y%g{é{ns%?&?%f%g%ﬁcrea‘gsrg%sffnﬁga?(e&ﬁgél %{%&&8 ?%ﬁn%q orsaP f or egut
endoder m ( Hardifikiznt endorpos, eherass do2abBgncrehnsprdidicstionrs dgfidant.eas speci fi cation

and dlfferentlatl |s re ul at ed . si aI|n .Jensen, J. et at,
2000). ElPnminatio Wﬁé?%&}hgd‘ﬁ'ﬁg Catlg’& gf. : ﬁlebfh’ieeblr Hes- 1,
| eads to accaioega%&ﬂvéﬁtrﬁmha@w sl mn&@atmneaﬁl REhéd) akdpitBihe

Endocri ne versus exocrine pancreas differentiation is regul ated by
endoder m nescﬁi@?lmthiitoéleah@f@wﬂ?t@ftf@@@ otheksigrals mpy be nrogg) befpig part nedi at ed

b Il - f the BMP
Cam Ty of o cap-aRpofELS bRk phile B SR SR R ISR Cenchyma

5i nt er act i onstolkay®@ina veisad exrdobmapranceeuios:aasmeate@wah eamedionfofPefapdl i on. These

wner oas 19 or B Betlnd o) gab NEERLOE RN St Dot BDL PR D i e

produced by thge, Imagam ar%%@ﬁ&%lﬁﬂ:’éhéﬁ atRelis. @uﬁﬁ@g BiticAtidnUT th1t 0 an
exocri ne phenot (Sanvito, F. et al 1994). In addition, TGF) 13 nenbers,

such 10 as BNRR falmﬂéﬁfﬁmlﬁﬁKﬁW&“ﬁ@an@Mn%oo)zhaly'ﬂ(pi’é?&'én‘f"h@héﬁocr| ne

specificatio ri in vivo. FGFs
o oduced by mseR R epapaRRee 2t AR ERRAR o BRER AR ' 2
appears to pladodermab ¢hd endperoleilihesgaf dndrit iobelRaxd fhapamlocma:tueﬁs preogeni t ors

Bhush D abet 50. b t | di |
ot or2 e s L TR s ALl e AP PR e IHE B1AE- o) Ueoce | evel s

(hypergl ycem @vou@s%ﬁ@@ #hdseletionsf R\ AGE Rt fE faclor AeSIY Hddcts S reachi ng
epi dem ¢ proportions in both industrialized and devel opi ng countries. In

1985, there viddecriisiapsrseiceslgpmmthuf plsoperpelssydemiderelennagnét Bathgsr | dwi de,
whi ch i ncreasgglidRedtid ki rease further by
cl ose to 50% by 2058 téf)bacglgstl{ggw%g@iéﬁ&%edéw?@ F’E’g‘%gﬁ%{e}cs’g death in the
United Stat esP1n¢ttacBr ¢liahg199G), tPaed (@aeddr.denetDi. a%ﬂhﬂﬁ%&uabh bnst at.he econonic

cost of be in the $132 lion i $92 billion
of di rec'?éogos W?Sélqplnaﬁ‘ggr Wﬁ@%@g?‘%ﬁi‘“ﬁ@n?@% SPHC 8‘3{% iﬂg?ggwo billion
by 2020. ZSGe(rs@ﬁ@érIM etchl. odo@ogs nel litus can be subdivided into two distinct

types: Type 1 di abet es and pe 2 d| abet es. Type 1 di abet es |s_charact erized
by little or Bsrasgl : angseas 26 Arigehl i ffsront in

chi | dhood or earl of the

i nsul i n- produci ngy%'%'?r%l ﬁ?@ﬁé}t eﬁ%dgﬁ%ﬁg t?‘?d(t?%’l %{bﬁﬁ?ﬁ#g%g%{rcg’?sve peopl e
with Type 1 dinclbdingsnembsts df&alkeéTC'ﬂmmﬂdthd familps Writhisiaxpesteddmthedai | y and t est
their blood sugar multiple times per day. However, the nultiple daily
injections of insulin do not adequately mimc the body's m nute-to-m nute
production of insulin and precise contBol of glucose netabolism Blood sugar
| evel s are usually higher than nornmal, causing conplications that include

bl i ndness, renal failure, non-healing peripheral




vascul ar ul cers, the premature devel opnent of heart di sease or stroke,
gangrene and anputation, nerve damage, inpotence and it decreases the
sufferer's overall |ife expectancy by one to two decades. Type 2 di abetes
usual ly appears in mddle age or later and particularly affects those who
are overweight. In Type 2 diabetes, the body's cells that normally require
insulin lose their sensitivity and fail to respond to insulin normally. This

insulin resi sirimifiee Rk bel @velopREendseerfpay WeBmsillkyiceds ha fhmsul i n
production by the pancreatic beta cells. Eventually, however, the beta cells

are gradual | yR¥R¥aRISY sadesiern (i, £ 1569l HEv. Nodplris eresspdbe enblasit s of

10excess 'ns%aﬂl@legntkgosﬂagogé&%ﬂé 0 QR AEAS K. k@é{?h%aa}élnhuﬁs@.te' y, the
overwor ked beta cells die and insulin secretion fail's, ’bringing with it a
concomi t ant rWsi nul ebibowd, Ijbdet oslberhbrysudlid fail émtevepahssotidrataridt can only be

controll ed by expgenous insulin injections.. Hi bl.ood pressure and abnor nal
chol est er gl !eé@%c% u@glé‘lgl ey GRS it Hﬁggéﬁﬁ Q?WI*I"H@&S“EB' i tions,

15t oget her  wignbthbi 1816 bdr@P theSHER family R8RS Both heesbdta 2l h@fetmat t ack, stroke,
and circulatory blockages in the legs |eading to anputation. There is a
third type ofspefifigsépei 3 ¢ospprdndelt Ssbioaswitlkshigh geragntssticns gésréivincAdef ect, such

as Maturity 1 H?% Q{ER . 0 a genetic
error in the%@%&g}%ﬁ?%f%%%g? %%Hggﬂxg e%gl AR IS llobimgg(ﬁ?éty to process
90t he gl ucosevehth@dtmesodeemyMdbiosvel NI et i d987)speci al gl ucose receptor. Beta
cells in patients W th Y cannot produce insulin conectly.in response to
gl ucose, ll%esul ti né\%?‘?q}’l Q?W%(SWP%W arng(ﬁﬂﬁ?‘)rcémF P%‘Ef??éﬁ?m%‘ﬁtglen@\?ent ual Iy

al so requi r esyjdonsgildtea %ﬁh@ﬁbé@@ﬂmﬁ@ A Veditthil pvid el 8y iRdiveal treat ments
|

for insulin-dependent abetes 25are limted to 1nsulin admnistration,

pancr eas t r aridhediihaiddredgetiogiamiligs. t Gorppraddew it pitiad sadagermpancr eas segnent s)

and pancreatic_i.sl tr.anspl antation. .l I IS far nore
o evaent -t haper rEPLalR Bt hloRP ool SHlt D WhES QAR gep iy
t ranspl ant at i faAcredtiRwadeterm cpedi ficatibn. Ngdéddpaabrasiga o MWanthot WaitJapinger Despi t e

2l veys 303 njiBe sang! EHEE oD BB HES G et FROD g BOHEFSRHE of 5 can
adversely af faeﬁasteﬁoxpé&é@ﬁh%fme%ﬂﬂﬁa%H%ﬁqr@r%ﬂtnbﬁhallywn%sﬁ@thes'f ress, hornonal

changes, periods of growth, illness or infection and fatigue. People with

di abet es nustprexmet duedprunb @ng ksegseaciatedivath tefldcsion ler eemplaiengeneyisofl yceni ¢ (| ow
bl ood sugar) r LGB J. " I n
contrast to itﬁggﬂgﬁeggd@n%%%gﬁ %ﬁtﬁ%?&ﬁg%?tg&pgéﬁ%’ég&% %?ﬁfg? gllzl]lp g Ton or

t ranspl ant at i can betiets@ghirths mohisetdntbrpmiciapasas, inckidingsFR®-have3 and ed di abet es

in patients. wever , due to the requirement for life-109 i nosuppr essi ve
t her apy, 1the ‘nga _kﬂsﬁg‘égﬁﬁ)ﬁpi%’gug& ’Ijt%)g)p PREFCHEP BRI AR Fdney

Stranspl ant atyeafaliag weB a8 1528 folFakédedRANE B A% BY Yorlié ROBRhGSAMH)ONS
relatively infrequent operations. Although pancreas transplants are very

successf ul i nHebioi Mgeirdopd®)wElikinahentf the SidHapctpior, piitdisé(Re), i nprove their

bl ood sugar t 0] hey.. y I L. 1 Nj i and reduce
ong- t or m corg et QoPE st YR RRS fo MEER S bR USERLERS, 270 T eae
transpl ants. thMsictivii A @yhadsreadd) V.S. g el t2000) aadfpaiGFe {8 atdilansfpAasitali nvol ves a
maj or opefation.and requires the use of |if _%Il-ﬁn i mmunosuppr essant drugs to
prevent tfe b%)g;)§gr} theyngie lﬁraﬁtr?f’d@%?stsg Bgi‘ﬁéloﬁé’h@raéas that is a
forei gn graf tpanMEsthaitoddase drugs, the pancreas is destroyed in a matter of
days. The risks in taking these imunosuppressive drugs is the increased

i nci dence of i nf edlangas vargs isersaemilcatipmm thavenyot gutisadederm is #A8sk eni ng.
Pancreatic is; 1@[}? i f C es than

whol e pancrezllg%%rrttgélsp gé;@gstgﬁgi g@%@ﬁ?é@%‘id Cglﬁsqgrﬁdzﬁeﬁ%’gg%r&bg repl aci ng beta
cell's. However. gt d.h&oWhortielgappfesses patcrane kpesifmutdod, stheweas ow dasenspl ant at i on

remai ns u ved problem.in islet | transpl antati.on. Since islets form
only aboﬁ{b 28[:5 %OIB?}/ ?%@pé’ﬁtfiptrtgr %{?F%@??fe{l%ﬁoaa%ﬁbdfﬁ%ﬁ?ngle the rest of the
pancreas t hatendo@smTRbrdl2000€ ei NS203N. hakeRioA RNk BeelfiKatnhadr s. Al t hough
an automated isolation nethod has nade it possible to isolate enough islets

from one pancHEesntiagion isisgyptsaby Netch signalingfensen, |- e4l.ofi98ed to the 5 or 6
organs previ 2 estag e | g nd for islets
still exceedgl‘zjlt%'}lﬁellatj(izlcﬁlrrentt{kgfpa;lg’glJ aﬁoﬁﬁg?éeﬁ%ﬁﬂ%%%gf@fPgli%%%lgq%%rg\%st ed from
cadavers. Addictélenatt ldifferémdnagon erpmeresabithdliom. of di abetic synptons is often
not achi eved. An alternative to insulin injections, pancreas

transpl antation and pancreatic islet transplantation would fulfill a great
public health need. Stem Cells 30The énbryonic stem (ES) cell has unlinited
self-renewal and can




differentiate into all tissue types. ES cells are derived fromthe inner
cell mass of the blastocyst or prinordial germcells froma

post-i nplantation enbryo (enbryonic germcells or EGcells). ES (and EQ
cells can be identified by positive staining with anti bodies to SSEA 1
(mouse) and SSEA 4 (human). At the nolecular level, ES and EG cells express
a nunber of transcription factors specific for these undifferentiated cells.

These include Oct ghdsdiheveXnslexoBee rBeRSAifRnEeBE MSgRRePbl - 4. Al so found
are LWR (in nouse) and the transcription factors sox-2 and rox-1. Rox-1 and

sox-2 are al @@d@@pne@@e@nmmsmm%%@sl@l( Arpdt hRS0).Happitrareiabdd bYS cel |s i's
th | ted
(he resence g LB TR MGG AL ERGELLE AR BT L0

celI's from a dfgngrth €rcrare Xpduniiedct vited TGRS Enmmlatmmnmma@l provide a
source of O-cells for transaEI antation in patients wth d| abetes. One such
popul ati of urdERCHEIdRYE? Qi mie Inendpgsing paneeas giftaenaliem) These | s, wihen
enbryoni c st t%”ﬁ% b n'trﬂt ro, rare
cells with 0fﬂgﬁeefa‘alécl%étir?flgtlgety?re |V%\té§gs9t52dgaqgg] et g%c?ﬂegg‘)ag%ngiot tl)élklretndoder mal
cell types. Relteeenrs ird¢ractions bétween phenmastonanigdd erh?atiemettreitlammnspem fic
differentiati on, e. and, human ES ¢ IC or ancreati C
endoder m may pﬁe o%l%‘Y %‘F@leseﬂcwh%ﬁfe%e?tﬁ' ﬁiﬁeésn(gf Q‘éﬁh onl is of activin has
resulted in Jdiotlhe phpegygel (Batvito)F.qt al5$9e8| theadd@tuﬁhm(ﬁﬁrmmntﬂ&@@uchA. et al.,
2004). A nunber_of studies have al so suggested that insuli n EOSi tive cells
can be obtlaj rieéBMF%RTqd8ceddy the mesenghyane, Mg arevent eHii‘?GF’é‘F’éPﬁCl §¥HeR egi es

(Lunel sky, AN2; t al., 2000;
Kahan, B. W etﬁ%Iﬁvm?&%g%’nﬁggﬂe%eears’&fgegé%l% r1ltnﬁ)eseFs(,}t(}"(t% |es % cfnot addr ess
whet her i nsulmesendhamalvaeds,detleastiéeF Waslsd pisyh rale. IFGF 1 Rppaswkad plapa the | atter
al so found in peural..cells d.extra- ryonj c dqder et al.
2004) . An addPfi'®A lf%t?ﬁwf?ah ORacheaF grtoﬁgmé){s @?‘H aESX‘]c 11140@3) ES cells in
insulin cont ajabdlg Medi um and several groups have now shown that insulin

may be absorbed by bﬁ%‘cel s fromthe nedium (Vaca P. et al., 2005; Rajagopal J.
et al., 2803; Han @hﬁtwmf‘élttuetsam@@@hyondmnaaeﬁtttwéwyze%b phflem to be

overcone for linic, is the
ability of urtg=§ f‘sfft%!rt kenr%g ?ngt g?ﬁ%&; 1'8? S&SE%/%R'E%%E %{r%g%eegn{g alsﬁq?l%w number s, to
cause t er at onvistatimgtilliess thB]mrdabhimgie;ﬂﬂenaib propafdA3 in both indussaliiedbet es reaches
an epi dem c status worl dw de, d,for novel rati ethe apies is

evi dent. Wt H’“ghléveé%’e%t‘fouﬁ'i”ef sﬁ‘e]{b%g’rtg?fg &eéqﬁpaqugﬂgglg% %P?ﬁh al therapy
for type-1 d'\%ﬂ?&tﬁ%test\#&ldm&kx@ﬁéh%cr%é@BSﬁﬁﬂH&rﬁiﬁtl@w&&d Reged¥rdaol imting
factor. Thus, there is a need for an abundant, clinically relevant, cell

source f 0 usacrgase fyrther brelasa tpwa%ky 2089 uDiabeichjsdbe fibhicading sayse o6

transpl antati ti potent
adult pr ogenlc%gtr aHéle e%ﬂ%??/%&’éés AC%I@ gﬁﬁfg%ﬁ#&%ﬁ?g %E)eﬁ AIES%Clatlr?gnwger m and
non- enbr yoni cecgemic Coshn E@ete;sehlttse(ﬂﬁam Z@thvds $138rhelhibh anduding 895ne or nore

e L i e N T e R e R

Cct -3/ 4 have @ezenorecognl zed as genes that are prinmary products for the
undi fferentiated state. Telonerase is needed for self renewal w thout

replicati3fe senesdesmelly dibetes geHityewne sphdfehintotyosestinedPsi ot her
manmal s appe N , i (i

on- ger m ool 1P e el B B 1 R o e T Tt
passage 10 celrine cirfhletingshaimpred itanet crotmedy appeaisah blylldhedqllge@rlwn | ength in

MAPCs. MAPCs ar r pica 0_.ex EA- 4 and
nanog. bfegghte, Ry e Pioiahars Pl pioilefe BGeing u *) nst
two splice vahé pitcseatifisheIeNs sur@et, p%éplahdth%e 3BiabdRenfist talkB splice variant
is found in rra@ldlfferentlated cells, whereas the Oct-3A splice variant

p

(al so pre\d ousk 1f5n5(’}1§§i“@‘?fé}f’%da@’tan@}e&‘)thi:%b\"é?)é‘t&aéﬁlutttpl%@nﬁi@é ific for the
undi fferenti d (o} t-4 (Cct-3
i n humans) i 2&2 tﬂﬁgjr%géc{vr@%ﬁugﬁ #ghé }r”e‘ét%‘?gg@éﬁﬁ e‘iOt%e ugtggé}ﬂm ation
embryo, ear| ythebedwamgsusttageinateiprodoctigedflissuth ancttpretlsdfremtmebﬂ glnmss of the

bl ast ocyst, ic, carcinoma (EQ cell Nichols J., et al 1998), and
i s down- regultg%%%oqt\ﬁ)ﬂ‘)e/gﬂ%%jl ﬁugarg?ve?si Bﬁféll%%‘c@yﬁ'ﬁilféh HrEPle it M. Expressi on of
Cct-4 plays adoniphipstions fat inclu@e blinddedsereiAl Thil@e, @8h h¥almlgREphdralenbr yogenesi s
and differentiation. Oct-4, in conbination with Rox-I, causes
transcriptional activation of the Zn-finger protein Rex-l, al so required for
maintaining ES in an undifferentiated state (Rosfjord and Ri zzino A 1997;
Ben- Shushan E, et al. 1998). In addition, sox-2, expressed in ES/ EC, but
also in 250ther mor e dlfferentlated ceIIs |s needed together with Cct-4 to

r p—y | p—py PPN



30 they are equivalent to enbryonic stemcells and distinct from
nmesenchytnal stemcells, which are also isolated frombone marrow. The

bi ol ogi cal potency of MAPCs has been proven in various ani mal nodels,

i ncl udi ng nouse, rat, and xenogeneic engraftnment of human stemcells in rats
or NOO)SCID mice (Reyes, M and CM Verfaillie 2001; Jiang, Y. et al.
2002). Clonal potency of this cell population has been shown. Single
genetical |y nagsded uM%B?&eWrﬁatﬁx@jd@@dl@ﬂxdnﬂ&&eﬁﬁld‘ﬁs@aslé'o@&'fr&&ygén%wnb| astocysts

i mpl anted, and enbryos devel oped to term (Jiang, Y. et al. 2002). Post-natal
anal ysis in L P el g oRIe o BRERAETPQ e B AR it Beirbses b selfarcrts avstidls and
organs, incl ygi i i.nkNg 5 experinments denonstrated that

gene- mar ked mg’g’%{é}éﬁ%ﬁ%@%&ﬁaﬁgm ficant percentage of apparently
functional cardi oiType@ydiabstes nsublig gweanimmidile ddees tatanindphsicdady not show any

heart abnqrmalities or..irrequlariti in.ejither th nbryol.ogi cal or adult
st at e. l\lo%abrﬁg#egéﬁi‘of? &ho g %F%%gh&yg’fm&ziddﬂae%ér%e g%@e? ?f‘{]aﬂ?aﬂ any of these
ani mal s. 10MARBGRaIRf RqGidPRBIIE 184 tRit RASHVIEy Mdl thill Ere¥dnb @inshigss of

differentiation potential and show efficient, |long term engraftnment and
di f f er ent i at ingAmallo Agisrnsulin geststaey Bpy paerredms onsrge yearnbNA2SC1D i ce,

wi t hout evid . ! y faillie 2001).
Thi s 1 nol udeatanngroaFlig] e il pla bRY Blewdlin? B e €0 560

Jahagi rdar, efllabre g20Ally exhausfdbraauge tiey hines tb pyeinte rge amounts@fie enbodi nment
provi des conposition nd t hods for providing insulin-expressing cells and
their pro]g)enietXB‘Fsé IRSPﬁﬁg}H%WEEWH?WibEOO&Eé Os%ﬁgﬁe{}ﬁﬁm%‘gﬁ-ﬁ%ryoni c germ

cel I's that cafyefidrk& 54 ¢l Qidl Al hslin deBR8bn tUR, Wing2() wigtt pder mal , endodennal
and nesodermal cell types. For exanple, when non-enbryonic stem non-germ

non- enbr yoni ccogeamitanétipssintbiead gusasedp Shideisnt leralethanit earsgnly bast two of
ectodem al, en rnal d er.nal.. cel I, S ar S t o Activin-A
and a SHE i nhclog&&gerd,r%ceéiﬁgesno\g\? ﬁl%ﬂ}nn@?cetéoél g.dhghﬁgosdﬁrgﬁtu%;ﬁﬁgagﬁfn glr e produced.
Wien these calhbksteidl leveB asedlyaccoiphty Tyxdigtsddso Thageecoadipiosed to 25 EGE or
HGF (or both), cells wi.th increased expressi.on of Ngn3 are produced. Wen
these cel1’s iPesthst fathdHghblondfipae Msrassthe Hskpldheast gadasttkendot i nande,

exendi n or baogh, bbb hsl-cansd %g&gﬁ ikgp of insulin are produced.
Accordi ngly, tlﬁg alﬁ)ﬁ{//en'tclzﬁog% }lst dlfegect en to r?ﬁsl the foll owi ng conpositions
and nmet hods. 300nelherisditimehtyppeisliibates irwhiongobétes smacsedpy rgerrgica fir st

R EATR (L MG U R L R LT
non- enbr yoni oo @gkenetiadros i thainsdliid-predeoiid lle thadiestridis its@dRity toweoszbs ect odennal ,
endodernal and nesodermal ce|ll types. The conposition_nmay al.so conprise
BvP4., 20 t_ﬁﬁslelﬁ%ﬁe ﬂéﬁﬁﬁ%@ﬁ&%ﬁf@lﬁ?{aeisaf@ga?gluewsgemqr-o_ﬁe@&ﬁ@wsi ng EGF or HGF
and cel | s havigni a2y &xRstPeshelindllinRKedily WREHBhMR tb BRic&R! | S havi ng

i ncreased expression of Pdx-1 are prepared by contacting non-enbryonic

st ern, non- geesyltingoin-hentrelyoernie agéraquicetr¢atmenidhat cagntetilly fabsogenviras e i nt o at

| east two of i1515 ctil(%dgtglonal, endoder mal and nesodernal cell types with a first
agent, wherein e TS agent is Activin A a second agent, wherein the
second agent i nhi bifesugemiycavhitshieinedicd] Selfneas fonintwlin-depehdenplisteral | y BMP4,
to yield cells having ingreased expression of Pdx-1. ot he odi nent
provi des 2a5eco""rrrf)gg’i“teﬁl ghmé lﬁ&t@ﬁ@a%?reﬁdfaﬁsfg?nt?fm@gl{qr Wétﬁ’r’ﬁ n‘ge or exendi n4
and cel I s haviagrehd G RASEE @g@&&@%@pmﬁteah@is%t I Ritafioh hBsed | s havi ng

i ncreased expression of Ngrt3 are prepared by a) contacting non-enbryonic
stem non- gerfhcrapois-barfpr peigircevglsnhthepansreahizansplantaters ansipapereatice i nto at

| east two of . | . r : y th a first
agent, wherei ﬁfét ﬁ%%#llgﬁdﬁmggr%%tg&{eg%&gﬁ%\%gﬁ %’fﬁdsglg%g(gzggﬁlug%%hp? épi%ﬂ wherein the
second agent digunousiattsntiantd endireaigeb adedlfbyidict paXkicie rygimamdnopiwagnal |y BMP4, to
yield celiof havi ng i ncreased exgﬁesij on of tde-l and b conltggi ng the cells
havi ng i ntt e JBEATEGHE Propg R BHnghlin mpmyrother fagters can YPErsaYAErHE havi ng

i ncreased expy@&htloRf-sudan@nrbinAMEngERedi mfonaltchﬁlgt@arp@%&stdfon further
conpri ses one or both of GDF11l or betacellulin. 20Anothér enbodi ment
provides a cosrpWdi tlingss ayanisetiosiang fatight. Reobleurith dinlbiitesrmuent censsintly hceut i cal |y
cxpr osei on oft ) R R SaN-AY ASY bl RpD B e REtaRe

non- ger m nonh&miigminkugaryesanti@e) | s that can differentiate into at | east two
of ectodernmal, endodermal and nesodermal cell types with a first agent,
wherein 25the first agent is Activin A a second agent, wherein the second
agent inhibits sonic hedgehog (SHH) act6ivity, and optionally BWMP4, to yield
cells having increased expression of Pdx-1, b) contacting the cells having
increased Pdx-1 expression with EG- or HG- to yield cells having increased



I n one enbodi nent, the conposition conprises cell culture nediumor a

phar maceutically acceptable carrier (e.g., a pharnaceutically acceptable
medi um). For exanpl e, one enbodi ment provides a conposition conprising cells
havi ng i ncreased expression of Pdx-1 or increased expression of Ngn3 and
cell culture nmediumor a pharmaceutically acceptable carrier (e.g., a

phar maceutical ly acceptable nedium. In one enbodi nent, the second agent is
5 cycl opanine or afcaabriStiduinhddiamifation, wholOpenReRodh PaathQYi des a net hod
conprising contacting non-enbryoni c stem, non-germ non-enbryonic germcells
that can di f fiesngmantaiion of pessneats afépaneregs ipknagt edwineanred diablgerdinnal  and
mesoder mal cel | j } i | .agent is Activin
A and a secoﬁjéh%{g%ﬁ?‘v%gag?ﬁgfphgetqu%gég{gﬁ%\ﬁaﬁgﬁeogllgq?ﬁﬁﬂlgé%pé%é%ﬁ?qc hedgehog
(SHH) acti vi ttheripy, fheetadspdaititoniawsually paformed ety evtipri &Rimepn of Pdx-1. I n one
enbodi nent, the non-,enbrlyonj C staﬁ‘r_p none;?genj i, non-enbryonic germcells are
al so cont dct EnslRtBRpyequired, making pancesdEgRlyEaRED antptions gelativelihyi ng i ncr eased
Pdx- 1 expressm?alueﬁt%p&qa&@s?tgﬁhwghﬁm%%s%éa%tsta% Y&r§lstede@lilign having

i ncreased expression of Ngn3. 1571 n anot her “enbodi nent, the cells having

i ncreased Ng-eBirexpoplssiidrinsilivalchendent dinbetsa aproex ek dédodrsugdr tithar oD. I n
one enbodi nent %he cql I S h%ﬁiiﬂﬁl'i ner q?agsed ex urgosni an of l\lgln&are cont act ed
wi th one or B’anﬁ }}??’nﬂi BT REmE %}nje°i8ncﬁnﬁi S §| e g & C%Q‘B]rsmsi ng
insulin. |In ah&e eRatidBRAbS driRBackX Prvémdd funcehs trasplahtd. Most ncr eased over the
20 amount_ expressed by the Ngn3 expressing cells. In one enbodi nent, the

cel I's havithg Imperatlyegrtiangy RasicanirSEDIRg IRvPIves @ aoR opstadigndid h one or both of
GDF11 or bet : ' : nEkedl i {0

differentiat gg éllr?y][eﬂr?glrsi/gﬁllilfg l%m ngﬂ{pg}%?g%“pﬁg%%gf‘?g?‘%ﬁ?’%hg‘gﬁ cells that
can di f f er entimatuge system &bml deatsayingibe pincs thet isddreedn, grefhddadoual and

mesodernal cell types, conprising the,steps. of..a nt.act.i ng.t he
e o vont dhese RS e SaRien Istfstdled B SRSiRor bl TRELRRINGRS (1 (1
agent, wher eithest itmbhdsapprag@nttdri ifek inckdased ihéiBéncaOUifectiohar@bout 9 or nore

days, including about 3 or about 6 days), b) contacting the cells obtained
from st epla) e thed £a/path pe Hfsdhigals@iB®nd agent, wherein the second agent 30

i nhibits sonic he : VAl ;1%@9 ggﬁﬂ; e days,

i ncl udi ng about B@ggaggggggﬂgy%‘%gg;% coﬁ%né)(jﬁri ﬁ% t rgeﬁdﬁéesg%%ai ned from
step b) with vE@Eke pnctdadtr{rfsplantaboditaniachioveathe sam®eftact byprepladangdetai ncl udi ng
about 6 days);.and d) contactjing the cells.obtained fromstep c) with one or
both of ni cotqeﬂﬁnﬁﬁg)%?’ tg‘ﬁgl?ﬁcaiaﬁgo%%?Ceﬁﬁﬁwlg@egﬁq%w?n@f% alB% nor e,

i ncl udi ng abatunfol dyFdbIEA 1Y isBdt dell @ﬂisiglﬁnt@tw &sifdefefs Ford brly abdut One

enbodi nent, step a), step b) or both further conprise contacting the cells

with MAN.20 n Zmef the entaabaeirersisolatineehery fromythe rest ofdbeprriceas thabdaeact i ng t he
cells with o t: Gk : | i di ment, the
second agent qﬁéﬁ%ggf%o]%%lﬁ%itne %éprg%mgﬁégf@@gﬁ %lﬂ%%uggéf;%gﬁgagne enbodi nment ,

t he cont act i rigplateneaatidddichs mskde itrpovsilile ® ifelatg enovigh iglets fiomene pancrease

enbodi nent, the contacting i equential . | n one enbodi nent, t contacting
"5 oi mul { anedEPHIGHS RS eMorDYSa 8 b o BRBFAR I HEETE or havi ng

i ncreased expbessy ON oé trhfplint, theSRefagd orighasistiiNexceeds the du@nily n- 1) , c- pepti de
or a conbination thereof. 10hi_ one enbodi nent, the _non-enbr%/oni c stem

non- ger mz%orﬁvé%ﬂ%/%lﬁplé’ %@FW%@W%“"&@@W% ahddigpnadly lgngiermpyngn cells).

I n anot her enho@iH¥BRE diablt& gyggtﬁmgggéﬁ&t%}gégednon- germ non-enbryonic germ
cells (or their differentiated progeny) are transduced with a pancreatic
transcri ption factforalteimitivaty iasrbiodijaehions, puimeeas dmospdattdtontandnscri pti on fact or
conpri ses Ngn3 ur.qD,. 15PRdx- Pa flalp48,. Pax6, NL¢x6.1, Nkx2.2 or a
conbi nati on t%aielcrr’\%fc.laigrltraélﬁ%? %%%dne%ug(ﬁf‘l@? ?re?f%‘%agﬁg?ﬁtglarfef’% transcription
factor conpriges dadx-1, Ngn3 or a conbination thereof One enbodi nent

provi des a nmethod to provide pancreatic cells to a subject in need thereof

2l | t
conprisi iy a) cortSEmPRENFoER Y yethhes uatimited prifenopgiencahon- enbr yoni ¢
germcells t i i iyt |§1?ﬁ:§d f; roal
endodennal a%Ff?rIglg%&éeij{r?fa?r%% éI f/\speﬂs;s év%nuté eg I rs’%&gé}%ﬁ?ﬁ\%ﬂgﬁgﬁ the first
agent is Act iafithe blastoegstar pevondalayancelisviver 2postdhplestetiomembiyent i nhi bits

soni ¢ hedgeho SETH) actiVvit 0 W C havi ng incr ed expression of
Pdx1; and b) @IE A EEP ﬁ%ystoﬁ?écceelll?’()s%?g(@?‘ﬁ%&f ?‘F&ﬁé%gﬁld&tﬁ%}% on of Pdx-1 so
as to 25 provicdgivpanalmgatiticartdbdiss forsSEAE] Gus©Ghd SSEANGuaElpdiient, the
non-enbryoni c stem non-germ non-enbryonic germcells are also contacted

w th BMP4.
7



I n anot her enbodi nent, the cells having increased expression of Pdx-1 are
contacted with EGF or HGF to yield cells having increased expression of Ngn3
prior to admnistration to the subject. 30l n another enbodi nent, the cells
havi ng i ncreased expression Ngn3 are contacted with one or both of

ni coti nam de or exendin4 to yield cells expressing insulin or having

i ncreased expression of insulin, prior to admnistration to the subject. In
one enbodi nenthe nfoltulaeleld, mmidrmha{:sreﬁfx eh ML B BiraRcMeba fadterscont act ed
with one or both of GFD11 or betacellu Anot her enbodi nment

provi des a neppGHC qutlreﬂsgwc@@erpmmdiwll@xﬂreé@mpwge Oel-# and rexal. Rex ect in need

t hereof conpr i,N 0f- C erm

non- enbr yoni céX }ee?%o%gz% eﬁ(% cttéa%% @P‘Zdr%%l?l‘l&g e(lrflrrllﬁﬁgegg&rﬂlgst two of

ect oder mal , etfuﬂl@dfptmnlfaoamisma)ﬂebml Roelll antl gped aw dldo expfdsgedltinagent, wherein
5the first agent ctivin A, b) conta t|n the cel|s obtained fromstep a)
with Activin- I)Qnagn% %ﬁ éBBtHEf}& fk of, R RIreseBeH M RGERSS: HFIbi t s soni ¢

hedgehog act ipth{iyes tﬁase%%t@ﬁ{amhhh@d@ak}eﬁewatp%&éaﬁgh Hham.step b) with EGF or
HG- d) contacting the cells obtained fromstep c¢) with one or both of

ni coti nani de or exi@wdbility w@erssate fungtiohad istas oblés r&xgitagn pxpofldble or  havi ng

i ncreased expf ess and rin e ceIIs expr essi ng
insulin or has\/emﬁel %O@P%l gléa'o@;é;?rwém%??uﬁ% O?ﬁ tsor Ko gag ect I n one
enbodi nent, sl:taaaata)mthsﬁa@ae@)omarsubl@pprﬂwohmﬁder@@ﬁwsraﬁannéryohﬂa anot her

enbodi nment, step g further conprises one or both of CGDF11l or betacellulin.
In one enfodiSHERIES) RIS sWhsrewmbryenicstam el are alleyved taf%ahamrymﬁn anot her

15enbodi nent, ti]ohtég um'a eGte RASwhh paefk gagsat&ls@lbéﬁg@%e@aea B dst eN ON€

enbodi nment , i sor er conprises etes sity, pancreatic atresia,
pancreas i nf Ifandnmmalmellaj/mhaRecamSitmdigsdawﬂdejndnstratedlt}w refegive dp ceifroy

pancreatitis ncr at| cancer, c.enzyne defi |en r
hyperi nsul i nlcg relth 18ﬂ8%’é1%5&:ﬁn% Eﬁga&tggga ofganﬂ/eﬁﬁ gﬁelﬂlpe I
di abetes, | n 280 WIssiBRD QedatBeik Wlthm@gﬂ dmhwnytam@s@faarvashdstre@ﬂtecphysl cal
trauma, chem cal, radiation, aging, disease or caonbination thereof.

ne enbodinerthe presificatian offis cgietosndedsrndKpbe darkdl BP0Dh& Msrlssa5 descri bed
h |
erein to pr%ﬂflfsh}%vgnglgr% %%%%nmid tpé} 1ﬁ{]ﬁﬁ‘tpoﬁt19@&?15 @QPBeC%ySI %{ﬁ“&ﬁ EQF i nj uryr n

one enbodi nment urther “conprises a ogically
25accept abl e aHs nsieg a oumiceelof di(fiefdntmmtagmdl(hmnelm &f etés2001lptodnYof the

For egut and i A ASBrIHCP A b P KR gh Tt OReBu e pbePeas

speci ficati onhiy saddQ @IVt edmRes wHethePREIf tﬁatt\ﬁa@rdl%t%étb@WaQ fhsfiiacl of S.
Figure 2 depicts, the phenotype of |ow 02 nouse MAPCs. nmVAPCs were derived

and mai ntZ ne@swin- %@hedgtter@m ffS@ﬁfén BesHesllsandexrremBrioRRAIdadsEssi on at
evel s bet vieGgypo@nd, datRbee M AN Ga R lseﬁ(ogg%&lgglg.sacongfl 000 fol d

hi gher than i I sol at ed under norno tions). (B) This
is confirned @MA@ q‘eﬂs inGogwia cpmt@immgnnaimdn bapd isewterad getlupe hare mwvai ni ng f or

Cct-4. Conpared t | 1s, r Qc Rex X1 FoxD3, Egsl,
Dnnt 31 and ECSLP gli‘ E§u LAY Be ahgart eﬁﬁ{i)cﬁé?ﬁ?&\ Eh%(s‘}(edﬁm Eé*c&%b a?l’ Eras, Ecatl
and CGDF3. Loved3; Rgriopel. emuls 2009 Besssar BL. 8t 43¢ a004).Thyiladd o84, D31,

MMl C-class | and I, CD44 negative, but cKit positive. Al though nouse MAPCs
express CeY- PrAPlEmR b&’[OVPI@QIéF @fﬁsrﬁeilékn’t’%i Atk cells fobe w6d ibthe cBig embr yoi d

bodi es or "t erghiRimit; SrAROMNEIRATAS dad evaﬁ@ﬁentﬂ}@seﬁmno@fnu&ba@cts mice). \en
MAPCs i sol at ed under” normoxi ¢ conditions are subsequently swtched to 5% 02

condi ti ons, rnﬁusﬂiawgnmﬁonn@t@m@wsldm@tlabn&mbr cell surface phenotype are
seen, suggesting Lt e . sel bl BHidsll U A aRhRSk dapa 2 mor e

primtive cell popu gi°on an eno ype I’s ucible in vitro.

Fi gure 3A depiwdtiveahepapisricaddsit.f Wethehd a@bmtmlmmmntatﬁﬁaﬁmd 3C depi ct
various factors for use in differentiation of MAPCs towards a pancreatic

fate and dbvaat %ﬁ‘é{g‘?réﬂ%@’l@Fr%a‘?@éﬁ‘ét‘ﬁ?EaWCH&Pfé%?TB@Cé@@ﬁ%?éQP%r| ng the

differentiati Phmiting factor. Thus, there is a need for an abundant, clinically relevant, cell
source for use as an alternative to insulin injections, pancreas transplantation and

pancreatic islet transplantation.



process. Figure 4 depicts the norphol ogi cal appearance of

MAPC- beta-cel | differentiation cultures. By day 15 | arge patches of
epithelioid cells can be seen in the adherent |ayer, surrounded by "stromal"
| ooking cells. By day 18 these 20 patches start form ng three di mensional
very well delineated clusters which eventually bud off in the culture
supenmat ant (day 21). Figure 5 depicts the results of Q RT-PCR

eval uation of rat “MARGsotelt bt pogdnabest! oM RRCHaysndowabgenie (bacr i ne
pancreas. Rat_MAPCs were plated on matrigel_using the sequential protocol

descri bed i n B giAesesm angpgp-gmirygri germ Gloati @) rells thakeas diiereiidieed (data for
d18, 21 and 24 rsR-Es6R = Atit t extracted,
and | evel s of% f}to roangcﬁl?’pt?cg(ﬁfegg%{%?g&gﬁ%} aﬂg?%%%@ﬂ%ﬂ%g?a@gi@%% Q RT- PCR
conpar ed wi t lraGbPpbbitee ootelanmdrase A0d-3do(ead&d omk témbiasttdnsthetedfect ed in pri mary
rat pancreas,..except f -n-3. Nkfc2.2 and Neuro-Dl, where | evels were
conpar ed \?ﬁa t Hre?%?%f Se.roé'?{cﬁ&%. haﬁ%g?ﬁ“f?%ﬂé asgaﬁﬁgesst atﬁé%?fﬂ%ﬁ@émsf or 3
experiments. for the undfiffeténgatbd el TEBmerBRHIABERH F6A8Y refewel Wak&IS. Top panel s:
Clusters were harvested on dl15 and d21, dissociated with trypsin and stained
with anti- Pdxealicaivgepesceroea AR derierhframiumen) eeuse gat eriispanel © O ust er s
wer e harvest f b i nst Pdx-1
and ) 3-acti n%ﬂ?r%ﬁglgtq Sfane Stﬁ@%ﬁé@%g%égﬁ%lggéﬂﬁg%ﬁﬁ%Pélf@?gﬁ% 7 depicts

c- pepti de secgeahicell) knowwitd date toexpespreivneerise adidrity bnuitolar.passegd s wer e

cultured with 3n | ucose, and fromgdl 6-24, a daily pulse | h of 18nM

gl ucose \A}g)‘_s 44 %%EﬂePﬁgr?ﬂ?Wéglue%*a{ll@Fe gdin l‘f‘}%l? é‘dﬁéﬁjﬁé’t W%s col | ected
and c- pept i de;Pragughicary MRAaUNEAPOY ma)hiSh\express SSEAJN S SindgPi cts functional
K and Ca channel s” on beta-like cell clusters. Left, an imge of a cluster of

cel s that were | dagdt-izehe (Qntad ® hywiaagds parserdebdonfoahlepsivee sigef | uor escence

m or oscope ol SRONLIRG! 04T B0 A-DE 16 Bl ABaNEhANgeS [T

intracel lular calciumion corce ion , as reflecte y fura-2
rati o, in thenargglifferentatddeetilbywiteraas thelGet-3A spliee varage(alsb peaveassigs i n ([ Ca2l)
wer e evoked by increasing extracellular K jon concentration to 50 nM (from 3
m), and thi GFIgEA L OB : STERFEH ot savlf%(%%r El-etwyg\{fee&%ﬂeﬁeéﬁméwaaﬁe! bl ocker

ni fedi pi ne (50Kt (shimblaQidi@1 2065P kLS gét@mﬁmhﬁfaﬁ@)tig PRafbrigRglocr i ne
pancreas differentiated rat MAPCs'in SZO treated nude mce. Blood gl ucose

| evel s (ng/ difactonexprassed inthespregasmdation edebyyo, early ¢leavegasthge embryo, Fi gure 10

depi cts hematopoigtic reconstituti from MAPCs. S x week- 0o NOD- SC1D mi ce
received 1 m'cieﬁiq' 8§t%?§%ﬁ%§&§%lEW%Pa(S)ﬁOF}(’)S\tMaH ecﬁgglﬂf Cﬁfﬁu}ormaao(:E gt) i on, and under
cover of anticetls(Nichol&MLetiahjl €98),] a8 is(dbwh, regblatéd whdn celBfateihddded weeks, the

animals were sacrificed. PB, BM.and spleen hematopoietic cells were anal yzed
by FACS 8t pfESEnae. obxpIessisn o Oct4 playhap immertantplsda fecdirpg Faht i at i on.
Represent at vgep@f@@_mt&ogénegié 2dd @RGAGLBH DLS in EbabmStidnlwHERbEY S

GFP+I nsul i n+ donor isl'ets in GFP MAPC grafted NOD- 25 SCID mce. A 6

week- ol d NOD-@aieDtransesiptionst edtivetionofivhd Zi-Enger gratFip RoRFACslse xeqhsed ®wi ng 275¢Gy

irradiation, and under.cover of antj-asjal,0- I hj,ectio =1 dil, 21).
After 12 meek@?ln}ahnén%% it m\lf\n/ggffesre o {Iefl F%Lﬁg(ho%@%l%?&#ﬁ%mﬁ . lgﬁi’;‘gﬁ%} spl een
heni at opoi et i $huskedn 15, evvell ©998H.Pln, addofFsBx-2] exgetshal WH¥EG) mwaps @asent . The
pancreas of the ani mal__was, anal yzed by anti - G-P- Abs conbi.ned 30 with
anti-i nsu:i"qf n %B%r.m@ggmr‘?@a@g 1 1singpded togsther weghplot1dp écttal?ﬁﬁm t he sane

pancreas. (Exgipf@efatcl sthe &f EFBO(UGR0gBH D@ Iab 1095)DaliahkRhcbesCr i ption of
the Invention Definitions As used herein, the terns bel ow are defined by

t he fol | owi ngmasemiEhegls and primordial germ cells requires LIF.
MAPC:s have the ability to regenerate all primitive germ layers

(endodermal, mesodermal and ectodermal) in vitro and in vivo. In this context
30 they are equivalent to embryonic stem cells and distinct from mesenchymal stem
cells, which are also isolated from bone marrow. The biological potency of
MAPCs has been proven in various animal models, including mouse, rat, and
xenogeneic engraftment of human stem cells in rats or NOD/SCID mice (Reyes,

M. and C.M. Verfaillie 2001; Jiang, Y. et al. 2002). Clonal potency of this cell



"MAPC' is an acronymfor "nultipotent adult progenitor cell,” It is used 5
herein to refer to a non-enbryonic stem (non-ES), non-germ non-enbryonic
germ (non-EGQ cell that can give rise to (differentiate into) cell types of
nore than one enbryonic |ineage. It can formcell |ineages of at |east two
germlayers (i.e., endoderm nesoderm and ectodern) upon differentiation.
The term"adult,” with respect to MAPC is non-restrictive. It refers to a
non- enbr yoni j : y i b t: ability to
give rise to%géﬁﬁgﬁdége%ghmé S% gingeg{%lﬂe&%ﬁ%?%%%Aﬁﬁggﬁége&%l tipotent,”
with respect into nvaeChlastecystsnblagstysts gplagted, MPSOubryan déwlaped &d ferthi neages of

all three primti r yer i..e... .endoderm mesoder mand ectoderm. The
term™ progeni(?118?3’\ngtg%s%aghfrfotsﬁ'ga(t%éc?%lwmnf%%émagéghw limt these cells
to a parti culradonbtitit@gs . all thxpansd egans| BtREBglioed MRuapE@pagat i on of cells
wi thout differentiation. Progenitor cells" are cells produced during

1

di f f er ent iSat iRergRents demonsteded thetaspe-matked JEMRCs gamiribiged ta|a significaphe
characteristi Ll&ea!] Ay I §: L progany fined

pr ogeni tor c&%ﬁg%gich g?sr%ﬁr}gﬁnlg?ledgﬁ%}%érg%og%% gfrtﬁgs ce %@"Tké% commtted to
a |lineage, bunimdd ditl actshepeny heat dmotmalitienad itrgguldhitidsén eitier siteed cel | t ype.
"Self-renewal " refers to e ability to produce replicate daughter cells
havi ng di f f er@HEYRgIeH Obﬂ)‘{“grfﬁ%%lN? H%{O”P@Rieﬂ%?%@h ST WES  om whi ch t hey
arose. A si mdpadrvéEnhysLBedetntiidie context is "proliferation.” 25"Increased
expression” of a marker (e.g Pdx- 1, Ngn3, NeuroD or insulin 1) refers to

an increade (in nRAAPGneE Grpableorfekignsiyetulintopathoyt lopeoftiffenentiatien| (a cel |
prior to the i . j i 1 vin- A and/ or
treat ments) ﬁe&hﬁlﬁa@%%@o&@%ﬁ%ﬁ&%gﬁgq%%ns ?@%@%ﬂt %%{e&nﬁ?@dr} E!f%geh arent cell
does not expresitpla dewidpaiensh tinédyes pMNQRHCI0 odse, witheneevidenatiof ncr ease i n

expression; or if 30 the progeny expresses. .nor f the. narker conpared to

t he parent Cetpqatopwefp@qtlgn@i{@%s,gﬂ. ?ch'%gférfﬁlﬂ%@fpﬁﬁ)es I%Wnﬁld%r exanpl e,

i ncreased eX%n@&ﬁbl%‘i‘1iﬁ’éag@dﬁ‘ﬁ'&éﬁ%ﬁ&ﬂ%rfaillf’é}'%00@)’ Jzﬁﬁgir&@, &nlognease 1 n
expression of up to about 1.01 fold, about 1.015 fold, about “1.02 fold,

about 1.025 fold, about 1.03 fold, about 1.035 fold, about 1.04 fold, about
1.045 fold, about 1.05 fold, a 8Ut a&;%ﬁ&é%ﬂ'{onabo”t 1.06 fold, about 1.065
fold, about 1.07 fold, about 1: » 1.08 fold, about 1.85 fold,
about 1.9 fold, algnstenibo@imchoprdyidadeisiporitibns ghd (eetidods f@grovidimgut 3 fol d,
about 4 fold, about 5 fold, about 6 fold, about 7 fold, about 8 fold, about
9 fold, aboutn3¢nregprgssingeslis andsthpiy PEEeRiiosi OB HOR-GIYIYORISHIRM 9% ol d, about 30
fold, about %é?fﬁn%m@ﬁgﬁ'é%%&féeﬁéﬁat@ﬁgﬁferéﬁia{qul‘g’atPelag%o%@ fol d, about 55

fold, about ol d, about old, about 70 fold, about 75 fold, about 80
fold, aboi%t 8®Btddeinthl, eafieerm@Gn sledodeghd gell Opes. dfad exarhpla: whaofiol d, about 150

fold, about 20Q fald. about 250 fo out 300 f . 350, fold, about
400 fol d, aboth ' 4BE° ?t%rP’dl,"né%%’ﬁt n%‘o‘ldlg‘%r%‘fa"g? geé’%‘é’ﬁﬁs %lgkgi“éﬁ@‘%%%ﬁ‘geul 700 fol d,
about 800 f ol 4 leasti@yiof 8A6dehmhigenddential AndGA&oddmhDeall, typdsanit expofdQof ol d, about

3,000 fold, '"about 4,000 fold, .about 5,000 fold, about 000 fold, about
7,000 fol d, afbﬁmn-é,a@éesﬁgiw@ba%bﬁflﬁsgywcrﬁaeeﬁxgsﬁmn ﬁgj,desdoarm d, about

15,000 fold, @ab@itd 26000 eE0dMs withGhtheadet A0 LQhlisiofRRIxp3RdQH0 fol d, about
35, 0000 fold, about 40,000 fold, about 50,000 fold, about 60,000 fold, about
65, 000 fold, EGborHE (ouwthotdls wathduereaprsl gooession df Nawbere p1s®oed00 f ol d,
about 85, 000 : : I ater as
conpafed to t e!ﬂgtélf %Ect%ﬂgc\gﬁﬁ 1%%().%5%&%&%9;?{2%5& %%3998&‘%1@%%5@%@@&6& An

ef f ecti ve anoaxehdinbr both,agBntvith éncepasedAxpiesdion o insahinagembdadedt 1 nhi bits SHH,
EG-, HG-, nicotinam.d exendi n4,. 1 or betacel.lulin) is an anmount
orfective to SPTErdheRiTe & S s Pl bSNpts s Rade one or in 20
conbi nati on whttho®ne or nore other agents. "Engraft”™ or "engraftnment” refers

to the process of cellular contact and incorporation into an existing tissue
or site o0 i nt er es¥ne enppodimeenepioyidiche PAMPition cempritiamha 85688e6% greater than

about 10% gr ' 2%, A", 9 ter than
about 25% gr@g{rgéﬂ#@% agglgg% A%% Agra ggctogzri aéﬁggn%@ge%gglgét&/&?g%&gr eater than
about 40% griehibés sdnielred gdingtand béf)-clgbigatie steinhach-graL horb8fbrygneat er t han
about 55% greater_than. about 60%  greater than about, 65% greater than
about 70% gr@é‘?‘é?nstr’ﬂgﬁhﬁﬁﬁﬁfat%@%at ddpapef ?%%Enﬁ%mdogﬁ%alg? ater than
about 85% gr@adogémiahadll tfRRAUITh B8mpaTtRALRy AR0mPRSBNAE%0 or about 100% of
adm ni stered MAPCs or progeny derived therefromengraft in the pancreas or
300t her tissues. Persistence refers to the ability of cells to resist
rejection and remain or increase in nubber over time (e.g., days, weeks,

nont hs, years) in vivo, Thus, by persisting, the MAPC or progeny can
popul ate the pancreas or other tissues or remain in vivo, such as in barrier

-




reci pient subjects. This survival is often a result of the inhibition of a
graft recipient's ability to nount an i mune response that woul d ot herw se
occur in 5 response to the introduction of foreign cells. Imune tol erance
can enconpass durabl e i nmunosuppressi on of days, weeks, nonths or years.
Included in the definition of immunologic tolerance is NK-nediated

i mmunol ogi ¢ tolerance. This termal so enconpasses instances where the graft
is tolerant of thenfgstemBéBmbRpravidesalcak ?StsltldrﬁdcoﬂfpilsﬁlgB@}fC@}lIGpr cell's which
are not associated with 10 one or nore cells or one or nore ceIIuIar
conponent s t Hat celischaingdrirersedtexprestion AP dxel, IWI@WUE:@PICQUSWVngo An enri ched

popul ati o ns ucﬁér@e{sg,wtgssmﬁl aL € o PELRATS c'antgyt e%brgtﬁ?c %tglpé s. such as

i nterest, at|ve 0Tone nor e er ¢

non- MAPC cel Inoh;geﬁs,,nonrembrymnwgennmelmmmtway dxffekdnuate intd @yleadkitwe st r efer to
cellular factors t i.n or enhanc IIuIar 15 novenent, .such as hom ng
of MAPCs dr GFWdf éﬁﬂi@gnp and, mgsRdqR PP h 4 FETLATT R d el 5.

Cytol ci nes maye flsBapeat i Metidhe %%G&nﬁ%%én‘f Wikrdh me@eco% agbdthafgn i ate. A
"subject” or cell source can be a vertebrate, including a mammal, such as a

human. Manmalssuicedgelieg (BUH) agfieity ond, lophioraBy BMGR4, ngrm}dscells@mnam mal's, 90
sport animal s Q ls. In included hi the term"animal" is
dog, cat, flshéeasg(?%)[{ﬁ?ssﬁ)ﬁ:aﬁg%‘ g?g, hanst er, horse, rabbit, sw ne, nouse,
nonkey (e 9., ape.Am@tfer bindodimbit Ppavides @ compadifett cnjprising,ons bebgth ogoat , cow and
bird. As  used hereln tre treating" or "treatnent" includes
treating,l0r eyigotinggide gp é’é"é‘ﬁ‘t‘lﬁﬁﬁgceélrsrélwlﬁgé’ﬁ%}ﬁe SPIERReN Nglﬁg an injury or
di sease- I el atyick:aReRAHIL hhedhorasSy R AToRbS RBnd Bk Yiopafdl vy ease- 1 el at ed
condi ti on. fective amount™ general 'y means an anbunt which

provi des the o@empm@hoafdndnyonld:mrn,moarg@tm,,noarﬁnéq‘rjmm gore agbisthai canan anount
sufficient to fect a beneficial. or . desired.result. including, a clinical
result. The did t}f&u ° Ble agé‘?#trﬂvgt éF‘gad F??alo?‘féidg?m}?'g 5115‘6%8?{??{1?%“ ons and can
include any pygrseditcd 86t On R (B fitidest is AREviRrAgaiss@ndagealtn nati on of
what woul d be considered an effective dose é@be based on factors

i ndi vi dud® t ovheacin thesssaadmgent Hinigisapic SpdeshosGEIE) agfivitsy avst orfiogalise bei ng
treated and t I r ase began
e ski |1 ed | e iejd S B Relepea bilelon 18 B pop B8R B8P0 1ot o i ne
t he nunber ofceﬁehalvs:ngmaﬂeammﬂulcemplsssnmmdlEﬁFefH@Fttmyeelcblcﬂbhawﬁpses can vary
dependi ng on .t he de of. adm.ni stration ) ocal or. s emc free or
encapsul at ed. mel*ﬁ?égngf’f%?:slm&&ﬁ]lﬁ%é ﬁ}b?réqegquﬁ{rg%# ¢ et‘??é‘?p‘)éllnloﬂ ®r endpoi nt s,
such as revergalpriés dnk@absB ol GDF1 doAb@icRBulidkX her effects can include
providing beta cells, recruiting endogenous cells, effecting angi ogenesis,
and/ or prédvi di ng Hwiher eabodimentaendasgroamposition comprisgicgil stEEe can i ncl ude
sequenti al , r nore

agent s, B Bl L SRR oo R S B A bR & Mo ar e
possible. In Imnmgemdwzﬂedmmesmdﬁmaam m@amdrhym) sbrﬁa@mganmembbm:@d to provide
pancreatic 10 ells in vivo. This.can oc scr.i bed herein, by
di ff erenti at i GRS B NRBESR W@WB%@W&?S%M & tl%@é‘ﬁg a€£eﬁ%ﬁw%s by

recrui tment off eelodagRNeHSodeehd] Snd MedoRlEmMad] bmedyyesmmﬁfmﬁgerne vagkdis can be
admi ni stered, these cells havij ng been differentiated ex vivaqg from MAPC. Such

cel I's i ndudehpfieshagspt BAHNID Awrsgendsecnyi Wheasia die sseondrreentiaibiéi ng pancreat i ¢
progenitor c ﬁ}ﬂg J Il types,
commtted prgéglelﬁlhteﬁgéh g j%gylt%gﬁ%g}?ﬂ%gmﬁgﬁr{;%g%gggg }{éﬁ% e types, and

furt her di ffene‘naseémgﬂe&sym@ﬁl’dmﬂubjwontactmgrth& cedle hpdngincehsed Pdx-1  The terns
“conpri ses” risk I|k ve meani ng i bed to

themin 0s. BRCoRe" PARACE MG (oot SR fpl Berea R PRATRES: 3R e 1 ke.

As used her eidnd cj bm&dﬁdgﬂ@cemsrhavmgqh&a@sa Ngfi3 &dpeeskiols &vifiRa8Sr bétklo#idi ng,

20wi thout_lim tation, are non-enbryoni c_(non-ES), non-germ
and non- efbor yHsatagidepr eﬁ%ﬁhrééy yigki quS PrPagssiag sy lin 1 brops emhedimest: o

ect oder mal , dodriah o ek tRse e,P0sitive for

t el oner ase. ?Hey caln a?so ZaSbe g%éslﬁﬁv %réy&%ted(wgcﬁl Z%O}PN?A\PCS can

di ff er ent i at €GPR1 vonkistaghldrin. they can fonn pancreatic cells, such as
beta-cells. Ater atlvel can be. differentiated ex |vo |nto pr ogeny
cells with pancre %%WBE © CRUARSELIOZ COmREFS Caf?‘ﬁw%ﬁ‘? ¥ %or ogeny can

be admi ni st er;ﬁﬁnﬁ@eﬁtu&umamptablbiumel (VR Gphbmedtelialy haepamtear € described in
U. S. Patent No.
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307, 015, 037 (PCT/USO0/ 21387 (published as WO 01/11011)) and U.S. Patent
Application Serial No. 10/467,963 (PCT/LIS02/ 04652 (published as WO

02/ 064748)), the contents of which are incorporated herein by reference for
their description of MAPCs. MAPCs have been identified in other mamal s.
Muri ne MAPCs, for exanple, are also described in U S. Patent No. 7,015, 037
and U.S. Patent Application Serial No. 101467,963, the contents of which
are i ncor por ahehnie i Bxdyplé,ohe eRbsEmbRpréiddsia dapesitiph tafprizingmur i ne MAPCs.
Rat MAPCs are al so described in 10/467,963, the contents of which are

i ncor por at ed REY RAVINEdycreRed pamession of P DhbOF Ingeesved; spicasionsdt Ngid aAPCs.  Swi ne

MAPCs are de t“ﬁg 05/ 038979, the
contents of %ﬁ{l% ﬁg?gféldﬁggéila?h %%?@%&E@%ngﬁ{n@?%or their description
of sw ne NAP@&am@ymdrmllyogmmqstabianiedmn%ﬁ’@eanﬁ)odmmt ithedcoml dgkaniel et al .
(2005) thg contents of V\/nﬂg %@ﬁe I..N rporated herein by reference for their
descriptidn RAGHDPoHb 10 Isol ation and Growth

Met hods of I\/APC i $Rle@bibelinicar lhulmnaﬁgdmﬁ%%rc%lﬂgﬁ ided in U S Patent
No. 7,015,037 (PCT/ USOO/21387p(pubI i shed as 1/11011)) and for rat in
U.S. Patent FyoRin Sten, 8y gean, 195-cmboy 8 7geoB 3l Py wasdfagasBE itjoubl | shed as
WO 02/ 064748) charagte ation of
MAPCs di scl osa}e%fagﬁ‘g? ép&,ﬁ&gﬁgﬁ %q@(rlerﬁl P%}lgdl\{%?é@eerﬁj QF e § ev% {eilnctréljsg MAPCs wer e
initially isckaitedhdreianhdfiseagentis Qm1v1bmaﬂderseccﬁ1dbgaqu®ﬁérhm test abl i shed from
ot her tlssues cl udi, brai n and nu et al., 2002). Thus,
MAPCs cantVpe SF%%‘H&&@H l?r]?gfﬂi tllF?ﬁeBO%@ﬁIgé’énw yﬁglyﬂfﬂﬁiﬁ Ishg¥i8not 20 Iimited
to, bone mar rigie,sbh 8GRALRN o BN T GAne eRIbEdiAR:, %&n@nﬁﬂ%m%&ﬁl e, brain,
liver, spinal cord, blood or skin. For exanplé, MAPCs can be derived from
bone marrow ampm;ean,e@n-mlmm:@nmnt@ellm@ alnsme@twedswlnBMRﬁl means available to
those of skill in;the art 0 et al., 1997;
Batinic, D., et alhonel%lﬁf} Ce{lh%@%}ngfeﬁ% ggsls?@fem? 5#ne of skill in
the art to olbajacted ot EZB?WH@P\/tcasaaurcalse&yln@ﬁmeased edpraseionlof opgaBes and ot her
organs, and isolate the cells using positive or negative sel ection

t echni quel® aVAANBIrETbgdingsdheells Ravine infreasid Nens exwrésrswwzs ofi88%h the genes
that are exprigssRed (QredRh oEXREGHSed) in these cells (e.g., by functional or
nor phol ogi cal assays,” such as t hose disclosed in the above-referenced

appl i cations, whi dholassbdsement; the orllpdadngticreasedi axpisysioed BN gricee 30f or

t eachi ng such assa m Human, Bone cribed in U S
7015, 037 BORBUREY M HERORUIE PP LERItS RErariae P ol 78 HHER Erar r ow
aspirates, \/\hhﬁlﬂ‘in\/\@{&léﬁiﬁlﬁidﬁﬂdlthﬂe fRsla of iNRARSs atabadldver the t hose of skill
in the art (sec, ‘for exanpl G F. et al. 1997; Batinic, D et al.

e, er,
1990). MY t | RUBHEXPERBAd: Ys,ttl%hlﬁ%mpsesan&ce%eé@me HRsiRentEe efdlse narrow (or
ot her organs h%v&g 1I?c§eas&d/§{pré§51096f"N?a3’ arpwmé%@ed%fth SRS sfiteppegnmon

| eukocyte antigen CD45 or “erythrobTast specific glycophorin-A (Gy-A). The
m xed popul atdarbetacdllubel | s was subjected to a Ficoll Hypague separation, The

|1 h S -.CD45
anti -Gy A& ant | bodTEEHRUBE PRGENb BT SEERRG eileBPahHTE Al cel 1 <.

and the renaifh@raRRheMbTRseE ger&d:ﬂ/emﬁt ARG MeTRRANGCH RS 1e6lES wer e then
recovered. Cells can also be plated in fibronectin-coated wel]s_ and cul tured
as descrided %&dewaﬁ,cﬁnd@demnal@@ﬂéneé@eaww@ﬂ BrenherreRiisingd8n et 9fod) of CD45+ and
Ay-A# cells.cohQfilLhoabi- Xﬁbbﬂfom@@%hlt h(‘/rF' ecrﬁxlsﬁﬁtn'oﬁfétrﬁ)%rbnﬁegérﬁ%@lg o isolate
cells via a conbination | -specif % mar kers. Both positive and negative
sel ection t echiti @]ﬁ@éa%ﬂé Vﬁ%ﬂm @zlblﬁésttdgﬁnt Isdfsivior A gfor Bhouit f tQ prousP pr  and

I t
Colect i on purGea8s, AR ELONT B A0 G otibe A EcBioniflR | 1e
Leukocyt e Typiromgstép afSehh dstvianA aela stbond akEntEdBereﬁﬂtB@&)mI@(éanid Uni versity

Press) and are mrerci al |y availahle froma nunber of sources.
Techni que¥ fdfﬂugr’é ‘i}é?ﬁg?:@glac%‘éﬁg?oé@b%lﬁ? ghauh oF Q‘L"Eﬁ‘éayé’fm‘éécﬁ% popul ati ons

have al so be r S. Patent
No. 5750, 7030 ?rﬁ%ﬁedtbug?%s%é'g)r gffogﬁéﬁ%hgcﬁ§ w‘fehzﬁonﬁteﬁ b Bop = ty 20
chr onmat ogr apher)HGadar abpubk kd abandd @anwje ﬂl@y%&n(clﬁlﬂun@rabsmmes)a@nd d)at ed cel |
sorting).

contacting the cells obtained from step c) with one or both of nicotinamide or

exendin4 (for about 1 to about 9 days or more, including about 6 days) to yield
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Recovered CD457GlyA- cells were plated onto culture dishes coated with about
5-115 ng/m (about 7-10 ng/m can be used) serumfibronectin or other
appropriate matrix coating. Cells were maintained in Dul becco's Mnimal 25
Essential Medium (DMEM or other appropriate cell culture nmedium

suppl emented wi th about 1-50 ngiml (about 5-15 ng/m can be used)

pl at el et -derived grow h factor-BB (PDG--BB), about 1-50 ng/m (about 5-15
ng/ M can be M}) j M. r ngi M (about
5-15 ng/m cacﬁ be ﬁfée}h ﬁli%ﬁ[g{ulIigr??%late)gcg@g%tSﬁépfagg%t%l)r@?ﬁl&%g}gﬁggﬂabout

100- 10, 000 | Tompassentagidag e oellsTitlcBMPhe Inanether empodiineht, stopdt 10-1 t o about

104 M dexanethasone or ot her .appropfiate steroi.d t 2-10 /mL linoleic
acid, and abﬁtf?l 1e8F%Erbs_eigorﬁﬁtlggggrc%{l%wgﬁonae_ OT&OH‘e?f‘glggflo%rrzﬁegaf%ﬁ di a i ncl ude,
for exanpl e, IVohBembddithert HOMcandladdhis cydisdahtncaneinti FIBHH betivsaint ai ned

wi thout serum in_the presence of about, K 1-2%fetal calf serum or, for
exanpl e, Pn about ImoEgmhedupenhsheeantasiing s syrIsH QB0 IiiER(emn culture). \When
re-seeded at t 3 e o> el | doublings
were routi nellggg%%%‘l%r%g% ’gﬁékifg%g%%%gwae%‘ﬁ%h@%‘% er @h‘?‘”rﬁ%gca | 5doubl i ngs,
Cel | doubl i ngottactmginsmabiaebus Gnd8h ehbodimb, thac¢lisadxp2Bsidfinsdid ordoubl i ng&
Afterwards cell.-doubling tinme was. extended.to.as much as, 60-72h.

Tel omrer e | end P61 KA exf”feéﬂ‘PlBoé‘Bﬁﬁ’Ps?ec(r%fﬁ@Sﬁ%fﬁg'én%ﬁ‘?@’ ?’Bepi%f)ut 55 years)
cultured at reage@BinAEhrdBASHL i es of about 2x103 cells/cnR for about 23-26
cel|l doublings was between about 11-13 KB. This was about 3-5 KB | onger 10
t han tel ofere | endt pneotmbsdaent| heptoeyhrEeniofeni rdsfmehen-prabYaRe donor s.

Tel omere | en r r t r and about 25
cel | doubl i n%ﬂn ?éeuss%géc ﬁlﬁagm éerlnlg%;%a@lﬁ?"é%@ grg%‘ﬁoﬁﬁeggmgg‘l%senﬁﬁﬁbl i ngs, was
unchanged. Thenleabywhicpenainohipear, vkt rwas gean rells (oPteirot ype of Human MAPCs
under Conditigons Described in U S. 7,015 037 15 |Imunophenotypic anal ysis
by FACS of hiiVeAeRBES 58 A8 Hameed va@@mmﬁrs@%f%mptﬁaﬁiﬂtqryngg showed t hat
the cells do OLmBIRAESSHERRored803nscBRBG: fuGBBGmRRISN AR dB62E and - P,
HLA- DR, Muic18, 8?1(0- 1, cKit, r§=I'i e/ Tgslf; andaexpr ér'ls_s | ow'| evel s of CD44,

HLA- cl assldl aftixol2 Pagdec PElpndi§ ubdxn, Nigxfdl, &pE 895 a conbinaigmi herecob, CD49e,
C11wo0, FI ki 10 . Mce. cells under t >40 .do iNn pn cultures
re-seeded at ag‘%%ﬁrt%%f%%en&eq‘? %‘?ngrr?@&é Er%égnﬁﬁﬂgﬁgoﬁé Oglggger?e%#blr’ e Jj(‘)m)genous and
no cell expresaeembinétisl thssof. or CD44 (n=6). Wen cells were grown at higher
confl uence, they expressed high |evels_ of I\/Uclg, CD44,[, Hé@ class | and

02- i crogl obul i n, BEFAPE “}e§t.%rp?‘r‘idFSa”rmf@°‘%Wé’T?J‘ﬁ NOANHFBUHESS? Bed for MBC
(N=8) (Pittenggket it A&Athereof compREHEON b&HAGAS bSEMYryRARWRE, WAl _human MAPCs
grown at about 2x103 cells/cn? seeding density express EGF-R, TGF-RL and -2,
BVP- Rl A, 20DGrEeRaAoarethbr®niegrimtdets that camdlifferentibigoptalahtergiiwo 0t ween about 1
and about 109 f P tal.n. wth anti.- {i i ( gi, R 1983).
10Usi ng d ont%té’ﬁe?gﬁ,&%ordrseglﬁg ﬁ\ﬂg e%%(dgtr%lsls? égﬁygéelsn‘gﬂ%ra%? Slq fgesn(t)’f Bérlrgn MAPCs
cultured at speflishggetiicinictiviaA aid adeoord sxdiDwheeinltbd ex8nd sentibbibits 22 and
about 26 cell doublings was determ ned: A. MAPCs di d not etxﬁp({ess CD31,
CD36, CD62E, semgppdechos@®HY) acfyity topiedd cqllsbappppsreassd epressiproi 4%, | L11, G
CSF, GW CSF, {ERR4 b)ehirdmibteriR thERWIEs halmg dtFeab QVxb RNEDS oPPdH b5 & @SS- 1, CD44-E
and Mic-18 nRNA. 'B. MAPCs expressed nRNA for fhe cytokines BWP1, BMP5,
VEGF, HGRS K@Eovifgapmereptigecedly inothie gebject cbme embpdikient, Bemor-enfyyniRl a, gpl 30,

Couoa, Copo; St "elRe Ao RRRED s B E R e PR R ARER " e Py
domai n tr anécri pt iImmndt}aarie:mbo@nteﬂﬁ}xhesneus}&v(rrgénméarsediewmeslsio@cotfl’éx-ﬂ6 mai nt ai n
undi fferenti at ed stat.e .of / Unanogh . .1995), sox 11.(neural

devel opnent ) ,al'%ﬁg?%@%(iéﬂg\fu&gﬁgggg it%)“eg%é%ﬁ%gﬁyﬁ%g ”U?I)Cissgéﬁ‘li’reﬁb?(i’e%geonai n
transcripti onNgBGRE & adiiiddat@ndo ttR2ukjeQr Vi cal and thoraci c skel eton
75speci fication; ‘organogenesis of respiratory tract) (Packer, At 2000),

Hox- a9 (ri%yel opoi &8 prpther cmbedimsat, the cellolgming imMirgased exwessfonddBere of forebrain
and peri pher ¥y I 0, MA, 4)., . (enbryoni c
mesoder m adu °t ﬁ&%&g%ﬁgﬁgo%ﬁgﬁg&@&@ﬁlﬁﬁ léﬁ‘??&lnést? é”(l)egcg%e)euss ie!s% eé E%er st-Potts,
L. 1997), PDXisulipanbawemsincietdetiegprdssidufof 11388y, prior to administration to the

subject. In one embodiment, the cells having increased expression Ngn3 are

contacted with one or both of GFD11 or betacellulin.
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30 D. Presence of Cct-4, LLF-R, and h 1KT nR_NA was confumed by RT-PCR E.In
addi tion, RT-PCR showed that Rex-1 nRNA and Rox-1 nRNA were expressed in
MAPCs. MAPCs were al so denonstrated to be CD105 and CD106 negati ve.

Oct-4, Rex-1 and Rox-1 were expressed in MAPCs derived from human and muri ne
marrow and fromnurine |liver and brain. Human MAPCs expressed LIF-R and
stained positive with SSEA-4. Finally, Cct-4, LIF-R Rex-1 and Rox1l tri RNA

| evel s were foundAnetheGhiR@REent ProdRRR NZESo rakide iadiiReynedind0 Scel |
doubl i ngs, which resulted in phenotyplcaII% nore honogenous cells. In

contrast, MAPEE fealsulieddn aeed icgee! gemBiitiye: labeantasiipg seysebryoRictsitese mar ker s.

IV, e 2sen 3L L EIESERNEa el bl 6B Lol ngs and | o

of differentiatron’to cC an chon asts and

adi pocyt es. €ttbiidtal)gndddbiisml asd iResHdernizg cell thpdd. vath #{iRiaged WheddMAPCs i sol at ed
as descri bed heéei n can be,cg:;éured usi ng g‘ft hods dj scl osed herein and in

U.S. 7,015, 08 firshiceH 1f 4ciie 65 phsostactngipe celsblinsd fom siepakwithet hods.
Briefly, for aAReincAbids SecBid M%Et,cﬁ’fleﬁﬁl thdl e%oﬁcf‘%geﬁtzc’Y'nﬁl@fté‘mn?Jheﬁ%% free medi um

was preferred to maintain the cells in the un erentiated . 15Medi um
used to cul t aetevityhe) walabisg thecalle obiaitse droteatapi ), withalsGE apHGFnent ed as

d i bed in Tabl H NAPCs d ' equi | P, .Table.l Insulin about
10- 50 1 g/ mt P g e e IE Gy Top aB R AeBthAn of mdgRidh o (about 5. 5
p. g/ ml) Sel eskendirAous te?yield L hrEksin@heuin & hashpincrddesd @resclonsT al buni n

(BSA) about 0.1 - 5 itg/ml (about 0.5 tig/nml) Linoleic acid about 2 - 10
ti g/l (aBoutnsylin apdghanyinisissing e kedorrareappg insginoudavipg 1nereased (about 0. 01

;i)('\)//lb,lt '—;fgs ¢ Og %&?‘g%ﬁdgﬂot@%@%%mﬁi &P OMtond erhv SR8} K 086 bPNENu DVEM LG
further comprise BMP-4, In another embodiment, step d) further comprises one
or both of GDF11 or betacellulin.

In one embodiment, the subject is a mammal (e.g., a human). In another
15  embodiment, the subject has a pancreatic disorder or injury. In one embodiment,
the disorder comprises diabetes, obesity, pancreatic atresia, pancreas
inflammation, alphal-antitrypsin deficiency, hereditary pancreatitis, pancreatic
cancer, pancreatic enzyme deficiency or hyperinsulinism. In one embodiment,
the diabetes is Type I or Type II diabetes. In another embodiment, the injury is a
20  result of physical trauma, chemical, radiation, aging, disease or combination
thereof.
One embodiment provides the use of cells prepared by the methods
described herein to prepare a medicament to treat a pancreatic disorder or injﬁry.
In one embodiment, the medicament further comprises a physiologically

25  acceptable carrier or cell culture medium.

7 Brief Description of the Drawings

Figure 1 depicts the regulation of endoderm specification, foregut and
midgut endoderm specification and subsequently pancreas specification by a
30 complement of specific transcription factors.
Figure 2 depicts the phenotype of low-O; mouse MAPCs. mMAPCs
were derived and maintained at 5% O,. (A) Some clones have Oct-4 mRNA
expression at levels between 5 and 40% of embryonic stem cells (which is

>1,000 fold higher than in MAPCs isolated under normoxic (20% O,)
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MCDB- 201 about 40 - 60% (about 40% Fetal calf serum about 0-2%

Pl atel et-derived gromh about 5 - 15 ng/m (about 10 rig/nl) Epi der mal
grow h factor about 5 - 15 ng/m (about 10 ng/m) Insulin |ike growh factor
about 5 - 15 ng/m (about 10 ng/nl) Leukem a inhibitory factor about

10-10, 000l U (about 1,000 I1U) * Preferred concentrations are shown in

parent heses. Addition of about 10 ng/nL LIP to hunman MAPCs did not affect
short - 20ter%ﬁﬁ{ibngr(wrhis(@@dﬁ%nﬁ@dﬁyﬁ&@@kdrrt%twﬁ?@teinldnhb§5 cel | doublings,

| evel of Cct 4 (QOct 3/4) expression). In contrast to what was seen with
human cel | s, inwsallylpesidining forr{ectda Gopwaied o R eplisaM ARTY expregepflet.ed on day 0
of CD45+ cell ! r h en. When nuri ne
mar r ow nononl}?:el'xé%\?ggle ,}F?&ﬁg,r}é %%f%ﬁgﬁa@ﬁtﬁr%ﬁ%ﬂ r‘é@i\%ﬁ %gays | at er

depl eted of SCR45FeRieUtR, ErslHcatlvhni GDHIE DoorOhadrbD@y nivnek PiAdiBtaype simlar to
t hat of human, MAP jﬁseared. Thi s suggested that factors_secreted by

hemat opoi et i c@blThylviePed (diteMH gclassdad il CRA¢inggatiyedwt BK8f nuri ne MAPCs.
When cul ture k - VEFe , _Ii]]jog Iy d ow (>6 days
and cul tur es%g%%% g%gﬁl?é&?rgl nt als%g@lg%e?/%% a oﬂ%lé‘%gégaﬁarz%ubl i(ngs. ve)
Addi tion of d&igist thepdmgdtinform bgbigiriioflies antetayoremsané A ARCS ggfiedvt h. Once

established in,culture,.cells can. he fr n.a stqred as frozen stocks,
usi ng DVEM vvi“t“ﬂergh%a nﬁﬁ&n\‘—‘%émﬁ%d @%’Wg%sﬁ[\%@u W™ ¥ hods f or
preparing frQagdtishaeksubsefuchily switcael ©ekh 6, a5 liins hdshahgall € to those 100f
skill in the art. Thus, MAPCs can be nmi ntai ned and expanded in culture

medi um t Wit tEangayiRtipRa) o celbsurfaee Rhepotyss aie SepRATUSSESHBE thaethe piglatige not | i it ed

to, Dul becco' i fd ' N‘ﬂ'@' %Ma'x: ium(r), Eagle's
M ni mum Essenl%fig{ﬁgk}b%i uﬁ%c{e@i%% nme |18%{\Q0pPscove dé&ﬁ}gglgfi ed Dul becco' s
15 Medi um(r) ,phBlRitypeliS A6k iméihlerrytro.Many nmedi a are al so avail able as a

| ow- gl ucose fornul tiogé wWith or without sodium SO

ruvat e. . Al

contenpl ated is sdpBFeARACRCsSpanreasdf ef%fl!ﬂa{l%mém%afé% #d3C drRiffal i an sera.
Sera of ten contighda6bhsl i @k if afRhfatRNG VOARONBVarlslapahcradiR eegssary for
viability and expansion. Exanples of sera include fetal bovine 20 serum
(FBS), bol\i neraglensipane@Piondentdrs et eambe egyresste daingcthe fiffeamiipiqniECS) |, newborn
cal f serum ( ()eSS goat serum (GS), horse serum (HS), human serum -chicken
serum porcine scrum sheep serum rabbit serum serumreplacenents, and
bovi ne enbryoni ¢ fRigirel4 depicts sheunetphsld giced apratanses EMARC-leea-bedlat - i nact i vat ed

at about 55-6 i f.deened necessary .to inactiyat. omponents of the
conpl ement 2544 ERRpNON cultures. E@ﬂ&}yi %Agge E%I%&P Qﬁﬁ?ﬂ&@ﬁ@g?f@% %38%8 &%sed

advant ageous|y 0, dfetem 1){yetrh!’s%n%ﬁ£dea bW‘ét%&;ﬁaﬁ'Flogﬁﬁg 8elRl mgﬁsﬂ%e opt i mal

growt h and expansion. Such supplenents include insulin, transferrin, sodium

sel eni um Zhd netehbd siert foomingt these divheosivha yerycwrthdabiopated dasiebavhiohcl uded in a
salt sol uti Onev%ﬁ’tﬁcjﬂlyabsdd ot%f" b B9l urture supernatant (day 21).

Figure 5 depicts the results of Q-RT-PCR evaluation of rat MAPCs

differentiated for 21 days towards endocrine pancreas. Rat MAPCs were plated
on matrigel using the sequential protocol described in Figure 3A. Every 3 days,
25  cultures were harvested (data for d18, 21 and 24 represent data on non-attached
clusters only), RINA extracted, and levels of transcription factors and hormones
were measured by Q-RT-PCR compared with GAPDH as control, and compared
with levels detected in primary rat pancreas, except for Ngn-3, Nkx2.2 and
Neuro-D1, where levels were compared with fetal rat RNA. Results shown are
30 mean +/- SEM for 3 experiments.
Figure 6 depicts immunohistology of clusters. Top panels: Clusters were
harvested on d15 and d21, dissociated with trypsin and stained with anti-Pdx-1,

c-peptide and glucagon antibodies. Bottom panel: Clusters were harvested on
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30limted to Hanks' Bal anced Salt Sol ution@ (HF3SS), Earle's Salt
Solution(r), antioxidant supplenents, MCDB-201(r) suppl enents, phosphate
buffered saline (PBS), ascorbic acid and ascorbic acid-2-phosphate, as well
as additional amno acids. Many cell culture nedia already contain am no
aci ds; however sone require supplenentation prior to culturing cells. Such
am no acids include, but are not limted to, L-alanine, L-arginine,
L-aspartic achd, anhm@%r\ﬁgﬂﬁwfonﬁmﬁlﬁwﬁa%akrs@’cﬁ&l B g-heidt]. WhdpiC acid,

L- gl ut am ne, L-gl ﬁ}l’{ne, L- hi stidi ne, Lisoleucine, L-leucine, L-lysine,

L- net hi oni ne paielyp el serversg contrqdr ol i ne, L- 5serine, L-threonine,

L-trypt ophan, L-tyroSi and L-valine It .gs.well wthin skill of one in
the art to determ)ﬁ%%fet’ﬂgepbérz%% ?ptgdgrsl%cé%t Otrhell}f ?’88§£6?S$@‘f?8§%1§§@§p| enent s.

Anti bi otics ahwosd el wetecalltned wadBniMgloedsk, dIffout €16-24,r daflgatiee bact eri al ,
nycopl asmal and fungal contam nation. Typically, antibiotics or anti-nmycotic

10 conpounrds PisliPidfaMglyqoss was ided irthe fulfurssy after s drihe supermsiat can al so

i ncl ude, but NN N =Ta ol i zoneQ), anpicillin,
gentamcin, b ég%g/qgg§eg,ahﬁ§ssgﬁér%@ﬁgﬁgﬁy&gﬁgtgy%@%%ci n, mycophenolic acid,
nal i di xi ¢ acid, né&wuycs depiciySinatidna] K pad Oavhanoels on pefaylikegxcelh clugtarsomyci n,

rifanpicin, spectinonycin, tetracycline, Si. nd cin. Antibiotic and
antimycotic %a%]i“}a%8ga o elbog%Sl)r(S tgﬁtﬁbéer%t?ﬁ‘iegr &ﬁ%ﬁ%ﬁﬁaﬁﬂgBJﬁc"t‘jhe type of
wor k bei ng pemfaniReed Agedesd micRsspt eitvidn ihRdhg CBRe plbt SEth SighN
antibiotic-containing media wherein bacteria are still present in the

cul ture, 1But sheies eiepgesan bitragiialas selrigingenr eonsertrabpndl (4" hast efledsedt it i ¢ rat her
t han bacteri qgi : i R[N AN: an.. | ; i th the

et abol | sm of tangiSar [eryagL i Rey BULRUEb. Rk e BLEl ARG o1 v used i
cel | cul tur e vamelevoked bigdimcrebsitg entmcelbilar K ioh tetehtogtion-ta sl as éfram &,

di et hyl stil bestrol  ((DES), dexanet.hasqn -estradial, rocortisone,
insulin, prol ’iaﬁgg}ﬁ?lﬁ&@ﬁee‘?‘%ﬁ ng‘getﬁlﬁ’ﬂﬁ%esi eﬁfﬁﬂ%ﬁ‘@?%% flor mone (HGH),

t hyr ot ropi n, rﬁﬂgyib%i(gtpmq?‘!d L-thyronine. Lipids and lipid carriers can al so
be used to supplenent cell culture 25medi a, depending on the type of cell
and the flate of t Hegus 9 demeintransplagtagen of endpsine pprysireps daffreniigiadiralr s can

et ude, DUt AGCBLd el el SUELELD, (Gut gl o Bk SSEPT !

| i nol ei ¢ aci d conjuga el ¢ acl acid conj ugat ed
to al bumin, umeoinjdagedetle kiaiel ei ¢ aci d, |inol eic-ol ei c-arachi donic acid
conjugated to al bymn,_ oleic acid upnconjugated and conj ugated to al bum n, 30
anong ot hers. 1guRg Whdepasty ]éfiﬁﬂt%i’coéfalcir%cog%’éutlﬁ’é‘gm&? l\f‘gﬂgg@er e ¥eek-| ayers.

Feeder cells i ROBRSAIS RiRUBRNH 1thBiAGEP Mfad@siv filiBwmectistayed cell s,
including stemcells. Feeder cells are normal cells that have been

i nacti vat28d bsradiations andi wdeinever of apivasialoeGMi gedtivadeérl, dblydl). ddlevts as a basal

| ayer for other.cells.and supplies I ctQrs R further growth
br division ﬁee%‘%eleranbn\}\?qs fvﬁéérﬁgcrhf}e(\?\?'c@nmgﬁ n%) ?en%(.e 1Pa?§%§989%§é¢$ﬁ? es of
feeder |ayer aelviel BITACSY for pedstnce bl daior 6élj8] Aiddhditihgeage tifferentimitie enbr yoni ¢

fi broblasts, Sw ss npuse enbryonic fi‘lgrobj asts, but can be any post-mtotic
cell that is@&éﬁ}t@1V8@XWBP§ﬂ/ﬁéeE@P e miceconponent s and factors 5that are

advant ageous in algiQw NOJRtd GRP TALANM donoVishl ihidrp MRS CeRARENOD- Of stern
cells. In many cases, feeder cell |ayers arc not necessary to keep the ES

cells in22n hige-eAto vagekpld HEB)-SEHY monseaeesivedd, makon Bgdad®i a i nhi bitory

factor (LIT) ie- (i Latloen: pr i f . ppl ement at i on
with LIE can %?ggg%lf?lgwﬁlﬁﬁg?k%I 5°?h€9‘§§‘%&§§‘é%¥’2§£?%9%‘§ %n ifferentiated
state. 10Cel ligjectionqdilt dtle 2t fier 1@ereaksatireding] tiagsacrificedisfmsf the or attached

to a solid s ,such as extracel | ul ar riX nents and synthetic or
bi opol yners. L@%{&é‘%‘ﬁpge%?‘?@ﬁép%ﬁm fedls Xgta %nﬁ% éggfrgfépstvﬁeé? 28hcour age
their attachrReent The padirdad of thiRRAIMal walI&M1BEd by BRi-GFPLAR ohdbiRad type |V
col | agen, concanavalin A, chondroitin sulfate, fibronectin,

" super f i Blonetith gnti-igppiin Abs. Shown is a GFP" islet and a GFP" islet from the same

pancreas. (Example of 1 of 2 identical animals.)
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15fi bronectin-like polyners, gelatin, larninin, poly-D and poly-L-Iysine,

t hr ombospondi n and vi tronectin. The mai nt enance conditions of stem
cells can also contain cellular factors that allow stemcells, such as
MAPCs, to rermain in an undifferentiated form It is advantageous under
conditions where the cell nust remain in an 20 undifferentiated state of
self-renewal for the nmediumto contain epidermal growh factor (EGF),
platel et derived growt h faqhfilell Plesdrintioh 8E#RE Mvandishi bi tory factor (LIF; in
sel ected species), and conbinations thereof. Tt is apparent to those skilled
in the art tIM"l_nﬂ_ImEI ements that allow the cell to self-renew but not
differentiate sho db r he t L. to
differentiation. Cﬁlelelmﬂﬁ tl(glril]féss}g)ear%n‘%jargtdﬁe edéggﬁpﬁogamn 185 r om

co-cul turing w th“mgtdres amairbnyhym“msmlcpbteﬁtmdouhatdg@mng cept’Nogsysad i se from
the observation that certain cells can supply yet-uni dentérfl ed cel lul ar
factors tRat NgTeitbip refietost noR eI Yon Gt {0y tliloé]r%ﬁ“inn’ﬂ%l%fn HERIETi c |ineage or
cell type. T 1 theR Se & Y PEessh f cell-surface
receptors, S%ﬁ@?&%‘i‘lﬁ]@}&[ é%ng%fe)élr% %ﬁ??}&‘%gﬁelé%u ?Q)g%l b rmfrjllgg onal

anti bodi es. Gememalenpryonillinsadeort woforul ¢alirlineggeanatdedstiotoegbnbdsyeds on the type

f ol ki ll ed t.h t h t thin th
capabi 11 £ es (o PHEOER: PeSh fideeliaBad opE B gD st o cel I's for
co-cul ture. <Bufif ewBRtdspdc IMAPCNERSSrds@iciod) Ot R#rS fo &8Il émbryonic MAPCs and

pancreatic progenitor cells differentiated from MAPCs are useful as a source
of pancrd8ti ¢omafi¢ eell. The maturati on, proI iferation and differentiation of

MAPCs may be effect Ll I t i actors

i ncl udi ng, but not l\?ﬁﬂﬁlérg EJ?‘:’rE%t ?él%lfr}l or O% J%H 8%1 ialﬁcﬁ‘rf“[farri ly),
El\/g4 g or ot hene mbi;@n&llmgggehél\/lgmofmn? Tvyt)l ;resp«fjct agIeImPCt, :’matommhnmxtez soni CSHH
edgehog acti i ncludi pg, but n imted to, cl gpam ne, and anti -

ant i body), &Aﬁf &@;f%%pelgﬁr%gesrﬁflaﬁgg?ﬁ RIIifixe %‘?"H’slf‘yerﬁ?(,eotefl fodeie (and _
possi bl Y. ¢ Ghdspidmatit dhioa g8 hckh NHbAHON ashis ke dedfred to, exendin 4
and exenati deé/% -am no acid pept whi ch cl osely resenbl es exendi n-4),
GDF&wlh(]?rH;)th bAP@t ’h@ﬁgz)fdfmlt?ﬁlésm etmqu@f C)rhleﬁag@ pro'{;l E/transfor?‘lhngt I
gro actor beta rwi stroma
cells or other cel TEQI?%l ;C[SIF ei%@é%eiﬁ?ﬁ%g{a?% f?/eegs g’ﬁég\ﬁ% e? ﬂtﬂtl?lgm cel |
regeneration, comfpiogeritor a¢lts” dfefctiy potucet dorng dlfferentIMnaﬂelstentd‘bﬂt inhibits
soni ¢ hedgeho SHH) acfivity Si gna,ll i ncl udes any agent (e.g., a
pept i de, prottg*}tﬁ?a"qsr?&eu%‘?t %h??%@b@%cw@ﬂﬁﬁl? %‘ﬁﬂ@%‘lﬂ ? ¥-drug, chenmical, or
nucl ei ¢ aci d,qiFaehia% é%H?rDMp eﬁfﬂoﬂc@m lghéhsastﬂbﬁqcﬁéaﬂagﬁdgemt&r expr essi on
of sonic hedgehog (i1 ncluding, but not limtéed to, providing signal(s) in the
pat t er ni 1§ ofceﬂﬂaeareapmyutéadﬁpyémemdhltasttpatsp@nfm crrgemﬁnétllh'e ventral neural
tube, the an%ietrfl or. - Pe r| ar linb axis, and the ventral somtes). Such
agents inclu fa 1%1 limted to, an anti-sonic hedgehog anti body,

cycl opanmi ne (CPA) “Sanadrﬁgsr’ﬁmse@ﬂm asﬂﬁqhto@odmy@fepnaermﬂai@h&r esis- 3-one or

ot her 10sterqi dal al kal oi.ds. herein rhbm refers to a reduction

(e.g., about f@wgétf&ﬁ%nﬁfb% p%{%ua{ thits%dea%@hﬁo thes, Toabhich Seyaredout  30%
about 35% at)@ggmﬂp{’ém@p&%ﬂﬁgsc/@m@{lpgu%m@@e@n@pout 55% about 60% about 65%
about 70% about 75% about 80% about 85% about 90% about 95% or about
100% in 2he act i vincyeasdd @pm%om@cﬁ@emlgeré@gcmar@@%mm@ @dnsulinty of SETH
In t he 15abselﬁ(fe(afen(§f n‘&%g&t t Aa{ya/bo? el a %fo\cl}héﬁz%rent cell aAS descri bed
in Exanple 2 erern wered ere iNto pancreatic

progeni tor cekllpriantd tlixe:te&ﬁezletfelat%nann(evg td‘oﬂtactB’fg\elftﬁ wetiiNAJaniMer e cul tured in

About 50 ngi HEAFEEBBnE: S SigPHE). e AR b BOMENAE BB dBbur 20 100

ng/ m., such ag @Bwhaz&rm/tmprbge@mug 1 B ah Mer@ke MRRPLesHbh; RYLML) for about

3 days, foIIowed by about six days culture in Activin A, BWMP-4 and

cycl opami3fe (tee pfoS@ICRPTeBse 810 ltle @@rkmmommcha@lrmg)a@mmﬂ thereAM) or an

her e r om wer et A8 i P8Rl bl fifesmiie B Smi T, 8 1"

about 100 ng/(a‘g,, Pdmdbcuilbwna@@memxp@émﬁomrptbl@ox(te(gfoldab@mt 5 to about

100 5 ng/nm., cI udi g\%ﬂ abBut 50 glg for about 6 %s. The cells obtained
uf ¢ di oyt

t her ef rom Werle el &0l pb ﬁ]f‘élén%b&ilh} Py ok drdeld( about 5 p. M

to about 50 ANbui N6 ot AGouRDAUS ol B (Brfoﬁxamt D654 R18 apodY 5 NM to
about 50 nM including about 10 nM 1 (e about ‘10 ng/mL to about

100 ng/ L, including about 50 ng/ rrL) and bet aceI,I ulin (e.g., about 10

ng/ raL to about 100 10 ng/nL, i ncludi ngg about 50 ng/nL) for about 'si x days.
Addi tional factors to enhance the initial commtnment of MAPCs to pancreatic
endoderm (Pdx-1 positive cells on day 9) cartinclude factors known




to play a role in endodermcommitnent, such as nmenbers of the Wit famly,
TGF-,6 famly, and FG-F famly. Wit-3 plays a role in endoderm specification.
15 (Heller et al., 2002), as Wit34- mce do not form endoderm or mesoderm
(Heller et al., 2002). Pancreatic, but not hepatic, endoderm specification
is regulated by nenbers of the Wit fam|ly. Conpared with initial endoderm
specification, which may depend on Whit-3, Wats may inhibit pancreatic

endoder m Spe%lﬁ'zﬁ%hﬂ P065 A& kbeRR{07 el ek 073t Bid) adouk Pb8 ksid labou@ mMenber  of
the Dick protein 20 fam |y of secreted proteins, antagonizes the canoni cal

Wit pat hway BySSdpideahouhil GHoldf #tioi .95 f9lda @b 2tfoldi(me., r), 2ot ddelpt or L12135/ 6
and i nhibiti tera I | ex (Nusse
2001). Thus, qulé:ltf?@hg%of”?%f@& #aggfglﬁim@n ti?@%mé%‘f%f%‘éta@%t%q?@ ,(a GSK3
i nhi bitor sumbomSOGBKS[bountﬁ folld, about X)) foldNabbe 2 feld, sout 3(19&8)ab@ﬁn increase

the f f -1 t 5 d f MAPCs .
ol g sl P RR. S 4B H D Bbt B 1 SRS bl PG ot 101
endoder m or %&9@%@&1 BINB: 7o £l Dok hEFold, @Eodt%mfbm LBUPE R, BSiCES mesoderm

rat her than endoderm specification, as BMP enbryos die’early in
gest ati on wi t98deit, mmﬁil@lcarabo@ﬂ%fukkehbutééfbﬂﬂd rab¢W20fifeld, aboutds50, 1995). In

demonst v at ed DRt CARIGR: RGE 270 Bl AEHERN Bl Rmd SaF R Pl B, 7Lt o™

endoder m but fpia! absRsEUdEHM, abdut $®(bﬁ>ﬁﬂulﬂﬁ't 8@0 RRE abAR Y00 (1@ abB@NcIeat i C
endoder m speci fi cati on Kubo et al. . D Amour et al 2005) Activin-A

(Mal donadd  deldggbo té@@b@%ﬁbﬁé 3690 &Wﬁ‘éd‘r QROtipldpahomt 5,080 Bldar et al .

2003) i nhi bit i e redHo' (G14E derm

speci ficati or?gO&dBO%E%g %%h?f'ooq"f;&ﬁ&gbo?% gs(:ﬂrcl&(li %??&al’ f‘élgdé@% speci fication.
Simlarly, FCHGzt)Ob&sid,tment ist;m]ﬁ)tfblfd; mrbut 20, 000efalslt atiomt Eho(bﬂ(fe»m abaut pl ay ar ole in

endoder m spegj tion 5( GF-2 in pancreas
vs. liver spg& ﬁ?%l Q?ﬁu‘ig@ﬁé%&%ﬁvt@%%&g‘glpr?g’owa{o QO%afD[% &®¥EE-2 inhibits
SH product | o dobiaid 4581t 63,008 tokd, ARRPID.baTaeibcal 75, 00PRR, ool ch shoul d | ead
to pancreas specification. Thu FGF-2 or conbination thereof

can be uséd i, Opﬁéoldmbh@tﬁi(wodb]fdfWGMQWJONM@@‘E [0, fold ax@rdstenat i on with
ot her factors 0 e 10Pancr e nt fromthe ventral as
wel | as dor saals%3 Aergﬁ%c{h‘l;l gr%ét n%l(s |%ﬁe%¥$ée&%g@gés%¥c hedgehog (SHH) (Hebr ok
et al., 2000). Actnwffedtitdahsionaiio agtntdd.g., AZOAMA, andpat thaGhhibits Har di kar et

al ., 2003) sgﬂnals fro(gﬁ\the not ochord,_ act _tQ re res 1H expression in
Tigh

pre- pancr eat i T gda &HEE, mgotinade sxendind, GDELY og 6‘??‘? ISR be bl ocked
Wi th cycl opatdieBifie 18 HiffR&fialel the éeﬁ@@h‘eé@d"\vﬁ&{é @6l 88ne orin, Pancreas
specification and differentiation is regulated by Notch si gnal i ng at

mul ti pl e 29t eppombivation with ose omore OmgentSSpem fically, Notch signaling
prevents conm tnen pancr ea cpine pan nd. mat urati on of
endocri ne Ngn3 pan%?%rﬁ?l & ore§ els%mtulg procﬁﬁlqglcglglﬁar COPtaﬁoaingh si gnal i ng
can be using ﬁ&mamﬂdmeinmhmmng @ssdd: bifsere eNinkeaése. MARE®mbodiment,Al t hough sone
experinents indicted that the conbination of activin-A and BVP4 was superi or

to activin- A &g éhanagontngeaEeaterihan BByl 8%s prsater Bpabey - HeSied8honsi bl e f or

the mesoder ”&han%bhﬁzdﬂxbag%ea@ér%zé\'a%Qut@"s?S%%Etefmaﬁ%&iﬂé@%, Jissy thBVP4 many not
be necessary, may be substituted wt or may be used at

| ower corddentabatti3dbis staateniitah abnp44%4 greatorthgn @oﬂéﬁ%agtsatcrdhmoa}mt by Activin-A
al one. Additi [ t- ial three
days of di ffe@gﬁﬁle\éeir@%kr?é&gtsg‘%? %@P{e{e’tﬁ ayﬁgcotélp%éry] g?térrlqé% )I:atl on. As
Wit's nmay i nhi gmedterplaamczbeattm%,@mmaramabm{tﬂe%egﬁeataltuhaxmabctm;l@@%; @aatexf wit - 3

fol | owed by nduce eat er._nunbers of Pdx osi.tive cells by
day 9. This (?EW%@“E f:lgif??é?i“%%?aga‘&ﬁﬁg ﬁre&k@aﬁlﬁl}"ﬁ%?%&or 1h¢)dcks t he
canoni cal WitorRahhasted Ivep @& dripsciey QdrivEK fredeiRim tinrtﬁéﬁ)drfc%s &an be
denonstrated by neasuring | evels of phosphoryl ated O-catenin. Subsequently,
the rol e ¥ dithsksipwns. FGFs (FGF-8, FGF-4, and FGF-2), by addition of graded
doses of FGF-8 an s _of n inhibitor
of P2 (og . StERpsroeidep Wy deaNate eI Radts [P o IR ng ot ch

si gnal i ng, f dncreasaiphwmbddyverdinmg(ean dayhivbilsomoths, -yyms)emr»eroa%u( conpound E,

Cal bi ochem) can affect gwatl ¢ endoderm (Pdx-1+ cell) induction. The
efficacy of tRPINSHOgIp EEROBEY S8R UB?P%QFé?aﬁéZfPﬁﬁr@s‘é‘??ﬁFesm on of
Hesl an? Her frembifl iR B0 SUBIOEH iM®Akrier 1ceE 6 dtRerdnapshiaRafteaised wWith a
pancreatic
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transcription factor, including, but not limted to, Ngn3, NeuroD, Pdx-1,
Pax4, Ptflal/p48, Pax6, Nla6.1, Ni,x2.2 or a conbination thereof, for
exanple, by DNA, RNA or viral transfection or by protein transduction.
Expressi on of these transcription factors can induce pancreatic
differentiation of MAPCs. Additionally, the endogenous factor can be
activated or increased in the cell by nethods know in the art (e.g.,

honol gous reconbi naty ; ) z conbi nati on
(e.g., U.S. 6602 g%%@%%gﬁg?lﬁgaﬁﬁfrﬁeﬁﬁsﬁ §tactdhval f ﬁé‘eﬁﬁ’eﬂ‘%ﬁg’ﬁi%’%@m

t echnol ogy; Aiffhiere gfordigic(e. g Gllegarieternd xer@igens)9) tissires,airpars ognellsgenous

expression techni ques. avaiJ.able.tp. the art er . (.t.he ove, nenti oned
patents are irﬁ%lglre%tosru egt& llgifllsrs%?’évraglﬁ(?geq %Fes?l\g%étﬁ? H’é]{bd{eorf’r‘gftb%a@ of endogenous
gene acti vat ieéipientsubsittditd motintta ihhené RejREShaenedd daseyikdestubsyr ei n,

vari ants, honol ogs or arthol ggs of the factors/ genes, whi ch have the sane
bi ol ogi cal’® f fie¥ehsedh thedpiredpction effarepm oge dispungdelgipace ¢asrenpempast hods of t he

i nvention. Foj Mﬁ i & r g f in the present
i nvention may ulge g{rirlllolﬁlgaaéﬁgésglr%agc\ll ’ggéc?g%r?g{élﬂﬁ té?tgér?yﬁ]fﬁlgg#%lg?% de or am no
aci d sequenceefivitivh of muharddgie tobsarica Wil K exkdrasicineageieasd ®leraneel udi ng t hose
factors/gene rovi ded herein. Assays and prograns.to determne if a

fact or/ gene is'gﬁﬁﬁﬂﬁlaﬁ%ﬁ’écoﬂ?a%e@%}%%ﬁw et eegrgﬁlls to}\?éal“_rtﬁgé"eé‘_ Sti dent i fying and
subsequent |y separmkidish ‘dididieraptetsab adelf 8 defis WhkMatd 1t hsddBidich fugihent i at ed
counterparts can be carried out by nethods well known in the art and

descri bedltheraiepr moed dells pherte dianase palikr Corpanents that diefasenciatad witlethean be
identified by_gsel i.vel ulturing cell.s ,u congdi:t i ons. _wher eby

i 1 er ent 1 at SEICRHTS b o e rHiokar poidlaufy R o SRR BB R V.

di fferenti at edm@rlslof tieasrllRE inteten suth ssMBPCeaelatiod ©Ine at nobastiesend

characteristics that are not rCoresent on thejr undifferentiated counterparts,

such as cel | &pssesuch penaiMisdiC el tyrss) it VP OpFONBRYESURe conpl exity of
intracel | ul ar orga ! ir i Q5 £ P& aRELH i fupdnsul in or
C-peptide and the sﬁ%&égﬁlgo?\&%}@:&%}gﬁ{}i %&‘E}? % pep{i d;ég%l%ﬁrgggpuoér{se to gl ucose.
Al so cont Enplmbetheat, eualmsts hovisngodff MARGS oifofhen gtethi detlerpeoganioeatllset | s by their

i f. L fi | L= surf .yl t d
£ Bnsmonor anct BRBRA e Rk BRI L ot et P UWted corl “Surt ace.

mar kers can bgffusgehié 0 identify differentiated cells. Detection of these
cells can be achieved through fluorescence activated cell sorting (FACS) and
enzyme- | i nked i mmuhowbiepEPr celbaace(crL papyerihraninaheding aFapEIans gt

transcripti O”a?s'ahﬁﬁ{aﬁgﬂxiaﬁhhﬂé‘in‘afudéﬁo%ﬁ Lt 1%?}:%%?, il dnST G0 LARGHA cells often
di splay | evels of gene expression that are different (1 ncreased or decreased
expr essi o0 of spoRNAnels gdebmipaniof aamealsndi fitledennitiad edn Calitne]” isdaegy) as
insulin-1,gluca , _Somat.ostatin, NeyroDl, Pdx-1, n3, N1a6.1, Nkx2.2.
Reverse-tr ans??rt’g%ﬁ’i %ﬁ’lggﬁnf?ﬁae?l é@“@ﬁ&%ﬁ@%@@?fﬂ?“ﬁﬁ%%@no@% & used to

noni tor such gh; 8, dhiinSRREe, XRERES) o sidep, igosk, 64w hd BiRd.i ation. I n addition,
whol e genonme analysis using mcroarray technol ogy can be used to identify

di fferentiated celdsusedheremadeest ditFrgtips” Bnteatapnty drcdies Heddecel | s are
identified, they at&didd omhingi ad rSltdagkglqcount erparts,

i f necessar y.lj%T %ﬁ%@{%ggﬁgg%&ﬁ %entnlgé ?cla%n?oirll{ggg{ﬁgﬁyfeﬁ above al so provi de

met hods o025 se@adiioh ona seywbmad afA@8y opdisase-eatatedtondeidn. cul t ure net hods,

ELI SA, magnetic beads,...and conbihations 5 thereof. preferred enbodi mnent of
the invention envi oeﬁgec?‘f?e%{ o&enﬁixf&qéé"‘?%flsiaaéﬂ*PP‘PVe’gﬁ%P@éES% e cells based
on cel | - surf agRiredéff@e P xRS MreffeAildidosdip ah afebluituichat foadict a The
density at which NMAPCs are cultured can vary from about 100 cells/cnR or
about 150 cel Pespleipliop degist resyll, indpding p cliigal resplt. Thefergicagbabout 200

10cel | S/ et gunaRRutcatfQf. GhbShARRAGuARRULA LuPO0BEbShTRcicFhe densi ty can
vary between species. Additionally, optiml density cdn vary depending on
cul ture cd¥hdi amamsofgetls.sBhe precied datemiimtion of wisat wiouki e dohsidekd bt of t he
ordinary artisan.to . determ ne the .optinal .density for .qi.ven set of culture
condi tions ant¢8l9 %qseﬂaggl,e%f‘sﬁdé’ﬂé%cﬁ) lf gl%gr‘r‘g’ﬁﬁﬁor?éﬁ %u%ﬂeﬁg 1‘2‘9\*@%%% c oxygen
concent r at i onadepinjulpbisdikeakd bidng @ettddbnt Agow 6P 8RRiside &rdhky sichired enti ati on
of cells includes oxygen concentrations between about 0.1%to about 10%

oxygen. |n ot #ehe disessripgeant One sifledinibasdsh anttieulanty g ehysio#e #ioulddei on i ncl udes
oxygen conceniyiald @Rshie e PO Hal foAB OBl ol Br@lilegogmbodi ment s,

t he at nospheric oxygen concentration 1 ncludées oxygen concentrations between
20 about 1.5%to about 8% In additional enbodi nents, the atnospheric oxygen
concentrations include oxygen concentrapi ons between about 2% to about 7%
oxygen. The above ranges are exenplary ranges of atnospheric oxygen




concentrations to be used in the culture of non-ES, non-EG non-germcells
that are Oct314 positive and can differentiate into ectodertnal, endodermal,
and 5nesodernal cell types and it should be understood that those of skill
inthe art will be able to enpl oy oxygen concentrations falling within any
of these ranges. Thus, one of skill in the art could set the oxygen culture
concentrations at about 0.1% 0.5% .5% 2% 2.5% 3% 3.5% 4% 4.5% 5%

5.5% 6% 6.%% 7%, 7.5% 8% % 9% 9..5% 10% of an her  oxygen
concentrati oﬁfgﬁgst HESRY %B%réaﬁ%é 0&%11?%18(51620%&& R agéogsg.g.r {%)C%ln% Sgstrtr%ﬁlﬁi ment, the
oxygen concerffdeak efdapsiated) Olte e¥ottcan benprafittent Stistheradligithl @fposksi ch nore

cl osel y approxi mat es physi ol ogi cal, oxygen concentrations (Guyton and Hal |,
i n Text book ¢Rchvsrasal phijestagnt gidiakeiss. Othereiests cangnclugspioXWiishhi a, pp.

513-523 (199G colliGeHAERSRIREALARIIRRISARRRANAN b ichilitng ol von range

during the culturing perio e remaln e at nospheric”gases are
convent i ofal ,panerestic pyegeedorse. g., nitrogen, argon and the like, as well as
carbon di oxi de. Additionally, nvention are cultured in

th | | f. the.i
about 5% to about foaé@‘?wt?ls8?%13?1??8?%%3“8@}’15’6‘?‘11%66% OLFPER02 was shown

to result in JfieNaEtrfishoeREdrioraRg@tsil ities. Additionally, it resulted in a
slight change in the 20 phenotype of MAPCs. Wen rodent MAPCs are isol ated

and mai nt ai ned at Toprodde meereania ¢elpics subtect, ssverat rautgseenrdssiblode of enbryonic
stem (ES) cel . A, 0%.06f . |41 C -4 protein
by i mmunohi stok)lg ﬁ%?ﬁgglfn r%gt./@dég;?ggmg%ré}%%mr%% é}ﬁ? g%@? g\[bg/ gde x%(r:r%ﬁsc Rex-1 at

| evel s appr oaelis ingitch athisaddan b&ue s ldsscribéd InoeigbyndiffsrentdbBs f éxpr essed Cct-4 25
MRNA at |levels simlar to ES cells, they did not fortn enbryoid bodies or
teratomas ( Mé@ﬂ%ﬁﬁ@salwawga OffEEieers L 6 B BErEmR WH%@?HS MAPCs
can al so be cyjid UAEQnétﬂegbﬁo{%rrﬁﬁg@%nso&n%e%ﬁx_idt&?&,g&étsgﬁelfs%agi-ng a

6- br onoi ndi rubi n conpoun including but not Iimte

6- br or noi ndi rbgbi @iffdrentiaied wevipafren MABGN Sagh @llgnplmdnpmgpﬁ»r attaddbtages ei n by
reference are U, s. Provisional Patent | i.cati.0 s. .60/703,823 (filed
Ty 50 2008 e Rsh i B st SRt pE Rl S el O iV F K 0Tt | ons
PCDU520086/502 3{adtre (phhdredic ol Wpas, codiiiéed nftéz kUSROG FodT e¥dry | ed July 31,
2006) for the disclosure of culturing cells in the present of a G51(3

i nhibitor). ougef BPsupesanthiyrthsr diféagntinted tures omhich can ingladebgr-edist i c
progenitor or bet « »l Lo i MAE : used to
repopul ate a pancra%lggéxtr?/ gcltntl#egrgs H‘ir‘.b\rég@%ﬂs@gt’r%g%ﬁhgtlﬁkgﬁgf nto t rgé‘agl}@: of damage
or by syst emascrigditmibstriafl.SrPatenhloh amd ¢apwsean Hechigbd’s“ihdudingydarel t o t he area

of damage. Accordingly, .the. invent.iagn provides thods of.treating a subject

" need of paltHEh rEREe e SROPTLE iy SUHCR S o Y BEa el et an

ef f ecti vepamaioudfimtth@npancreati ¢ progenitor cells of the invention or

MAPCs. For the glér poses described herein, either autol ogous, allogeneic or
MArLSs

MAPCs are non-embryonic (non-ES), non-germ and non-embryonic
germ (non-EQG) cells that can differentiate into ectodermal, endodermal and
mesodermal cells types. MAPCs can be positive for telomerase. They can also

25  be positive for Oct-3A (Oct-3/4). MAPCs can differentiate iz vivo where they
can form pancreatic cells, such as beta-cells. Alternatively, MAPCs can be
differentiated ex vivo into progeny cells with pancreatic phenotypes. MAPCs or
their differentiated progeny can be administered to a subject.

Human MAPCs from bone marrow are described in U.S. Patent No.

30 7,015,037 (PCT/US00/21387 (published as WO 01/11011)) and U.S. Patent
Application Serial No. 10/467,963 (PCT/US02/04652 (published as WO
02/064748)), the contents of which are incorporated herein by reference for their
description of MAPCs. MAPCs have been identified in other mammals. Murine
MAPC:s, for example, are also described in U.S. Patent No. 7,015,037 and U.S.

20



10xenogeneic cells can be adm nistered to a patient, either in
undifferentiated, termnally differentiated or in a partially differentiated
form genetically altered or unaltered, by direct introduction to a site of
interest, e.g., on or around the surface of an acceptable matrix, or
systemcally, in conbination with a pharnmaceutically acceptable carrier so
as to repair, replace or pronote the 15grow h of existing and/or new
pancreatic célatest Applicatlo@er'mﬁmbl W4657t%3jthvemtémmmmwh ﬁleSnddiq:tolﬁﬂdB to treat a
pancreatic disor

ancreati.c d ancreatic di sease”
refers to a e Wgerr‘céncﬁé?f&g%’é S@‘H*HOPHIEF‘I“H#S%& dﬁ) Mﬂ‘&) F‘:és o:‘s >

"pancreatic QesBbeeins! /487 969aﬂﬁeEﬁﬁéﬂtscomﬁaﬁa%@&coﬁda%eﬁ?e?el% treated with the
conmposi tions and met hods of 20the invention include, but are not linmited to,

di abet es (i nétfagheryforihse descriplipeofrat W@SaﬁWthéPCgemeiesmbc@uses of

di abet es) o] t cr nf.| tion,

al phal - antl t?@%ﬁ an%}Rﬁ{* @r{@ﬁcﬁ&r@%@/‘%gﬁﬁﬁ%"% enﬁ %}%@ pancreatitis,
pancreatic Cammqfora(tedlh:ér_eldlblygeiémdmfbr melrtiemsﬁpﬁorocﬁfsw‘n@e MPAPOseas) , pancreas

mal f uncti on e stic fibr s or, Sh c n Di amond 255yndr one,
pancreatic i %ﬂ?ﬁlpk?ﬁéwepo%ﬁeyaé&ﬁ%%? flgscrd fH’é% #t@l-dHUP) teancreatic cysts,
hyperi nsul i nicgient® 8N hRA Ll Cinirgsakd Hﬁeﬁ'b?@@i@?eﬁce ekl esdipgergers of the
exocrine pancreas and pancreatic injury, “including, but not limted to,
injury as a wmﬂqlogﬁusmﬁxwmaum (including, but not limted to,
surgery) ’100h$@a§%| ‘[j?%b‘g,ghogl cal, aging, and/or disease. 30 Adm nistration
of MAPCs i ated Progeny MAPCs, or their

differentiated pr M;ﬁlmds of A e isadtidfos hehad ah@n@usdlhkaeicnbéd aweariety of
net hods avail able to e art, includi { . not mted to | ocalized

i nj ection, cagifatRe- 7a%9§i7§%)¢§ﬁ399/21%§/7g@8%5564?’ﬁ@@{@’dhmlﬂ})taﬂ‘éf%r| t oneal
| ect] on, pageRt oS ol AUALBIGHY AL AN ISR LREAISOORgSS | on, T nt 7 avenous

injection, transvasc nj ection, I ntranuscular 1njection, surgical
injection i nt(wwislnddwl)’éodﬁ/%ﬁ?%)asmd thesegnethddsj dengd with thet o t he pancreas) or

wound) | NApCER A e ATRS e S AR R BB 1, ough ¢ ne

5 circul at or yefspegteem "Homi ng" of stemcells would concent rate the inplanted
cells in an environment favorable to their growmh and function.

Pre-treatnent of &LEES weie mfialhy E@F‘S@(frﬂ@(@}‘e PBITEo AT SIPSIYERY anot her
alternative GoRiRiRl AbRGG ilifs TiNAHSrRh htRIERRANE YDEEALI ON. Certain
eyt oki nes (e.g., actors t uce or enhante’cel l'ul ar novenent,
such as hom riZQOZ))f TNMPQS:;ABCS gztrhlwrlsomsd &om npalipls somcqsgmnluﬂmg,lwlnbis or

differ ent an_enh ance t he rati o P thel r progeny.
Cyt oki ne llnﬂgeg to’sl)ﬁfle PN ot a‘fenﬁ;i ]tlm%‘fﬂfag Coréltﬁpgﬁgfd ce ﬁ]dlecrlf’ \Péa factor-1
§SD{: 1), ( PlsE;e:;nvele;g}hnila:@fc?blo(otﬂﬂzalu? a]F‘tglew@ple]tMAPCs c?i Bs:ﬁm‘tt vad ﬁeili:nbbﬁel ?r (lzyvt h
act or and granul ocyte-col o act or : oki nes
al so i ncl ude TARPWHPERCH @n ﬁ@gpé/‘)i‘ffﬁa P’&ffﬁ‘"gﬁg‘e@ﬁ@ﬁi‘li?@iq%&gf%o dhesi on
nol ecul es,  SUgHM iA%hd f&%ﬁ@\fﬁmuﬁhﬁ?r@F ¥ S ModBBatidik b ettt hom ng

process, Vi abi | form ng tissués can be enhanced by

angi ogenesi s. 19%)ct1§ﬂﬂsthmef5ﬁ©mmgosélb@ foyensediskilliin thapgieto obtain bane not | inited
to, VEGF, bFGF, Factor
X and xa. 25114t SRRElin BLRCP AT oI orelns 35 ASRLA W T

pr ost agl andi rusiﬁg pasidvddy, negﬁt&rembkéstlonhél:fhﬁi’qués avilrldthlé ;ortybsegifyhﬂnmtheand nicotinic
am de. Qrs that decrease apopto s can als r the formation
of new ti ssuém RS URONTAM BFIES thatarp F’é}g%é%ds OFE%tteéP’éesieaé{f tg‘?‘&c Ise apopt osi s

i ncl ude but E(%E g‘fudchmdl 88mbfhBlo K?icﬁlf{aléﬁw sué gl (RSB ISIcIbsEPMVEY L1 ng enzyne

i nhibitors (A i nhi bitors) , P, canedilol, angiotensin Il type 1
receptor ant @§evf @fegen%gmﬁ%thmhwlm kave beereinpqiperiated harein Bnicfawicee.

Exogenous;f a Ll dnes, differentiation factors (e.g., cellular
factors, %sucﬁgg%&h%msgﬁh? rs or angi ogenic factors that induce |ineage
corrmtmant) MABC@ﬁemdémaﬁBcﬂ@ﬂmm&Bmhb@nﬁm §s1.815.@It ors) can be 30

admini stered prior to, after or concomtantly with MAPCs or their
differentiated pr @@Qﬁylmﬁﬁ’rm‘é‘i?&l’r‘g?aé cells vyege ﬁ‘?rb‘fedcf‘??ﬁb%?ﬁet%ﬁo“édm ni stration

woul d conpr i s@yiedkDivhich vefe SRASHAT bytdtaniHaSh &R a\&aﬁlaﬂs@% %E&)t%kﬁlgﬁf‘s' on media
prl or to adm n| stration. Adm nistrations are variabl e and é) i ncl ude an

initial adni st @esder xemplwibistersGhseqlidA97;dthiniv Bt ptetli 19A

a1



A nmethod to potentially increase cell survival is to incorporate MAPCs or
progeny into a biopolyner or synthetic polyner. Depending on the patient's
condition, the site of injection m ght prove inhospitable for cell seeding
and growt h because of scarring or other inpedinments. Exanples of biopolyner
5include, but are not limted to, fibronectin, fibrin, fibrinogen, thronbin,
col | agen and proteogl ycans. This can be constructed with or w thout included
cyt oki nes, diNifigp&aitiadiilt 8Bmfcald & fresdN JitBMSRESIS niREfOE offer @ity aPOPt 0Si s
factors. Additionally, these can be in suspension. Another alternative is a
t hr ee- di mensisBHeds liyel orgirain), &l dosnos pnress prectorrtani lppkog e iaptigandiP4%es of the
cell biopoly ] . 1N C I | 3 i.at i actors,

angi ogenesi s%?g??g%?& géle'tdlﬁﬁ %@%gttl%lsnl ét(ﬁgc‘?grsrsheg}rufxg&é%%tﬁ%ta?gﬂkt her eof can
be included washkibjedidictogdiicollligmguespabiond efileayddwbry then sabjettedtosi a vari ous

routes described. herein. . T ells ¢ | so, be encapsul ated wth a
capsul e tRat HF8IYEsHEcigR&sipg am—%ﬁ“gﬁ{@m&h@@ﬁf@%‘w%r @eé’?‘z%”gé% ng appropriate
cel lul'ar progusiiatidd FCIRIsAER Ely-ASERUndMhd RmbfienCadpfoxdhateRleiy, 6el 1 s) to be

rel eased into the bloodstreamor to adjacent tissués. In one enbodi nent, the
capsul ar nat érdrepw menquagleas cells weredrrnugtoveisd.e kellanta alsmbgédatedainl s and

anti bodi es t | ' he. i th ncapsul ati on can
be achi eved @?onn%&mf goralée?x‘geﬁr%|a§‘,ﬁ19%g‘?§‘fn*{€%“%‘g%%&%&o§ %gggctﬁ pol ymeric
encapsul at i orleplyg@ttienellipophlate) oftth45Anad GbtAl taiist ed t o, 20al gi nate (e.g.,

al gi nate head), polysaccharide hydrogel s, chifosan, calci.umor barium

al gi nat e,l%a | ayer éAé%FP&PY‘?qye PofiiLge éﬁq‘??&g cahf uﬁ%‘f E?I‘?fg?tﬁé‘?ﬂsa‘”i)ﬁot opol yneri zabl e
pol y(et hyl engogihiatbn ofl BFEGHeRR NERErs( N@&%@kﬂm andeghtiveseRRliy@ni oni ¢ materi al
termed Biodritin (US Patent 6,281, 341), polyacrylates, a photopol ynerizable

pol y( et hyl endeclinigsed are pesiilphie to thasebfhsillinthesirs tshnaesros mendelonglet hy |

nmet hacryl ate | t hacr.yl at.e. 0 . a 0 to_encapsul ate
cells invol veag8 %3?%’018@ a@‘?""&ﬁ"’é? %ll?%bg%%rgrrl%@;e %egég ANl @%Q%S%ggrgﬁ 8d fromthe

sem conduct oravhitudlesih the drio(s€d) €aes athpit & dukodytdl piild ¥, $ohlsbhbgenalgapsul es t hat
have pores only a-few nangoneters w de (Desai 2002). 30A so, suitable

i mune- colépatﬁ%i @? IQ)‘E%fai ‘é‘ifsﬁyr?éifstﬁhff‘}ﬁ‘gj“%‘iﬂn“ﬁ%‘ﬁlah}’ Ayalebledm dol y-1 - 1 ysi ne
(PLL) pol ycatj@ieObs B@kys | - om t hi ne or pol y( et hyl ene- coguani di ne)

hydrochl oride, nmay be used to encapsul ate cells. Additionally, cells can be
encapsul at ed wi t h Tistloagnep &irinnenalizpricplé saperabbefrom momixhws of eellsur r ound

encapsul at ed | A | s Wit hi capi r I C t. eate a
m niature ar tpl%g }118'%?%5%%?68%%10%6550 chg&o%éf%rﬁg%l%}gu ng'?lﬁ%:’legélé u?hfr':l%ti onal
pancreas or |HawatN6oed,739,7198.(thagnedicsépaation), Basher slal 983 (aninuhoattisity devi ce) .
This is often called nacroencapsul atjon. The nenbrane | et ucose, oxygen,
and i nsuld’n p%%@‘%nqt?g%ﬂli‘éf)’Bﬁggﬁﬁg"jﬂﬁénci)$%%&97§t(ﬁ8%rﬁf°eaﬁ’ﬁa°ﬁ‘ﬁ’éqeiF%LI y keeps out 5
the antibodi egg¢d T cells of the immune system which nay destroy the cells
(e.g., islets). Such nmenbranes can be used in a perfusion device, a capsule
that is grafted td&eaovesadi@P45 Mgk eells wengiplateddinteattusodiskescosipd witkhe body' s
circulating bload;.in thi 1l Vi ¢ n_dr nut.rl en fromthe bl ood
and rel ease iarltl)gﬁldjl'lnfst 1](%il (r%%%"vﬁgfleo rfréﬁnrng%&ﬁgg%e%? Fleerg %gigflqn%gtﬁ%?%%gernet hod

provi des for appaptiig natrbOsiadhg. Oeldweromainsdiret i Pulbscdombiimiantapsul ati on) or

individuagl_islet cells ' capsul ation) and i npl ant.ing theminside the
abdomi na?zsca\sféstg‘?{ua Meilﬁé‘s(mgwp Bh‘gﬁ?i't???ﬁo%%tgc hﬂ‘lﬁgﬁ’s’ﬂflwnmul d be exchanged
by way of theupgeMerftbdilE ak TB8tgal (bt 5115 2URS chlb¥hicahplahtey- are

i npl anted. The quantity of cells to be adm nistered will vary for the

: y
subj ect bei ngleniged grewthefdcto-RBAPROETRR) altpuéb ks asmel{abous dtlReefmkdsdut 104 to
about 108, Eﬁ% . 1 < ferably, about
3 x 107 ste%&s%%gﬁ Opéo@ﬁ%ﬁ%;&?@%@g?ﬁ@ﬁ?g%%g:gg?@oélggﬁ{stngf@g per day of a
cyt oki ne can dae badsadhinstlerkice growth fhetomiiGE) b &out 1060VEOEY IU (abeutpr eci se
determnatjo at _woul consi derggl an effegctive dose may be based on
factors ia3eri &l’@({?aﬂ] "(aBb?Bﬁeélgﬁﬁgé(‘flﬁleaﬁf’?ﬁioncﬁoﬁgp‘ﬁdOt ﬁ\éideaélilei}éa,so , di sease or
injury, anourt_tth@fa%ﬂ@pmgste@m;%ﬁut of10t gl 18oREEacid) @ndlaHB29 6,081y red and
factors associated wth the node of delivery (direct injection - |ower

doses, i nt r av¥aeeerbic prighéthereamspriatpmsdigdercludanfopexampleiMGDEs cer t ai ned by
those skilledypfy ekl REQT EBSeal'cffid 38 Wobu ARG J %ot B SHYR 1 N the - art.
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25An issue regarding the use of stemcells or their progeny is the purity of
the enriched or isolated cell population. Bone marrow cells, for exanple,
conprise m xed popul ations of cells, which can be purified to a degree
sufficient to produce a desired effect. Those skilled in the art can readily
determ ne the percentage of MAPCs or progeny in a popul ation using various
wel | -known 30 net hods, such as fluorescence activated cell sorting (FACS).
Preferabl e rpagescelf abaift 112, fofal APsHrah | @NBr RIS, $h AHUMARGS sy t hei r
differentiated progeny, are about 50-55% about 55-60% and about 65-70%
Mor e preferaﬁﬂ%sﬁﬁ@‘%éwpbﬁmﬁ§@@5but 70-75% about 75-80% about 80-85% and
nost pref er ably Bl LiodiS: ARAHs89: 0. 3haW, 993909 -apdeipbout 95 100%
However, popul ations wt l'ower purity can also he” Gsef u , such as about
25- 30% aboutdoBiilings Yereabutitiel B3&htaidd/anddomet pop QlatiGtbrmderwahOr0 #B- 50% Purity

of MAPCs qr thejit pr an be det erm pe ccordin t gene expression
profile mgthﬂﬁwgnﬁgpggﬁaégﬁ?gEB@éﬁﬁébfﬁﬁgﬁg?%Eiﬁﬂpvmga?ggfgﬁ by those
skilled in thgusides( &flrwards GREGEARR tindk WA dxleYid P of RAdh hE6@M2H NCr ease i n
dosage) . The skilled artisan can readily determ ne the amount of cells

and optional addi tlielpassre lpngth of MA\PGsrirosa$ dprars (age elonwp d yparp tmaborbShe
adm ni steredj f i nt LOR. . TYRhC 2 WL in addition
to the activ8k§?2§$@%ﬁ%fgﬁ“%@g%§$%ﬁ¥%g@§yyt%ﬁg %#%é%h?ggh&gégzﬁéunt of about
0. 001 to aboutll B6ublingfwaobeaiyesdrabditiin- 13108 piThik evabutbdue B SdKBadrigee, and t he
active ingredjent is presenf .in the order of mcrograns to mlligrans, such
as about 8. 0 tF’B“’&EFo‘ﬁ%gt%O’f/RIO%IYE’PE?@F%BPE?H%&W c RTTE about 1w %
Most pr ef er ablyorRloWhe @ 200K o #RGs QrafBidttan¥ MoufBOM BoAGL to about 20
wt % preferably about 0.0l to about 10 wt % and nost preferably about 0.05
to about 5 wceldodflingswespestivelyr andragaio efipoadoti Breetlpdaublipgs, audsi ni stered to an
ani mal or huma&F”an,é%; an Qa%&E%HM Cn%%god oﬁ admnistration, it is
preferred to dETEPHT N ﬁﬁ@?é@ope. toxi |fy, U as by determ ning the

| et hal dose (HhEhotawechlHDmihni MARCS undeaBbediasrsMdscribedén UeS.d,015@37 odent, such as

nouse; and, the dqsage of the conposition(s), concentration of conponents
therein dnd tinin %WPWV%‘P&?Q% ?%%A(gé ?ﬁ%%‘?g#,ogmeéﬁ%%q icit 20a

sui tabl e respgRg®r Sueh ERSISEIURA RS 1HQMOdo AR LS CuErBsper i ment ati on
fromthe know edge of the ski'lled artisan, this disclosure and the docunents

ci ted her ei n.CINGCD38nEDHS,, C e CDIORE afid1P, $dqubRt Maicl§$hiRe)-$1¢kdt,i ons can be

ascertai ned w.thout undue experine t.l, O en: admni st eni.ng a therapeutic
conposition oldﬁﬁéaﬂagﬁgﬁFq?ﬁggﬁ P§§ﬁ4ﬁﬁ§5%¥%ﬁségﬁg$g Fvnggﬂggfnulated in a
unit dosage ianjegpakyl @D I)IOMIESODLYY, G498 CIPEIE Ftel, Ne0). si on) . The

pham aceutical fornulations suitable for injection include sterile aqueous
sol utions and di spersions. The carrier can be a solvent or dispersing nedium
contai ning, for exanple, water, saline, phosphate buffered saline, polyol
(for exanple, glycerol, propylene glycol, liquid polyethyl ene 30glycol, and
the Iike) and suitable m xtures thereof Addi tionally, various ’
addi ti ves which enhance the stability, sterility, and isotonicity of the
conpositions, including antimcrobial preservatives, antioxidants, chelating
agents and buffers, can be added. Prevention of the action of m croorgani sns
can be ensured by various antibacterial and antifingal agents, for exanple,
par abens, chl orobutanol, phenol, sorbic acid, and the like. In many cases,

it will be desirable to include isotonic agents, for exanple, sugars, sodium
chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying 5
absorption, for exanple, alum num nonostearate and gelatin. According to the
present invention, however, any vehicle, diluent, or additive used should be
conpatible with the cells. Sterile injectabl e solutions can be prepared
by incorporating the cells utilized in practicing the present invention in
the required anount of the 10appropriate solvent wth various anmounts of the
ot her ingredients, as desired. hi one enbodi nent, MAPCs, or differentiated
progeny thereof, can be admnistered initially, and thereafter nmaintained by
further adm nistration of MAPCs or differentiated progeny thereof For

i nstance, MAPCs can be adm ni stered by one nethod of injection, and
thereafter further adm nistered by
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15a different or the sane type of nethod. It is noted that human
subjects are treated generally | onger than cani nes or other experinental
animals, such that treatnment has a length proportional to the Iength of the
di sease process and effectiveness. The doses may be single doses or nmultiple
doses over a period of several days. Thus, one of skill in the 20art can
scale up from ani nal experinents, e.g., rats, mce, canines and the like, to
humans, by techni Mécéﬁsqmaweﬁtﬂo%hﬂﬁigeaqanﬂréé%.géeaeaaa?Fbﬁt%!?ere' n and

t he know edge in the art, w thout undue experinmentation. The treatnent

gener al | y hagels/¢man #ierphonapes hecanamoredomogencan gihnotell dxpradseddiisk process and
treatnent eff Lve ar e sypject being treate 25Exanpl es of

conposi tions Cga%%ﬁk)érgrl gﬁﬁg (IW&S’CS, el(l)Fé{gi“fefeegré)mliag?légerﬁ%g%me’t &r eof , include

l'i quid prepareapicesg highrlewtoiNsd18ACDH HIiAclkdsdiang S usip@ghbbolng, and,
preparatiaqns faqr ,di're,ft or intravenous ad)gi nistration (e.g., injectable

admi ni st rat i ofyich is gwlag o e @henolypg dessehd 19RMSSG (NsrR (Riftenest, 189n conposi ti ons
may be i1 adm Xt ugnihbRs@eittiddhew Al tinan GABC krovhlar GGk PI €Nt SUC_as
sterile 30water, physiological saline, glucose, dextrose, or the |like. The
conposi ti ons 2 callsombeeeting phisity zemtess BGEF-BoRGBA It andnd, RME-Riokt ai n auxi liary

subst ances s ttipg aor, emul sjfvin ent s H bufferi gents,

gel ling or v:@%@%&& e n@%ﬁga%g&ma{lis%j)gg,gulgt?oéls@}et}/vg% ghout ]ap%%}g)p ng agents,
colors, and tiney)lof keAPCepgn ifGntiBSR Al hetiBiis§K efinagd W 1983).r ati on and the

preparation desired, Standard texts, such as "REM NGTON S PHARVMACEUTI CAL

SCI ENCE, "1017t h ediUsingrCloniggscDNAcsRydhaexeshed gsnp pfile ef ieveice, may be
consul ted to \iepaLAnLY £t%9%d‘?n dH8AEH 00 gxwtcgﬁé)&n“f&?u@ou‘?éf’%d mentation.

Conpositions are conveni ently provi I quid preparations, e.g.,
5i sot oni ¢ aqubout26zell dbuldings wasidpendiedns, enul sions or vi scous conpositions,

casi r T5 prebar e MAGR JeT SERer orucBls CHRoCRP R R B & o
conposi ti ons.Ti&dedebiopdadk My, 11.3,qu6,dL CQIPOSE, IGMISS B o SRPEWNRCNTI, e conveni ent
to adm ni ster, especiall m_;f@l nj ection. Viscous conpositions, on the other

hand, canlsbe @di®y Hyplsé assrl, €Ré4-Hpd dbicr Bt 8R¥Ascosity range to provide

| onger contag{ perl\ilﬂ‘ggF)é\%ﬂr&ngAL%fo@%?l%ﬁﬁe%Bml BIAS Qfﬁ@i'l?ch@f sui t abl e

carriers and ot her ad I'ves on the exact rbute o
adm ni st r at i dAGBMCPhegthaaytukiee okcepitére Fikdr EGER, #D@6BAagegpfl30,MIFR,g., 1iquid

dosage form (e,.g.,, whet her C osition i.s to be for ted into a

15sol uti on, e?cgﬁgﬂzelnaéﬁ%dﬁ,i Bé?ﬁ&r Bgﬁ)é]?lf%’rtﬁ? F%Flanf?ffﬁorss@%as a tinme rel ease
formor |iquich4dd, tedof aiangpidsol utions, suspensions and gels normally _
contain a major amount of water referably }Eurlfled sterilized water) in

addi tion 3% the ceMARCs prmessed for BIRbepd IRF hdheBOPosmaiich as pH

adj usters (e. . | I\ia\;\@dg] 8.k id di spersi ng agents,
buffering agetgapgc, Srggzagcgo\%alq\t?ég%x t }r%%&ageﬁfgﬁgﬁaﬁﬁtag ling agents (e.g.,
met hyl cel | ul osédjfferemiyted|state dEEPEESIEminogHdhP. t5pesk il resratan be i sot oni c,

i.e., they ca ave the s osnoti ¢ .pressur | ood and l.acrimal fluid.
The desi tad | BHLOMIEHEgODF NETEETEONNLT BRGe OF TDHRrarTPR . be
25acconpl i sheehnbi&iphion SR GRAlL and 46 (ceflical biethoRIsKBleRMt | cal | y acceptabl e

agents such as dextrose, boric acid, sodiumtartrate, 8rogﬁl ene glycol or
ot her i notyarfiPecitigatiopRIBMT 2eRssistof espisely (st (Faskerdd-1i VYD eerpdd

oAb 1 B Rkt om ol esyplasasubn! 1
peripheral structures of head) (Akimenko, M.A. 1994), MSX1 (embryonic
mesoderm, adult heart and muscle, chondro- and osteogenesis) (Foerst-Potts, L.
1997), PDX1 (pancreas) (Offield, M.F. 1996).
30 D. Presence of Oct-4, LIF-R, and hTRT mRNA was confirmed by RT-PCR.
E. In addition, RT-PCR showed that Rex-1 mRINA and Rox-1 mRNA were
expressed in MAPCs. '

MAPCs were also demonstrated to be CD105 and CD106 negative.
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30sel ected | evel using a pharmaceutically acceptabl e thickening agent.
Met hyl cel lul ose is preferred because it is readily and econom cally

avai lable and is easy to work with. OQther suitable thickening agents

i ncl ude, for exanple, xanthan gum carboxynethyl cellul ose, hydroxypropyl
cellul ose, carboner, and the like. The preferred concentration of the

t hi ckener wi Il depend upon the agent selected and the desired viscosity.

Vi scous conposi ti abg-4aRex-NandBokt werepasiesed ib MABO dérived Frodyhinie addi tion of
such t hi ckeni n% agents. A pharnmaceutical |y acceptabl e preservative or

cel | stabiliz& %ﬁﬁl@ﬁ@%ﬁ@ﬁ&nwmﬁbma%b&aﬁe Hyma MARGsexprspssodsi t i ons.
Preterably. | 1R SRPAL ¥RRivaALiM OSSRy IdethSLHeRI RYLE BRble PUf Vi ew

of the skille tisan to select conpositions th not ect t he
viability or bﬁﬂl‘béatwelewetmuwmscrmse mimgran;MAECeled@ne&b@on@B@ he present

t Th | | that th ts of
the corpost 11 Buccuibted bet wbi et hrbpis AR e et JR e w11 ©

present no 10cd@1tre£el MAPOY cliin@s®athist depeity lﬁst(éhﬁmsﬁkﬁi ofanéke PEFNRCELS | cal
principles, or pr obl ens can be readi ly avoi ded by reference to standard

texts or sinpWes asgséatedneith seneseorcebelast shonbA Uerdldoublingsanddass af i on), fromthis

di scl osure an C@ﬂg} i e adm ni stered
i n dosages an%f%{%ﬁrtlec Eﬁ%@?t@gg@gl F(g‘{)dfdeb%sgs’ ? gskalﬂfl‘?d@ mgt he nedi cal and
vet eri nary ar CsltiralkiMAPCnioDesorbdddeB8.i700 593¢h factors as the age, sex,

wei ght and_condi ti artlc atient, .and the co S|t|onform
used for gQ:Im ni str ﬁlsf)g‘? Bﬂﬁgnlcﬁlh T %d?%{]@é’ée humans or

ot her ani nal Sdﬁ@@seaqae%tﬁa%w@7vmt5fogwtwmm'sﬁﬁmemeﬁwwm&me fy the skilled
artisan, fromthis disclosure, the docunents cited 20 herein, and the

know edge i n thiage ragthods. Sui tabl e regimes for initial adni ni stration and
further doses or f t r iabl e, may

i nclude an initi al}gu(}ﬁgem ﬁkrdél?tll%ﬁoq ol ég %ELLQH‘ZIS s%gﬂrg%fse mﬁ%@st rations;

but nonet hel esgdiutanshpecfasaim nadineid ﬂha/cellhm thkuﬂxdlﬁ”ekeamatecbam fromthis

di scl osure, the docunents cited herein, t he 25 know ed in the art.

Appr oache&’ f oMe‘?ﬂr“&h‘ésggéPn‘i“é@fedﬁe ‘t”’%lsﬁsé\‘?%‘i‘g ‘gmﬁewﬁeﬁugﬁlwﬁﬂt%ga In sone
enbodi ment's, jitsci RGeS tRehhRAAPEHE MR Rk @ir di fferentiated progeny) be
treated or othervm se altered prior to transplantation/adm nistration in
order to reduce the risk of stinulati nglhdst 30 i munol ogi cal response

agai nst the tta ﬁalg;ﬂ::\::x cetts—Any *abofﬁgﬂqu” Q‘J( “i&dﬂ /I@? ed}uce t he

ri sk of sti host—-mriretoghea S Hhe

fol | owing pr ISR f ew such exanpl eg0opt Opdd y b | vl APCs
can be mani puBel®dmt 0 serve as univers abOUﬁénéOng/mll(%bouAﬁﬁg/ém)gh

undi f f er ent i @Bedind/kP@a atbontiw{(BRAX)pr ess | Mydut 0.1 -Srug/thl (abottilgepg/mls one
di fferenti at ediRlgny nmay express oneagdut aoqﬁugﬁnlt(mMaqjg’/rg&ns MAPCs can

be _rmdi fied L.Be Jﬁe‘j‘@g&ﬁ”mm Ssat—don ﬂh& 065 oy I?Maﬁgﬁ@@ﬂﬂ N or I\/_HC-I I
ant| gens, an P HAtH uulﬂnrg ||ct f gefnsS—TTomthec Pt pect lve
reci pi ent so @E?éﬂiﬁﬁé—&&mh&memf beq 5t argets £ or MK mndil at ed

TR=TTe

killing, or 159%&1\110%?9%1\{1@&5% I—i@ﬁl i ﬁb&u&ﬂo vﬁQél(ahOélq@/ln ion or mplignant
t ransf or mat i GMCIPB2/1 nat | on_of IVHC- ant Pepshd0 c6Yo keboabd®ieh| i shed, flor
exanpl e, by h&eel aifeasny econbi nat i on_orbdwy0i26 r oduct i on _of poi nt znut ati ons
in the pronot elatdlegieavedarodbth | nt r oduct bigowt 6F 15 npailiisbowiit@bg/o) i n theiniti al
exon of the aBpidgeihl g@wilfiaduce a St 0pbcu@dons nsudiiatmt Y0 hFm])
Insulin like growth factor about 5 - 15 ng/ml (about 10 ng/ml)
| Leukemia inhibitory factor about 10-10,000IU (about 1,000 TU)
* Preferred concentrations are shown in parentheses.

Addition of about 10 ng/mL LIF to human MAPCs did not affect short-
20  term cell growth (same cell doubling time till 25 cell doublings, level of Oct 4

(Oct 3/4) expression). In contrast to what was seen with human cells, when
fresh murine marrow mononuclear cells, depleted on day 0 of CD45" cells, were
plated in MAPC culture, no growth was seen. When murine marrow

mononuclear cells were plated, and cultured cells 14 days later depleted of
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10 chirneroplasts. Transfer of the host IHC antigen(s) can be achi eved by
retroviral, lentiviral, adeno associated virus or other viral transduction
or by transfection of the target cells with the MIl C anti gen cDNAs.

2. Intrauterine transplant to circunmvent inmune recognition: MAPCs can be
used in an intrauterine transplantation setting to correct genetic
abnormalities, 15or to introduce cells that will be tolerated by the host

prior to i nmomessyaisesslid exdlienaspholodim phefotPse siuaie tb ehaBRunamaN cel l's in
| arge quantities in animals or it can be used to correct human enbryo

geneti c def eMAPGsanpeyad plnsusaepieddhatfaators seoneirdby pranatenoidictcelly ot ei n or
enzyne. i.ett: I i]ﬁ]lrﬁ]l I 1 0on  20Benefit
can be achi eygﬁ%%eﬁg%lr}gtﬁg@gke—tq%#@agg Q‘!tvgﬁ)]rfce ;@Wg%%%bﬁke]ﬂ%?&}%g%ﬁ@ﬁ tuting the

i mrune syst eRPGHRBBhnd EGGraddnecailrdpublingkvasfslogr @btdayomsd sulhosst conklsponse. The
graftversus-host reacti is.due tg tamnating. T cells.inherent in the
bone nar rgw gt malmat“ﬁgﬁaf?%g‘?‘i"fmgﬁg%lgg}ﬁgSnéWaﬁ{?B&&éﬁ‘@ lépgﬁﬁkel s from
bone marrow LgF §igriticAly chh@lcéd &ucees@mf ul engrafunent in the patient requires
acconpani nent by accessory T cells. 25 Thus, a critical bal ance nust be

achi eved bet ween ©nec ¢stablishedimeuliwirg eellstcar be frozanaad gforef asdiozen and t he
detrinmental eff.ect._.of fel - Qo%é and ES cells
represent a g’toélr?rsf %Sel %D%%G&éﬁgéﬁ&mi% Scﬁds%ggédgﬁj\ll)gse% \%ﬁféﬁzut ri sk of

gr af t - ver susnfedsids fee@edplaring frozeastotkwelyr cdnrddecix pantiodviitabk tothdsenat opoi eti c
cel | typiﬁ, i nﬁ?l%&ldi%g T cells. This greatly reduces clinical risk. The

30t ransi éht 8 $Xi HHF 81 of NEC cel | activity during the acute phase of cell

del i very i ncreaseghi)f1AF@IARBE haBtaifd 40t lekyRded BeuelelmRANGH afat fENt and
hemat opoi etic reconstitution to a clinically useful threshold w thout risk

of | ong ter mavailebieds theprte Syrlomedia include Amt papot bimitetoeRylba¢ao’sand contri but e
t o henmat opoi €si the. new y. f T er go 1¢, and peri pheral
sel f versus ﬁ’g‘%ﬁ%e&é]agéedi@fﬁeﬁi“{ﬁ@ﬂ@%@’f@mfﬁmﬁ@?@ﬂ%@ﬁ s as descri bed
above. Co- expagiien BlschEMMNeded R BRI @ abdove AIMARRQ DABELBQSt origin
results in reciprocal depletion of reactive cells; hence tolerance to T

cel I s exppesMaina®] RBEhe 640 mpding®n Magrmedidart rsmaaaieBle@Gs @adoieS donor can be

achi eved. A pati e% clgn.thus be rendered tolerant to the cellular and
REPEn

mol ecul ar co ptigny Witk OR KHRoUS SodiEn BYmERtei hmune system and woul d
accept a cell, ti assQoffemPl8aNs SippletneWiatiBiOsit cell@liREL nRAunfwithlat ural Kil |l er
(NK) Cell Function; Any neans, such as an agent, which inhibits NK
cel | functi omammpadiapgeragSerapiien santpimpelludar fagtars end @mpepattatrblce of cells, may
al so be adm n;j : ] el i i engraft ment or
i ncrease | rrmﬁ}!f:lcé%gsﬁbf feé)rr gﬁgé‘% %l[,ldg%ﬁ %%lo?g?r%?ﬁ P lﬁg{)ﬁ%}eajsﬂéﬁd%% |l -Bﬁiaﬁ%el | anti body,

i rradi at 26n eerumn(¥B6}, bevineedrino BS)) cadbisecan (CR)) fdbdl tcalferaml (FCEBynct i on. NK

function inhibition js fur descri b in PCT i.cati on No.

beTt U005/ 0 2bs oplf et Sh 0836t G dibrsz S B B Y@y por at ed

herein by retRERICRNIpok@REhAY shieb Rads, Abbil sérivhl Mﬂl?%ldula&leﬁt@,l I's to aid in
(0]

stemcel |l persistence in vivo. . I n one enbodi nrent of the invention at

| east one meaksbedre gnyenie flag. Kiis uederstood e seasan bhkdairiiapyvateshatbi ti on of
Nl ( cell-nedi CME LC] ' .0k St e . i.on can be
negated by N d'ggls(ggigap&églﬁ%%yegﬁsﬁrﬁggﬂgg%\tagecgo?&é)g| pI %ﬁﬁésé%—ge}#i F‘I%lgﬁetnt in NK
cells) orsepicgeadiic (in vivo 20 depletion/inactivation with, for exanple,
an anti-NK anti bogé). Teans. An‘%/ mat e{i %I C gagbl e of inhibiting NK cell
function can be u&dHitieRalGuPPIGHITHE 6B R1se e g HedagEAUYY 19 SHBPYY 81%- Sel ect i n

G ycopr ot ei n cdys(Wi8Ehe hcOlethbifts HYbHRRA Tgeﬁmﬁaﬁ&éipﬁngsn.hﬁghcel I's (U.S. Pat,
Pub. No. 2004/0116333) or nodul ation of° SH2- containing inositol phophatase
(SH P) expr esanpdenets inglude ingHing torsfery sodipuiseleriBNond2002/metie5192) ) . Any

Compound. i nilc ng 1o sphobhcid FLEReLen SSHERERn 003 vl orml 1

nol ecul eBo pliatied fo Henl@’ Balaidet SAIKSsRtibn@ (HBRRYN ¥izle’ PE@E S6l@tiod®,Cr 00r gani sm

bi ol ogic, nucleic acid fincludin enes coding for reconbi nant proteins, or
ant i bodi es) , aBfioxidanksipp e@@ﬁ@tM@&%-S@.%supplﬁmﬁr@oswbtéﬁr@bqah@essi on
30vectors, i dj - |1 1l 0_.expression,vectaors whi.ch lead to
expr essi on o?%gr?’ %%?%’g%‘]‘n‘i@ dzfé(é)l%nlégg A '%hgﬂﬁja fe v\yﬂ?/s)adggwnﬁlea%g%d to inhibit
NK cel | functéidn. Many cell culture media already contain amino acids; however some
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There are several antibodies available in the art which inhibit MC cell
function, including, but not limted to, anti-human thynocyte globulin (ATG
U S. Pat. No, 6,296,846), TM Bl (anti-IL-2 receptor B chain Ab),

anti-asial oGML (i munogen is the glycolipid GAL ), anti-NKL.1 anti bodies or
nmonocl onal anti-NK-cell antibodies (5E6; Phatm ngen, Piscataway, NJ).

Addi tionally, antibodies directed against, for exanple, a natural

cyt ot oxi ci ty réire plipplerhdi€ifon pRonolcuirig, ceflorSiekammheacidiitgdde, b@r an

anti bodi es directed,agai nst a | eukocyte- associated Ig like receptor famly,
i ncl udi ng, f & ok Hmed to, Laglgwune, Lareiging, latmeeis agid brspiagisailnst a menber of
the killer c il J ulbit, =14 G 1 m:lyq. pcl udi ng, for
exanpl e, Klé&?#@%%g%kgioélh%d$§’ g‘féejﬁgl&gfef ﬁégl @I% 6E{q%§e%énref ﬂWorker or can
be made by mitotrudigedv-tucinb) leltsmealnnathionins, kerheayldlanine, I-prdieé,Ul- i n t he
present invention . ddi ti gnall a nmeans, ,such.as an.agent which can
cross-lin ,rLﬁffrﬁl-eiLﬁJBrle%%lﬂ?’@S‘gwo%@’c[éyyir%s%gg‘év%@@d I%WFﬁWFtE&’ttﬂ?\IK cel |
function. Al sgildfohefité ke ddt@innlthe Hbperlcehdiatratichg @ Besd ocal i zed
irradiation) may be used to inhibit NK cell function. In one enbodinent, the
means for i nAPRFETAERS NK cel | 15function is an antibody which is reactive
with Natural Kill Lol bt : Lnhihiting NK cell
function can incl %%telﬁgggsfﬁrglgftgﬁ%ic%gh%eggne@?@%mg%tlgi;g%%tn%daguch as those
devel oped f omycopla¢mal sngd fimgsisiooamiratios hbydichllyeamibtodids oihatti-rmpgotiof t hese
means/ agents can be used al one or.in conbination. Thus, there is also

b ov ded Mer epapatisRddes BoRes el ARG bol SaheaTlien suby ect o
MAPCs and ot Rt ar6 gbd lﬁnﬁ&%,rdn%%%d@ﬂ@\mg%ﬁédf)ﬂ iRBRURLdnAfinof the MAPCs and
an effective amount of an agent for inhibiting Natural Killer cell function
to the subj edleongyoint hygrompemikahagyain, moloeryaine mytephehelicMaCyalidinde eases

conpared to th.% net hod %Qout adm ni.st rfti on of ,Ot h%. i nhi bi.t.ing agent. 205.
Gene Ther apy:Elcl > NCOTIYClin BB A R BEORX TP 220 EW *Eh OB Ky EFHH' G t he body,

grown in cul tspéceinbilydi et feSfyRidin al eebehil A @itdstid Mdwaeslyésdicdi fferentiate
in culture, and genetically altered using a variety of techniques,

especi al Ily viaddifives,cap 86 QEsqmesconegsn.lepending aaxhe &ee PoWodOHnetic material is
denonstrabl e, X L : b th?éé j -abl ar-oughout

devel opnent . Isleer{;'l(rﬁ%)e?i %%%g%%lgﬁuéﬁl%glc%?s olrggfll?lgﬁl?t?éngonﬁlﬁlg?gn DNA into
stem cel | s ameediavwhdreiblbectema 4rhoislépmsensinithe culturd, bet the dctiohdtei zuki, H et al.
1998; Robbins, .P...et al. 1997; Bierhuizen, M et .al. 1997: ugl as, J. et
2l 1099;  Zhahghiows Pesforing s bacsyigPlaSertet Fih petie N R Aoy ol
vector, enhanggblo@dsean irftéraat @56 e mAEKAieh b 6aERI 9t essi on persists in
termnally differentiated nuscle cells, endotheliumand c-Kit positive cells
derived f3%m i sol &osgongspes alseibarefyattageorsly usaddp cek pHessaskingrds; et r ovi r al
vectors intrqgdu ' PS. foik S Ui oHhf &enbimadhon. Term nal
5differenti a&?o%@\%gﬂsmlﬁ%%’ed a?(%%@u’l ﬁ%@%@@%ﬁt%@e&’ (%&t h about 10 eGFP

cel | s previ oystsyradivhhgdiocatisdng, inatlinppblaetin, pegederoagdomotosted/huthew weeks i nt o

the initial MAPC cul ture iod. Monitoring of Subi ect After Adm nistration
of MAPCs or Iﬁr‘b"&@ n‘f“i’\"@r@?ﬁbrﬁ?‘ﬁﬂ OB &%F‘gﬁgf)i‘éﬁi’rﬁﬂ%n, the growth or
differentiation of ifibeankQigRdldarnés tar 88 MARESoQUpFERBRRYN Gilnkdie t her apeutic
effect of the MAPCs or progeny may be nonitored. For exanple, blood gl ucose,

ser um gl Wdos aneskife Aependiag omthaiape ehrehayd the fate af the difgerentiated celf-obychni ng
adm ni stratiqnp,,the inmmunol eqgical. tol eranc f bi ec o the MAPCs or
o ogony oy BbidslF el A0 BRLEE ool B SH ARG SR EE S 101 bhecbes the
subj ect' s i naidlestadi, ¢iabletcdcRY @nfigatt®to\BuNES, lidolei€ aséand\leicaciihe subj ect'’s
tol erance of MAPCs is subopti nmal, (eédg’ , . the subject's imune systemis

rej ecting t h&oBREYehBALURPCICongAcdmalfg 2oid dnolsirolPimMATBIYONET essi ve

treatnment, whisehof ﬁg&wmm&mﬁh&eﬁ%&d u{?éonilggte%‘éml E&dudmeon B %glﬁﬁﬁﬂ, or med.

Genetical ly-Mdified MAPCs or Differentia rogeny Derived Thérefrom 20

MAPCs or i f fasrompgoitatsed progeny derived therefromcan be genetically altered

ex vivo, elimnati one of the nost significant barriers for ne therapy.
For exanple, a sulﬁq%}c‘im en%ﬂ%&@él?er‘gﬁlogégﬁ?erré‘f@ﬁ?' So ?eé]ieﬁ‘é%l,s ?éedﬁgfr om t he

aspi rat e MAPGs s@pertitisddraweoef fANiMARDR &l 8118, it denabhcalld. Yrealidrer ed to
express one or nore desired gene products (e.g., pancreatic genes,

i ncl udi ng, buellnde npinal cell the hapeshass inlaptivated| byaigrefiatien atcolvrat tha or any of

t he various ' (epo [l ive.enz : t he

pancreas) . T%g%ﬁ]ﬁgpsgglﬁgtgﬁag%gs ela%(%?ogéﬁlgﬁc%lg a%%%@%%l g{j&ﬁejlyfa\s?a&g&st o identify

t hose cells which have been successfully altered, and these cells can be
introduced into the subject or can be Zifferentiated and introduced into the
subject, either locally or systemcally. Alternately, MAPCs



30can be differentiated and then the differentiated cells can be genetically
altered prior to admnistration. In either case, the cells provide a

stabl y-transfected source of cells that can express a desired gene product.
Especially where the patient's own tissue, such as bone marrow, is the
source of the MAPCs, this nethod provides an i munol ogically safe nethod
for producing cells for transplant. Methods for Genetically Altering MAPCs
or Differentiwatipd: fBrpganywlk inidiaobahadoby (ife) wet-hedsdsesar i bed herein, or
their differentiated 5 progeny, can be genetically nodifi ed by i nt roduci ng
DNA or RNA i r¥t082)t ﬁéa@éles opipederiayier eally awsftypiealyduman dlinlpiddmne qells:t hose of skil |
in the art. (I ¥alel e or categories;
(1) viral tra 9 m@fQ%g%b?as hg\%sgledoé?w %%kgl\?lgtgaut\%c ors such as
retrovir uses anypodtmdtcmg cbldaﬂtatmcamhﬁ)f(sﬁmﬂylngcﬂﬁu ar cbmpedensland fAc@88; Martin,

F., et al bbi.ns, eta 1997 Sal nons nd Gunzbyrg, WH.,
1993; Sut 150n kit ag‘f’mﬁ?geou owingrop} lmll'Ig"o""llz"tV ‘?lhtBy pm}ﬂﬂnl OLtL T., et al.,
1998), Si mi anes 64, ADmrnSM490s feeaiar&emaw§ aﬁe&ﬁenecfe%r@sa@% @e HRRVi dson, B. L.,

et al., 1993; Wagner, E.,” eta W, Adenovirus Methods and
Protocol s, Hupetnia Wﬁ!(ﬁf@@nhﬁe@m@tfmawe %@uaeiquéer@mgglapltorslfmml | Sci ence

Ltd.; I\/blin mann, C., et
al ., 1999; Sc ?T/\t/\%rhgge éc}lggrsegg%on%?%p%ﬂfes T}iggf%e P peﬁ’ée%g%%é’ us lt?’ll_lﬁ%l udi ng

Si ndbis vir u&aﬁbbﬁsedﬁlahﬁmtanh\MA}ﬁJ BﬂsBmE%ﬁem@éInoﬁlgundﬁ;'fereﬁﬁatﬁi state.1989;

Br edenbeek, P.J. ﬁ 1993; Frol qv, et al 1996), herpes virus
(LaquerrelV s, et & Sm%g@)caahanﬁmw e&aﬁllPFWﬁéﬁ;‘?I‘rQ}é‘tta‘F}ﬁfit %anpl e; (2)
chem cal ”ark%ﬁ@ﬁup bﬁcéub!@hsr@m%@élﬁla&'ma&ﬁ&%ﬂﬂﬁﬁ&tstaﬁfﬂ”s%t%ﬁd&n and DEAE dextran
transfection 20 tp menbrane fusion transfér, using DNA-|oaded
menbr anous vé%@@ﬂ)é@er%u%htnaﬁs 151 ¢fl:mi§9¢m1§ additiedd Fagtors that ensduBghtheir J 1993), red
bl ood cel |l gh sts a . Q for e si cal transfer

t echni ques, Siag Iaeslpfrj(r)lagsroglfln &ct to‘ﬁ?aﬁ{ygrg% gjlg% Cﬂp}% g\ﬂz?}%lg in "CGene

Ther apeut i cs"copddn9¢linat, cb@ﬁi@mﬂlﬁ@ulﬁﬁ@Gﬁeroﬂlectl\ﬁp‘l‘sﬁlﬁeﬂﬁbron&tﬁﬁ’ ahber apeut i cs"

(1994) at_ page 195; Johnston, et ,25al 1993; WIllianms, R S., et al.
1991 Yang, l\fb?‘sonec'é‘% lilgg POIWTQTQ(Eelat@l ]éﬁlﬂrkl’épP@}Ya?laB‘illPOWr}dﬁH‘Fectl on or direct
"naked” DNA tifa ondin andvtEﬁEét@. can be genetically altered by insertion of
pre-sel ected |so at ea by substitution of a segnent of the cellular
genone with pre séﬂhemaadenascﬂ @indidioDN stanr Cdblycaiedtlec{ comaintelbdarifackati vat i on of

at | east ap ceIIu Ogenone t Iet| nor

i nacti vation ?Wlsk gf SHE‘}} o lg%})gf 95%1136%1“1 3&|“£§‘ fgeé%lraﬁ

acconpl i shed 1byd@nwgéduswc1@toﬁﬂa@m,whemhwbmgud@wmmtn dr mi ted to geneti C
reconbi nati on, f}( anti sense technol og élg ich can include the use of peptide

nucl ei ¢ & dsmgiiepaynated sigie gfyel f‘F%’é&’? ardErigyroniRgy epideEmpl e. I nsertion of
one or rmore pgfrgwab%as}@@%ta@%%s@aoma&a 1eh§é}aq iR¥bitdp@nol ogous

reconbi nati on i'ntegration’into the host” cell genonme.” Met hods of
non- honol ogoufsctoe(&éﬁbn micqtezmspameS)aardaomhmmqnsmﬁre@xatrtphla)arqs tdescri bed in

U. S. Patent 58, ..6. 602 686, 6. 5 21 5 824 6, 524, 818,

6, 410, 266, GNg%sf g%gmt ﬁ%a%gﬁif %ngengflts\%a’tglio%ﬁg CS%gdcf%ﬁfggW uigio ﬁcorporat ed
by reference differchitined ﬂloﬁldtberrandVeﬁCﬁdﬁsthkeullh&b aleiiingh privrne tiifegtsitiafiornon-

honol ogous. reconbi hati qQn. The, desir eneﬂequence can alﬁ% be incorporated

into the 2el |, part¥Rgeibiney apd,pihes gels Fﬂi’cheé frop pqrglErine YA H A°BKhr essi on

vector and a QG RARULIDEALIIRSh] ARIRANNERGROM HELBREMLAthad béRed ¢dNg
pol ynucl eotides to the nucl eus 10 have been described in the art. For

exanpl e, si gregn Sm‘l ydemidentifigeceulpniaptiers thas awaﬁm S@PHIDF@U ths descri bed by
Sebestyen, ety .nd ajreg%?%a spte&f '1151%% E %}3& fh%se{) Oeﬁs for €
eri e n ro

efficient expression netic can usi ng pronoters
that will al |1mi\ucfe(&kp1’e§3;ﬁ)ngﬁmell-9lﬁrfaceTr@eptsis ioﬁlebﬂ““ﬂmﬂi dah\belrgaddy negatively
i nduced usj ng. .cer be elimnated foll ow ng

n 150 em cal s/ drugs
admi ni st r3ft i dﬂelﬁ‘fft glbém?éﬂc el gnidhodics c%Fnerfﬂ& el [oFeeor A YERE 8% al | ow i nduct i on

by cheni cal s sfele@ﬁéh‘ﬂ%eﬁgnmétt?rﬁ@éfldeﬁ‘get&lg skifled 8nd ATRXLESR ihARBORRI Ve nutat ed
estrogen receptor) in specific cel artnents (including, but not linited

to, the cell 1{67@;1&931&1‘@11@)3 capablhtles of the skllled artisan to select the appropriate cells for

co-culture,
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Any of transfection or transduction technique can also be applied to 20

i ntroduce a transcriptional regulatory sequence into MAPCs or progeny to
activate a desired endogenous gene. This can be done by both honol ogous
(e.g., US. 5,6641,670) or non-honol ogous (e.g., U S. 6,602, 686)

reconbi nati on. These patents are incorporated by reference for teaching of
nmet hods of endogenous gene activation. 25Successful transfection or

transducti on of tapgekergielidSofOANPOSIdRRBRstd@dIRd uSsi ng genetic markers, in a
technique that is known to those of skill in the art. The green fl uorescent

protei n of Aequor eMARCEtas¢ paicTeRbe PIOZEIHISK éenshla@efﬁé@ﬁdw $Ecan ef fective
mar ker for id A i mat opoi etic cells
(Persons, -,ﬁéyﬁh Fhe&{g&%ﬁaﬁ %ﬁe"?%lés??@% ‘?ljal(yn ef%%@drrlaér}lgers i ncl ude the
p- Gal gene, tdnéfetmumCéMAE@wmagb@eﬂfduteﬂambogh ¢1étmeipg MAP@rwith sel ect abl e

mar kers (i ncludin

Transduct i on mp(gcg]%aﬁesfaetaﬁ lﬁﬂuﬂ%ﬁgtf@? @’gte% Or’é?f’tvll%/Atg(ér g%?rllnglmp%ot ﬁiag are

linked to a prc}Fglfﬁnﬂy)aBﬁﬂbug&ﬂd@l&rmﬁ Jf HEBMPIRRIL), &PddeaninGt pepti de
dommi ns that can freél rapidly cross cell nenbranes. Several PTDs such

as pol y- ar gi ninhibitg pmlyh%dgghcrg artawme@ncértdemg prigroélimited ton Sylenamang argdnd
Hi V- d dT t | t
e e T B, R ST A6t Gt B AR, £

ranes protein
transducti on (a&dlpbaﬁbly heotitianddeeddpr(dicrRidhg, tartﬁaoﬁlﬁrhﬁaﬂnt edendifae cells only
transiently, ?ré{eature whi ch dep ends n the in rrnsrcturn ve of the
expressed pr ot Grengtide 437 -LmpR. ac’i MEPY W}P?}P %JPS eapleseadingy: ¢ he

transduced prgpgin [g&admé?%&%fsro@kﬂe%n@momagéﬂwc Eltb?elﬁff%ﬂ%mﬂlfl g protein added.
I dentification of Pancreatic Progenitors from MA To allow identification

of i ntermedi ag@“@h fﬂg@mb@fe@wrﬂiﬁﬁwweﬁgmﬂ&] betagpdlylin, oz mlrhn:irsnmpbsu tive

cells, MAPC cel es fro ransg nrc m ce b red t 0 express
v ker s, suchedls o PEFsstR B HEEASE s (e B e ReBRe NEREIAY, OB onot e

such as the Pemmbitmbainidd digeténtiatich. | nsul i n pronoters and drfferent Crosses
can be generated (e.g., MAPCs from.the bone _marrow, (BM mce with

PDX1- GFP, Ngn3- YFPAR P&%ﬁth@r:rﬂh%?ﬁaswqﬂleégﬁlogﬁﬂﬁé PFUVALY (Reix @g&ahngt GFP and

PDX-1 x Ngn3 H?cﬁ;%e&ﬁﬂr A8ntl 8.9/, %%)de p%t%a ncRARM AL RAS, AL R6leb e at ed and
tested for their pluripotencdy, phenotype, cytogenetics, and di fferentiation

to O-cell Irkémge¢hesll<(9é\palnur%1@m agjd.explr eBNAror BNDdxdiich mgwgs thdeur oD1, Pax4,

Nl cx6.1 an u over_ t.i ese V\A|| al l.ow one to foll ow
differenti gt i gLW éon Q\qupreasml 1%38 tﬂ @ﬁeg?%zé%cludl % oetl’llll ted > rom
20di f f er ent i apiowitigtignal(€Sin tiRMPINES: of the earlil"bﬁ,‘rbfy@l mwwgatfmﬁﬁ@bm are

provi ded in order tqQ denpnstrate and further illustrate certain enbodi nents
and aspects ofhetVsBirgmewahibs, feaAnterighPesteion Eb s, fl the Vel $9miEsd) as 1imiting

{ne. scope t Nekanf et FATR! S b oM@k LRLEAL RkEARLQLLMAECS 1o 6 Cel I <

Muri ne MAPC ce I nes were esta ed fromeG-P tr ns eni c 7B116 Thyl.1
m ce bone mar rplvpeelins(CRA)deslogs therof, sudhaasgyclypangne-dienc-S 2002 othtAPCs 30 wer e

(51 omey. 1% 1 Briorhnids s b, Y el 10 FromdTe sl 6111

ascor bi ¢ aci ds% pbus pirat sbo(S1 Yembout R hisow 25| aboDBi’oO%eiﬂ»ohﬂ'ﬂ%i Concent rate
(G bco), 0.05 itM Dexanethasone, i rcapt oet hano| (Sigma), 100 U

penicillin (GPHRYGFO7eq eho0t ¢57 gr@@‘ﬁé@@é{@?ﬂs&b%‘: oY eoRyoRy Gel7es 3 E?‘E ( Cheni con),

10 ng/nL ”EGF7()'§§'ﬂf&)75%Odb69t/505%,QE%S‘%BaKoBt?%%ya‘-BB@{%M olgboheighsycal f serum
(FCS) (Hyclone Laboratori es) on human 10 n ggt A fibronectin (Si grra) coat ed
(o}

di sh (Nunc) atn thbecivityuef eapc badgehagea compar ativiiy of SHH iddlesi ty was about
100 cel I 'sj §rr2af)as@gce o%ah%g&ﬁ'ﬁ?at ﬁ]ﬂlb‘lt& S?Iﬁaz{cﬂvft}y.\o‘ >days.

As described in Example 2 herein below, MAPCs were differentiated
into pancreatic progenitor cells and beta-cells in vitro. Briefly, MAPCs were
cultured in medium containing Activin-A (about 0.5 ng/mL to about 200 ng/mL,
such as about 50 ng/mL to about 100 ng/mL), BMP-4 (about 10 ng/mL to about

20 100 ng/mL, such as about 20 ng/mL to about 30 ng/mL or about 50 ng/mL) for
about 3 days, followed by about six days of culture in Activin A, BMP-4 and
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About 0.03-1 x 1065% 02 cultured eGFP C57B1/6 | ow 02 MAPCs were transpl ant ed
via tail vein injection in 6-8 week old NOD-SOD m ce (11=28) foll ow ng
irradiation at 275cGy. Intraperitoneal injection of anti-asialo-GVL anti body
(Wako) (2011 of the stock solution diluted in 380 pi of PBS | x) was 10 given
on day -1, +10 and +20 to decrease NK activity. Hemat opoi eti ¢
reconstitution was assessed in peripheral blood (PB) at periodic intervals

after infusi Odycl(oga@&e\cegkseout akd ﬁfoum;@l?l RolugRE 3bNRN G | BBCriashkged. 1 n all
animal s that were sacrificed, blaood and spleen_were eval uated for

presence of ctEPapEhasysHIELl se/ad) [y, ab%}ﬁles%ﬁ ITIEf-’cﬁﬁBF obigia¢r eas, 15li ver,
| Ki t
contr i but § on S RRAFLRA! EyRle: RiAnEfRAL YO 6%, aB°‘9f5rI§ag3e‘§e As

descri bed i n m0g1g1‘maL Jlﬁcludmg ABowa Ad nelrd.) baHGEFi (9195 abxfut Wﬁba:lmﬂm/ed

hemat o o ni s tha id not ow raft ment were transpl anted
wi th MFA)\P a‘.mf g\?gng ‘sttoégimﬂ f@@%“r@%’é‘é %E??IPF@PQEE’“’&H ot her an:omal s
20 received W@ﬁowwéﬂe Beh vhnIrRNG A&MSh &Ii@ﬁmgmoﬁ@arﬁael (a%gﬁpﬁMr{ESCS

Anal ysi s of |ynphohemat opoietic tissues denonstrated nultilineage

engr af t ment (@pgmoeul‘ﬂomcluﬁmsb@malpyd@l)@r exenpipd (88, abpit Ea! tOeabdu&iWrrus shows
mul tilineag i I 0--ce||s and
NK-cel | s. Gi'ﬁ\r/] g&?@é ?“é%pm?% ﬁ{ltqo\%@gtég%%&bﬂf Jfgr eacting to

Bal b/ C deri veidclading abo’ﬁﬁ SD mgamL)nmdeﬂtabgllqthﬁgt ebduea@hg/ml oubbutriédand to
stinmulati shown) I n addition --4% of

t he GFP cg(? J@Er@glﬁ‘gééa‘ft@@ﬂ% foqqupt_ksé)f suggesting generation of
hemat 0. poi etic stgemig&lal BicliSEShndntoms Wﬁycoﬁlﬁﬁéﬁeﬁ sAlIAMCh, the fact that
eGP CFU-M x and BFU-E could be cultured and the ability of BMfromthe
primry reci ppa@megtwt@ds@frrec@dmhptosntlee @eﬁeotnémf?)cspon@dud@ fegtes&nowd | et hal |y
irradi ated segon dar %%@E‘I%%S ent Suc L Q980 cvgntatsamﬂung pancr eas,
heart, liver ar?cIal vere ardo anafyze ]IS(? “he presg’nce of

MAPC- der i ved D@E@efamﬂyﬂngm(}fe&mhlycmﬁmﬂw& Ia@dsie\lmmd@éam sp&cﬂﬁbﬁlo@iut with

differenti ninto hol o nd henot
charactert tl@@l@fetdhtoo(%} taqut%dm I?l erfgéﬁﬁlre Z['h‘fuefs seen in

all but the |gueroidoft Eabletid, 'Buiﬁlﬁh@ﬂaﬁ@tend&féﬁﬁ'sgécﬁman% ishe%ﬂﬂécﬁﬁ;ﬁ ment in the
gut stemcell conpartment. This was seen in 2/12 ani mals h of which had
becone very Imbmh@rs abbeiWwigamsily. bG@mpmwlemltw endhdieri spaciicRom, of an
antibiotic. ani sacrific on wi3. . L.n 5the other 10
aninmals, no e gllggﬂa\g@ﬁ?endr?nt\ﬁgt'g neg B1a¥hn}lfblﬁp n\(/:\fﬁgtlcseenedrcl)d‘cer’.—ﬂor ot her organs,

| ow| evel engsfpaélﬁm&ia)h. Digkkaprelatedipicteiia SORRNY,theaberpd e itk pro®eih seen. | n

t he heart -300 GFP+ cardi.ac Troponi n+ cells were detected.
| munof | u%q es B Of PesFetpd RIQIST: HREORIERS (R EATOMEET A RATBERETH @f% for GFP on

pancreas aft eg;f5 AR |b§{a§ %t:eo% Wint MRREStoVBRPS/B R %@n&ﬁ!ﬁ% mFe!ra{oﬁBn 0110
i mmunohi st ochem st ry P on pancreas was carri ed | ows.

Pancr eat a werbRPi/ﬁ@dthftbfrWFmdﬁ CmplﬂﬁNuﬁserheﬂtuﬁ,aﬂddﬁ@ﬂfoép&ﬂ-lf ormalin in
PBS. After t a 6 mcron
sections mr\ggrc%?&gﬁgo Véqf? aF%%’ (e%uperﬁéo\éﬁ%ﬁ?rﬁsg&g% H%?&q%g ndard

dewaxi ng and ¢veitgtlreadli, 0998)&ﬁﬁﬁncﬁaase thEfrequ&ﬁG)l"lﬁthXh]l’mltNeIm@geflMISS m nut es
each wth_15distilled water. Antigen retrieval was done by steam ng for 20
m nutes i A 0. BFReRidiTay fer pH 6.0 (Invitrogen) in a house-hold rice

cooker, followed byodu) & B]aw&ﬁ)l@fh%d&ﬁﬂﬁsﬁ&fﬂcﬁﬂen Af NeHal® rfidé Gkndti Nse in
distil I ed water, sections were penneabilized for 5 mnutes with PBS + 0.05%

Tween: 20. End®gasadesicpaopmicandsan By P, @eqke@erblj"GE Equidnmerbers, indusat e

i ncubati ons el r i¢ acid
(Sigma) in mvin%%%dggrgﬁﬂrégtﬁ%g Ed&ﬁﬂ%%ﬁcrﬁﬁ gon& helﬁaﬁlf{% %g e%lg’g wat er. After
a 5 m nute wagdstatipl mmomﬁomgngalwwgmed nsdsodbem (Wémmen gieupH9e mor 2 m nutes

ith 0.02% sod oro n distil] ed.wat After a 5-mnute
vaash Wi t hﬂiunwI lég%’g %éﬁléb%%eﬁ%ﬁégﬁ%dét% thtefl QRHEISD"IV&@I?@E] by sequenti aIJ 15
mnute i nCUba&ér@diﬁtréft’bd Ihaaxbtwlﬁtm%émc@ﬁdeﬂtr@tﬁmé BhRtfies calls%IéhMex%fst em

DakoCyt omation), separated by a 5 mnute wash in PBS + 0.05% Tween-20. After
i ncubat i on wi b 1Bt @@SOﬁIemse@tsubwguméﬁtepsmsctvécfmmm@atm endodgmni th PBS + 0. 05%

Tween-20. Non: g L B8y W& I d C for 30

m nutes with 8’%%}8? ICIKIBE&Q{ZH F(Zﬂ“.% P %ﬁ@kﬁ%yw%&%ﬁ&v%@oremved and
primary antibody, diluted in PBS + 0. 05% 30 Tween- 20 + 1% BSA was added to
the sections and i ncubated overnight at 4C. Rabbit anti-GFP was from Abeam
(ab6556) and used at 0.67 Ag/ral. The follow ng norning, slides were washed
three tines for 5 mnutes each with PB30+ 0.05% Tween-20. Biotinyl ated
anti-rabbit F(ab')2 antibody, diluted 1:1500 in PBS + 0.05% Tween-20 was
added to the sections and incubated for 30 m nutes.



Slides were washed three tines for 5 mnutes each with PBS + 0.05% Tween- 20.
The Vectastain ABC peroxi dase conpl ex (Vector Laboratories), prepared
according to manufacturer's instructions, was added to the sections and

i ncubated for 30 mnutes. Slides were washed three tinmes for 5 m nutes each
5 with PBS + 0.05% Tween-20. Col or was devel oped usi ng DAB+

(DakoCyt omati on), according to manufacturer's instructions. After standard
hemat oxyl i n cewahf 2008) alond ogsontbériey dvitht HROF @haetlikap wnali, 2903 )dhkibiteSHMeEr € t aken
usi ng a Ni kon Cool pi x 4500 dlrgl tal canera m)untﬁd on a Zeiss Axioskop 2.

GFP+ i sl ets WBHRESSSBE e RIERPTeRe S RAGHS AN OdFMSPGIRGAIRN s ¢ 4 i ng experinent.
10Next, i munof | UOFEB.EREAIAPE rdid UhitiM ARG B QI RAPE " SRR 1AL RER-

transpl antation of MAPCs "'was carried out as foﬁ) | ows. Pancreata were fixed
for 24 hours #&hadi@en kenifed,elusashin dhidktmteplay enelalin endoderPBPecifitdton t wo washes

bl aced on Supbl ErsaE oD citele T RBF A ap ettt DL AP A ohydr at 1 on,

15sections vvefx@le/m{p@ai tAyrigdicitedE R vE DGF ithiblsd SETIgRcduCYIbh (HAHi%hi dt| ed water.
Antigen retrieval was done by steaming for 20 mnutes jn 01 Mcitrate

buf fer pH 6. 03k12A%; HP%@&} 19992 WhirksBoWd lead {9 pancreap Rrerificein. ches by a 20
m nute cool - dewn. QDP?F?,(#GPA‘Qto?f:orﬁ‘blﬁéﬂoﬁiﬁhé’léd?%gnb@us@ﬂ?ﬁ{hlel Jgaper, sections

were perneabili zed mnutes wt 0. 05% Tween- 2 Non- speci fic
bi ndi ng si tesdxﬁ@reatlztem%k@&omcalﬁmME)nlvoth ofthoar fwrmutlwd\hﬁtekn)o 4% fish

Ki I P Bl ock body,
i 0t e | R0pes s or B oo St S YA B one and

i ncubat ed ovegfiogbrin Btintited lsaﬁahed%h@g(rsﬁﬂ)mﬁatbmm et@s 200@mabakiaCyt onat i on
(A0564) . and used at 21.25 %@) s _from Abeam (ab6556)

and used at 24t@faldonadg ab VAP E (Hardikar eg pl %@3}/\%&!@1&/@%&& Chr oo
[ f 5 b d
e L IS e R S 1ot

inea pirg and cyani ne-3 | abel ed
anti - r abbi t F(L\datbtn)i@vedmbr Inowdidgion S kesobe blovked enithsyalop ddrine dorlspeaiic
respecti v gﬁﬁﬁ gb .450 in PBS containing TO PRO 3-iodide (Invitrogen)
at 1: 1000 Af fuétf BEbfiehes for 5 30 minutes each in PBS + 0.05% Tween- 20,

slides were nount epandfoadehebifiehirnthntPalfebréntiaNor i @RMed K3ONb1E silondidger scanni ng
pictures were taken on Bi oRad Radi ance 2100, nounted on _ a Zeiss Axi oskop 2.

In at |east t®’onNEDesERs (H%@kiifrﬁt\ﬂhl?@ﬂ%ﬁﬁﬁqﬁcéubrﬁqt@t ganatippprevRitPCs wer e
fted, GFP+/ + 11
grafte %r?xﬁlglrlﬁﬂtft? gﬁ&&éaé ¥eh&oc ﬁé gﬁlg régiﬁraﬂéﬂgf aﬁclgﬁﬁf dgure 11).

Exanple 2 In rentiation o Progenitors
and 8-Cells Ngﬁbpmictamﬂmpro«gémtdlrsﬁ\%ls'ﬁowaﬁdsoﬁNoE:hct«gnrahmgcmmas Li neage

Usi ng | ow t-4 one enbodi nent, high Cct-4 is about 5
t o about Qg% t'htgﬂk?%flﬁ?rfgg?rgnqag?ﬁeﬁ%yoni c stemcell or universal nR NA,
while | ow Cct-4 lSAﬁEdl%h@blln}s!e Afelttend iRicted Mathe BRGFInktie laese)-,2Xpr essi ng
nouse MAPCs and rat MAPCs (isolated and cultured as descrjbed 10 herein), it

was det erm neémi BMP 4tWaéﬁ’éR?|”|°bE0i aSHVIN plgRg tinguge Rdx- bP’%Weséloflo]?MP #n endoderm .
pancr eas- . bh?&g&%&% R2%e mesgadiilal ce ;ﬁ?ﬁﬁl &E’EEB ?ﬁ@ ‘i'xix{:ﬁlﬁ{r@nt lation can

be acti vat ed orrect sequence yielding a popul ati on that
expresses i nsﬁhusaBL/IM?iMy eobe eacassehemai/bePSsiated wittlBdd or BMKpr ess t he

L1 ansor | pePonorBeY 87 L +Pey % fslreblncl BHIEY RealYRETRRY “paa, ' Nover,

as wel |l s as i fsllowied by Actitisiih amna Ag&uc@g@mamx aqFaibhsdatitnwvat-Ri when
cultured with Activin-A and d0-9, anti-SHE d3-d9, EG- d9-15;
ni coti nami de {¥riniéizkhse davp)of dsf-ff‘e@}tnaﬂw may fiptheysmhance ppgoderm The

expanS| on and i & ﬁ&{s 20 descri bed
o oy LA Ak v R R ALATER At o

addition of Wnt-3 followed by Dkk-1 may induce greater numbers of de 1

30  positive cells by day 9. This can be confirmed by adding a GSK3 inhibitor that
blocks the canonical Wnt pathway. The efficacy of Dkk-1 or GSK3 inhibitor
can be demonstrated by measuring levels of phosphorylated S-catenin.
Subsequently, the role of different FGFs (FGF-8, FGF-4, and FGF-2), by
addition of graded doses of FGF-8 and/or FGF-2 and graded doses of FGF-4
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Conmponent s DMVEM LG (G bco) 25 MCDB (Sigma) FCS (Hyclone) 1TS+1 (Sigm)

L- Ascorbic Acid (Sigma) Pen/ Strep (G bco) 30 Dexanet hasone (Signa)
fi-Mercaptoethanol (G bco) hPDG- (R&D) |i EGF (Sigma) nLlF (Chem con) 35
Tabl e 2 Expansion nmedia 300 nL 200 nL (40% 10 inL (2% 5 nm 5 nL (0O 1MV 5
inL 100 pi, (0.05 FM 500 p.L (0.1 nM 500 pL (10 ng/nL) 500 pL (10 nwr) 50
pL (1000 UnlL) Differentiation nmedia 300 nL 200 nil, (40% 10 nL (2% 5 nL
5 (0 1mVM) BndMy an inhibitor of FGF-2 (e.g., SU5402) can be determined. Additionally,

inhibiting Notch signaling, for example, by using an inhibitor of y-secretase
(compound E, Calbiochem) can affect pancreatic endoderm (Pdx-1" cell)
induction. The efficacy of the y-secretase can be assessed by evaluating

5  expression of Hesl and Herp.

In one embodiment, the cells are transfected with a pancreatic
transcription factor, including, but not limited to, Ngn3, NeuroD, Pdx-1, Pax4,
Ptfla/p48, Pax6, Nkx6.1, Nkx2.2 or a combination thereof, for example, by
DNA, RNA or viral transfection or by protein transduction. Expression of these

 transcription factors can induce pancreatic differentiation of MAPCs.
Additionally, the endogenous factor can be activated or increased in the cell by
methods know in the art (e.g., homolgous recombination (e.g., U.S. 5,641,670),
non—hofnologus recombination (e.g., U.S. 6,602,686; RAGE (Random
Activation of Gene Expression) technology; Athersys, Inc. (Cleveland, Ohio)),
or other endogenous expression techniques available to the art worker (the above
mentioned patenis are incorporated by reference for teaching of methods of
endogenous gene activation). In addition to the factors/genes described herein,
variants, homologs or orthologs of the factors/genes, which have the same
biological function/acitivty, can be used or assayed for in methods of the
invention. For example, variants, homolog or orthologs of use in the present
invention may be homologous or have sequence identity (nucleotide or amino
acid sequence) with factors/genes involved pancreagenesis, including those
factors/genes provided herein. Assays and programs -to determine if a
factor/gene is homolgous is are known in the art.

Methods of identifying and subsequently separating differentiated cells
from their undifferentiated counterparts can be carried out by methods well
known in the art and described herein. Cells that have been induced to
differentiate can be identified by selectively culturing cells under conditions
whereby differentiated cells outnumber undifferentiated cells. Similarly,
differentiated cells can be identified by morphological changes and
characteristics that are not present on their undifferentiated counterparts, such as
cell size, the number of cellular processes, the complexity of intracellular
organelle distribution, and the production of insulin or C-peptide and the

secretion of insulin or C-peptide in response to glucose.
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5001.iL (0.1 MV Addi tionally, culture dishes/flasks were coated at
roomtenperature for one hour with 10 ng/nL of fibronectin (FN). Cytokine
nmedi ated differentiation Cytokine nediated differentiation was achieved
after a nultifactorial analysis of the effect of different cytokines and
extracellular matrix (ECM conponents known to play a role in endoderm
foregut, pancreas and endocrine 5 pancreas specification and

differentiation. L)Slisﬁlgorﬁbrﬁ?'lai@@&e rhéthotid of lehtefyHgnedereMaitedyeds bf gegnt i at ed rat
MAPCs do not express significant |evels of transcripts for Pdx-1, Ngn3,

Neur oD1, Nkx6SXPresing off spepidic cald-syrface magkersiph ascellplar esgptorsgnd | evel s of
transcripts f ' : : JNRTE et ectabl e

| evel s of traﬁisngﬁ%%{%rsaﬁ% B{r:gt(%\llﬂ%( gﬁ%ﬂ%ﬁ@a%gatﬁgtﬂ%%%ﬁg@%%gg fl. @{1] gr Q RT- PCR
reacti ons desonikbsdambe eied,to tdertifydifimentisted welts d3etation pf tesnteisicinn Tabl es 3-5
and the foll ow ng. protocol s, were used: was. extr ed. fromthe cells with
the aid of the ﬁﬂ@ggﬁﬁ’ﬁ% lﬁgf’fescie&eaagfgﬁ?t%llesﬂﬁtfnﬁx(%ﬁ?:,%sfubq‘f“&é%‘ﬂ' by a DNase
Treatment Wi t findalin@8dWHeAriEANELBI! From ThE)standPSinFWArNGGipkieNar S
transcribed with TagMan (Applied Bi osystens, Foster 150’té, CA, Step 1

(I ncubat i on) : uprerulatipg ofppecHicegsnes, differentiztgirells oftgn display égycls of gane
nocc vt o) ot 6 Bl T SOCLLCR AL AR EIEARSA b TobLe o
type D3 vari apbtedh) froactndifferetiategioe}ds, ouch o yymelid-1 Jinwdin-2flucigon,
somatostatin, NeuroD1, Pdx-1, Ngn3, Nkx6.1, Nkx2.2. Reverse-transcription
polymerase chain reaction (RT-PCR) can be used to monitor such changes in
gene expression during differentiation. In addition, whole genomé analysis
using microarray technology can be used to identify differentiated cells.
Accordingly, once differentiated cells are identified, they can be
separated from their undifferentiated countérparté, if necessary. The methods of
identification detailed above also provide methods of separation, such as FACS,
preferential cell culture methods, ELISA, magnetic beads, and combinations
5 thereof. A preferred embodiment of the invention envisions the use of FACS to
identify and separate cells based on cell-surface antigen expression.

Additional Culture Methods
The density at which MAPCs are cultured can vary from about 100

cells/cm? or about 150 cells/cm? to about 10,000 cells/cm?, including about 200

10 cells/em? to about 1500 cells/em? to about 2,000 cells/cm?. The density can vary
between species. Additionally, optimal density can vary depending on culture
conditions and source of cells. It is within the skill of the ordinary artisan to
determine the optimal density for a given set of culture conditions and cells.

Also, in specific embodiments the atmospheric oxygen concentration for

15  1isolating, culturing, expanding and/or differentiation of cells includes oxygen
concentrations between about 0.1% to about 10% oxygen. In other
embodiments, the atmospheric oxygen concentration includes oxygen
concentrations between about 1% to about 9%. In other embodiments, the
atmospheric oxygen concentration includes oxygen concentrations between

20  about 1.5% to about 8%. In additional embodiments, the atmospheric oxygen

concentrations include oxygen concentrations between about 2% to about 7%
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oxygen.

The above ranges are exemplary ranges of atmospheric oxygen
concentrations to be used in the culture of non-ES, non-EG, non-germ cells that
are Oct3/4 positive and can differentiate into ectodermal, endodermal, and
mesodermalvcell types and it should be understood that those of skill in the art
will be able to employ oxygen concentrations falling within any of these ranges.
Thus, one of skill in the art could set the oxygen culture concentrations at about
0.1%, 0.5%, .5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%.,
7.5%, 8%, 8.5%, 9%, 9.5%, 10%, or any other oxygen concentration between
any of these percentages. In one embodiment, the oxygen concentration is about
2% to about 7%, such about 5%, which more closely approximates physiological
oxygen concentrations (Guyton and Hall, in Textbook of Medical Physiology,
W.B. Saunders Co., Philadelphia, pp. 513-523 (1996)). The oxygen

concentration can be varied within a given range during the culturing period.

The remainder of the atmospheric gases are conventional, inert gases, e.g.,
nitrogen, argon and the like, as well as carbon dioxide. Additionally, the cells of
the invention are cultured in about 5% to about 6% CO,.

Isolating and culturing MAPCs at 5% O, was shown to result in fewer
cytogenetic abnormalities. Additionally, it resulted in a slight change in the
phenotype of MAPCs. When rodent MAPCs are isolated andlmaintained at 5%
O,, Oct-4 transcript levels approach those of embryonic stem (ES) cells (50-
80%), and >90% of cells express nuclear Oct-4 protein by
immunohistochemistry. 5%-O, derived rodent MAPCs also express Rex-1 at
levels approaching that of ES cells. Although mouse MAPCs expressed Oct-4
mRNA at levels similar to ES cells, they did not form embryoid bodies or
teratomas (5x10° MAPCs grafted under the skin of 5 nude mice).

MAPC:s can also be cultured in the presence of a GSK3 inhibitor (e.g., a
6-bromoindirubin compound, including but not limited to, 6-bromoindirubin-3’-
oxime (also known as BIO); incorporated herein by reference are U.S.
Provisional Patent Application Nos. 60/703,823 (filed july 29, 2005) and
60/704,169 (filed July 29, 2005) and PCT applications PCT/US2006/029736
(filed July 31, 2006) and PCT/US2006/029547 (filed July 31, 2006) for the
disclosure of culturing cells in the present of a GSK3 inhibitor).
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Use of MAPCs and Progeny Therefrom

The pancreatic progenitor or beta-cells of the invention and/or the
MAPCs can be used to repopulate a pancreas by either direct introduction into
the area of damage or by systemic administration, which allows the cells to
home to the area of damage. Accordingly, the invention provides methods of
treating a subject in need of pancreatic cells comprising administering to a
subject an effective amount of the pancreatic progenitor cells of the invention or
MAPCs.

For the purposes described herein, either autologous, allogeneic or
xenogeneic cells can be administered to a patient, either in undifferentiated,
terminally differentiated or in a partially differentiated form, genetically altered
or unaltered, by direct introduction to a site of interest, e.g., on or around the
surface of an acceptable matrix, or systemically, in combination with a
pharmaceutically acceptable carrier so as to repair, replace or promote the
growth of existing and/or new pancreatic cells.

Generally, the invention provides methods to treat a pancreatic disorder.
The term “pémcreatic disorder” or “pancreatic disease” refers to a state where
pancreatic function is impaired. Examples of “pancreatic disorders” or
“pancreatic diseases” that can be treated with the compositions and methods of
the invention include, but are not limited to, diabetes (including Type 1, Type 2,
MODY and other genetic causes of diabetes), obesity, pancreatic atresia,
pancreas inflammation, alphal-antitrypsin deficiency, acute, chronic or
hereditary pancreatitis, pancreatic cancer (including endocrine tumors of the
pancreas), pancreas malfunction due to cystic fibrosis or Shwachman Diamond
syndrome, pancreatic insufficiency or pancreatic enzyme deficiency, pancreatic
cysts, hyperinsulinism, pancreatic digestive diseases, genetic disorders of the
exocrine pancreas and pancreatic injury, including, but not limited to, injury as a
result of physical trauma (including, but not limited to, surgery), chemical,
radiological, aging, and/or disease.

Administration of MAPCs or Their Differentiated Progeny

MAPCs, or their differentiated progeny, can be administered to a subject
by a variety of methods available to the art, including but not limited to localized
injection, catheter administration, systemic injection, intraperitoneal injection,

parenteral administration, intra-arterial injection, intravenous injection,
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transvascular injection, intramuscular injection, surgical injection info a tissue of

interest (e.g., injection into the pancreas) or via direct application to tissue

surfaces (e.g., during surgery or on a wound).

MAPCs can be administered either peripherally or locally through the

5 circulatory system. “Homing” of stem cells would concentrate the implanted

cells in an environment favorable to their growth and function. Pre-treatment of
a patient with cytokine(s) to promote homing is another alternative contemplated
in the methods of the present invention. Certain cytokines (e.g., cellular factors
that induce or enhance cellular movement, such as homing of MAPCs or other

10  stem cells, progenitor cells or differentiated cells) can enhance the migration of
MAPCs or their progeny. Cytokines include, but are not limited to, stromal cell
derived factor-1 (SDF-1), stem cell factor (SCF), angiopoietin-1, placenta-
derived growth factor (PIGF) and granulocyte-colony stimulating factor (G-
CSF). Cytokines also include any which promote the expression of endothelial

15  adhesion molecules, such as ICAMs, VCAMs and others, which facilitate the
homing process.

Viability of newly forming tissues can be enhanced by angiogenesis.
Factors promoting angiogenesis include, but are not limited to, VEGF, aFGF,
angiogenin, angiotensin-1 and -2, betacellulin, bFGF, Factor X and Xa, HB-

20  EGF, PDGF, angiomodulin, angiotropin, angiopoetin-1, prostaglandin E1 and
E2, steroids, heparin, 1-butyryl-glycerol and nicotinic amide.

Factors that decrease apoptosis can also promote the formation of new
tissue, such as pancreatic tissues. Factors that decrease apoptosis include but are
not limited to B-blockers, angiotensin-converting enzyme inhibitors (ACE

25  inhibitors), AKT, HIF, carvedilol, angiotensin II type 1 receptor antagonists,
caspase inhibitors, cariporide and eniporide.

Exogenous factors (e.g., cytokines, differentiation factors (e.g., cellular
factors, such as growth factors or angiogenic factors that induce lineage
commitment), angiogenesis factors and anti-apoptosis factors) can be

30  administered prior to, after or concomitantly with MAPCs or their differentiated
progeny. For example, a form of concomitant administration would comprise
combining a factor of interest in the MAPC suspension media prior to
administration. Administrations are variable and may include an initial

administration followed by subsequent administrations.
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A method to potentially increase cell survival is to incorporate MAPCs
or progeny into a biopolymer or synthetic polymer. Depending on the patient’s
condition, the site of injection might prove inhospitable for cell seeding and
growth because of scarring or other impediments. Examples of biopolymer
include, but are not limited to, fibronectin, fibrin, fibrinogen, thrombin, collagen
and proteoglycans. This can be constructed with or without included cytokines,
differentiation factors, angiogenesis factors or anti-apoptosis factors.
Additionally, these can be in suspension. Another alternative is a three-
dimensional gel with cells entrapped within the interstices of the cell biopolymer
admixture. Again cytokines, differentiation factors, angiogenesis factors, anti-
apoptosis factors or a combination thereof can be included within the gel. These
can be deployed by injection via various routes described herein.

The cells can also be encapsulated with a capsule that is permeable to
nutrients and oxygen while allowing appropriate cellular products (for example,
insulin in the case of islet cells) to be released into the bloodstream or to adjacent
tissues. In one embodiment, the capsular material is restrictive enough to
exclude immune cells and antibodies that could reject and destroy the implant.
Such encapsulation can be achieved using, for example, polymers (Chang,
2000). Such polymeric encapsulation systems include, but are not limited to,
alginate (e.g., alginate bead), polysaccharide hydrogels, chitosan, calcium or
barium alginate, a layered matrix of alginate and polylysine, a
photopolymerizable poly(ethylene glycol) (PEG) polymer (Novocell, Inc.), a
polyanionic material termed Biodritin (US Patent 6,281,341), polyacrylates, a
photopolymerizable poly(ethylene glycol) polymer, and polymers such as
hydroxyethyl methacrylate methyl methacrylate.

Another approach to encapsulate cells involves the use of
photolithography techniques adapted from the semiconductor industry to
encapsulate living cells in silicon capsules that have pores only a few
nanometers wide (Desai 2002).

Also, suitable immune-compatible polycations, including but not limited
to, poly-l-lysine (PLL) polycation or poly-l-omithine or poly(methylene-co-
guanidine) hydrochloride, may be used to encapsulate cells.

Additionally, cells can be encapsulated with biocompatible

semipermeable membranes to surround encapsulated cells, sometimes within a
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capillary device, to create a miniature artificial organ, such as one that would
include functional pancreas or liver cells (e.g., a liver or pancreatic artificial
device). This is often called macroencapsulation. The membrane lets glucose,
oxygen, and insulin pass in and out of the blood stream, and preferably keeps out
5  the antibodies and T cells of the immune system, which may destroy the cells
(e.g., islets). Such membranes can be used in a perfusion device, a capsule that
is grafted to an artery where it makes direct contact with the body’s circulating
blood; in this way, the device can draw nuttients from the blood and release
insulin to circulate throughout the body. Another method provides for coating a

10 small group of islet cells (macroencapsulation) or individual islet cells
(microencapsulation) and implanting them inside the abdominal cavity. In these
devices nutrients and insulin would be exchanged by way of the body fluids
permeating the tissues in which they are implanted.

The quantity of cells to be administered will vary for the subject being

15 treated. In a preferred embodiment, between about 10* to about 10%, more
preferably about 10° to about 107 and most preferably, about 3 x 107 stem cells
and optionally, about 50 to about 500 pg/kg per day of a cytokine can be
administered to a human subject. However, the precise determination of what
would be considered an effective dose may be based on factors individual to

20 each patieﬁt, including their size, age, disease or injury, amount of damage,
amount of time since the damage occurred and factors associated with the mode
of delivery (direct injection — lower doses, intravenous ~ higher doses). Dosages
can be readily ascertained by those skilled in the art from this disclosure and the
knowledge in the art.

25 An issue regarding the use of stem cells or their progeny is the purity of
the enriched or isolated cell population. Bone marrow cells, for example,
comprise mixed populations of cells, which can be purified to a degree sufficient
to produce a desired effect. Those skilled in the art can readily determine the
percentage of MAPCs or progeny in a population using various well-known

30  methods, such as fluorescence activated cell sorting (FACS). Preferable ranges
of purity in populations comprising MAPCs, or their differentiated progeny, are
about 50-55%, about 55-60%, and about 65-70%. More preferably the purity is
about 70-75%, about 75-80%, about 80-85%; and most preferably the purity is
about 85-90%, about 90-95%, and about 95-100%. However, populations with
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lower purity can also be useful, such as about 25-30%, about 30-35%, about 35-
40%, about 40-45% and about 45-50%. Purity of MAPCs or their progeny can
be determined according to the gene expression profile within a population.
Dosages can be readily adjusted by those skilled in the art (e.g., a decrease in

5  purity may require an increase in dosage).

The skilled artisan can readily determine the amount of cells and optional
additives, vehicles, or carrier in compositions to be administered in methods of
the invention. Typically, additives (in addition to the active stem cell(s) or
cytokine(s)) are present in an amount of about 0.001 to about 50 wt % solution

10  in phosphate buffered saline, and the active ingredient is present in the order of
micrograms to milligrams, such as about 0.0001 to about 5 wt %, preferably
about 0.0001 to about 1 wt %, most preferably about 0.0001 to about 0.05 wt %
or about 0.001 to about 20 wt %, preferably about 0.01 to about 10 wt %, and
most preferably about 0.05 to about 5 wt %. Of course, for any composition to

15  be administered to an animal or human, and for any particular method of
administration, it is preferred to determine therefore: toxicity, such as by
determining the lethal dose (LD) and LDsy in a suitable animal model e.g., a
rodent, such as mouse; and, the dosage of the composition(s), concentration of
components therein and timing of administering the composition(s), which elicit

20  asuitable response. Such determinations do not require undue experimentation
from the knowledge of the skilled artisan, this disclosure and the documents
cited herein. Additionally, the time for sequential administrations can be
ascertained without undue experimentation.

When administering a therapeutic composition of the present invention, it

25  can generally be formulated in a unit dosage injectable form (solution,
suspension, emulsion). The pharmaceutical formulations suitable for injection
include sterile aqueous solutions and dispersions. The carrier can be a solvent or
dispersing medium containing, for example, water, saline, phosphate buffered
saline, polyol (for example, glycerol, propylene glycol, liquid polyethylene

30  glycol, and the like) and suitable mixtures thereof.

Additionally, various additives which enhance the stability, sterility, and
isotonicity of the compositions, including antimicrobial preservatives,
antioxidants, chelating agents and buffers, can be added. Prevention of the

action of microorganisms can be ensured by various antibacterial and antifungal
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agents, for example, parabens, chlorobutanol, phenol, sorbic acid, and the like.
In many cases, it will be desirable to include isotonic agents, for example,
sugars, sodium chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin. According to the
present invention, however, any vehicle, diluent, or additive used should be
compatible with the cells.

Sterile injectable solutions can be prepared by incorporating the cells
utilized in practicing the present invention in the required amount of the
appropriate solvent with various amounts of the other ingredients, as desired.

In one embodiment, MAPCs, or differentiated progeny thereof, can be
administered initially, and thereafter maintained by further administration of
MAPCs or differentiated progeny thereof. For instance, MAPCs can be
administered by one method of injection, and thereafter further administered by
a different or the same type of method.

It is noted that human subjects are treated generally longer than canines
or other experimental animals, such that treatment has a length proportional to
the length of the disease process and effectiveness. The doses may be single
doses or multiple doses over a period of several days. Thus, one of skill in the
art can scale up from animal experiments, e.g., rats, mice, canines and the like, to
humans, by techniques from this disclosure and documents cited herein and the
knowledge in the art, without undue experimentation. The treatment generally
has a length proportional to the length of the disease process and treatment
effectiveness and the subject being treated.

Examples of compositions comprising MAPCs, or differentiated progeny
thereof, include liquid preparations for administration, including suspensions,
and, preparations for direct or intravenous administration (e.g., injectable
administration), such as sterile suspensions or emulsions. Such compositions
may be in admixture with a suitable carrier, diluent, or excipient such as sterile
water, physiological saline, glucose, dextrose, or the like. The compositions can
also be lyophilized. The compositions can contain auxiliary substances such as
wetting or emulsifying agents, pH buffering agents, gelling or viscosity
enhancing additives, preservatives, flavoring agents, colors, and the like,

depending upon the route of administration and the preparation desired.
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Standard texts, such as “REMINGTON'S PHARMACEUTICAL SCIENCE,”
17th edition, 1985, incorporated herein by reference, may be consulted to
prepare suitable preparations, without undue experimentation.

Compositions are conveniently provided as liquid preparations, e.g.,
isotonic aqueous solutions, suspensions, emulsions or viscous compositions,
which may be buffered to a selected pH. Liquid preparations ‘are normally easier
to prepare than gels, other viscous compositions and solid compositions.
Additionally, liquid compositions are somewhat more convenient to administer,
especially by injection. Viscous compositions, on the other hand, can be
formulated within the appropriate viscosity range to provide longer contact
periods with specific tissues.

The choice of suitable carriers and other additives will depend on the
exact route of administration and the nature of the particular dosage form, e.g.,
liquid dosage form (e.g., whether the composition is to be formulated into a
solution, a suspension, gel or another liquid form, such as a time release form or
liquid-filled form).

Solutions, suspensions and gels normally contain a major amount of
water (preferably purified, sterilized water) in addition to the cells. Minor
amounts of other ingredients such as pH adjusters (e.g., a base such as NaOH),
emulsifiers or dispersing agents, buffering agents, preservatives, wetting agents
and jelling agents (e.g., methylcellulose), may also be present. The
compositions can be isotonic, i.e., they can have the same osmotic pressure as
blood and lacrimal fluid. 7

The desired isotonicity of the compositions of this invention may be
accomplished using sodium chloride, or other pharmaceutically acceptable
agents such as dextrose, boric acid, sodium tartrate, propylene glycol or other
inorganic or organic solutes. Sodium chloride is preferred particularly for
buffers containing sodium ions.

Viscosity of the compositions, if desired, can be maintained at the
selected level using a pharmaceutically acceptable thickening agent.
Methylcellulose is preferred because it is readily and economically available and
is easy to work with. Other suitable thickening agents include, for example,
xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose, carbomer, and

the like. The preferred concentration of the thickener will depend upon the agent
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selected and the desired viscosity. Viscous compositions are normally prepared
from solutions by the addition of such thickening agents.

A pharmaceutically acceptable preservative or cell stabilizer can be
employed to increase the life of the compositions. Preferably, if preservatives
are necessary, it is well within the purview of the skilled artisan to select
compositions that will not affect the viability or efficacy of the MAPCs or
progeny as described in the present invention.

Those skilled in the art will recognize that the components of the
compositions should be selected to be chemically inert. This will present no
problem to those skilled in chemical and pharmaceutical principles, or problems
can be readily avoided by reference to standard texts or simple experiments (not
involving undue experimentation), from this disclosure and the documents cited
herein.

Compositions can be administered in dosages and by techniques
available to those skilled in the medical and veterinary arts taking into
consideration such factors as the age, sex, weight and condition of the particular
patient, and the composition form used for administration (e.g., solid vs. liquid).
Dosages for humans or other animals can be determined without undue
experimentation by the skilled artisan, from this disclosure, the documents cited
herein, and the knowledge in the art.

Suitable regimes for initial administration and further doses or for
sequential administrations also are variable, may include an initial administration
followed by subsequent administrations; but nonetheless, can be ascertained by
the skilled artisan, from this disclosure, the documents cited herein, and the
knowledge in the art.

Approaches for Transplantation to Prevent Immune Rejection

In some embodiments, it may be desired that the MAPCs (or
differentiated progeny) be treated or otherwise altered prior to
transplantation/administration in order to reduce the risk of stimulating host
immunological response against the transplanted cells. Any method known in
the art to reduce the risk of stimulating host immunological response may be
employed. The following provides a few such examples.

1. Universal donor cells: MAPCs can be manipulated to serve as

universal donor cells. Although undifferentiated MAPCs do not express MHC-I
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or -II antigens, some differentiated progeny may express one or both of these
antigens. MAPCs can be modified to serve as universal donor cells by
eliminating MHC-1 or MHC-II antigens, and potentially introducing the MHC-
antigens from the prospective recipient so that the cells do not become easy
targetsrfor NK-mediated killing, or become susceptible to unlimited viral
replication or malignant transformation. Elimination of MHC-antigens can be
accomplished, for example, by homologous recombination or by introduction of
point-mutations in the promoter region or by introduction of a point mutation in
the-initial exon of the antigen to introduce a stop-codon, such as with
chimeroplasts. Transfer of the host MHC-antigen(s) can be achieved by
retroviral, lentiviral, adeno associated virus or other viral transduction or by
transfection of the target cells with the MHC-antigen cDNAs.

2. Intrauterine transplant to circumvent immune recognition: MAPCs can

be used in an intrauterine transplantation setting to correct genetic abnormalities,
or to introduce cells that will be tolerated by the host prior to immune systen
development. This can be used to make human cells in large quantities in
animals or it can be used to correct human embryo genetic defects by
transplanting cells that make the correct protein or enzyme.

3. Hematopoietic chimerism and tolerance induction

Benefit can be achieved through use of a stem cell, capable of reconstituting the
immune system, which did not carry risk of graft-versus-host response. The graft-
versus-host reaction is due to contaminating T cells inherent in the bone marrow graft.
Although purification of hematopoietic stem cells from bone marrow is routine, their
successful engraftment in the patient requires accompaniment by accessory T cells.
Thus, a critical balance must be achieved between the beneficial engraftmént value of T
cells and the detrimental effect of graft-versus-host response.

MAPCs and ES cells represent a stem cell population which can be delivered
without risk of graft-versus-host reactivity, as they can be expanded free of
hematopoietic cell types, including T cells. This greatly reduces clinical risk. The

transient elimination of NK cell activity during the acute phase of cell delivery increases

the frequency of primitive stem cell engraftment and hematopoietic reconstitution to a

clinically useful threshold without risk of long term immunosuppression.
As MAPC or ES engraft and contribute to hematopoiesis, the newly formed T

cells undergo thymic and peripheral self versus non-self education consistent with host
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T cells as described above. Co-exposure of newly created naive T cells of donor and
host origin results in reciprocal depletion of reactive cells; hence tolerance to T cells
expressing allogeneic antigens derived from a MAPC or ES donor can be achieved. A
patient can thus be rendered tolerant to the cellular and molecular components of the
MAPC or ES donor immune system, and would accept a cell, tissue or organ graft
without rejection.

4. Natural Killer (NK) Cell Function:

Any means, such as an agent, which inhibits NK cell function, including

depleting NK cells from a population of cells, may also be administered to
prevent immune rejection, increase engraftment or increase immune tolerance.
Such an agent includes an anti-NK cell antibody, irradiation or any other method
which can inhibit NK cell function. NK function inhibition is further described
in PCT Application No. PCT/US2005/015740, filed May 5, 2005, which
application is incorporated herein by reference for teaching methods of
inhibiting NK cells to aid in stem cell persistence in vivo.

In one embodiment of the invention at least one means for inhibiting
NK cell function, including inhibition of NK cell-mediated cytotoxicity, is
administered. NK cell function can be negated by NK depletion using either
genetic (recipients deficient in NK cells) or epigenetic (in vivo
depletion/inactivation with, for example, an anti-NK antibody) means. Any
material capable of inhibiting NK cell function can be used (e.g., multimeric
compounds that bind to P-Selectin Glycoprotein 1 (PSGL-1) on the surface of
T cells or NK cells (U.S. Pat. Pub. No. 2004/0116333) or modulation of SH2-
containing inositol phophatase (SHIP) expression or function (U.S. Pat. Pub.
No. 2002/0165192)). Any means/agent including, but not limited to, chemical
(e.g., a chemical compound, including, but not limited to, a pharmaceutical,
drug, small molecule), protein (e.g., anti-NK cell antibody), peptide,
microorganism, biologic, nucleic acid (including genes coding for recombinant
proteins, or antibodies), or genetic construct (e.g., vectors, such as expression
vectors, including but not limited to expression vectors which lead to
expression of an antagonist against NK cell activity) can be used to inhibit NK
cell function.

There are several antibodies available in the art which inhibit NXK cell

function, including, but not limited to, anti-human thymocyte globulin (ATG;
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U.S. Pat. No. 6,296,846), TM-B1 (anti-IL-2 receptor  chain Ab), anti-asialo-
GM1 (immunogen is the glycolipid GA1 ), anti-NK1.1 antibodies or monoclonal
anti-NK-cell antibodies (5B6; Pharmingen, Piscataway, NJ). Additionally,
antibodies directed against, for example, a natural. cytotoxicity receptor (NCR),
including, for example, NKp46, or an antibodies directed' against a leukocyte-
associated Ig like receptor family, including, for example, LAIR-1, or antibodies
directed against a member of the killer cell immunoglobulin-like receptor (KIR)
family, including, for example, KIR2DL1, KIR2DL.2 or KR2DL3 are available
to the art worker or can be made by methods available to an art worker and are
useful in the present invention.

Additionally, a means, such as an agent which can cross-link LAIR-1
molecules on NK cells may be used to inhibit NK cell function. Also,
irradiation (lethal, sub-lethal, and/or localized irradiation) may be used to
inhibit NK cell function. In one embodiment, the means for inhibiting NK cell
function is an antibody which is reactive with Natural Killer cells.
Additionally, a means for inhibiting NK cell function can include agents that
modulate the immune system, such as those developed for immunosuppression.
1t should be noted that any of these means/agents can be used alone or in
combination.

Thus, there is also provided herein a method to increase immunologic
tolerance in a subject to MAPCs and other cells comprising administering a
population of the MAPCs and an effective amount of an agent for inhibiting
Natural Killer cell function to the subject, so that immunologic tolerance to the
MAPCs increases compared to the method without administration of the
inhibiting agent.

5. Gene Therapy:

MAPCs can be extracted and isolated from the body, grown in culture in
the undifferentiated state or induced to differentiate in culture, and genetically
altered using a variety of techniques, especially viral transduction. Uptake and
expression of genetic material is demonstrable, and expression of foreign DNA
is stable throughout development. Retroviral and other vectors for inserting
foreign DNA into stem cells are available to those of skill in the art.
(Mochizuki, H. et al. 1998; Robbins, P. et al. 1997; Bierhuizen, M. et al. 1997;
Douglas, J. et al. 1999; Zhang, G. et al. 1996). Once transduced using a
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retroviral vector, enhanced green fluorescent protein (eGFP) expression persists
in terminally differentiated muscle cells, endothelium and c-Kit positive cells
derived from isolated MAPCs, demonstrating that expression of retroviral
vectors introduced into MAPC persists throughout differentiation. Terminal
differentiation was induced from cultures initiated with about 10 eGFP" cells
previously transduced by retroviral vector and sorted a few weeks into the initial
MAPC culture period.

Monitoring of Subject After Administration of MAPCs or Progeny Therefrom

Following transplantation, the growth or differentiation of the
administered MAPCs or progeny or the therapeutic effect of the MAPCs or
progeny may be monitored. For example, blood glucose, serum glucose and/or
serum insulin may be monitored.

Following administration, the immunological tolerance of the subject to
the MAPCs or progeny may be tested by various methods known in the art to
assess the subject’s immunological tolerance to MAPCs. In cases where the
subject’s tolerance of MAPCs is suboptimal (e.g., the subject’s immune system
is rejecting the exogenous MAPCs), therapeutic adjunct immunosuppressive
treatment, which is known in the art, of the subject may be performed.

Genetically-Modified MAPCs or Differentiated Progeny Derived Therefrom

MAPC:s or differentiated progeny derived therefrom can be genetically
altered ex vivo, eliminating one of the most significant barriers for gene therapy.
For example, a subject’s bone marrow aspirate is obtained, and from the aspirate
MAPCs are isolated. The MAPC:s are then genetically altered to express one or
more desired gene products (e.g., pancreatic genes, including, but not limited to,
insulin, glucagon, somatostatin or any of the various genes which code for
digestive enzymes produced by the pancreas). The MAPCs can then be screened
or selected ex vivo to identify those cells which have been successfully altered,
and these cells can be introduced into the subject or can be differentiated and
introduced into the subject, either locally or systemically. Alternately, MAPCs
can be differentiated and then the differentiated cells can be genetically altered
prior to administration. In either case, the cells provide a stably-transfected
source of cells that can express a desired gene product. Especially where the

patient’s own tissue, such as bone marrow, is the source of the MAPCs, this
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method provides an immunologically safe method for producing cells for
transplant.

Methods for Genetically Alteﬁ_ng MAPCs or Differentiated Progeny

Cells isolated by the methods described herein, or their differentiated
progeny, can be genetically modified by introducing DNA or RNA into the cell
by a variety of methods available to those of skill in the art. These methods are
generally grouped into four major categories: (1) viral transfer, including the use
of DNA or RNA viral vectors, such as retroviruses, including lentiviruses
(Mochizuki, H.,, et al., 1998; Martin, F., et al. 1999; Robbins, et al. 1997,
Salmons, B. and Gunzburg, W.H., 1993; Sutton, R., et al., 1998; Kafti, T., et al.,
1999; Dull, T, et al., 1998), Simian virus 40 (SV40), adenovirus (see, for
example, Da;.ridson, B.L., et al., 1993; Wagner, E., et al., 1992; Wold, W.,
Adenovirus Methods and Protocols, Humana Methods in Molecular Medicine
(1998), Blackwell Science, Ltd.; Molin, M., et al., 1998; Douglas, J., et al., 1999;
Hofmann, C., et al., 1999; Schwarzenberger, P., et al., 1997), alpha virus,
including Sindbis virus (U.S. Patent No. 5,843,723; Xiong, C., et al., 1989;
Bredenbeek, P.J., et al., 1993; Frolov, L, et al., 1996), herpes virus (Laquerre, S.,

et al., 1998) and bovine papillomavirus, for example; (2) chemical transfer,
including calcium phosphate transfection and DEAE dextran transfection
methods; (3) membrane fusion transfer, using DNA-loaded membranous vesicles
such as liposomes (Loeffler, J. and Behr, J., 1993), red blood cell ghosts and
protoplasts, for example; and (4) physical transfer techniques, such as
microinjection, microprojectile J. Wolff in “Gene Therapeutics™ (1994) at page
195. (see J. Wolff in “Gene Therapeutics” (1994) at page 195; Johnston, S.A., et
al., 1993; Williams, R.S., et al., 1991; Yang, N.S., et al., 1990), electroporation,
nucleofection or direct “naked” DNA transfer.

Cells can be genetically altered by insertion of pre-selected isolated
DNA, by substitution of a segment of the cellular genome with pre-selected
isolated DNA, or by deletion of or inactivation of at least a portion of the cellular
genome of the cell. Deletion or inactivation of at least a portion of the cellular
genome can be accomplished by a variety of means, including but not limited to
genetic;recombination, by antisense technology (which can include the use of
peptide nucleic acids or PNAs), or by ribozyme technology, for example.

Insertion of one or more pre-selected DNA sequences can be accomplished by
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homologous recombination or by viral integration into the host cell genome.
Methods of non-homologous recombination are also known, for example, as
described in U.S. Patent Nos. 6,623,958, 6,602,686, 6,541,221, 6,524,824,
6,524,818, 6,410,266, 6,361,972, the contents of which are specifically
incorporated by reference for their entire disclosure relating to methods of non-
homologous recombination.

The desired gene sequence can also be incorporated into the cell,
particularly into its nucleus, using a plasmid expression vector and a nuclear
localization sequence. Methods for directing polynucleotides to the nucleus
have been described in the art. For example, signal peptides can be attached to
plasmid DNA, as described by Sebestyen, et al. (1998), to direct the DNA to the
nucleus for more efficient expression.

The genetic material can be introduced using promoters that will allow
for the gene of interest to be positively or negatively induced using certain
chemicals/drugs, to be eliminated following administration of a given
drug/chemical, or can be tagged to allow induction by chemicals (including but
not limited to the tamoxifen responsive mutated estrogen receptor) in specific
cell compartments (including, but not limited to, the cell membrane).

Any of transfection or transduction technique can also be applied to
introduce a transcriptional regulatory sequence into MAPCs or progeny to
activate a desired endogenous gene. This can be done by both homologous (e.g.,
U.S. 5,641,670) or non-homologous (e.g., U.S. 6,602,686) recombination.
These patents are incorporated by reference for teaching of methods of
endogenous gene activation.

Successful transfection or transduction of target cells can be
demonstrated using genetic markers, in a technique that is known to those of
skill in the art. The green fluorescent protein of Aequorea victoria, for example,
has been shown to be an effective marker for identifying and tracking genetically
modified hematopoietic cells (Persons, D., et al., 1998). Alternative selectable
markers include the (3-Gal gene, the truncated nerve growth factor receptor, drug
selectable markers (including but not limited to NEO, MTX, hygromycin).

Protein Transduction

Proteins can be transferred directly to cells when they are linked to a

protein transduction domain (PTD), small cationic peptide domains that can
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freely and rapidly cross cell membranes. Several PTDs such ‘as poly-arginine
(poly-arginine-mediated protein transduction) and HIV-derived Tat have been
identified that allow a fused protein to efficiently cross cell membranes. A
distinct advantage of protein transduction is that the transduced proteins are
present in the cells only transiently, a feéture which depends on the intrinsic
turnover of the expressed protein. In addition, intracellular concentration of the
transduced protein can be controlled by varying the amount of protein added.

Identification of Pancreatic Progenitors from MAPCs

To allow identification of intermediary progenitors from MAPCs as well
as insulin-1 positive cells, MAPC cell lines from transgenic mice can be
engineered to express markers, such as fluorochromes, under the control of a
pancreatic promoter, such as the Pdx-1, Ngn3, Pax4 and Insulin promoters and
different crosses can be generated (e.g., MAPCs from the bone marrow (BM) of
mice with PDX1-GFP, Ngn3-YFP, Pax4-RFP and MIP-GFP, as well as Nkx6.1-
GFP and PDX-1 x Ngn3 mice can be isolated). Clonal populations can be
isolated and tested for their pluripotency, phenotype, cytogenetics, and
differentiation to S-cell like cells (evaluating expression of Pdx1, Ngn3,
NeuroD1, Pax4, Nkx6.1 and insulin over time). These cell lines will allow one
to follow differentiation as well as select intermediary progenitors from
differentiation cultures.

| Examples

The following examples are provided in order to demonstrate and further

illustrate certain embodiments and aspects of the present invention and are not to

be construed as limiting the scope thereof.

Example 1
In Vivo Differentiation of MAPCs to 8-Cells

Murine MAPC cell lines were established from eGFP transgenic C57Bl/6
Thyl.1 mice bone marrow cells as described in Jiang, Y. et al. (2002). MAPCs
were cultured in 60% DMEM-LG (Gibco BRL), 40% MCDB-201 (Sigma) with
1x SITE (Sigma), 1X lenolenic acid-bovine serum albumin (LA-BSA) (Sigma),
0.1 mM ascorbic acid 2-phosphate (Sigma), 1X Chemically Defined Lipid
Concentrate (Gibco), 0.05 uM Dexamethasone, 0.1 mM beta-mercaptoethanol
(Sigma), 100 U penicillin (Gibco), 1000 U streptomycin (Gibco), 1000 U/mL
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LIF (Chemicon), 10 ng/mL mEGF (Sigma), 10 ng/mL. hPDGF-BB (R&D
systems), 2% fetal calf serum (FCS) (Hyclone Laboratories) on human 10
ng/cm2 fibronectin (Sigma)-coated dish (Nunc) at about 5% CO; and about 5%
O,. Plating cell density was about 100 cells/cm” and cells were split every two
days.

About 0.03-1 x ,106 5% O, cultured eGFP C57Bl/6 low-O, MAPCs were
transplanted via tail vein injection in 6-8 week old NOD-SCID mice (n=28)
following irradiation at 275cGy. Intraperitoneal injection of anti-asialo-GM]1
antibody (Wako) (20ul of the stock solution diluted in 380 pl of PBS1x) was
given on day -1, +10 and +20 to decrease NK activity.

Hematopoietic reconstitution was assessed in peripheral blood (PB) at
periodic intervals after infusion (5-20 weeks), after which animals were
sacrificed. In all animals that were sacrificed, blood, BM, and spleen were
evaluated for presence of eGFP hematopoietic cells, and small bowel, pancreas,
liver, lung, skin, skeletal muscle and brain were harvested to determine
contribution of MAPC-derived cells to non-hematopoietic lineages.

As described in Figure 10, 21/28 animals had signs of MAPC-derived
hematopoiesis. The 7 animals that did not show engraftment were transplanted
with MAPCs with low levels of Oct-4 (<1% mESCs), whereas all other animals
received MAPCS with Oct-4 mRNA levels between 30 and 80% of mESCs.
Analysis of lymphohematopoietic tissues demonstrated multilineage engraftment
(Figure 10). FACS analysis of PB, BM, spleen, and thymus shows multilineage
engraftment, including all myeloid cells, T-cells, -cells and NK-cells. eGFP
sorted splenic CD4/CD8 T cells were capable of reacting to Balb/C derived cells
in an mixed lymphocyte reaction culture and to stimulation by anti-CD3 + anti-
CD28 mAbs (not shown). In addition ~1% of the GEP™ cells expressed
Scal+cKit or Thyl+cKit, suggesting generation of hematopoietic stem cells
(HSCs) from MAPC, consistent with the fact that eGFP"™ CFU-Mix and BFU-E
could be cultured and the ability of BM from the primary recipients to
reconstitute the hematopoietic system of lethally irradiated secondary recipients.

Other organs, such as lung, pancreas, heart, liver and small bowel, were
also analyzed for the presence of MAPC-derived progeny. High-level
contribution was seen in the gut, with differentiation into cells with

morphological and phenotypical characteristics of gut epithelium. Interestingly,
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engraftment is seen in all but the lower 3-4 cells in the crypt, consistent with
engraftment in the gut stem cell compartment. This was seen in 2/12 animals,
both of which had become very ill at about w5-6, but improved by
administration of an antibiotic. These two animals were sacrificed on w13, In

5 the other 10 animals, no engraftment in the gut epithelium was seen. For other
organs, low-level engrafiment, mainly in the mesenchymal compartment was
seen. In the heart, 200-300 GFP" cardiac Troponin" cells were detected.

Immunofluorescence for insulin and GFP and immunohistochemistry for

GFP on pancreas after transplantation of MAPCs was carried out. First,

10 immunohistochemistry for GFP on pancreas was carried out as follows.
Pancreata were fixed for 24 hours at 4°C in 10% neutral buffered formalin in
PBS. After two washes with PBS, samples were paraffin-embedded. 6 micron
sections were cut and placed on SuperFrost Plus slides. After standard dewaxing
and rehydration, sections were washed three times for 5 minutes each with

15  distilled water. Antigen retrieval was done by steaming for 20 minutes in 0.01 M
citrate buffer pH 6.0 (Invitrogen) in a house-hold rice cooker, followed by a 20
minute cool-down period. After a quick rinse in distilled water, sections were
permeabilized for 5 minutes with PBS + 0.05% Tween:20. Endo genoﬁs
peroxidase was blocked by sequential 5 minute incubations with 1.8% H;0, in

20  distilled water and 2.5% periodic acid (Sigma) in water, separated by a 5 minute
wash with running tap water. After a 5 minute wash with running tap water,
slides were incubated for 2 minutes with 0.02% sodium borohydride (Sigma) in
distilled water. After a 5-minute wash with running tap water, endogenous
biotin was blocked by sequential 15 minute incubations with avidin and biotin

25  (Biotin Blocking System, DakoCytomation), separated by a 5 minute wash in
PBS + 0.05% Tween-20. After incubation with biotin, sections were washed for
5 minutes with PBS + 0.05% Tween-20. Non-specific binding sites were
blocked by incubation for 30 minutes with 0.4% fish skin gelatin in PBS.
Blocking buffer was removed and primary antibody, diluted in PBS + 0.05%

30  Tween-20 + 1% BSA was added to the sections and incubated overnight at 4°C.,
Rabbit anti-GFP was from Abcam (ab6556) and used at 0.67 pg/ml. The
following morning, slides were washed three times for 5 minutes each with PBS
+ 0.05% Tween-20. Biotinylated anti-rabbit F(ab’), antibody, diluted 1:1500 in
PBS + 0.05% Tween-20 was added to the sections and incubated for 30 minutes.
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Slides were washed three times for 5 minutes each with PBS + 0.05% Tween-20.
The Vectastain ABC peroxidase complex (Vector Laboratories), prepared
according to manufacturer’s instructions, was added to the sections and
incubated for 30 minutes. Slides were washed three times for 5 minutes each
5  with PBS + 0.05% Tween-20. Color was developed using DAB+
(DakoCytomation), according to manufacturer’s instructions. After standard
hematoxylin counterstaining, dehydration and mounting, pitures were taken
using a Nikon Coolpix 4500 digital camera, mounted on a Zeiss Axioskop 2.
GFP" islets were observed in two animals in a single staining experiment.

10 Next, immunofluorescence for insulin and GFP on pancreas after
transplantation of MAPCs was carried out as follows. Pancreata were fixed for
24 hours at 4°C in 10% neutral buffered formalin in PBS. After two washes
with PBS, samples were paraffin-embedded. 6 micron sections were cut and
placed on SuperFrost Plus slides. After standard dewaxing and rehydration,

15  sections were washed three times for 5 minutes each with distilled water.
Antigen retrieval was done by steaming for 20 minutes in 0.01 M citrate buffer
pH 6.0 (Invitrogen) in a house-hold rice cooker, followed by a 20 minute cool-
down period. After a quick rinse in distilled water, sections were permeabilized
for 5 minutes with PBS + 0.05% Tween-20. Non-specific binding sites were

20 blocked by incubation for 30 minutes with 0.4% fish skin gelatin in PBS.
Blocking buffer was removed and primary antibody, diluted in PBS + 0.05%
Tween-20 + 1% BSA was added to the sections and incubated overnight at 4°C.
Guinea pig anti-insulin was from DakoCytomation (A0564) and used at 21.25
pg/ml. Rabbit anti-GFP was from Abcam (ab6556) and used at 2 pg/ml. The

25  following morning, slides were washed three times for 5 minutes each with PBS
+ 0.05% Tween-20. Sections were incubated for 30 minutes with Cyanine-2
labeled anti-guinea pig and cyanine-3 labeled anti-rabbit F(ab”), antibodies
(Jackson Immunoresearch), diluted respectively 1:125 and 1:450 in PBS
containing TO-PRO-3-iodide (Invitrogen) at 1:1000. After three washes for 5

30  minutes each in PBS + 0.05% Tween-20, slides were mounted using ProLong
Gold (Invitrogen). Confocal laser scanning pictures were taken on BioRad
Radiance 2100, mounted on a Zeiss Axioskop 2.

In at least two NOD-SCID mice in which undifferentiated GFP* MAPCs

were grafted, GFP"/insulin” islets were detected in the pancreas (Figure 11).
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Example 2
In Vitro Differentiation of Rodent MAPCs to

B-Cell Progenitors and 8-Cells

Commitment of MAPCs Towards an Endocrine Pancreas Lineage

Using low-0,, high Oct-4 (Figure 2; in one embodiment, high Oct-4 is
about 5 to about 25% of that found in rat embryonic stem cell or universal
mRNA, while low Oct-4 is generally about 4 orders of magnitude less)
expressing mouse MAPCs and rat MAPCs (isolated and cultured as described
herein), it was determined that transcription factors known to play a role in
endoderm— pancreas—> endocrine pancreas—> S-cell commitment and
differentiation can be activated in the correct sequence yiei‘ding a final cell ’
population that expresses insulin-1 mRNA. For example, MAPCs were induced
to express the transcriptional program of B-cells, with sequential expression of
the transcription factors (TFs) Hnf3(3, Hnf6, Pdx-1, Ngn3, NeuroD1, Pax4,
Nkx61, as wells as insulin-1, insulin-2, glucagon and somatostatin mRNA when
cultured with Activin-A and BMP4 d0-9, anti-SHH d3-d9, EGF d9-15;
nicotinamide (or exendin 4), 8-cellulin and GDF11 d15-21.

The expansion and differentiation media (supplemented with factors

described herein below) for the rodent MAPCs are described in Table 2.

Table 2
Components Expansion media Differentiation media
DMEM-LG (Gibco) 300 mL 300 mL
MCDB (Sigma) 200 mL (40%) 200 mL (40%)
FCS (Hyclone) 10 mL (2%) 10 mL (2%)
ITS+1 (Sigma) 5mL 5mL
L-Ascorbic Acid (Sigma) 5 mL (0.1mM) 5 mL (0.1mM)
Pen/Strep (Gibeo) 5mL 5mL
Dexamethasone (Sigma) 100 pL (0.05 pM)
B-Mercaptoethanol (Gibco) 500 pL (0.1 mM) 500 uL (0.1 mM)
hPDGF (R&D) 500 pL (10 ng/mL)
hEGF (Sigma) 500 L (10 ng/mL)
mLIF (Chemicon) 50 uL (1000 U/mL)

Additionally, culture dishes/flasks were coated at room temperature for one hour

with 10 ng/mL of fibronectin (FN).
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Cvytokine mediated differentiation

Cytokine mediated differentiation was achieyed after a multifactorial
analysis of the effect of different cytokines and extracellular matrix (ECM)
components known to play a role in endoderm, foregut, pancreas and endocrine

5  pancreas specification and differentiation. Using Q-RT-PCR, it was determined
that undifferentiated rat MAPCs do not express significant levels of transcripts
for Pdx-1, Ngn3, NeuroD1, Nkx6.1, Ins-1 and Ins-2 (less than 35 cycles), low
levels of transcripts for Hnfl, Hnf38 (between 30 and 35 cycles), and detectable
levels of transcripts for Nkx2.2 and Glut2 (<30 cycles).

10 For Q-RT-PCR reactions described herein, the primer sequences are
presented in Tables 3-5 and the following protocols were used: RNA was
extracted from the cells with the aid of the RNeasy Mini Kit (Qiagen; Valencia
CA), followed by a DNase Treatment with DNA-Free™ (Ambion, Austin, TX).
The RNA was reverse transcribed with TagMan (Applied Biosystems, Foster

15  City, CA; Step 1 (Incubation): 25°C, 10 min; Step 2 (RT): 48°C, 30 min; Step 3
(RT Inactivation): 95°C, 10 min). A reaction mixture is presented in Table 6.
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2.511M 0.4 U 4 1.25 U 4,
Real
(I'ncubation);

Fol | ow ng reverse transcription,
Time PCR (Q RT-PCR) was 15 perforned as follows: Step 1: 50C, 2 mm
Step 2: 95C, 10 nm (Taq activation);

Quantitative

Step 3: 95C, 15 sec

(Denaturation) followed by 60C, 1 mm (Extension) and repeat for 40 cycles;

Step 4: 95C, 15 sec (Dissociation);
Step 6: 95C, 15 sec.
Table 7

Table 7 provides a reaction m xture for
Conmponent Syber Green (2XJabRegerse Priner (5pM 25 Forward Pri ner
(5pM cDNA (1 Ong/ pL) RNase-free water

Step 5: 60C, 20 sec (Melting curve);
Q RTPCR. 20

124 Reaction 6.0gL 0.25 4 0.25 4 3.0

4 2.54 Jc%n%nghnal conc. 1X 200nM 200nM 100pL Reaction  Final conc.

10x Tagman RT Buffer 10.0 pL 1X
5  25mM Magnesium Chloride 22.0 pL 5.5mM
DeoxyNTPx Mixture 20.0 pL 500uM/dNTP
Random Hexamers 5.0 uL 2.5uM -
RNase Inhibitor 2.0 pL 0.4 U/uL
MultiScribe Reverse Transcriptase (S0U/pL) 2.5 uL 1.25 U/uL
10 RNA (1pg/100uL reaction) X

RNase-free water 38.5pL-X
TOTAL Volume 100pL

Following reverse transcription, Quantitative Real Time PCR (Q-RT-PCR) was
15  performed as follows: Step 1: 50°C, 2 min (Incubation); Step 2: 95°C, 10 min (Taq
activation); Step 3: 95°C, 15 sec (Denaturation) followed by 60°C, 1 min (Extension)
and repeat for 40 cycles; Step 4: 95°C, 15 sec (Dissociation); Step 5: 60°C, 20 sec

(Melting curve); Step 6: 95°C, 15 sec. Table 7 provides a reaction mixture for Q-RT-

PCR.

20 Table 7
Component 12pL Reaction Final conc.
Syber Green (2x) 6.0 pL 1X
Reverse Primer (SpM) 0.25 uL 200aM

25  Forward Primer (5uM) 0.25 pL 200nM
cDNA (10ng/uL) 3.0 uL (30ng/reaction)
RNase-free water 2.5pL
TOTAL Volume 12pL

30 In an initial series of studies, the effect of cell density (about 10*-10°

cells/cm?®), ECM component (fibronectin, collagen, matrigel) and different
concentrations (10-100 ng/mL) of bFGF (10-100 ng/mL), FGF2 (10-100 ng/mL),
Activin A (e.g., about 10 ng/mL to about 100 ng/mL), BMP4 (e.g., about 10 ng/mL to
about 50 ng/mL), retinoic acid (about 10°M),; EGF (e.g., about 10 to about 100

35 ng/mL), FGF10 (e.g., about 50 to about 150 ng/mL, including about 100 ng/mL),
HGF (e.g., about 10 to about 100 ng/mL), GDF11 (e.g., about 50 to abut 150 ng/mL),
cyclopamine (e.g., about 10 pM), anti-SHH antibody (Ab; e.g., about 10 pg/mL),

nicotinamide (e.g., 5 uM to about 50uM, including about 10uM), exendin 4 (about 5
nM to about 50nM, including about 10nM), betacellulin (e.g., about 50 to abut 150

40  ng/mL) alone or in combinations of 2 or 3 and in different temporal sequences, on the
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(30ng/ reaction) TOTAL Vol une 30ln an initial series of studies, the
effect of cell density (about 104-105 cells/cnR), ECM conponent

(fibronectin, collagen, matrigel) and different concentrations (10-100

ng/ m.) of bFGF (10-100 ng/nm), FGF2 (10-100 ng/nmL), Activin A (e.g., about
10 ng/m. to about 100 ng/ni), BWMP4 (e.g., about 10 ng/nL to about 50 ng/nL),
retinoic acid (about 10-6M, EG- (e.g., about 10 to about 100 35 ng/nL),

FOLO (2, Bt ot 1308 shHML IR0 0l ) P
ng/ m.) , ciwblelaﬁménéZéml;ﬁdayaluaqu}_RiTMwardetenﬁthant|body (Ab; e.g., about

10 [tg/ M), ni ot| to ab ut 50p %lﬁ*l/gi’n out 1 oM,
exendin 4 (abo 0%1 l?rboé?ﬁgglf‘ %3%%@4‘ F’chﬁyﬁ PHEL55 “'B r%&‘fe cellulin
(e.g., abeisthiBQsti(91Id) kRPeadOin Tk NMLhRNAC e Biighiett ifGBAe Aapdens of 2 or 3 and
in different tenporal sequences, on the induction of transgription factors,

i nsul i, &%g@ﬁseaw@@%{Sdﬁraphﬁd@ama@%%i Frabp e WOLeHEems 12 and 18 days
d
oyel pon verer B tEhEl el it ol BTRURE BIAIR-oBRILL: fneBMD 200 1

Pdx-1 nRNAie, The hi ghest |ncrease in Pdx-1 5 nRNA was seen when cells were
pl ated on matrjge out , 000 cel |l s/ c wh cells were
mai nt ai ned foré‘%@e‘l}’&%a MQP@ ichars e ip & aéﬁprlég ﬁiqhﬁrﬁﬁoggergélﬁ’ﬂsequent

addi tion @fij fidclephistioR HdneYERreh@cith@tted cEIRIE nlafurk idoRghe Phtda,er ati on and
differentiation frompancreas-conmtted cells to mature endocrine pancreas,

10 meudﬂm@JdE@EQIé(egg , abao Ao h §IGHE- 2., samt &) pe/mlalbodiFGELO (fegnl) and FGF10
e.g., eit her . al i s tested. These
Sudh s aaton S0P slH el mer b ofl GGy Was BRAR PRk SRAED 1001 e

activi n- AdeBbfidéaiad chacyetl sapaval mes eignidiodritty Setter va:n\aeﬁ‘ﬁn-\M tBMPaswd aft er d6 and
cells maintained in the sence of  EGF HG-, but not FGF1 Conbi ni ng
EGF, HGF awdmnnv@dna@lé#ﬁi 58 ot Radre mafiesdnd dlsardBained iy ever, when

cul tures ﬁf‘e@&c%f]‘?@ﬁbf‘ﬁ@%&t%%ﬂ(‘?Etﬁdn%lﬁH%E@}FaHQﬁﬁe{n%rtP@F%ﬁldbeyond day
12. Addition of 10 AM nicoti nam de (Si gma, Louls, MD and

nl viExénd mnmaySargmmvStefftho lliioswevwoyvhémulmws Mgrqjtaymﬂameslupﬂdi(ﬁ%ctebet ter

survival qf .cells rth ndo L creas as
evel o of S fineied Rgini e s AOBTOLA G bRaRBREE BRI *3T6 ™ hen
GDF11 was L3Gisaddgand B AMBxReding (Bigaase. Eolihsl-NEj) falslvihg g2y nRNppbesdel s was
seen. Further optlg#,atlon was obtai ned by adjusting the duratlon of the

di f f er ent PSHEFEViyp @eklwéldcfflﬁlpf‘érdéfﬁﬁr%@il%toc?s ePé%Cf%élaF lexdarfi on of
fl-cellul 29 nn&émcrea% ﬁﬁ&%ﬁlt@h&l@m fo'IH @,03@80 2wét GDEXEREE N4 (or

ni coti nam de), GDF1l1 and bet'acel lulin yiel Insulin 1 tuRNA at |evels
bet we@fl 1 added, Bi4tbér iparawse dmbis] FTbins2 mEAEA IGWIS wis fesnehnitisri ng 25MAPCs to
pancr eat | %pt(fl%{zla onI éasd%Plu%d% Idjuséz nggtHe gulatlon of the different steps along the

differentiation course, as well addition of g-cellulin (50 ng/mL). Differentiation in
20% 02 with Exendin4 (or nicotinamide), GDF11 and betacellulin yielded Insulin 1
mRNA at levels between 1 and 3% of pancreas. The schema for differentiating
25  MAPCs to pancreatic cells is depicted in Figure 3.
With this differentiation schema, differentiation was extended beyond d15-18.
By day 18, clusters of cells budded off the cells attached to the bottom of the plate
(Figure 4). Expression of transcription factors and hormone mRNAs in the cultures
and from d18 in the clusters above the “stromal feeder” are summarized in Figure 5.
30 These studies demonstrate that there is a consistent early increase in
expression of the Hnf3¢, Huf6, and Hnfla mRNA from d3 on. Pdx-1 mRNA starts to
increase from d3 and expression increased further till day 21. Ngn3 transcripts were
detected on d3, but increased further by >10,000 fold by day 12-18. Its downstream
target Neuro-D significantly increased from d6, Significant increases in Nkx2.2,
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Wth this differentiation schema, differentiation was extended beyond
d15-18. By day 18, clusters of cells budded off the cells attached to the
bottom of the plate (Figure 4). Expression of transcription factors and
hormone MRNAs in the cultures and fromdl8 in the clusters above the
"stromal feeder"” are sunmarized in Figure 5. 30These studi es denonstrate
that there is a consistent early increase in expression of the Hnf3a, Huf6,

and Hnf | a ip&NA-If LA diRreA wePedséeI;Lfr&l%M\s Stffsless Habvehtds HeaSEe bupRMati and

expression increased further till day 21. Ngn3 transcripts were detected on

d3, but i redtheaubures on d4el8 dnd 23 p@px@eﬂdevqbq of I@guhaalynlilzmlczf 14 of tdt?\lmlét ream

target Neur ases in

Nl cx2. 2, Lf)flrrllcsrﬁ S h@@m ﬁfﬁ@*ﬁ% Oﬁgf;%ga?gaet %1 h(ljc%gﬂalh\ﬁ?@mg arvested froth
t he super ndt-a5ts offtotahiet gankcieny. éﬁglohevdayflﬂ@l-aadd E&lreﬂ)nm eweedtidsl of | nsulin-1
nMRNA of. - 1% of fal rat ancre f-'J%of total rat

pancr eds, % eﬁ@g’gtgﬁ SHEGAS 5@1e§«ﬁl§\m)t IBf 6(91‘@% % ?re?tzﬂtagﬁ%l reas. High
level s of iNgheRiaabg Uﬁ&r ectwmlmrs&néhhﬁécnﬁsiﬁltfs&sﬁwgﬁm@ geggest s that

the cells within the cl usters are at different stages of differentiation.
Unexpect ed? de@\ledssreafenéﬁh@% mmﬁmwe&@@m@émnémdmur oD and to a
| esser extent 6). appeare dl8, after
whi ch | evérg \INE"(?F ge 31 (ﬂncéga 'H':ag)a S Sr'}%y eearg ?chﬁp (lg{gﬁheo%dtﬁre Vv ?eﬁie culture is
fed: half mdmﬁucdhaﬂmareafoﬁe dmrﬁemaz agd ZLMh&&saO@’Aaithe\Mmﬁmss 100% of the
mediumis 10 repl aced on d9 and. dlglgat which tinme the c {% Flne mx is
changed srel?ﬂéqeﬂonld?apgdl%@r‘@?@rtén% svigkige mpais eneed @s PEE- fid$ | nedi a change,
cyt oki nes tﬁé%%?et;ﬁﬁmbl@ tlﬁa‘i'@u&t%'tlﬁé'ﬁlﬁ n%éﬁ%xt&%%et éﬁblﬁmes%cr%@@ 2 URtwe hangeover  of
cytokl nes may play a role. 24, the attached

"stromal " Sbf%t?lerltSdf Otéielabﬂmétﬂ@ng@@amqf@womps mnﬂpﬁeam@lb and nesoder nal

characteristic i « ot |ffer from 15what

detectabi e i n OBt ef B s aTi et Banal if offHs o REPETHRde ca.
However, legi&@leBmalfanPehebodetigil Sharbaeisticd), Sikifitantifp deve RSt BiRl3Ant flofhhe adher ent
| ayer were 1,000-10,000 fold | ower than those neasured in the non-attached

cl ust dPs. it isdlgteptablg EhﬁéPUéteMbéver@a&@ﬂV efeicy wese deteptats HPWBYS: for a
nunber of i, and snoot h
nuscl e (Sl\l/g\%ﬁgﬁgﬁh% %hl\%&lgeﬁ&ﬁogmg% agifrh%b %%@P%%é@g% %)@eendot hel i um may
be benefi di®0; 10&(3)0tfh1ér1@»’~'¢r§h@1 thosgmicapuedin thouyn- ajfaclmdioclistﬂre Inhat devel opnent

f d ' f Va
a1 " 2001 itk Ve e SR8 RSRBRER: R L AR R T oas

transcri pt(Blkl) Fivt, Vevehdhend aJ&WWF)zﬂﬂsﬁiﬁuﬂﬂfrﬁﬁ@ld(SMYSQhﬂpzSMA)llﬂﬂ{del ng anyl ase,
were gl so detected. These | evels were 107 108. fol d 25| ower .t han those in

f r esh Jancheda gyg; Bresencp ghendothstivm mydy bengbiciabpe fhereys peatenifif@dldennal genes,
speci i calyoly Benaiaey i &%agﬁha{t%@' SRASS (dnQ v ﬁgg&neﬁ% ARnal Bumi n, vere

al so expr essed in cultures al ned a? pancreas d rentiation, i1ndicating

t hat the chddtbelam (Matbwnrpte oradi 2®Qiméalamertﬁb%1 20% speci fic for pancreas. The
expr essi on of i ancr rkers at the tein | evel were 30

eval uat ed. Irn%ﬁ&é%o@ d Cnne ncre%ﬁ]rarr]l%&n h} oflef'?%goceﬁ(lofﬁl?ee%?n Pat® MAPCs at - 21
days aft enraastripts mclmﬁdgrangwse;maleb ddteneintihasd levelmﬂdllt)i-q)a)?sfo(dAcu vin-A and
BMP4 %g 9, anth EH d3ﬁd%[ EGF d9:15; nicotinam ﬁ\d exend n4 and/ or GDF11
d15- 28) WRECrSRriEpseap fresdi nancreafls Ui (dalp gt shembMpreev e ers of cells that
bud of f ”bﬂd&cie[‘rﬁﬂ%lenéseﬁfé@iﬁiczil he?ﬁtﬁ@ﬁ«g%omﬁe@%‘&x s fenand zﬂﬁtxanh As shown in
Figure 6, between 10 and 20% of the cells s 05|t|ve for Pdx-1, in a
typi cal nuHUEHR Wue ple ﬁxprwd/méhlt@e%@eé%mcré@q ditferertiation. iotligatingr s st ai n
positive f : all of which are al so
Pdx- 1 posﬁﬁ%@ ﬁgﬁiﬁlﬁng%ﬂﬁﬁ%@#lﬁé%eﬁ SfQI?%%ﬁngOSI tive for glucagon,
only found in (e exptssiphad mdoarit: gmcaacoamharsiashe proiéih 1ésﬂeh\$'bﬂel noma (RN
cells taln l.in an The effec ormng

d f
di f f erdnt i°4¢ Gﬁ‘grbé"lfnr‘]%bjgl@tﬁlog}c %%%O%EC% g iR s aF T~ Sdet er mi ned

that diff efendl@td el pand@8% ABeréhielide dodtigthe (A LT A zﬁmeéﬁpcp gpanscription
Factor Transduction and tionally Cytolcine Mediated Differ entiati on Recent

publ i cat i GRE-S5BY &3-d@riSHE €9-A%edeotinamidefbepinbnsexexdinbanli/aGIF 1 t - 10pancr eat i ¢

| i neage tr f a j , 2004) or
adult ti sszggglgg( ér%%&ggg(li nfgtmtﬂﬂlrg v{)ahgﬁf%)l HOE%PC ﬁué\fsr éN(fX]S Hé)l‘llcf%,ffg{?OZ) or
exogenous sexpakssieo forgluchimm, s-pemild and Pix-anas shqeir iaFigiee b Metwemriogeni n- 3 i n
ES cells (Dom nguez-Bendala et al., 2005) or adult tissues (pancreatic duct
cells; Heremans et al., 2002) can up-regulate insulin in these cells.

15St udi es in which rat MAPCs i nduced6down an endodennal pancreas pat hway
were transduced with adenoviral vectors expressing nurine Pdx-1 and nurine
Ngn3 cDNA were conducted. The vectors contai ned the codi ng sequences of




cont ai ned the eGFP cDNA downstream of a separate CW pronoter (Ad-Ngn3-
GFP). Reconbi nant, replication-deficient adenoviruses were anplified

foll owi ng the standard protocol as described by He T-C. et al. 1998.
95Transducti ons were done on day0O, d6 after initial treatment with activin,
BMP4 and anti-SHH Ab or d12 after initial treatnent wwth activin, BMP4 and

anti - Ab foll owed by EGF for 6 days). Adenoviral infection of cultured
cel I's wasagaronh 8knk eetts%tat\@t;ésnmélf&ﬂpm lin @ty@tﬁﬁnucﬂaﬁpﬁ@hl petiREL] Washed twi ce
wi th Phosphat e-Buf fered Saline (PBS) (Cellgro). wel | of cultured cells was

trypsi ni zewl 2haf ealledn the cBpteseatain positevetfprec- E@tme,nnﬁﬁmcal BBAueT ngl e-i nf ecti on

experi men P, o e diluted to a
Mul tipli C#%terﬂofaﬁ ?@gp%{ali%pé‘tsn%o@%%g%’nﬁfoécﬁt%%ée%\ﬁnsr al particles per
cell) in p@m»glfmcgiﬁ@gantldn@cmmcslnm}tdﬁﬂ@agdﬂ Matipans¢DMENM) , containing 1
g/l glucose (Cell %Pﬁi For d bI e-j.nf ectl on experinments, i.e., AdPdx1l +
Angn3€5FPmS‘E)IBt°Hm\ﬂ ‘i—f—'élsﬂét”é rlntﬂ1 adgluReRE of 1250. Negative control
consi sted of Hthlhg'ﬁrffeNnh%onTs Bes5% a8 orRBS R W ad B Was renoved
fromthe cells and 0 3 he viral suspension was added per well after
whi ch t hetested.| kwmﬂdewmtitﬁl@bﬁlé”@re@monm%O@quldtdﬁmghedmslwelat r (21% 02).
After 2 hours ’ ' | 2 1Wer,dli-envx/ashed tw ce
5with PB e 3 59 ed-air (21% 02)
i nI ?0% | ow ?l uRétﬁ:ﬂt IﬂltdllthmﬂQB{dv‘dld@ﬂgas%@ﬂed@tﬁt ef@)eh noﬁt@pﬂe%fﬂf&hie with 3% Fet ﬁl
Ca Serum (FCS). Follow ng.trans i.on, the S_were intained in the
absend® oPalEWB‘kWFé‘ge Grnsgy! tl‘to“efi‘?ﬁ’lrc})]??E Ip EStoehs ’d’ézaéih?f/a@)rzngﬂﬁfl for 3 days.
Fol | ow ngattﬁﬁ&%%téaﬁnwegmemﬁ c@nte@gyma@ét a 88005 v exlogétftté of nurine Pdx-1
10 and Ngn3 nRNA were equ X- or significantfy higher (Ngn3) than

| evel s debtqmseldn|0ﬁthmbmnéamanmp@an@¢telamumg&mm -TmlHESweedld cel | s transduced

ith both the ad - Pd d Ad- Ngn3 h 250
St ai ned. whLHBR Ol SEa A Opii s eiRa SRR I nehe R e

posi tive. all na0®dds t1p-epubile eIt id tided cdlleduce any changes in transcripts
thought to be 15 downstream of Pdx-1 and Ngn3, |ike NeuroDl . Transduction on

d6, atdwhich t$hdies Bvvhieh et MARCsopdisebadus arendoderpal pansreas pHEWaY nduced some
i ncrease | C rat MAPCs
Wt ads PETARTEEE] Ol Ao Oo @ Bk Sy BRI Bl S, &

associ at edDNAtwteracmdmbnmJ The Yetotrs amtained theagrdingoratensesatfi N MRNA | evel s.

T d dl2 ith.Ad- d d 10, 000
Noar oot haeelusig e s NeWpithitd NIy SRl Pl dufat ot i rRA

and m ni MBuoddhel RAEBbbN 1 i(ASPAKT)- olemelcdalcet@agpltmrescem HossdurGrpy) of dl12 rat
MAPCs with a conbination of Ad-Pdx-1 and AANgn3 resulted I'n a 10 fold

i ncredde phconstitupysly expresisghundsr sutipheidhs RiteblegdoN ungeNDRrosRIgR, 100 f ol d

i ncrease | 4y nicRA [ el ncrease in |ust
and 3, Ooot%dtggé}sncrgase @2?2%%?1@2%{“51%%‘% nﬁ]\& 3 dr{% %gaégtoabl e anyl ase nRNA
Level s of cadaihddghe et dBNA deFgistrearcel ae@pdﬂn&@MVepmanrzt (/8l-MenZe not

significa ffe ted b eno transduct i ons, vel s,,of ot her
endocr i nee%%crétgrsn b g lﬁglon'd\léh%gme?ﬂ?oN@%?S Tet eplﬁnr?ﬂ)§°1 Wrﬁ’%%‘l |y affected.
These studnﬁ&rdimmnsltarsaite&nﬂab@byﬁhtrk@wghl 0998 expr essi on of Ngn3 al one 30
mcreg es levels o NeuroDl and somat ostat.in, only mnimal effects are seen
on ingdlin-1 nRRESIUERSERC ‘?R?r?ﬁldﬁ}’%& Ré?fsmétﬁhtf enf viiBacifiy i nduces

Neur oD1 enpiraSsiiQh-se ABlos @12 Axed it heRXRAESSRA tiviek BABPSLRMW th the
notion that the insulin pronbter is maxi mally activated when NeuroDl and

Pdx|, twoSHAlsAl fqtloweéhhﬁﬁt’,ﬁefmﬁé@@) aﬁtdmyvxtaémfmt@n odreltusert ¢ellpmasent at hi gh

| evel s. t Pdx nsulin in
cultured ce de mV\llarEEWé(}ngﬁplﬁlé‘gglgﬁgl g’ h}‘( ﬁeﬁg We' @P?%ﬁ%@g@%@gﬁ WI ce with PBS
(Cel I gr o) Baffered Sxlat (PBS) (Cellgra).ut mllwftdltui@l%el‘lewtw alpsinitddenedsddasmal i n

(Sig i n PBS. Afte shes with PBS, cells werg rmeabi |l i zed for 15
m nut é \A/H‘ftﬁn%hicﬁl Eg\égefﬁ%‘tﬁl%e‘“@“ﬁ%%ﬁ%g“p‘&&q gaggggﬁéxbl ocked by

i ncubat i 0gr A@Ne39-ARMYLrERs W ToHEL ). After a
2-mnute vvf’;tsh v%:ﬁt h distil Fedrﬁ{?eﬁtaqga%ﬁh%{m)%bp bi otlpﬁ@\%gg(bgi%ge

sequent i aKZSQQIHﬁW@ﬂ%Vhrﬁ@amteﬁ ofrseell) infowagludose Ruibechd’s Mo Kxtglen BI ock| ng

System sh.in PBS + 0.05%

Tween- ZOIDW%?l ter hey a%olrn(t)a?]ﬁg\? %h%gl(%?‘;l/r{ee@%ﬁ gu\ﬁg?%ﬁ?fvggﬁ%dnfor 5 10 m nutes
Wi th PBS ¢xRrifiits ivesedPaa] +NodNgPEsP fioth Hirured weredlilies tovat Bdilogcked by

i ncubation for 30 mnutes with 0.4%fish skin gelatin (Sigm) in PBS.

Bl ocki ng buffer was renoved and primary anti body, diluted in PBS + 0.05%
Tween-20 + 1% Bovi ne Serum Al bum n (8BA) (Jackson | nmunoresearch) was added
to the cells and incubated overnight at 4C Rabbit anti-Pdxl was a gift from
C Wi ght Vander b||t 15 Un| ver5|ty, Nashw I I e and used at 1 2000 Rabblt
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taki ng of pictures was done as described above for inmmunohistochem stry for
Pdxl, Neuro-Dl1 and insulin in cultured cells. Rabbit anti-C- peptide (abl043)
was obtained fromthe Beta Cell Biology Consortiumand used at 1:2000.

I nsulin and C peptide were nmeasured by ELISAwith the aid of the 5

U trasensitive Rat Insulin ELISA kit (Mercodia) and the Rat C peptide ELISA
kit (Wako). For exanple, Rat Fisher MAPCs differentiated during 6 days with

Acti vi nA, ggﬁ |- - a e infected
with Ade)%-?%@é\rIl cfbﬁr!\&l%l{r{%%b@(s)lt MBWE@%" %grég[e %%Sa \Qlﬁ{’lf ection, the
super nat ai*BS wasrenoet lfiect thd c¢ls am 43me dof He vbmhaispémmlvsasaﬂdedml in and

C- pepti de. I |s . were 10 n h PBS and cubated with
7500f 20rrk7le§|a§? Ch@?éelﬁsou‘?re F%’?‘E?MI%H al%e%ﬁ%éfm f”ﬁ@lﬁll‘ ?4%85 - peptide in
the super @?} i 291Bu1tsh@1§ %ﬁl@uk&n%ﬁ waR RS thd s FRMRL SRR al so
collected fromthese cells to evaluate the expression of insulin and other

pancr eat i avitirdBleand fufﬂ@bplelﬁgedp?t@%@&é%gﬁzmlﬂyldd"fedtahdzi%ﬁw i56%gar di ng
e e KT st PR hsR AEBRI AN R8iHR) Wb R ERDLL B Hfotiplf A 1oadd Ll on

and trans enoviral vector sécrete C peptide
I n 1 esponseruim(FEY). M1 pwicpssddaioh gh8cdlls Rept malatabred e the@bsdaye MAPCs

G R N R [ T BT S e
+/- 0.02 D15 (exidWisd EXsadivdlwil: thSadbhovifl PR®r8)- 18215 murine Pdx-1
10  and Ngn3 mRNA were equal to (PDX-1) or significantly higher (Ngn3) than levels
detected in mature murine pancreas. When cultured cells transduced with both the
adenoviruses (Ad-Pdx1 and Ad-Ngn3, each at MOI 1:1250) were stained with
antibodies against Pdx-1 and NeuroD1, most cells stained positive.
Transduction on d0 did not induce any changes iu transcripts thought to be
15  downstream of Pdx-1 and Ngn3, like NeuroD1. Transduction on d6, at which time
low levels of endogenous Pdx-1 were present, induced some increase in expression of
NeuroD1 and insl. Transduction of d12 rat MAPCs with Ad-Pdx-1 alone, increased
expression of NeuroD1 by <100-fold, associated withr a minimal effect on Ins1 and
somatostatin mRNA levels. Transduction of d12 rat MAPCs with Ad-Ngn3 alone
20  induced a >10,000 in NeuroD1 mRNA associated with a 100,000-fold increase in
somatostatin mRNA and minimal increase in insulin-1 and glucagon mRNA,
Transduction of d12 rat MAPCs with a combination of Ad-Pdx-1 and Ad-
Ngn3 resulted in a 10 fold increase in rat Pdx-1 mRNA, a 50 fold increase in
NeuroD1 mRNA, 100 fold increase in Pax-4 mRNA associate with a >10,000-fold
25 increase in Ins1 and 3,000 fold increase in somatostatin mRINA and no detectable
amylase mRNA. Levels of earlier endoderm TFs, such as Hnf33 and Hnf6 were not
significantly affected by adenoviral transductions, and levels of other endocrine
pancreas TFs such as Pax6 and Nkx6.1 were only minimally affected.
These studies demonstrate that although overexpression of Ngn3 alone
30  increases levels of NeuroD1 and somatostatin, only minimal effects are seen on
insulin-1 mRNA. However, combining Ngn3 and Pdx-1 not only induces NeuroD1
expression, but also insulin-1 expression, consistent with the notion that the insulin
promoter is maximally activated when NeuroD1 and Pdx1, two insulin-1 enhancer

regulatory factors, are both present at high levels.
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0.01 (MAPCs were plated continently and treated sequentially wth Activin,
BMP4 and anti-SHH anti body (d1-6), then with EGF (d6-12). On day 12, cells
were transduced with Ad-PDX-1 and AD-Ngn3, and 75 nmintai ned in basal nedium
for 3 days (FCS 2%, or maintained with exendin and nicotinam de and with or
w t hout GDF1l1l. Cells were then exposed to O nMrnL glucose or 20 mM nL

gl ucose for 1 hour and nedia collected to neasure C-peptide. Values are ng/L

using a rat spgginfihshigodieRistyeorEdxIANubE] sat ids iR osthirad egisthat cel l's
generated using sequential cytokine addition and 30 transduction with a

Pdx- 1 and caugind Sutad éeltowsr Slellywerearasheslcimiqeavith Pp(Geallera) gnd Bxprbies &0 ¢ of 20 ni M
| s . g .
& poptt de TR TH LB Getedl RSt ® for aBFRILAS i PBS SRR (e DRER IS 01 )

det ect ed. PBBU&slls whesgeratabiliz g faeisonatikeawih PB8H 0.04%F8zen-Aduced to express

Insl mRNA_and Pdx1 mltNA can al so secrete.insulin in.response to glucose, a
sal i enf f EafescBOwPerQxidass wanhlodkspby cuRation for 30 migyiss it 3°41H20act or s may al so

be used. e ' : : : =3 (e.qg., human or
at) wer o AR PR o E e AL A e A Cgen) | PCR

anpl i fi caeidogemas bosindvesbédkedshngpqetntindi dinmistinodstionistwithravidieasd desi gned to
excl usi ve anplify. the en readi fra seqguence of .the ne, 5 introduce
t he Koz aklbgoélaggf?@&%(l?:c@ﬂg%l’ ﬁ&g‘)@ﬂ%ﬁt@g@ Sfl?agatl{ﬁs’ﬁp%f { grr]n lPlrlt}le t“f%é on, and

| ncor por atrBSund.qske TweankoNg fieeistutatibh @ith @fvti@1ls wesvished fdr3dl |1 (aagctt)
and Xhof (ctcgag) to facilitate cloning of_ the cDNA. Table 9 provides the

primer8 faFngeneitaPPRg dies dverdl. Nonpresify bpidingitehy R t#‘?‘ikﬁégy Sequence RE
AGCAGTACT R B ey T 0 P R B O FeaTcroa TacTane
GCCGCCGAGbXffal waGemovddXd Brismacatibobyt, tidwed nABSAATASTOAGENABCABHACTA
Bovine Serum Albumin (BSA) (Jackson Immunoresearch) was added to the cells and
incubated overnight at 4°C. Rabbit anti-Pdx1 was a gift from C. Wright, Vanderbilt
15  University, Nashville and used at 1:2000. Rabbit anti-NeuroD1 was from Chemicon
(AB5686) and used at 0.67 pg/ml. Guinea pig anti-insulin was from DakoCytomation
(A0564) and used at 21.25 pg/ml. Rabbit and guinea pig isotype controls were from
Jackson Immunoresearch and used at the same final concentration as the respective
primary antibodies. The following morning, cells were washed three times for 5
20 minutes each with PBS + 0.05% Tween-20. Biotinylated anti-rabbit or anti-guinea pig
F(ab’), antibody, diluted 1:1500 in PBS + 0.05% Tween-20 was added to the cells and
incubated for 30 minutes. Cells were washed three times for 5 minutes each with PBS
+0.05% Tween-20. The Vectastain ABC peroxidase complex (Vector Laboratories),
prepared according to manufacturer’s instructions, was added to the cells and
25  incubated for 30 minutes. Cells were washed three times for 5 minutes each with PBS
+ 0.05% Tween-20. Color was developed using DAB+ (DakoCytomation), according
to manufacturer’s instructions. Pictures were taken using a Nikon Coolpix 4500
digital camera, mounted on a Zeiss Axioskop 2.
Immunohistochemistry for C-peptide on paraffin-embedded suspension cells
30  was carried out as folloWs. Cells were washed twice with PBS and fixed for 10
minutes with 10% neutral buffered formalin in PBS. After two washes with PBS,
cells were entrapped in a 2% Type VII Low Gelling Temperature agarose gel (Sigma)
in PBS and paraffin-embedded. 6 micron sections were cut and placed on SuperFrost

Plus slides (Fisher Scientific). After standard dewaxing and rehydration, staining and
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H ndl11-197 total
GTCGCAGIGEC Xho198

RNA, rat Pancreas rPDX R at acact cgagTCACCGCGEEGT TCCTGCG

hNRG. F at acaaagett ccaccATGACGCCTCAACC Hi ndi ( 99 genom ¢

CTCGGGTGC  DNA, hurman hNRG R at acact cqagTCACAGAAAATCTGAG . A7wl 100
AAAGCCAGACTG r NRG F at acaaagett ccaccATGGCGCCTCATCC

10

15

20

30

35

taking of pictures was done as described above for immunohistochemistry for Pdx1,
Neuro-D1 and insulin in cultured cells. Rabbit anti-C-peptide (ab1043) was obtained
from the Beta Cell Biology Consortium and used at 1:2000.

Insulin and C-peptide were measured by ELISA with the aid of the
Ultrasensitive Rat Insulin ELISA kit (Mercodia) and the Rat C-peptide ELISA kit
(Wako). For example, Rat Fisher MAPCs differentiated during 6 days with Activin-
A, BMP4 and Anti-Shh Ab, followed by 6 days with EGF, were infected with Ad-
Pdx-1 and Ad-Ngn3 (both at MOI 1250). Three days after infection, the supernatants
were collected to measure the basal levels of insulin and C-peptide. The cells were
next washed twice with PBS and incubated with 750 pL of 20mM glucose. One hour
later, the level of insulin and C-peptide in the supernatants of these cells was
measured. RINA samples were also collected from these cells to evaluate the
expression of insulin and other pancreatic markers. Table 8 provides a summary of
the results regarding C-peptide secretion. Cells generated using sequential cytokine
addition and transduction with a Pdx-1 and Ngn-3 adenoviral vector secrete C-peptide

in response to 20 mM glucose.

Table 8
C-Peptide Secretion by MAPCs Differentiated to Endocrine Pancreas

0 mM glucose 20 mM glucose
D15 (FCS+Ad+3) 0.47 +/- 0.09 0.39 +/- 0.04
D15 (ex/Nic+Ad+3) 0.36 +/- 0.07 0.67 +/- 0.02
D15 (ex/Nic/GDF+Ad+3) 0.48 +/- 0.008 0.83 +/- 0.01

(MAPCs were plated confluently and treated sequentially with Activin, BMP4 and anti-SHH antibody
(d1-6), then with EGF (d6-12). On day 12, cells were transduced with Ad-PDX-1 and AD-Ngn3, and
maintained in basal medium for 3 days (FCS 2%), or maintained with exendin and nicotinamide and
with or without GDF11. Cells were then exposed to 0 mM/mL glucose or 20 mM/mlL glucose for 1
hour and media collected to measure C-peptide. Values are ng/L using a rat specific c-peptide ELISA.)

The data demonstrates that cells generated using sequential cytokine addition and
transduction with a Pdx-1 and Ngn-3 adenoviral vector secrete C-peptide in response
to 20 mM glucose. Assuming that 1 fimol of C-peptide contains 0.003325 ng of C-
peptide, about 150.97 fimols of C-peptide/well (0.6 mL of media/well) was detected.
Thus, these studies demonstrate that MAPCs induced to express Ins] mRNA and Pdx-

1 mRNA can also secrete insulin in response to glucose, a salient feature of functional
B-cells.
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Hncifil 101 genet)* CITGGATGC DNA, rat atacact cgagTCACAAGAAGICTGAG
XlI/ol 102 LrNRG R AACACCAGEGTG 10 Subsequent |y, anplified cDNAs
were digested with Hndill and Xhol and cloned into the conplenentary sites
of the commercial expression vector pcDNA3. 1/ Hygro() (lnvitrogen cat.
#V870-20). Purified vectors were linearized 15 with Ahdl or Bglll prior to
cell transfection. Linearized cDNAs were transfected into MAPCs by chem cal
transfection. | ]. [ p Mol | o] |- i hygronycin as a
sel ective agenI:\&).%'Jgga(l:&%{t?%%&a&m&bggg{%‘ 3@% n |1 ’?%ﬁIlA(r;i; %tggdﬁﬁl iggxtlo G ucose in
Non- Tr ansghdaedrogalin-8 (e bnhumbmonal) deed dngrlifioy fiviiRGther Riyanyt gencleic t he i nfl uence

of high glucose was 20 asured. It was determ ned that sanples with high
| evel ~expP¥8s{lHitgeen ngﬁi Fapli W%@S§8n‘g’_&?§_é‘§’é‘§_sfaﬁ§ﬂﬁiwﬂ?oﬁls% - medi a under
the infl UGS dsig2d W)&Méﬁ/@ﬁﬁagﬁliffyfhk BEEn doRThE BhbhE gec%xgl%e JrRCgengan

differen e Into cells wt docrine pancreatic features.
Addi t i HnaintryducCipdiiziakl ecquentedtiaorA Wasfonedsured dranglatagsinitetivhandt he i nsul i n

that was rel eased was .not. i nsul i.n absor bed £fr.om i a at contains
insul i n (BFYBYaeHpaus Iﬂﬁﬁ?ﬂfﬁ Eesg\‘ig%ﬁﬁz?%lﬁ ,Sl%lf f8iﬁ1“8h2§aa&n§ﬂ€“%&9tjr ed under | ow
gl ucose (R@nMg)anehcliitQ8t@nikE-of the cDNA. Table 9 provides the primers for

generating these cDNAs.

Table 9
Primer [ Primer Sequence RE Site | SEQ | Source
Name ID NO: | Material
hPDXF | atacaaagcticcaccATGAACGGCGAGG | Hindlll 95 total RNA,
AGCAGTACTA human
WPDX.R | atacactcgagTCATCGTGGTTCCTGCG | Xhol 96 Pancreas
GCCGCCGAG
{ PDX.F { atacaaagettccaccATGAATAGTGAGG | HindlII | 97 | total RNA,
AGCAGTACTA rat Pancreas
{ rPDX.R | atacactcgagTCACCGGGGTTCCTGCG | Xhol 98
GTCGCAGTGGC |

hNRG.F | atacaaagettccaccATGACGCCTCAACC | Hindlll | 99 [ genomic

CTCGGGTGC : DNA, human
hNRG.R | atacactcgagTCACAGAAAATCTGAG | Xhol 100
AAAGCCAGACTG : |

NRG.F | atacaaagcttccaccATGGCGCCTCATCC | Hindll 101 genomic
CTTGGATGC DNA, rat
INRG.R | atacactcgagTCACAAGAAGTCTGAG | Xhol 102
AACACCAGGGTG

10

Subsequently, amplified cDNAs were digested with HindIIl and Xhol and
cloned into the complementary sites of the commercial expression vector
pcDNA3.1/Hygro(+) (Invitrogen cat. #V870-20). Purified vectors were linearized

15 with 4hdl or Bglll prior to cell transfection. Linearized cDNAs were transfected into
MAPCs by chemical transfection. Cells were grown in expansion media containing
hygromycin as a selective agent. .

Secretion of C-Peptide fn Vitro in Response to Glucose in Non-Transduced Cells

Insulin production by MAPC-progeny under the influence of high glucose was
20  measured. It was determined that samples with high level expression of insulin-1

mRNA also secreted insulin in the media under the influence of 20 mM glucose,
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24, a daily pulse for I h of 18nM gl ucose was added to the cultures, after

whi ch the supernatant was coll ected and c-peptide production neasured. These
studi es denonstrated that N APCs cul tured under the conditions described
above, secrete c-peptide daily fromdl8 of culture on, w th nmaxi mal
secretion seen between days 20 10and 22. I nsulin and C peptide were
nmeasured by ELI SA (Raj agopal et al., 2003; Hansson et al., 2004). Calcium
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As shown in Figure 9, 1 aninmal that received only supernatant cells,
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wi t hout depat.ti ngAfhretimdtdosplbisisg corpadting ngi-ersbrybnit kiemi, nareperimpnon- CLAI MS A

met hod conprising contacting non-enbryoni c. stem non-ger non- enbryoni c
germ cel l's that  CARPRTTY EPEREI e SREY AR EARE of (e 6F0 BeyieiBnmal

Sendoder pal and nBRAEASHAPIndGRIsbdd¥RES! Wrebwah hifh S hg@faMereiiRr g the first
agent is Activin A and a second agent, Wwherein the second agent inhibits
soni ¢ hedgehog ( SiENt iadchvintdyanda spraiddges| Wherdimttiersgednd egeisgdbitsx pr essi on of
Pdx-1. 102. The net ho f.clal urther .conprising: (i), contacting the

non- enbryoni ¢ st esr%mcglgﬁg%lgg ?%l}@rg%ancglél%tro oerll(?%e gsél?%n%%cfeés%\ijef(ﬁreﬁlc\’ﬁ 4; and/ or
(ii) contacting tge-cells having increased Pdx-1 expression with EGF or HGF
to yield cells having increased expression of Ngn3. The nmethod of claim?2
wherein: (i) the cells having increased Ngti 3 expression also have increased
expressign of Ne X L ~ further conprises contacting

t he cel”? ha%ingupﬁ%?gggggﬂgaéh%%g%%§0§?ﬁ§@%3 wi th one or both of

ni coti nam de or eXendicodtatingthehch-eebrysniestpmossi gegmj merdmbryonitigermet hod of
claim3, wherein: (i) tBe e sion of insulin is increased over the anount
expressed by the Ngn3 % bWééE@ﬁgh P's; and/or (ii) the method further
conpri ses contacting tdgeld fe BANILRAnE Nef8R8 Pdx DRpRESHPNILEGNIR3 Wi th one
or both of GDF11 or betacellulin. A nethod to differentiate non-enbryonic
stem non-germ non- erd® émyield cells having increased expression of Ngn3.

15
3. The method of claim 2 wherein:
(1) the cells having increased Ngn3 expression also have increased
expression of NeuroD; and/or
(i)  the method further comprises contacting the cells having increased
20 expression of Ngn3 with one or both of nicotinamide or exendin4 to
yield cells expressing insulin.
4. The method of claim 3, wherein:
(1) the expression of insulin is increased over the amount expressed by
25 the Ngn3 expressing cells; and/or
(i)  the method further comprises contacting the cells having increased
expression of Ngn3 with one or both of GDF11 or betacellulin.
5. A method to differentiate non-embryonic stem, non-germ, non-embryonic
30 germ cells that can differentiate into at least two of ectodermal, endodermal
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30germcells that can differentiate into at | east two of ectodermal,

endodermal and nesodernmal cell types conprising. a) contacting
t he non-enbryoni c stem non-germ and non-enbryonic germcells with a first
agent, wherein the first agent is Activin A b) contacting
the cells obtained froma) with Activin-A and a second 5agent, wherein the
second agent inhibits sonic hedgehog activity; c) contacting
the cells obtained fromb) with EGF or HG;, and d) contacting

the cells obtained fromc) with one or both of nicotinam de or exendin4, to
yi el d cells expr és8negodersal|Gelh Pepcwnpris@enet hod of claim 5 wherein: (i) a),

b) or both further conpg LieRg féﬁ“ﬁ a‘li?l\(lﬁL or (ii) d
further conprises conggc(%lﬁ%nﬁgﬂiee%gel r%?nﬁ]t%ﬁ one %\é%x%glot Té}le%gg&f or

bet acel | ul'i rgenﬂxﬁelex'mleaﬁmth@m ofhercirathenfiist egenbis AdneineAn t he second agent is
cycl opam ne or an anti-SHH anti bod of .claim3 or 4 wherein

met ho
the cells expressing P P}&?ﬂt?%nﬁfheﬁéﬁgﬁ 9?@3“2%1%?%‘?581&1%%}?&%%‘?%336@4 nsul i n
secrete knsulqbf, wﬁer@ﬁqﬁﬁé o a n@ﬂgpﬂtmwc%déelﬁgé &afvity9. The nmethod of claim
8, wherein the insulinis insulin-1. 2510. The rrethod of any one of the
precedi ng cl ai ns, whercgtamtacfing thq@elﬂm’oiaemﬂdrf;n@nb)cwgh EQF oméiGFgendn

nmb I t nmb [ t
non- enbryonic germ celh Syl BB A S Gh R0l B e v e stem

transcri pti oficdtidemle-or 3%ndld4, The nmet hod of claim 10 wherein: (i) the
mamal i an celI's are human cell; and/or (i1) the pancreatic transcription
factor comprises Ngn3!o Keldrest cxpressing Inswlin4, Pt fl a/ p48, Pax6, N cx6. 1,
NIicx2.2,9r a conbi nati on t hereof.

6. The method of claim 5 wherein:
(1) a), b) or both further comprise contacting the cells with BMP4; and/or
(i1) d) further comprises contacting the cells with one or both of GDF11

or betacellulin.

15
7. The method of claim 1 or 5, wherein the second agent is cyclopamine or an
anti-SHH antibody.
8. The method of claim 3 or 4 wherein the cells expressing insulin or having
20 increased expression of insulin secrete msulin, c-peptide or a combination
thereof.
9. The method of claim 8, wherein the insulin is insulin-1.

25 10.  The method of any one of the preceding claims, wherein:
(1) the non-embryonic stem, non-germ, non-embryonic germ cells are
mammalian cells; and/or
(11) the non-embryonic stem, non-germ, non-embryonic germ cells are
transduced with a pancreatic transcription factor.

30
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The nethod of claim 10, wherein the pancreatic transcription factor
conprises Pdx-1, Ngn3 or a conbination thereof. The nethod of any one of the
precedi ng clains wherein the contacting is carried out in vitro. A
conposition conprising a first agent, wherein the first agent is Activin-A,
a second agent, wherein the second agent inhibits sonic hedgehog and
non-enbryoni ¢ stem non-germ non-enbryonic germcells that differentiate
into at |least two of ectoderrnal, endodermal and nesodermal cell types. The
conposition of claim 14 wherein: the conposition further conprises BML34,
and/ or (ii)tHe sedenertagfeficldim I0ydietsim ne or an anti-SHH anti body. A
conposi tion conprjsin Ly . vi ng i ncreased expression
of Pdx-1 prepareébby 3wggﬁgﬁﬁgﬁﬁgpggg§h§%%8%¥g%?%?ns 1 to 13. A conposition
conpri sing one or(ipot hheopanoieatdt tramadriptien dactoe xanphisad Ngntl Ndueolnk [Pldg-1havi ng

i ncreased expression Qf n3 prepared by the nethod of claim2, The

conposi tion of clain1%WX%ﬁ?iﬁgﬁ’g@ﬁbP&é%hﬂ“@ﬁé“Hﬁ‘B Hagen Berspi or
betacellylin. A nethod to prepare a conposition conprising conbining a first
agent, -82- wherein the first agent is Activin-A a second agent, wherein

t he second a@ent Themidihddsofstimind Ohelthgeh dw, pansredticimnsceipboly fnioc st em  non- ger m
non- enbryoni c genii cell tggf an differentiate into at |east two of

ect oder nal , endo&8pﬁﬁﬁ”§%54 §B§8?%§Pﬂﬁﬁ¥?np?5@'. 5 20. The method of claim
19 wherein: (i) the nethod further conprises conbining BMP4; and/or (ii) the
second agent is cyclopam ne or an anti-SHE anti body. 1021. A nethod to
prepare a coldposilthieoretiowinfrng prepidoriressding clRGRs wherkigrhadantactihgiscel | s havi ng
increasqg expressgpg of PQ%]} prepared by the nethod of claim1l. 22. A

met hod £ prepar 28888 #S on conprising conbi ning one or both of

15ni cotinam de or exendind4d with the cells having increased expression of
Ngn3 prepared by the nethod of claim2. 23. The nethod of claim 22 further
conpri si ng clémbi rft RINREIHCOBPTHNDE fittreent Wherehetha 88t pEANE 1§ ACKYIDA, 2 The
conposi tion of any.QA8.Qf GhRiNthetd:dul i Mhith SolBLARI R adfpnone of clains
19 to 23 further conerS|ng conbining C culture nediumor a

phar maceuti cal | y cabcgpicaidre, roargeingmon25doyoAicenpodlisttha i féoerpratesintog t he cel |'s

prepared_by the nefhod of .clajm 1 or and cell culture nmediumor a
pharnacgaticalIyaé%@%ﬁ?%ﬂf3*%%??%é?@°§%¥%3%@ﬁ%ﬁ%&PPQﬁEQSWB?ising the cells
expressing insulin or having increased

15. The composition of claim 14 wherein:

(1) the composition further compnises BMP4; and/or

(11) the second agent is cyclopamine or an anti-SHH antibody.

20
16. A composition comprising EGF or HGF and the cells having increased
expression of Pdx-1 prepared by the method of any one of claims 1 to 13.
17. A composition comprising one or both of nicotinamide or exendin4 and the
25 cells having increased expression of Ngn3 prepared by the method of claim 2.
18. The composition of claim 17 further comprising one or both of GFD11 or
betacellulin.
30 19. A method to prepare a composition comprising combining a first agent,
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expression of insulin prepared by the nmethod of claim3 or 4 and cel

cul ture 30nmedi um or a pharnmaceutically acceptable carrier. 27. A nmethod to
prepare a conposition conprising conbining cells expressing insulin or
havi ng i ncreased expression of insulin prepared by the nethod of claim3, 4
or 5 with cell culture nediumor a pharmaceutically acceptable carrier. 5
28. Non-enbryonic stem non-germ non-enbryonic germcells that can
differentiate into at | east two of ectodennal, endodennal and nesoder nal

cell types for use in a nethod of providing pancreatic cells to a subject in

need thereof; whetierameedsH-2gsm i oriven-6t eiRcorrscHeMifreRdhe &BRd/eEsRt ger m
cells 10are cont - i0; .t j b rei ne first
agent is Activi n%iﬁlgl(rilisdg Oglcs%g%%gé’ggglnﬂn é&;}@d&%&ﬁgﬂg cglr]l’tlﬁggegrwgyl nhi bits
soni ¢ hedgehog ( Sei) cabstthatichydifferepiiat chtc#lléast thaaf agodermak asdderxgdr essi on of
PcLx-1 which are adm ni stered to Provide pancreatic cells in the subject.
1529. The cel | s offhe 55coRel SGOPE° t he met hod further conprises: (Ocontacting
the non-enbryonic stem non-germ non-enbryonic germcells with BW4; and/or
contacting the cells having increased expression of Pdx-1 with EG- or HGF to
yi el d cel | s Havi AgeinrethradassthiraXprdesion of Ngn3 prior to 20administration to

the subject. 30. ;The cells, of .claim?29 where. th hod, further conprises
contacting the célls ﬁ§VPﬁ8m{%%%gé§g@”g§6?@@??@?“%5%@“@#?h one or both of
ni cotinam de or gx) endididcdr@ QgbrtliskyeRbhifine¥Pieadii SHH aAgtddyn or havi ng

i ncreased expression of 25insulin, prior to admnistration to the subject.
31. The cells of claim 30 where the nethod further conprises contacting the
cell's haying,,i ncre ' ' : - -0r

bet acel THI 1 21 3045 Raas S BrEES » Soup it RECHuRBL RAR o HOF IR el 16
that can -84- dithd etleniviag iciended eapredseasit Pxvd pedparedtbedies method efhidoder r nal

and nesodermal cells for use in a nethod to provide insulin expressing cells
to a subject in §&¢8 1t her eof , said met hod conpri si ng: a)
contacting non-enbryoni c stem non-germ non-enbryonic germ5cells that can
differentiate into at | east two of ectodermal, endodernmal and nesoder nal

cell types vd2th & fiethot tapreprre a whrepasitiontchmpfisingtonzgeing ohsorAwth of n A,

b) contacting the.cells. obtained,fr a iLth Activin-A and a_.second agent,
wher of n Ehe Secott SBUIES thaBrrd "AB MG el s ond 3RS

c) contacting thergatddsyold methedofsaim®d) with EGF or HG, 10d) contacting
the cells obtained fromc) with one or both of nicotinamde or exendi n4 so
as to yield cells expressing insulin or having increased expression of

having | ner edsed Bepieassoas s or R SRR S PR RS D TR o
cl ai m 32, wher ei rnr betacellulin.
20
24, The composition of any one of claims 14 to 18 or the method of any one of
claims 19 to 23 further comprising combining cell culture medium or a

pharmaceutically acceptable carrier.

25 25, A composition comprising the cells prepared by the method of claim 1 or 2

and cell culture medium or a pharmaceutically acceptable carrier.

26. A composition comprising the cells expressing insulin or having increased
expression of insulin prepared by the method of claim 3 or 4 and cell culture

30 medium or a pharmaceutically acceptable carrier.
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(i) a), b) or both further conprise BMP-4; and/or (ii) d) further conprises
one or both of CGDF1l1 or betacellulin. 7034. The nethod cells of any one of
claim?28 to 33, wherein: (i) the subject is a mammal; and/or (ii) the

subj ect has a pancreatic disorder or injury. 35.The cells of claim 34,
wherein: (i) the mammal is a human; (ii) the disorder conprises diabetes,

obesity, pancreatic atresia, pancreas inflammation,

al phal -antitrypsin

deficiency, hereditary pancreatitis, pancreatic cancer, pancreatic enzyne
deficiency or_hyperinsulinism and/or,30§iih)the injury is a result of

physi cal trativa, “R&HOEAP PrepyaRSPTBESY

Rgrising PUBRNBRE SELISHREFSHEE i on

thereof. 36.The qglhis O?Ba\ﬁﬁ?fn@?eg’s%d e%@is%%fﬁﬂ%@lir%r@ﬁ%%@%fh@ me¥iRA Jr or Type [

di abetes. 537.Use of the cells prepared by the net

any one of clains

1-13 to preapre alamdi éaménrtithtosll tuleat madipame rehtimacditsaltylacemable nj ury.

38. Use of claim37,. wherein the pancreatic disorder is as defined in claim
35 or 36. <110> B'"SEQUENCE LI STI NG Regents of the University of M nnesota
Verfaillise, Catherine Bar aj as, M guel Her emans, Yves

28. Non-embryonic stem, non-germ, non-embryonic germ cells that can

differentiate into at least two of ectodermal, endodermal and mesodermal cell

types for use in a method of providing pancreatic cells to a subject in need

thereof, where the non-embryonic stem, non-germ, non-embryonic germ cells

10 are contacted in the method with a first agent, wherein the first agent is

Activin A and a second agent, wherein the second agent inhibits sonic

hedgehog (SHH) activity to yield cells having increased expression of Pdx-1

which are administered to provide pancreatic cells in the subject.

15 29. The cells of claim 28, where the method further comprises:

(1 contacting the non-embryonic stem, non-germ, non-embryonic germ

cells with BMP4; and/or

(1) contacting the cells having increased expression of Pdx-1 with EGF or

HGEF to yield cells having increased expression of Ngn3 prior to

20 administration to the subject.

30. The cells of claim 29 where the method further comprises contacting the cells

having increased expression Ngn3 with one or both of nicotinamide or

exendind to yield cells expressing insulin or having increased expression of

25 insulin, prior to administration to the subject.

31.  The cells of claim 30 where the method further comprises contacting the cells

having increased expression Ngn3 with one or both of GFD11 or betacellulin.

30 32,  Non-embryonic stem, non-germ, non-embryonic germ cells that can
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<120> Differentiation of Non-enbryonic StemCells to Cells Having a 10
Pancreati c Phenotype <130> 2017.016W1 <150> US 60/ 726, 750

2005-10-14

10

15

25

30

<160> 102

differentiate into at least two of ectodermal, endodermal and mesodermal
cells for use in a method to provide insulin expressing cells to a subject in
need thereof, said method comprising:

a) contacting non-embryonic stem, non-germ, non-embryonic germ
cells that can differentiate into at least two of ectodermal, endodermal and
mesodermal cell types with a first agent, wherein the first agent is Activin A;

b) contacting the cells obtained from a) with Activin-A and a second
agent, wherein the second agent inhibits sonic hedgehog activity;

c) contacting the cells obtained from b) with EGF or HGF;

d) contacting the cells obtained from ¢) with one or both of
nicotinamide or exendind so as to yield cells expressing insulin or having increased
expression of insulin; and

e) administering the cells expressing insulin or having increased

expression of insulin to the subject.

33. The cells of claim 32, wherein:
(1) a), b) or both further comprise BMP-4; and/or
(1) d) further comprises one or both of GDF11 or betacellulin.

34, The method cells of any one of claim 28 to 33, wherein:
(1) the subject is a mammal; and/or

(1) the subject has a pancreatic disorder or injury.

35, The cells of claim 34, wherein:

(1) the mammal 1s a human;

(1) the disorder comprises diabetes, obesity, pancreatic atresia, pancreas
inflammation, alphal-antitrypsin deficiency, hereditary pancreatitis,
pancreatic cancer, pancreatic enzyme deficiency or hyperinsulinism;
and/or

(u1)  the injury is aresult of physical trauma, chemical, radiation, aging,

-85-
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<170> Fast SEQ for Wndows Version 4.0 20 <210> 1 <211> 20
DNA <213> Artificial Sequence

disease or combination thereof.
36. The cells of claim 35, wherein the diabetes is Type I or Type II diabetes.

5 37.  Use of the cells prepared by the method of any one of claims 1-13 to preapre a

medicament to treat a pancreatic disorder or injury.

38. Use of claim 37, wherein the pancreatic disorder is as defined in claim 35 or

36.
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25 <220> <223> A synthetic priner <400> 1 30t taccccaca
cacagtccaa20 <210> 2 <211> 20 <212> DNA 35<213> Artificial Sequence <220>

SEQUENCE LISTING

<110> Regents of the University of Minnesota
5 Verfaillie, Catherine
Barajas, Miguel

Heremans, Yves

<120> Differentiation of Non-embryonic Stem Cells to Cells Having a

iO Pancreatic Phenotype
<130> 2017.016WO1

<150> US 60/726,750
15<151> 2005-10-14

<160> 102

<170> FastSEQ for Windows Version 4.0
20

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence
25

<220>

<223> A synthetic primer

<400> 1

30ttaccccaca cacagtccaa 20

<210> 2
<211> 20
<212> DNA
35<213> Artificial Sequence

<220>
<223> A synthetic primer

40<400> 2
ccaaaaacac ggcttcagtt 20

<210> 3
<211ls> 20
45<212> DNA

<213> Artificial Sequence



<223> A synthetic prinmer 40<400> 2 ccaaaaacac ggcttcagtt20 <210> 3 <211> 20
45<212> DNA <213> Artificial Sequence <220> <223> A synthetic prinmer 5<400>
3 tagggtgcca tttggagttc20 <210> 4 <211> 20 10<212> DNA <213> Artificial
Sequence <220> <223> A synthetic priner 15 <400> 4 acattgccca ggtttgtctc20
<210> 5 20<211> 20 <212> DNA <213> Artificial Sequence <220> 25<223> A
synthetic prinmer <400> 5 cctacctccc attccaggat20 30<210> 6

<220>
<223> A gynthetic primex

5<400> 3
tagggtgceca tttggagttce 20

<210> 4
<211> 20
10<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
15
<400> 4
acattgccca ggtttgtete 20

<210> 5
20<211> 20
<212> DNA

<213> prtificial Sequence

<220>
25<223> A synthetic primer

<400> 5
cctacctcee attccaggat | 20

30<210> 6
<211> 20
<212> DNA
<213> Artifiecial Sequence

35<220>
<223> A synthetic primer

<400> 6

gcaccectaag cacagctacc 20
40

<210> 7

<211> 22

<212> DNA

<213> Artificial Sequence

45



<211> 20 <212> DNA <213> Artificial Sequence 35<220> <223> A synthetic
primer <400> 6 gcaccctaag cacagctacc20 40 <210> 7 <211> 22 <212> DNA <213>
Artificial Sequence 45 <220> <223> A synthetic primer <400> 7 5ccacttgaga
atttcatgag ca22 <210> 8 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic prinmer 15<400> 8 tttacatgac ccagcacacc20 <210> 9 <211> 20
20<212> DNA <213> Artificial Sequence

<220>

<223> A synthetic primer

<400> 7
S5ccacttgaga atttcatgag ca 22

<210> 8
<211> 20 \
<212> DNA

10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 8

tttacatgac ccagcacacc 20

<210> 9
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 9
aggtggcage ttgtgaagat 20

<210> 10
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 10
gagtcggctce ctatggtgte 20

40<210> 11
<211> 21
<212> DNA

<213> Artificial Sequence

45



<220> <223> A synthetic priner 25 <400> 9 aggtggcagc ttgtgaagat20 <210> 10
30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 10 gagtcggctc ctatggtgtc20 40<210> 11 <211> 21 <212> DNA <212>
Artificial Sequence 45 <220> <223> A synthetic prinmer <400> 11 5a9cccatt gt
tcattcttgt g21 <210> 12 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic primer 15<400> 12 agaggaaggg tgtgctctga20 <210> 13 <211>
22 20<2123 DNA <213> Artificial Sequence <220>

<223> A synthetic primer

<400> 11
Sagcccattgt tcattcttgt g 21

<210> 12
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A gynthetic primer

15<400> 12
agaggaaggg tgtgctctga 20

<210> 13
<211> 22
20<212> DNA
<213> Brtificial Sequence

<220>
<223> A synthetic primer
25
<400> 13
tgagccatta atttttgggt tt 22

<210> 14
30<211> 20
<212> DNA

<213> Artificial Segquence

<220>
35<223> A synthetic primer

<400> 14
agcagtatct gcctgtgcaa 30

40<210> 15
<211> 20
<212> DNA

<213> Artificial Sequence

45



<223> A synthetic prinmer 25 <400> 13 tgagccatta atttttgggt tt22 <210> /4
30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 14 agcagtatct gcctgtgcaa20 40<210> 15 <211> 20 <212> DNA <213>
Artificial Sequence 45 <220> <223> A synthetic prinmer <400> 15 Haatgtttcct
tgtgcctget 20 <210> 16 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic primer 15<400> 16 ccaggtccag tgtttcaggt20 <210> 17 <211>
20 20<212>22[%NA <213> Artificial Sequence <220> <223> A synthetic priner
< >

«<223> A syunthetic primer

<400> 15
Saatgtttect tgtgcetget ’ 20

<210> 16
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 16
ccaggtccag tgtttcaggt 20

<210> 17
<211> 20
20<212> DNA

«213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 17
caggcatgat gctgagtgac 20

<210> 18
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 18
cagggacctc atctttggaa 20

40<210> 19
<211> 20
<212> DNA
<213> Artificial Sequence

45



25 <400> 17 caggcatgat gctgagtgac20 <210> 18 30<211> 20 <212> DNA <213>
Artificial Sequence <220> 35<223> A synthetic prinmer <400> 18 cagggacctc
atctttggaa20 40<210> 19 <211> 20 <212> DNA <213> Artificial Sequence 45
<220> <223> A synthetic priner <400> 19 Stcacaatcct gtggatctgg20 <210> 20
<211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 20 ccctcagtac ctggaccaaa20 <210> 21 <211> 20 20<212> DNA
<213> ArtLL%gial Sequence <220>

<223> A synthetic primer

<400> 19
Stcacaatect gtggatcetgg 20

<210> 20
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 20
ccectecagtac ctggaccaaa 20

<210> 21
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>

<223> A synthetic primer
25 '

<400> 21

ccaaggggaa tcagaactca 20

<210> 22
30<211> 290
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetilc primer

<400> 22
tggagcaggc ccaaatatag 20

40<210> 23
<211> 290
<212> DNA
<213> Artificial Sequence

45



<223> A synthetic prinmer 25 <400> 21 ccaaggggaa tcagaactca20 <210> 22
30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 22 tggagcaggc ccaaat atag20 40<210> 23 <211> 20 <212> DNA <213>
Artificial Sequence 45 <220> <223> A synthetic prinmer <400> 23 5t gcaacagct
ctcacctacg20 <210> 24 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic primer 15<400> 24 aagat gggca actcaaat gg20 <210> 25 <211>
20 20<21232EMA <213> Artificial Sequence <220> <223> A synthetic priner

b

<223> A synthetic primer

<400> 23 _
Stgcaacagct ctcacctacg 20

«<210> 24
«<211> 20
<212> DNA

10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 24
aagatgggca actcaaatgg 20

<210> 25
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 25
actgagatgc tgggctgtct 20

<210> 26
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 26
gacccttcct gacagtcgte 20

40<210> 27
<211> 20
<212> DNA

<213> Artificial Sequence

45



25 <400> 25 actgagatgc tgggctgtct20 <210> 26 30<211> 20 <212> DNA <213>
Artificial Sequence <220> 35<223> A synthetic prinmer <400> 26 gacccttcct
gacagt cgt c20 40<210> 27 <211> 20 <212> DNA <213> Artificial Sequence 45
<220> <223> A synthetic priner <400> 27 5gagaccttcg tccacctctg20 <210> 28
<211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 28 cattgacaac ggcgacatac20 <210> 29 <211> 20 20<212> DNA
<213> Arti<fz'£(§:>i al Sequence <220> <223> A synthetic priner 25

<223> A synthetic primer

<400> 27
Sgagaccttcg tccacctetg 20

<210> 28
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 28
cattgacaac ggcgacatac 20

<210> 29
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 29
ccetttgaac tgeettgtgt 20

<210> 30
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 30
tgcattcatt tggattggaa 20

40<210> 31
<211> 20
<212> DNA

<213> Artificial Sequence

45



<400> 29 ccetztgaac tgccttgtgt20 <210> 30 30<211> 20 <212> DNA <213>
Artificial Sequence <220> 35<223> A synthetic prinmer <400> 30 tgcattcatt
t ggat t ggaa20 40<210> 31 <231> 20 <212> DNA <213> Artificial Sequence 45
<220> <223> A synthetic prinmer <400> 31 5tcactgaccc ttccatcctc20 <210> 32
<211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 32 ggaat accga ggctgat gaa20 <210> 33 <211> 21 20<212> DNA
<213> Artificial Sequence <220> <223> A synthetic prinmer 25 <400> 33

<223> A synthetic primer

<400> 31
Stcactgacce ttceccatecte 20

<210> 32
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 32
ggaataccga ggctgatgaa 20

<210> 33
<211> 21
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
 <400> 33
tggaagaagg agagctcaca g 21

<210> 34
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 34
cattcaggtg tgaggcaagg 20

40<210> 35
<211> 20
<212> DNA

<213> Artificial Sequence

45



t ggaagaagg agagctcaca g21 <210> 34 30<211> 20 <212> DNA <213> Artificial
Sequence <220> 35<223> A synthetic priner <400> 34 cattcaggtg tgaggcaagg20
40<210> 35 <211> 20 <212> DNA <213> Artificial Sequence 45 <220> <223> A
synthetic prinmer <400> 35 bgatgccttca tgctgggtat20 <210> 36 <211> 20 <212>
DNA 10<213> Artificial Sequence <220> <223> A synthetic prinmer 15<400> 36

t aggt gt aac caggggcaag20 <210> 37 <211> 20 20<212> DNA <213> Artificial
Sequence <220> <223> A synthetic prinmer 25 <400> 37 ccaat cagct tgggctagag20

<210> 38 <220>
<223> A synthetic primer

<400> 35
5gatgccttca tgctgggtat 20

~<210> 36
<211> 20
<212> DNA

10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 36
taggtgtaac caggggcaag 20

<210> 37
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 37
ccaatcagct tgggctagag 20

<210> 38
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 38
cctgggaaag gtgtcctgta 20

40<210> 39
<211> 20
<212> DNA

<213> Artificial Sequence

45



30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 38 cctgggaaag gtgtcctgta20 40<210> 39 <211> 20 <212> DNA <213>
Artificial Sequence 45 <220> <223> A synthetic primer <400> 39 5caaggcaagg
gaggt agaca0 <210> 40 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic prinmer 15<400> 40 gctcctgatc aacagcatca20 <210> 41 <211>
20 20<212> DNA <213> Artificial Sequence <220> <223> A synthetic prinmer 25
<400> 41 Qggggctcgg agat cagcaa20' <210> 42 30<211> 20 <212> DNA

<223> A synthetic primer

<400> 39
Scaaggcaagg gaggtagaca 0

<210> 40
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 40

gctcctgatc aacagcatca , 20

<2105 41
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>

<223> A synthetic primer
25

<400> 41

cacaactcgg agatcagcaa 20"

<210> 42
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 42
tgtaatcecgg gtgttectte 20

40<210> 43
<211> 20
<212> DNA
<2135 Artificial Sequence

45



<213> Artificial Sequence <220> 35<223> A synthetic prinmer <400> 42
tgtaatccgg gtgttccttc20 40<210> 43 <211> 20 <212> DNA <213> Artificial
Sequence 45 <220> <223> A synthetic priner <400> 43 5tattccagga

gcgat ccaac20 <210> 44 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic prinmer 15<400> 44 ctcgttccag ttgctcacaa20 <210> 45 <211>
20 20<212> DNA <213> Artificial Sequence <220> <223> A synthetic prinmer 25
<400> 45 ggggacatgg ttgccttcag20 <210> 46 30<211> 20 <212> DNA <213>

Artificial™Séquence <220>
<223> A synthetic primer

<400> 43
Statteccagga gecgatccaac 20

<210> 44
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 44
ctegttceceag ttgctcacaa 20

<210> 45
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 45
aggaacatgg ttgccttecag 20

<210> 46
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 46
agtgcttgac aaagcccagt 20

40<210> 47
<211> 20
<212> DNA
<213> Artificial Sequence

45

12



35<223> A synthetic priner <400> 46 agtgcttgac aaagcccagt20 40<210> 47 <211>
20 <212> DNA <213> Artificial Sequence 45 <220> <223> A synthetic primer
<400> 47 5ggaaacattg ggggaacttt20 <210> 48 <211> 20 <212> DNA 10<213>
Artificial Sequence <220> <223> A synthetic primer 15<400> 48 gtgtggccca
gctatttagg20 <210> 49 <211> 20 20<212> DNA <213> Artificial Sequence <220>
<223> A synthetic prinmer 25 <400> 49 tgccactcag aagact gt gg20 <210> 50
30<211> 2922<0g12> DNA <213> Artificial Sequence <220> 35<223> A synthetic

pri mer
<223> A synthetic primer

<400> 47
S5ggaaacattg ggggaacttt . 20

<210> 48
<211> 20
<212> DNA

10<213> Artificial Seguence

<220>
<223> A synthetic primer

15<400> 48
gtgtggccca gctatttagg 20

<210> 49
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
2%
<400> 49
tgccactcag aagactgtgg 20

<210> 50
30<211> 20
<212> DNA
<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 50
ggatgcaggg atgatgttct 20

40<210> 51
<211s> 290
<212> DNA

<213> Artificial Seguence

45



<400> 50 ggatgcaggg atgatgttct20 40<210> 51 <211> 20 <212> DNA <213>
Artificial Sequence 45 <220> <223> A synthetic prinmer <400> 51 5ttttgtgcag
tggttgat ga20 <210> 52 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic prinmer 15<400> 52 cagcatgcct ctcaaattca20 <210> 53 <211>
20 20<212> DNA <213> Artificial Sequence <220> <223> A synthetic primer 25
<400> 53 gtggagccca gttgttgact20 <210> 54 30<211> 20 <212> DNA <213>
Artificiatzgﬁquence <220> 35<223> A synthetic priner <400> 54
>

<223> A synthetic primer

<400> 51
5ttttgtgcag tggttgatga 20

<210> 52
<211> 20
<212> DNA
10<213> Artificial Seguence

<220>
<223> A synthetic primer

15<400> 52
cagcatgcct ctcaaattca 20

<210> 53
<211> 20
20<«212> DNA

«213> Artificial Seguence

<220>
<223> A synthetic primer
25
<400> 53
gtggagccca gttgttgact 20

<210> 54
30<211> 20
<212> DNA

<213> Artificial Segquence

<220>
35<223> A synthetic primer

<400> 54
ggctcatcac cttcttcagg 20

40<210> 55
<211> 20
<212> DNA

<213> Artificial Sequence

45



ggctcatcac cttcttcagg20 40<210> 55 <211> 20 <212> DNA <213> Artifici al
Sequence 45 <220> <223> A synthetic prinmer <400> 55 Saccctcacca
gcatgtcttc20 <210> 56 <211> 20 <212> DNA 10<213> Artificial Sequence <220>
<223> A synthetic prinmer 15<400> 56 gtcaggtcgc tggacttctc20 <210> 57 <211>
20 20<212> DNA <213> Artificial Sequence <220> <223> A synthetic primer 25
<400> 57 cctgatgcaa gaacacat gg20 <210> 58 30<211> 20 <212> DNA <213>
Artificial ggguence <220> 35<223> A synthetic prinmer <400> 58 tgatggctgt

<,
ggagt ct cag? o
<223> A gynthetic primer

<400> 55
Saccctcacca gecatgtcttce 20

<210> 56
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 56
gtcaggtcge tggacttcte 20

<210> 57
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic priwer
25
<400> 57
cctgatgcaa gaacacatgg 20

<210> 58
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>

35<223> A synthetic primer

«<400> 58
tgatggctgt ggagtctcag 20

40«210> 59
<211> 20
<212> DNA

<213> Artificial Sequence

45

15



40<210> 59 <211> 20 <212> DNA <213> Artificial Sequence 45 <220> <223> A
synthetic prinmer <400> 59 5ctgtgaaact cccccaggta20 <210> 60 <211> 20 <212>
DNA 10<213> Artificial Sequence <220> <223> A synthetic priner 15<400> 60
tcat cccgca taagtgtgaa20 <210> 61 <211> 20 20<212> DNA <213> Artificial
Sequence <220> <223> A synthetic prinmer 25 <400> 61 cacctttgtg gtcctcacct 20
<210> 62 30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A
synthetic prjmer <400> 62 gacgggactt gggtgtgtag20

<223> A synthetic primer

<400> 595
Ssctgtgaaact cccccaggta 20

<210> 60
<211> 20
<«212> DNA

10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 60
tcatcccgea taagtgtgaa 20

<210> 61
<211l> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 61
cacctttgtg gtcctecacct 20

<210> 62
30<211> 20
<212> DNA
<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 62
gacgggactt gggtgtgtag 20

40<210> 63
<211> 20
<212> DNA

<213> Artificial Sequence

45
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40<210> 63 <211> 20 <212> DNA <213> Artificial Sequence 45 <220> <223> A
synthetic prinmer <400> 63 5gaagt ggagg acccacaagt 20 <210> 64 <211> 20 <212>
DNA 10<213> Artificial Sequence <220> <223> A synthetic priner 15<400> 64
cagt gccaag gtctgaaggt20 <210> 65 <211> 20 20<212> DNA <213> Artifici al
Sequence <220> <223> A synthetic prinmer 25 <400> 65 gggacgggaa aacct act gt 20
<210> 66 30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A
synthetic pyjioer <400> 66 cacgaagtcg ttcttgctga20 40<210> 67 <211> 20 <212>

DNA <213> Artificial Sequence
<223> A synthetic primer

<400> 63
5gaagtggagg acccacaagt 20

<210> 64
<211> 20
<212> DNA

10<213> Artificial Sequence

<220>

<223> A synthetic primer

15<400> 64
cagtgccaag dgtctgaaggt 20

<210> 65
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 65
gggacgggaa aacctactgt 20

<210> 66
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 66
cacgaagtcg ttcttgctga 20

40<210> 67
<211> 20
<212> DNA

<213> Artificial Sequence

45



45 <220> <223> A synthetic prinmer <400> 67 5cccaaagcaa acaaccactt20 <210>
68 <211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 68 gtaccccatc ctcctggaat20 <210> 69 <211> 20 20<212> DNA
<213> Artificial Sequence <220> <223> A synthetic priner 25 <400> 69

gagt gggt gg gcgtactcta20 <210> 70 30<211> 20 <212> DNA <213> Artifici al
Sequence <220> 35<223> A synthetic priner <400> 70 ttggaactga gcacttcgtg20
40<210> 71,5211> 20 <212> DNA <213> Artificial Sequence 45

<223> A synthetic primer

<400> 67

S5cccaaagcaa acaaccactt 20

<210> 68
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 68
gtaccccatc ctcectggaat 20

<210> 68
<211l> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 69
gagtgggtgg gcgtactcta 20

<210> 70
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 70
ttggaactga gcacttcgtg 20

40<210> 71
<211> 20
<212> DNA

<213> Artificial Sequence

45



<220> <223> A synthetic priner <400> 71 5acttggcagg accagagaga20 <210> 72
<211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 72 ggaaccagac cttgacctga20 <210> 73 <211> 20 20<212> DNA
<213> Artificial Sequence <220> <223> A synthetic priner 25 <400> 73
aggcccagaa ggtcatcatc20 <210> 74 30<211> 20 <212> DNA <213> Artifici al
Sequence <220> 35<223> A synthetic priner <400> 74 gaggagggag accgtagtcc20
40<210> 75,5211> 20 <212> DNA <213> Artificial Sequence 45

<223> A synthetic primer

<400> 71
5acttggcagg accagagaga ) 20

<210> 72
<211> 20
<212> DNA

10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 72
ggaaccagac cttgacctga 20

<210> 73
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 73
aggcccagaa ggtcatcatc 20

<210> 74
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 74
gaggagggag accgtagtcc 20

40<210> 75
<211> 20
<212> DNA

<213> Artificial Sequence

45
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<220> <222> A synthetic priner <400> 75 5aggacaag9c tcccagtgta20 <210> 76
<211> 20 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic
primer 15<400> 76 taggaagagc tggagccaaa20 <210> 77 <211> 20 20<212> DNA
<213> Artificial Sequence <220> <223> A synthetic prinmer 25 <400> 77

t cccagggat ctgagaattg20 <210> 78 30<211> 20 <212> DNA <213> Artificial
Sequence <220> 35<223> A synthetic priner <400> 78 cacaacggtt tgaaatgacg20
40<210> 792s@l11> 20 <212> DNA <213> Artificial Sequence 45 <220> <223> A

synthetic J%EE!n%rsynthetic primer

<400> 75
Saggacaagac tcccagtgta 20

<210> 76
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>

<223> A synthetic primer

15<400> 76
taggaagagc tggagccaaa 20

<210> 77
«211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 77
tccecagggat ctgagaattg 20

<210> 78
30<211> 20
<212> DNA

<213> Artificial Sequence

<220> _
35<223> A synthetic primer

<400> 78
cacaacggtt. tgaaatgacg 20

40<210> 79
<211l> 20
<212> DNA

<213> Artificial Segquence
45
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<400> 79 5tctgcctctg ggactctttc20 <210> 80 <211> 20 <212> DNA 10<213>
Artificial Sequence <220> <223> A synthetic prinmer 15<400> 80 gggaccgctc
aagtttgtaa20 <210> 81 <211> 20 20<212> DNA <213> Artificial Sequence <220>
<223> A synthetic prinmer 25 <400> 81 ccacccaagt ggat aggaga20 <210> 82
30<211> 21 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 82 cagcagaagg taggtgtctg g21 40<210> 83 <211> 20 <212> DNA
<213> Artikigd al Sequence 45 <220> <223> A synthetic prinmer <400> 83

<223> A synthetic primer

<400> 79
5tctgcctetg ggactettte 20

<210> 80
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 80
gggaccgcte aagtttgtaa 20

<210> 81
<211> 20
20<212> DNA
<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> B1
ccacccaagt ggataggaga 20

<210> 82
30<211> 21
<212> DNA
<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 82
cagcagaagg taggtgtctg g 21

40<210> 83
<211l> 20
«212> DNA

<213> Artificial Seguence

45
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5cccagactcc gtcagtttct20 <210> 84 <211> 20 <212> DNA 10<213> Artificial
Sequence <220> <223> A synthetic prinmer 15<400> 84 gttgggctca gacagcagtt 20
<210> 85 <211> 20 20<212> DNA <213> Artificial Sequence <220> <223> A
synthetic prinmer 25 <400> 85 Egatcgtgtg ttgccatttt20 <210> 86 30<211> 20
<212> DNA <213> Artificial Sequence <220> 35<223> A synthetic priner <400>
86 aacaat accg aagggcacag20 40<210> 87 <211> 20 <212> DNA <213> Artifici al
Sequence 45,,,<220> <223> A synthetic priner

<223> A synthetic primer

<400> 83
5cceagactee gtcagtttet 20

<210> 84
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 84
gttgggctca gacagcagtt _ 29

<210> 85
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 85
tgatcgtgtg ttgeccatttt 20

<210> 86
30<211> 20
<212> DNA
<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 86

aacaataccg aagggcacag 20

40<210> 87
<211> 20
<212> DNA

<213> Artificial Sequence

45
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<400> 87 5atccacattc ggaacaggac20 <210> 88 <211> 20 <212> DNA 10<213>
Artificial Sequence <220> <223> A synthetic prinmer 15<400> 88 caaggttccg
gtgatcttgt20 <210> 89 <211> 20 20<212> DNA <213> Artificial Sequence <220>
<223> A synthetic prinmer 25 <400> 89 ccaagctcag cacacaaaaa20 <210> 90
30<211> 20 <212> DNA <213> Artificial Sequence <220> 35<223> A synthetic
primer <400> 90 ccaaccactc tgggaactgt20 40<210> 91 <211> 21 <212> DNA <213>
Artificial,,gequence 45 <220>

<223> A synthetic primer

<400> 87
Satccacattc ggaacaggac 20

<210> 88
<211> 20
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 88
caaggttceg gtgatettgt 20

<210> 88
<211> 20
20<212> DNA
<213> Artificial Sequence

<220> ‘

<223> A synthetic primer
25

<400> BS

ccaagctcag cacacaaaaa ’ 20

<210> 90
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 90
ccaaccacte tgggaactgt 20

40<210> 91
<211> 21
<212> DNA
<213> Artificial Sequence

45



<223> A synthetic prinmer <400> 91 5cccaccggat ggctaggtat t21 <210> 92 <211>
21 <212> DNA 10<213> Artificial Sequence <220> <223> A synthetic priner
15<400> 92 gaggcggatc tgtttgaggt t21 <210> 93 <211> 20 20<212> DNA <213>
Artificial Sequence <220> <223> A synthetic primer 25 <400> 93 ggccaacgaa
ttggattcta20 <210> 94 30<211> 20 <212> DNA <213> Artificial Sequence <220>
35<223> A synthetic prinmer <400> 94 gtttactggc accacgtcct20 40<210> 95 <211>
39 <212> DMNA,<213> Artificial Sequence 45 <220> <223> A synthetic priner

<223> A synthetic primer

<400> 91
5cccaceggat ggetaggtat t - 21

<210> 92
<211> 21
<212> DNA

10<213> Artificial Sequence

<220>

<223> A synthetic primer

15<400> 92
gaggcggatce tgtttgaggt t ) 21

<210> 93
<211> 20
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primer
25
<400> 93
ggccaacdaa ttggattcta 20

<210> 94
30<211> 20
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 94
gtttactggc accacgtcect 20

40<210> 95
<211l> 39
<212> DNA
<213> Artificial Sequence

45
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<400> 95 5at acaaagct tccaccatga acggcgagga gcagtacta39 <210> 96 <211> 37
<212> DNA 10<213> Artificial Sequence <220> <223> A synthetic prinmer 15<400>
96 atacactcga gtcatcgtgg ttcctgcggc cgccgag37 <210> 97 <211> 39 20<212> DNA
<213> Artificial Sequence <220> <222> A synthetic prinmer 25 <400> 97

at acaaagct tccaccatga atagtgagga gcagtacta39 <210> 98 30<211> 39 <212> DNA
<213> Artificial Sequence <220> 35<223> A synthetic priner <400> 98

at acact cga_gfcaccgggg ttcctgcggt cgcagtggc39 40<210> 99 <211> 39 <212> DNA

<213> Artificial Sequence 45 <220> <223> A synthetic primer <400> 99
<223> A synthetic primer

<400> 95
Satacaaagct tccaccatga acggcgagga gcagtacta 39

<210> 96
<211» 37
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 96
atacactcga gtcatcgtgg ttectgcggce cgccgag 37

<210> 97
<211> 38 7
20<212> DNA
<213> Artificial Sequence

<220>
<223> A synﬁhetic primer
25
<400> 97 ‘
atacaaagct tccaccatga atagtgagga gcadgtacta 39

<210> 98
30<211> 39
<212> DNA

<213> Artificial Sequence

<220>
35<223> A synthetic primer

<400> 98
atacactcga gtcaccgggg ttcectgcggt cgcagtggce 39

40<210> 99
<211> 39
<212> DNA

<213> Artificial Seguence

45
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S5at acaaagct tccaccatga cgcctcaacc ctcgggtge39 <210> 100 <211> 39 <212> DNA
10<213> Artificial Sequence <220> <223> A synthetic prinmer 15<400> 100

at acact cga gtcacagaaa atctgagaaa gccagact g39 <210> 101 <211> 39 20<212> DNA
<213> Artificial Sequence <220> <223> A synthetic prinmer 25 <400> 101

at acaaagct tccaccatgg cgcctcatcc cttggatgc39 <210> 102 30<211> 39 <212> DNA
<213> Artificial Sequence <220> 35<223> A synthetic priner <400> 102

at acact cga_glcacaagaa gtctgagaac accagggtg39

<223> A synthetic primer

<400> 95

S5atacaaagct tccaccatga cgcctcaacce ctegggtge 39

<210> 100
<211> 35
<212> DNA
10<213> Artificial Sequence

<220>
<223> A synthetic primer

15<400> 100

atacactcga gtcacagaaa atctgagaaa gccagactg 39

<210> 101
<211> 39
20<212> DNA

<213> Artificial Sequence

<220>
<223> A synthetic primex
25
<400> 101
atacaaagct tccaccatgg cgcctcatce cttggatge 39

<210> 102
30<211> 39
<212> DNA

<213> Artificial Seguence

<220>
35<223> A synthetic primer

<400> 102
atacactcga gtcacaagaa gtctgagaac accagggtg 39
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