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Field of the Invention

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

pancreatic cells and methods for producing and using them.
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Transcriptional Cascade Underlying Endocrine Pancreas and B-cell

Differentiation

Endoderm specification, foregut and 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
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is derived in part fromthe ventral and dorsal
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Pineda, B. et al,. 1997), Pax6 (Sander, M. et al., 1997), Nkx2.2 (Sussel, L. et al.,

1998; accession number NM_002509 for human mRNA sequence) and Nkx6.1
(Sander, M. et al., 2000).

Extracellular Signals Underlying Endocrine Pancreas and 8-Cell Differentiation

During development endoderm is specified by a combination of factors,

including members of the TGFB and Wnt family. Wnt3 is expressed in the
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m?ﬁjbﬁji 8eNined by FGF2 produced by the adjacent cardiac mesoderm (Jung,
J. et al., 1999), which suppresses pancreas specification, whereas low doses of
FGF2 may be important for pancreas differentiation from dorsal foregut
endoderm (Hardikar, A.A. et al., 2003). In addition, pancreas specification and
differentiation is regulated by Notch signaling (Jensen, J. et al., 2000).
Elimination of Notch pathway components, such as D11-1 or Hes-1, leads to

accelerated differentiation to pancreas epithelium.
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metabolism. Blood sugar levels are usually higher than normal, causing

complications that include blindness, renal failure, non-healing peripheral



and anputation, nerve damage, inpotence and it
decreases the sufferer's overall |ife expectancy by

wor@7negsvavwo decades. Type 2 di abetes usual |y appEESE06/6010212

10

15

20

25

30

m ddl e age or later and particul arl y 5 affects t hose

[
LB AL B AR LEREE RO B BOAY S
S el armputatwnand’vé dalhageo 1m1ﬁﬂelmedmﬂ 0§ deldﬁda‘sdsnhe sudferdtd oxerall

Thi |ns | in resistanc y be overcone for many years
Dé)?f‘?%? aqca@enqnﬁtfpmweén by the pancreatic beta

cel | s. Fypnt giabdi¥s uslﬂgl‘l‘Fgggi;earstlﬂﬁn@ﬁ dee §Iefa T2 u@artl ularl%

gradual 'y exhausted bec

_amdiegtsshode Wi axovssvaightull Tﬁypzhjbdmbetbd; eheelbcely/at ctls l’Haood

o B SRE Fe Trsoln o hSr nalifly ot P rgoand fo el
CaR@AAILY.artis fsekn te@m&h@@ﬂkag bé' 608808 fauhdid e%fkt SJ &4 vl S

that it can only be controlled by exogen s I'n
i ipadin paduction iy the w@ q@n@b@a pellsa riaveamaamwwever the beta

2 di abet
Crahealaah e XEhasiatalhe RESUPER mPIRS huatbiiger
i nexcesssasulihelue ltcsﬁle@ﬂevhﬁarblooatgl@c@se 16vEIsO Kﬂnmat%@k/ the
C|rcula§or%eblocka ges .in the legs |eadingt

arfySEEeTeH ety gelledip andinswin spcrsjign feils, bringag @Sthl iha whi ch

di
e LR L
duentroledbyenethousansudin injactidne. Fighiblood preaslite bitatg@tthsl
hat 1rest|r|CS|t abilit opr ss 20 the gl ucose
¢ fp el e oty foeoppat Gk AEbeigs. Chsse comiiior
BQB Fetl!With hidh bR sBRArSinMchd tM-,)RXk 89ﬂ&\9{ atRCOAHS ¢-;nd
insulin correctly in response to glucose, Tresulting
wlﬂﬁybﬁﬁ@by@kﬁg% e legsdedding tormmmmrm that eventually
also r |res whz{lwg ecti o e, current

avai | abl'e re B tgléfi e, tle§mf‘8 lcpl‘? TR 1Ry genetic

didebet each zﬁwamelty Ofibdt @Habefesi 0TIk VBu@EMIODSY)! MODY: is due
pancreas transpl antati on@é either with whole” pancreas

orlo B ERBSisaaTas deyhsripeyinaordsinectellaiat restiass ifs ability to process
”tﬁé‘%ﬂl:@é'étt tleQfbrs S a%a%@%fa?g%tcbfllg%eptc?rr I%Tg Gllsin ;.

prev ent than pancreas

i splaeents mﬁn@ﬂm aanmnproﬂmwﬁnﬁﬂm wortilpid ﬂeé}gmbé f0ducose,
ﬁgg ot sinple. rlgorous attention to

DS R PTGt G EdBst e g R, sz

aliNgyis igectidlisect i ng the proper anount of insulin, many
ot her factors can adversely affect a person's
bI ood- éﬂl@&urr@nm ﬂ‘(ﬂllablﬁcﬂlﬁsﬂmah‘geatmn’esfel; inkwimdepehdent diabetes
S r ow ness .or i nf i on,

¢ A B0ea BebRETuRinsh S Parcers it Relaht ffhdralhote
prpeme&cb éﬁhcﬂehs‘ @ghi&ﬁ@?&rﬁﬂjaﬁi@reﬁﬁ@f&%t Yﬁﬁéﬁlaﬁﬁéﬁ&wlﬁs}u@iﬁd
sugar) and hyperglycemc (hig d sugar)
r SBEHION LY fo7 meyerpovalow ﬁ@wammmgmmm i pancreatic

islet transplantation. However, controlling blood sugar is not simple. Despite
rigorous attention to maintaining a healthy diet, exercise regimen, and always
injecting the proper amount of insulin, many other factors can adversely affect a
person’s blood-sugar control including: stress, hormonal changes, periods of
growth, illness or infection and fatigue. People with diabetes must constantly be

prepared for life threatening hypoglycemic (low blood sugar) and hyperglycemic
(high blood sugar) reactions.
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30 The embryonic stem (ES) cell has unlimited self-renewal and can
differentiate into all tissue types. ES cells are derived from the inner cell mass
of the blastocyst or primordigl germ cells from a post-implantation embryo
(embryonic germ cells or EG cells). ES (and EG) cells can be identified by
positive staining with antibodies to SSEA 1 (mouse) and SSEA 4 (human). At
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8 curative therapies is evident, Wlth the advent of islet transplantation as a
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potential therapy for type-1 diabetes, the paucity of donor pancreata has become
a limiting 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.



WD 2007/ 047509 PCT/ US2006/ 040212 "Multi potent adult
progenitor cells" (MAPCs) are non-enbryonic (non ES),

WO Qersm and non- enbryoni ¢ germ (non- EG cel | BCT/01812006/040212

10

15

20

can differentiate into one or nore ectodernal,

endoder: MAPCs n.h

posi ti vlgewI Ll @B% ﬁ%ﬁ%@g& Iltgﬁ?éﬂgAa%I@ S%Ff)no&re% ryomc ?non—
C OR$), nat-igerm tifenesémbotie g@fﬁi (RSBEQ) c&Nd that! chn @@ etRen
recogni zed as ges t hat prl mary products for the
e s eta e demal e baame sodbmer aell es. IEAPCs

r %ﬁ%lpo‘é‘ftltvg %ittelo'i‘rfe?e{sb Cotiie E@?@ﬁiﬁ%ﬁmﬂ%ﬁ &L

ed
f rom hdman, nouse, or ot ear 1o be
t hEelombl;asmolr Qet-3/4 ﬂname b@lmrgm@nizpd soppates that afd pr{rharg products

el YRR taie] SHe. beloBRye soeeeRl &7 Soheenearbiig
arl@pﬁl@,{twé 8614R6Hnkca! MS/AF(?deéﬁ%gd ﬁﬁn’l ﬁﬁﬂéd" F{Jﬁtsm%? otdRPCs

are karyotypically normal . 0 éxpress
pRTio e thﬁmlmomal,gmsn@@tam SoinatihestEhs.) noms-

tr d|n t. | east S varlansm

A eh%ﬁ“%‘% S ta 0P leffhactlia ek Forc Gapranes
i Sceﬂl@ UTHe telomé&es drediot se@fuemidligtredhce it Rngth8NEAPCE NRIAPCS
Cct - 3A SP| ice vari anWl so previously 15 designated

ocire Spryptypically permeld G%n@ﬁ@bpfemreﬁ-‘bSSEAé’r and nanog

di ff Ki
o D00H 0Lt B YRt SRV PRUTRARKS 56 sprice
f actriantséx humase Oct-0 At dnd QHtB@aSIHeL(Dc&taBagplﬁﬁbaﬁﬁlt @ﬁﬁh&’ in
oG Geash gy Spi X»%’area%&e'ﬁﬁﬁ’ A soioe VG (e BBRlys
( Nle@@ﬁ!it%dbct 3ﬁ1t) 1?11 pe 20 gl ??&ﬂiéfcg%uﬂ LAttt W6 onic

| S are i nduced erenti ate. pression o
Ocﬂtem opll éShimarakii wpalr 2603). Dot-¢ (Oet-3it lmrmns} e tmnséryptmn

s in ein enesi.s .and di.fferentiati on.

oSBT B R R At Ry e £ v ey,
acdeuy af ireAnr cbi enadlof 1B Blastol P 8ind R ydnic 84rsRoma (EC)
required for maintaining ESin an undifferentiated

stvs‘%lé (NiBels il o etialdiPg8 Riang 1Sr®“m—reg919ced VBeen- ceBhathaduCEd to
o a8 sl 00 O8O PR S0P B R

er nore
nestepadn tmpetogetiesi dnid (ﬁﬁ‘éreﬁhdh@nf elcﬁenﬂlntd@ﬁlbmatlon with Rox-1,

~undi fferentjated state of ES/ EC (Unmanogho D et al.

25

30

19G85¢s RS aipseaMastivtion s fheyen- ﬁSg%TéFPT@maR%K bralspoieanizgd for
06hhe&lihs ES‘?H th LR Gifhel tiaMBEGR: (';k%gfr? ha?x %gkidhé A, 187; Ben-

regenerate all primtive germ]| errm
meshyideamig et ah d9%&)|; ddedditibi, sox-2y B}tpressaahdl ESVEG Yot aléanin

cont 0.t are egui val ent o ryoni c.stem
c e St e inted vl Aot e "SRR e e o
angdaffsentisel aite QfESﬂE(E AOREJZRS TP -al. T1f9©5pl Maﬁﬁérfaﬁée of
potency of MAPCs has been proven in various aninal

nmodeiee ES ﬁ@li&ﬁ!ldrmﬂnwd@égemmells zovpire B genei ¢

i e ( RRppics Haye HERRRY KME8ierde rll Bt b NG v

et(amiodeﬁﬁ)ﬂZmescﬁeﬁﬁﬂl anf@t1e & a0y in bith® arkBinlvivo. In this context
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
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Accordingly, the invention is directed towards the following compositions and
methods.

30 One embodiment provides a composition comprising a first agent,
wherein the first agent is Activin-A, a second agent, wherein the second agent
inhibits sonic hedgehog and non-embryonic stem, non-germ, non-embryonic
germ cells that differentiate into at least two of ectodermal, endodermal and

mesodermal cell types. The composition may also comprise BMP4.

10
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In one embodiment, the composition comprises cell culture medium or a

pharmaceutically acceptable carrier (e.g., a pharmaceutically acceptable
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a@éh%ﬁ‘c%&lei n the first agent is Activin A (for about

lto a*Qﬁiétenﬁ)oﬁimeﬂ{%_?&ii@eﬁ%ﬁsmeth{tf{Solkggft@%inﬁgtglﬁtoP—%nﬁﬁ%(tﬁg(gé{Em,

6 days), b) contacting the ce rom
apoigenm,AonFembrypnia gdma cellsdbatdam defferentisteeing at 1édsetwo of

L AT T

2{021%&%[&%&? ﬁblé&%ibrmm a6th) -3t 4@l of-BMrPbhe Gert S5
w1§1 a %rst agent, wherein the first agent is Activin A (for about 1 to about 9 or
more days, including about 3 or about 6 days), b) contacting the cells obtained
from step a) with Activin-A and a second agent, wherein the second agent
inhibits sonic hedgehog activity (for about 1 to about 9 or more days, including
about 3 or about 6 days); c) contacting the cells obtained from step b) with EGF
or HGF (for about 1 to about 9 or more days, including about 6 days); and d)
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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or HGF (for about 1 to about 9 or nore days, including
about 6 days); and d) contacting the cells obtained

WO e@mostsep c) with one or both of nicotinam deP@r/US2006/040212
exendi n4 (for about 1 to about 9 days or nore,

7/.0475
b RRFRONGS. 8% hBodbEh f S RANA L B R
emmmpme n@ntacﬂhlgﬂha¢cllssﬁ1&pBMP4o M b@&theﬁdﬂﬁﬁdﬁl&heﬁoﬁ% gpe
@H ct| n the c “E%\Flﬁ?trh BMP4. | n anot her enbodi nent,

?{)"0 TISGH GOR Sele Wit one gt betheT (FRIF ean bstagpiulin
e T

5 anti - Sl-liHOam%mbo@i}menﬁ ﬂhmca]mtmgtxxcmmmut it h@roc(@@t,aﬁbulﬁﬁe).

carri d .out v [ture I n one

SF Flofbaifith i sRraePind & Lt SHiobE entooingehs the
e @ﬁ&btﬂ@h*s sithifl@ineS@NIAGHE BRbbGnhiHld &'ﬂ@% %g&/ﬁgﬁm or
enbodi nent, the cells expressing insul 1'n o
i H@W@ﬁé@fde?’éﬁ% E¥yessem ofinsuhisusesnatesaorint(e. gi, msauling ){ cepgmde

|rb§léll b atmﬁ }pe§§)tf| de or a conbination thereof. 10 In
one e { e non- enbr yoni c stem non- germ

10 non- enﬂnysﬁél e@bodiffent, ¢ied hoh-@hery BRI, 3BnGRIh Sndrferfibryonic
human [1s). In _another enbodi nent, the
ncﬁ’?néﬁﬁlf P@l@%l%ﬂn Geln (s libﬁmfmﬁ?ﬂé)'r‘dfl}ﬂ@ﬂﬁh@r grobediment, the
( r I ced with
(bl ] 04 LS ROER. 6 LN, o
t heffgramoatedbprogerty) arestearispded wiflecpaicreat opaheiptidy fdtor. In
Neur oD,b 15 E 1, Pax4% Ptflalp f}8 Pax6,. Nkx6. 1
NSRS SBibggimen gﬁwmqaaﬁ TRRSSFigHen facter sampHess Nen3, NeuroD,
15 erfaqdi, mexs ,Ptﬂ47§483@|aﬁ6 adbicC1, NIGD 9 ARlohfin i RG LR cof T
conpri ses "Pdx n3 or a conbination thereo
erBo@EnEModiment ﬂl@smacmaﬂdmwr@tmdwtdecqmprmee Bﬁxd Ngn3
c%lr %o{n%m%tm%ﬂ% i n-need thereof conprising: a)

cont ac Tyoni c stem non- 20 germ
non- emrbé@ﬁﬂﬁ)dﬁﬁéﬁﬂp@&hﬂ@ dhétho€ ooV idE pEsRbARI 1L B
at | east two of ectodernal, endodennal and nesoder mal
cErbicghyp geed fhetgofeampraging: gbeentaciing menrembryieni¢ stew non-
a t he

20 29ERk lob MYAP pfd D InARER RARRARAL il FIELT I
t @ctybdemhl celdderimalimigmesodeeed ecll epps ﬁr&ﬁlaqﬁs@fgeﬁs;i ¥herein

lgl)g nl steri ngagt he cel | s having, i ncreased
Elber ST ISP A fag 2secqnd agentowheieahp serond agent inhibits
C@bhis hbdgeh8§ (SH) SR vityhd ymcm%hgﬁé&eas%@ gxpressmn of Pdx-

non-enbryoni ¢ stem non-germ non ryoni
cél prd Bradmanisisring ﬁtamﬂe liawg mcBiRet] exlpresamntolﬁ @dx 1 50 as to
the .cell.s Vi i ncre d ex essi on, of
25 PERd B Rbrealic Farfith i OB g s on-gmpgonic
hatein gon@emaﬁﬁcbnﬁ?fﬁélﬁﬁ st@icdlfs aré\ﬁﬁ@cdi{té&éd W#h BMP4.
adm nistration to the subject. 30 In another
enbodi Feftothergambedimentihg p«ﬂ@ haningdacyeabed eppresioroel IgmB

Alfe contacted with EGF or HGF to yield cells having increased expression of

Ngn3 prior to administration to the subject.

30 In another embodiment, the cells having increased expression Ngn3 are
contacted with one or both of nicotinamide or exendin4 to yield cells expressing
insulin or having increased expression of insulin, 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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subj ect . In one enbodi nent, the cells having increased

a)égrlisor et acel I l?%i nﬁ%@%ﬁgﬁw gﬁ%&&’{nsgﬁﬁ QXI% fessmg
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met hod to rowBr e insulin expressing cells

s ISR, PO EBRYORiG eatR cRlliiat @nrﬁigffersthé%wica@tlﬁaﬁg two of
n
[ RrReNA OGRS hnd MO ol Bl WHYARSCallfif Whorein
eéh@ﬁ@t agant isshetbdeAnh) ccarhzdzémg f@@ﬂlmbtaﬁﬁﬂ 'frd“%\ step a)/\Mtlg\
I.¥ a n erein t he rst .agent CtIVIn
b AT AT ceo it oBnt W hettle e sboon SRR fhibiss S bedeehog
Acibiivity) cﬁc@ﬂﬁht@ﬁﬂ@%ym@ OBERIHL froM Stk ww&neﬁ@e&oa@wgf nt

i nhi bits sonic activity contacting f

c SPREciing the selds Cfbrt@mchfr@p skep Qbmlﬁl CE@I@rdthH@nCCdMamﬂe or

t obt ai.ned f W th one .or
porpgh RSl GPAURE b LEN T BlrepiesaPESr PR of
exyutia Sartige) |a1i1131m1sternﬁ)g,r the @¥l1NEk prétein@ 38RMUn X RAAARS iRl
10 insulin, and e) adm nistering the cells expressing

i GERIePHOR P iRaYnHg thw@&ge@ onggprhedine, stip Hnsep bhorthwth
I8 R e BOURCL TR Bz BB 5 Phafles on

bot h er conprise
stoeboidil)offGDEHeo*rbcemmﬂulﬁes one or both of GDFI 1 or

bet acel.| uI [ 0. enbodi nent, the subject is

mammal ¢ 81 %‘PWGWBH}G SUpjyCis gipaspma (& geﬁ%‘&}%n@ anoffer
S 'éﬂib@&ﬁnéh@&h@s&?é&@ h&a pencFlaBOIREfePbr i M ¥ oﬂé%bn%b% e,

enbodi nent, the disorder conprises diabetes esl
pémcchwflerccoatm@sa diabgtesn obesity, pantieativratrésimn pamdrpisal

SR AR N TR -

hy:ax&rer mu&mmimwhe defideditiypBiMsulinkhe 16 oA 8 dient,
pe ||l diabetes. In another enbodi nent, t hé

or

ﬁ)etﬁli‘/bqt"sg ig ZBe Ferstime Ibdliapeips i nauothenemhodimientritteahiury is a
r t L her
e?n%gid%l ng J(mpr ovi dés télﬁgcﬁggg&%t? éllﬂg %?eél paredy qﬁ’n?tﬁ’él
neteheedfs descri bed herein to prepare a medi cament to
treat ancreatic dis er or |n ur I n
enbodi £ em%f’ﬁ%n‘?%aioéf She ysgof el Snf%l?ﬁﬁ?d ’é,sé%leanethods
PhyseliobORLS b YR irACRERLARLE & fEL ?an&reat?%h'sorﬁ&l §Hbftry.

medi um Bri ef scription of t ure
dEpPra enbetemerigibe mddinneht Bmtedemmprieee phys:@lb gioally

dod f d
SRR B S b BPRER. oo by & 30

conpl enment of specific transcription factors.

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
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% 0O3)
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Figure 2 depicts the phenotype of |ow 02 nouse MAPCs.
MVAPCs were derived and maintained at 5% 02. (A) Sone
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and 40% of enbryonic stemcells (which is >1,000 fold
hi : s ' ' 0% 02
R S e A R T
Thingadedlutzo stairing fbr (6)ct-BACSnfpared@o EScels NVAPT saRrdby Oct-4,
c S ot ol Hesl Gt kit o PR s, P Nenoe
Easdx- :
Sy Tt TR B Bl PR SR D Qi o o ABC are
deydal.ethyto (3 4MBPG3, JEEC-BlaScldnd ITHGID44 (EXtve, GuBcKit
DA Wb e TR D58 B RS oS
IERGQ pd '
e T o et R

nuadeinthe ekin ofarmdmnpay. (Vindvidd Gsnstdated ondapxioomoxic

C Jy bl sub uent | L tched.t.o 5% 0 .

c oo B Fe Y B IUEE R Rhedis ¥ ChBruibPrs Abichumecein

s utdhs@iptiohenatysn eudic 6ﬂl@ﬁd”typ§ai€ ges, kiebebtha thhf¥e isolation
i sol ation_ under | ow 02 may select for a nore

priodei WOz mry seleghipma mere tiinaitive el ppeulatigmeandtthasaheé s
3ﬁ’??%‘?g#‘fismoﬁddﬂdﬂé’%q’i’fﬁ gure 3A depicts a pancreas

I'at1 on protoco 3B and 3C depict various
f act or Figwe 3dsdepiiats apirdopsas diffathtiybionprddRATs 3Bawd RESdepict

pancreatic fate and._ 15 various transcription factors

P RAToEGkede Bx rouauian g A WARCH ferastt » atncigic fao and
PrRAEESStrars! ' L ol gi ce
O e o N PG bl R, AR B
| drepespat ches of epithelioid cells can be seen in the
adherent. | ayer..surrounded by."stromal" ing cells.
By oy HigEHspihE SRR ol aBbd: SR ng MAF GRSl

didiferenttidh cvithides WBlydagles ilzﬁfg@%)zﬁghe%'df ehithctioféh can be seen
eventual |y bud off In the culture supernatant (day

21y thederient Byefeprrequndediey fsstoutalslogkingcrifs. BBRday 18 these

YL e LAY,

meyentgaly sl offjirt the cakuresuparadtay@dyozol descri bed in

Fi gur efFBA. Ever%/ 3. days, 25 cultures were harvested
(data fopurgP dgpicksthe prgubsiof Qv I-RER cvalietion Af rat MAPCs
NQRerALABARERr 2¢ldusd ﬁ%r&%&écﬂn@%ng)é%s{ L REAPAD Urere plated
l evel s of transcription factors an ornones were
meaguata gelwing tRT sea@Rhtizd ppdeced desctine CAFRE@S AC dftarpB days,

ngﬁ@:rgggr’%{egl%%%m{édfh@%t%\@ﬁgf %Sgrégﬁgw%g@%{-aﬂached
\;\ﬁﬁgfvs\;k{rda?’iél?j, RINE eRtr&26M ah@ vtk b irhfcbtib@FacNandstiohss
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
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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stained with anti-Pdx-1, c-peptide and gl ucagon

P R A ST PR el
bl mhelp R MNOcaiBdemictab cétitolagai nst Pdx-1 and /3-actin. In

bot h nel RIN cells serve as control ure 7
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ern llec d.and c roduction

%ﬁff’@&%@“ﬁ ldﬁ pé gtign H’@Bﬁ‘@?‘g gﬁ@&r ‘onal K and
Ca charmgirs S%pfé@st fAnétidel Keahh Gl dﬁ§ﬁ1€e‘lsson bt gﬁ{e cfll' clusters.
ma e of a cluster of cells that were | oade

L 2n mwwmf apilhéttﬁ?d)f colts that WW éqade@wﬁmmam aﬂad placed

r vi deo i.magi ng. | ot .on .the rij
hglv\a/gl Slg anges Olreﬁ “Hst ngré)g g?r Vé ’Intﬁgfnrgo ri he plot oh Hthe Tz right
cahoenthiamgeoin iffriseRAulat calditnt i0h kesdeattatih ([C R 2 rEALH& by
in the reglon marked by a circle in the imge.

| Hbraeniabe, indhg yegippimarkedby 8 ccrvl@mdlebylagmh@mwgn ([Ca™;
e)%e{ré‘ 8@3&&5 Ib? 1nc§ea{sﬂ &%GQEHQ% Io&%oé%en%r%ﬁ%o( {6 {r%gfrom 3

I NCr ease was |

c ahM) tamd dhia mvedasb ivas kdibitedityehé Pitpge ¢ad@uiddhanddd biicler e
J cts Q @ﬁspl antation of endocrine pancreas
dlni1 (§ teéd rat MAPCs in SZO treated nude mice.

BI ood ad 99 %{‘efn‘%ﬁéquai él&&/a@é)ﬁ dE&ﬁxe?aﬂ&eﬁs dlffe!régl't?ia{eﬂ rat

days on e X axis. Figure 10 epi ct emat opol
r SEOREs in BEO dreated onrle/aPEs . BISpd gineete-lewls(nNg)) SEIE: yrakis;
II|on Tg-GFP MAPCs |V fol | owi ng 275¢cGy
%?érl\rﬁé%?' * 2 under cover of anti-asial o-GVL

i nj ect iRdguré qzle a(ejpﬂﬂs hemdibpoieAt E@bné&ﬁuﬂ@?ﬁ*&n NIA®CRNISHBYySck-

were sacrifice PB, BM and spl een hematopoietic cells

wOlENO A @acwcm@l niHioprlssGHE L4 PCel i dellaeink 275¢Gy

2;‘1331&1 ?dr%?llld 1?@%9 @o F ?Qgrhhlgte 19[2 né]ec'::%?oonl@slggﬁg? After 16
Gﬁ%eks;ﬂshd ammddmm sac&lﬁeécs PiB) BB EndvViiPéenttiond di6sbid¥del1g Brere
Ef &g week- ol d SCI.D nouse received 1
anF iy%ﬁﬁic%F forgrpregcs &f daser eikisnidineie Bpesserdabierantiasion.
al]!@gfé@éiﬁﬁtu&%&%gféfoﬁ?él er%?é@d%@u injection (d-1, dl

. After 1 e animal was sacrificed. 70%
of t he Figop: 1 Blepieid G5 bsnlih edvaboisbiteini GFR MARC weafed NOD-

G R IR ORI R
MAPCs IV following 275¢Gy irradiation, and under cover of anti-asialo-GM1
injection (d-1, d11, 21). After 12 weeks, the animal was sacrificed. 70% of the
PB, BM and spleen hematopoietic cells were GFP*. 7% GFP T cells were also
present. The pancreas of the animal was analyzed by anti-GFP-Abs combined
with anti-insulin 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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30 with anti-insulin Abs. Shown is a GFP+ islet and a
GFY islet fromthe sane pancreas. (Exanple of 1 of 2
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PCT/ US2006/ 040212 Detail ed Description of the

I nvention Defi nity.0F ' e ternms bel ow
are defined by t%@%ﬁﬁﬁ‘m&%&?ﬂ& MAPC' is an
a@afimytiorfsor "nmul ti potent adult progenitor cell." It is
used 5 herein to refer to a non-enbryonic_ stem i
(non- E9)S U556 ﬁ-eﬁépr’ the trips ReloV perdetmed by the Rlawme measings:
that ca pye;dd I ke ' | cel liqt

of mor o Ve e R R ok ] oL e Rusea
| ihgesdiy trsrefidr tan nbeasibriont gem mémEs), son{germe, nonesnlngierio)

VES 0 ChaB- By riF 8 F Gy e diirieTerdate o) Pt pgof mpre
r ey Snet é@nlﬁy@ﬁ@ 1i8EH2E Y i¥ah forkPcPHRabEs S8k east two e layers

"Ml ti poten refers to the ability to give ris
cél-¢., endodermnpfmespdesny Indrectodmeneugonybfferentidtivaa Jae term

o1t P RhEtbencetth MABEIP G rasBichE cltreRrs a2 goe-sgrorgonic

t komatipedliri ti ve germlayers (i.e., endoderm nesoderm

and ectoderm . The term "progenitor” as used in the

acr onymMBlpRieprefrds theebilifytpisiveréssdo eell types of more than
PAKL L i e b QR fer h et
D ont i BRARAEBRAS, b b BbE MR G nomrestrictve
" MAY€Er caoformedelldtheages of ell seppriditbedetndyae (i.c., endoderm,
di ffeﬁlienti ti 021 of stemcell  that have sone, but
nGteaH ™ B R SN r Fetteny SRIPEEUGF " atsed in e Apieaymy -
diff APEMBbALRILRIQBER Y1 OB d Oﬂ‘ﬁ@?\ﬁ&%ﬁﬂ%&or cells, such
as "pancreatic progenitor 20 cells,”™ are conmmtted to

a | i neafapansism” meferstto the rypeagafion obeells avithontdifferentiation.
differegtiated celd t . "Sel f.-rene " refers.to the
abi | i t yp %d§e%1?%§3§% %é@%c%f? “"SQ&BHP%&%&W@LOIH%@ Ffg cell
dittfat aendoned, bomndp@ll eftth@bhdribadristiss b @B k&G ARlndg- t hose
frogn which they arose. A simlar termused in this

c Hfssatated pragdy: Rafined prpgenidar cellp shelnee Panupatisspgentitor
0 ’ : , =1, LeD or insulin 1)
ety SR S8l Itk bulbiblo 2 BOBCa ALY

r diferentimtddocelligpeparent cell (a cell prior to the

reci teqstlr eat rreEI Ee.tl%. co_ﬂt acting with Activin-A)

and/ or ?f”é%’&eﬁ@ Ty theabiliarta geodiee repbicpteidaughier qells
ehé‘ﬂﬁ% Qiffdréntlali6n BRI 15R4d 08RG ROhoseEX Bt SHSctBmBRAIEL.
and the progeny does, there is an increase in
exXpredlst eam veed infthig@ontiet i prpdifisraténmtt esses nore of the

mar ker red to the parent cell_there i also an .
i ncr eas_gn%?%gee@fﬁpé%ggﬁog n?P a eéi%%p?é’f‘i Iﬁ@?i QeggpD or msulin
eXprefas t® Blcraasdad KRINA and/or protein) relative to the parent cell (a

cell prior to the recited treatment (e.g., contacting with Activin-A) and/or

(@)

treatments) on an average per cell basis (for example, if the parent cell does not
express a marker and the progeny does, there is an increase in expression; or if
the progeny expresses more of the marker compared to the parent cell there is
also an increase in expression). For example, increased expression of a marker
(e.g., Pdx-1) can be an increase in 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, about 1.055 fold, about 1.06
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(e.g., Pdx-1) can be an increase in expression of up
to about 1.01 fold, about 1.015 fold, about 1.02

fold, about 1.04 fold, about 1.045 fold, about 1.05

f Yine 5 u JA 0
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38 é@d lcg gut 4 000 fold, about d, about
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9, fooiad |
aggﬁb?%f%ﬂdo%boﬁ?zs‘?% Fha i 00 BRRYbock 25IRB ) oyt
f 30000 bldy1ab B 35,0000 foikd,chboti,A004B1d) Bfout S0 dbldpdbout

250020 7ot B o i 0w sy . Gbowrdd dgaiiveo

f Godoo abIauibRE 89900 Fak daboamuﬁoo%l@%odt%d 00@*?&%1[ greater

100, 000 fol d or greater as conparéd to the par ent
c @5 Fomnpies o thematagé cgbiongalay GIEE%P@)OGHMSIQ)‘ fective

anmount ent that. . .

i bi ¢ RO ERbub o C oA ) Refhin®R SRR Pty
OISHIBRGER| H@AF] miotimndde, 2RENdM4, Cﬂjfflqc‘drlb‘éﬁtcbl%hn) is an amount
dlf erentiate the cells as rected when applied al one

oref Prvsgo dUEBEREAT B oflls 35 tsritedowhem Arplisiniane g ént s.
%Bﬁlbﬁfahon%th &@%ﬂg}rm&ag%ﬁf ers to the process of
'ul ar contact an I'ncorporation into an existing
t | s sue “Bngmiftt’ er 6éngraﬁmem’é teferk to the @reseboeli oviinlar contact and
greater than about 5%.greater than about 10% %greater

t S TROBYIRD fgbﬁn ‘?j‘fl%’é’lgé}s G HAHe gbiiresody O‘éereé’é MERan
alppdater 20 abBL LS CErehidAthaR RO 1806 AR A8l abb

about 359% greater than about 409 greater than a%reater
4@%n aYpeladSr, grpaier thboahout B8 gngateatmn abnetr3 0%k @mtatds $84n

0 NMnofreater.th t 65%
P B a5 AR oDB0R0 R GG mim A BBk stpai than abous
g ISG%I; greaten amnabout 5580 re@éraBirLdbout B, aRatet (18R Ybout 65%,
greater. than about 90% greater than about 95% or

aBEater ignorbost 7 Gangrastst hamebovhPEs, gﬁeaiﬁr 6@@ oS0 eafoater
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ti ssues.
of administered MAPCs or progeny derived therefrom engraft in the pancreas or

other tissues.

Persistence refers to the ability of cells to resist rejection and remain or
increase in number over time (e.g., days, weeks, months, years) in vivo. Thus,
by persisting, the MAPC or progeny can populate the pancreas or other tissues or

remain in vivo, such as in barrier devices or other encapsulated forms.

18



Persistence refers to the ability of cells to resi st
rejection and remain or increase in nunber over tine

W@ 200g/04750ay s, weeks, nonths, years) in vivo. TPCEDS200§040212

10

© 15

20

25

30

persi sting, the MAPC or progeny can populate t he

pancr easln&}{uél%{/ ?@5 t&lbﬁaﬁ ef%?s o IR 13? I?%lg%t and/or %gth

in barrier es or er encapsu

2061 Hirfle) DB ELRETE. @Sﬁﬂ@@dm@ﬁ&ﬁ kenogehsio) e eg iotza#nd bEEARGE'
"refers t the urvival (in amount and/or _|ength of

t i TrEIpIcEE S 1§ gryival léPﬁS@éﬁ%SPE o theiphibijiareafe graft

U 38HRANS %ﬂlﬁﬂ% Réurft §h llImTl::llHo%‘é‘S? s8 ltl%{t:'iwo%lﬂpétﬁgﬁa?% JPin

survival is often a re ibitron o
grrasponsg echpindredteticanf] foreygnt @llsmhnmwtalesmmuee:aﬁ eﬁmﬁms
t hat uld otherwi se o ur in.5 response to th
| e R RO PG SRR v R R REO, frets, dneledeckip the
e NEGiRRRf idHfuablogid t3T8HRE WK SRSl AR %nﬁﬁb(l%gm%ﬁi‘ﬁme
mont hs or years. I'ncluded in the definition

i iR D @ise enedrmpasseseinstiengdk whett the grhfi lﬁmlmhbqﬁ the host.

toI era f, S |nsta ces

the gra 3 tegn tlcs)sla%e irefg’i’gst? ﬁg‘glﬁ 8{:?6 S'Fﬁ’éd{ gPme f‘s@%?l\éﬁg&“th
r efrefos niode eellBerlon®br f@dkd Selhftir 6BmPseenfothatds QsdoathaRd with the
with 10 one or nore cells or one or nore cellular

cOFHORERHSI Ry At eenaisheasbpapuisgiont taiors fiea rdetive ipereasslins

[ I

e e e

VARPES, sucklag hon-dIABCaeh types,p Ve ok iepridetst culfuyfpes, such
in vivo or .in prl mary cul ture.

asq/? oki %@gqﬂp@% efP}azf B Uiy atom 4t dios pperliahen eellulsr
enheneent 8hétAsMomihg oFRILFENSy otﬁ&%&n@éelﬁoﬂﬁoﬁgmfgr M
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didiffercairieheadld. Eotdlsnes@yayolsmetmutsip sa¢}sce1]stto divicet @
cfffer%ethlts to divide or differentiate. A "subject" or
OUt'¢e can be a vertebrate, i ncluding a manmal ,

s uch  as “aubjuerost ceNRBBRE Sanh BEA u@i@ebraéltmah@mgetmmﬂﬂat 86kh
to humans, farm animals, 20 sport animals and

. Mamapls ingluds, hut are aet limitechie, hemans; fsrasimalss
d‘%grt aﬁﬂals gﬂdscﬂyn n&%ﬁfo@f elmmgly' ﬂwke %cﬂdgd mr}ﬁ”?etrglr“a; rﬁag’s f do g,
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anel i or 438 hefn, FRBAA iRgh rbr"‘ﬁleéc{frﬁén@’ﬁnclud s treating,
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ener al I ovi des the
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armount fﬁﬂ‘f‘efffe@tlﬁ@émblﬂlte%&%@illyamezﬁﬁ Refhfoudl wﬁfch%?ésh&c%%e
result, including a clinical result. The dose can

adiesingdsafack Farexamaleonn pieativa dasais et pmointeficicntde nffect a
| neheiaip }ﬁeﬁfeﬁsfgéu?tg ﬁ%ﬂldmg a clinical result. The dose can be

administered in one or more administrations and can include any preselected
amount of cells. The precise determination of what would be considered an
effective dose may be based on factors individual to each subject, including size,
age, injury or disease being treated and amount of time since the injury occurred
or the disease began. One skilled in the art, particularly a physician, would be

able to determine the number of cells that would constitute an effective dose.
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their differentiated progeny can be administered to a subject.

Human MAPCs from bone marrow are described in U.S. Patent No.
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
MAPCs, for example, are also described in U.S. Patent No. 7,015,037 and U.S.
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T%ﬁ MAPCs_ can be isqlated fromnultiple sources,
B Hys, MAPGroandg i3qlaied Gemeraultiplsrieuress.ripsiuding, but not
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rel ying upon the genes that are expressed (or not

exXfr EbaRg Ipehtheigeaes the argexpressed (or not expressed) in these cells
(e.g., by functional or morphological assays, such as those disclosed in the

above-referenced applications, which have been incorporated herein by reference
for teaching such assays).

MAPCs from Human Bone Marrow as Described in U.S. 7.015.037

Bone marrow mononuclear cells were derived from bone marrow
aspirates, which were obtained by standard means available to those of skill in

the art (see, for example, Muschler, G.F. et al. 1997; Batinic, D. et al. 1990).
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specification; organogenesis of respiratory tract) (Packer, A.I. 2000), Hox-a9

(myelopoiesis) (Lawrence, H. 1997), DIx4 (specification of forebrain and
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).

D. Presence of Oct-4, LIF-R, and hTRT mRNA was confirmed by RT-PCR.
E. In addition, RT-PCR showed that Rex-1 mRNA and Rox-1 mRNA were
expressed in MAPCs.

MAPCs were also demonstrated to be CD105 and CD106 negative.

24



contrast, MAPCs cultured at high density | ost
expression of these markers. This was associated with

waenesesnce before about 40 cell doublings andP¢DES2006/040212

10

15

20

differentiation to cells other than chondrobl asts,

02 oL P RBEL s cx A VAR B o

d esci gk herew rand émvnbmunnda tiveredd bedimgHouetah ddAPCs expressed

B RoRd el porr e st POt 1hEE ek b Rox.
f of ndRIA ‘Ié’UeIsb\{/&e GulMAB Goredsbid MiRad DAY éﬁﬁl’ﬁ@h&ry ec} iSO

serumfree nediumwas preferred to naintain the’c
i ncelldoubhagst W@wbws@ké@l phenotypichly Medte bomogamus oells. In
cuI t lt‘

suppré WBM}% Sacsu 1tu56éls§ L gzls%’glflﬁ' l%gtb B refsmﬁmﬁﬁ}? SRRBEE g ol Dis

NOWwad SAodi&ted With sedaabéie befons Mdun 4@ bélllﬂoﬁlﬂmgs 5&1 E/sm)f
(about 10 g/m)* Transferrin about

( a%f@rensa@q togels pthershpe ghondreldesis, ozceoblms mg? aipgeatrsut

5 6%@% MARYISOE @%ﬁﬂgd%l RHEofsaf) about 8.1 - 5

g/ about 2 - 10 g/m~
(about MIAPQYisdlhted Bedesrribbbhasia cabbe tulfurdddsing &eﬂﬁ)dh/l

t 0.01. M ascorbic acid 2-phosphate_about O.
rrM?lE?LjRﬁ NG @Kbnéﬂ/%( DRERD Z;)wfa%mm%pora@éw(raf@me for
60%%&@9&1@01 about 40 - 60% (about 40% Fetal calf

serum about 0-2% Pl atel et-derived growth about 5 - 15
ng/ M (Bbefly, fdﬂhﬂgﬂlludr)e of EpARIES, |cnhul1regmhw berﬁm@meruabﬁﬁe

t 10 /. |
¢ el B0 fnhe iR by o8 el SRR o
I NiMeBivbhPhsed t@edifre aRAUs, ] d@&r@@@ hédelaRaY bupb1@0htdd s

* Preferred concentrations are shown in parentheses.

Addigserilad ipfTahlscut Humam Yy ARCy dametaediiedAEMAPCs di d not
affect short- 20 termcell Qrﬁl"‘ﬁh (sanme cell doubling
tinme till 25 cell doublings &vel of Oct 4 (Cct 3/4)

expisgisi on) . I n contrast to] yhik 10850 HSAAI Wbl 10YBAR])*
CE Jaﬁsfeﬁ‘ﬂ‘Pﬁ ;rresnnimjrl ne 5\1_5 O”‘i@fi&% Fa ﬁ&@
depteted—on—day—0—of—€b45+—¢€] et
C 15?1&?1%?1 no—arowth-Wwas-—seen cbﬁz Jﬁ[&gkﬂ 1 t g)mll
rhBAYAE FeHm almia (B b ahous Ad L PiSqiefml)
dalmolent aid depl et ed of 25 WDalﬂﬂﬂ)Z/—Q@l@@ﬁl (about 4.7 pg/ml)
PODEL 2066840212 about 0.005 - 0.15 uM (about 0.01 uM)
L-ascorbic acid 2-phosphate about 0.1 mM
Low-glucose DMEM (DMEM-LG) | about 40 - 60% (about 60%)
MCDB-201 about 40 - 60% (about 40%)
Fetal calf serum about 0-2%
Platelet-derived growth about 5 - 15 ng/ml (about 10 ng/ml)
Epidermal growth factor about 5 - 15 ng/ml (about 10 ng/ml)
Insulin like growth factor about 5 - 15 ng/ml (about 10 ng/ml)
| Leukemia inhibitory factor about 10-10,000IU (about 1,000 IU)

* Preferred concentrations are shown in parentheses.

Addition of about 10 ng/mL LIF to human MAPCs did not affect short-
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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1onal supplements can also be used advantageously to supply the
cells with the trace elements for optimal growth and expansion. Such
supplements include insulin, transferrin, sodium selenium and combinations
thereof. These components can be included in a salt solution such as, but not
limited to Hanks’ Balanced Salt Solution® (HBSS), Earle’s Salt Solution®,
antioxidant supplements, MCDB-201® supplements, phosphate buffered saline
(PBS), ascorbic acid and ascorbic acid-2-phosphate, as well as additional amino

acids. Many cell culture media already contain amino acids; however some
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acid conjugated to albumin, oleic acid unconjugated and conjugated to albumin,

30  among others.

Also contemplated is the use of feeder cell layers. Feeder cells are used
to support the growth of fastidious cultured cells, including stem cells. Feeder
cells are normal cells that have been inactivated by y-irradiation. In culture, the

feeder layer serves as a basal layer for other cells and supplies cellular factors

27



WO 2007/ 047509 PCT/ US2006/ 040212 w t hout further
growm h' or division of their own (Lim J.W and Bodnar,

wWG@\20072906329 . Exanpl es of feeder |ayer cells arePCT/US2006/040212

10

15

20

25

30

typically human diploid lung cells, nouse enbryonlc

fi \th %ﬂh%r 61% th or AR5 gf‘qﬂFﬁ‘ 8ﬁth(L{m bypl, cf ho%?ar

can st-mtotic C I's capa

s umﬁ)ﬂ)u Ezgam;ﬂbd off faedet taypooediztase Bpitafiphinans dipldid aﬁngafeﬂs

advant a ou5|§ H? g.opti mal growth V|ab|I|ty and

o XBatE B gpnic BpiaplssSiEcPViss Mowsmyryemsdibrotlagadnt dar e

Tpostamf

undi ffer en?tﬁhg%eégtﬁgﬁ glélfa},f)g%&‘ts:ﬁ s?gt% gﬁ%s&ﬁ%(&d% gfr%rbga?actors

i rthitire advanfagequsrin allowing dp&mahgﬁom&lnilvﬁﬂﬂht@'md&kpmim of

prS %ert 311 Ther ef or sugﬁ errent ation with LIF can
o'y o AN AT YOS pUdIcEessiy tg keep the ES

u rtd:llﬁ fredrenidi fdreti B heoli At (esthi, dsNe®idntii 'irﬁuﬁ?cﬂ'g Bftor

mai nt ai ned either in suspension or attached

s M) heg ppibdifferautition prepertiesc dhengfoae, supplementatinp oridritls

0 B Gy RO e oy P s

at t achn@sils it ouleurs oini bk SiARRANEd eithidEih sASpdn¥idA o attholRe td b
and_type |1V collagen, = concanavalin A, chondroitin

soHd swpport; r?é@ﬁrﬁ?eﬂuhaﬂ Bei enrennaents and sypdhetis or
fi n
RIS SR U U AT e BRC Ber
The¢tachanertt ecnamziei paittsuoh as Dhe ttepall aad lt}qoeqafrboaﬂagéh
contaln Cl ul ar factoléﬁ}bgat allgws mcel |ls, such

as oMEpEgat “lhgﬁﬁﬁoﬁlrf 3 FAneEEh efftie @amfc&m’ﬁﬁn qdt
|Sﬁtﬁ*§1¥e@ﬂh@i§l€95¥é& ARG GRNEbIR DRI Jol1 Akihe TSt

remain in an 20 - fferentlate

s dhfontheppandin iﬁmerItrhl@%imdl umto contain epidermal

growt h ctar. (EGF) .at el der.i ved grow h. fa r
Cpoce) TRl BlTy e iolsier b 2o GFbBE wiors
S pkatialis Y, stehi Cel BOSUPh A N APE s, tth @rRath in 4t uhdfreRRAAEM ForkP It
those skilled in the art that suppl enents that all ow

t Headeniageqysg@rier qopdisignp ytheredhe cell mpgiremeindnenshoul d

b
ai PSRt B bESIER Ao RE Y | EForhha erigermal
c @nmbthrfeétmt (HGI@npkamle:t detived frogwith fabtoa (RIDGBY, lewkehlia infifttory

T AT R i
CehdsdlsRillell AELHR S thﬁ%hpﬁllsﬂn@ﬂ\fs ttlth% S @ REE o ts%f reneF\JV but not

differentiate into a specif i neage or ce
ThieSerentedts shoatd bfamrmvsd fram Tiib sulturg nobdien pripr esifferenidtion.

cel | fac ecept.or.s h can be.rea

201 aonti BE B R R s Tau el fodn S euREng T afother
c ebil sype0ISueto c&dhl&uﬂﬂgﬂﬁetﬁb@s arfs8IfRet 8 oB@e?eﬁldhpthﬁtl’]ﬁrtﬁﬂl%lls
of lineage one skilled in the art wi shes to induce,

arsdn syRplY ¥etwnidentifiecheclbdgsdbetptstthas sllow thesemicelllted
ard‘iffé’%latté)m&?% G V3PP ORY HE F1&kd Sethu®r factors can also

CO-CU
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identified by monoclonal antibodies. Generally, cells for co-culturing are
selected based on the type of lineage one skilled in the art wishes to induce, and

it is within the capabilities of the skilled artisan to select the appropriate cells for

co-culture.
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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
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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30  vitro studies in which ES cell differentiation to endoderm is evaluated,
demonstrated that Activin-A at high concentrations specifies cells to endoderm
but not mesoderm. In subsequent steps needed for pancreatic endoderm

specification (Kubo et al., 2004; D'Amour et al., 2005), Activin-A (Maldonado
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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 -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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ce
whereby dlfferentlated 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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concent/ei 1BABSPBEE ARbediaNBi theramosphesic v ygos canqerstation for
e r@ﬁgﬁﬂﬂ? @ﬁl%uru{gb 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
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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Nos. 60/ 703, 823 d July 29, 2005) and
MAPCs can also be cultured m 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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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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administration. Administrations are variable and may include an initial

administration followed by subsequent administrations.
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Also, suitable immune-compatible polycations, including but not limited
to, poly-I-lysine (PLL) polycation or poly-l-ornithine 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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percentage of MAPCs or progeny in a population using various well-known

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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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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administration), such as sterile suspensions or emulsions. Such compositions

L

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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Viscosity of the compositions, if desired, can be maintained at the
30  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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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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grelalf g_ i m@%ﬁoﬁ gﬂgagéé}]ﬁgc%ﬁ%??g\%%gtrpgpgﬁﬂgg wh?c%t (!ag%e 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
30 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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proteins, or antibodies), or genetic construct (e.g., vectors, such as expression

30  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 NK cell
function, including, but not limited to, anti-human thymocyte globulin (ATG;
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conpounds that bind to P-Selectin dycoprotein 1
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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, I. et al. 1999; Zhang, G. et al. 1996). Once transduced using a
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Degrl s\él%gte&- 2)(65 51%0 to Paentlfy 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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20 MAPCs or differentiated progeny derived therefrom
can be genetically altered ex vivo, elimnating one
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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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Celak bBBRIMLAARY 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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expressi on of Pdxin ViNg@Bfferentiation of MAPCs to -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
30  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

20

49



wonedo/0ars0%s el ect

10

15

20

25

30

Neur oD1, Pax4, Nkx6.1 and insulin over time). These
cell lines will allowone to follow differentiation as

differentiation cultures. Exanples The follow ng

£ UPRCRem AL, 2P e G PR, o finelnE SP R BB of
t hegstpme)s 294 fetad Cglfséram (m@? @H?cl&% Iamratl@ﬁes? %Hi}}hhﬂﬁ(ioas

limting the scope thereo
DI &R rp%ﬁqﬁarﬂswnwp@sd dish &N@@Ma@ abant iSheCORRG] ab&idt 5%
| igme bransgeni ¢ C57(B1/

Tif TRty SREdl AT Elent BBR AR B i, o
Ydays al . (2002). MAPCs 30 vvere cultured in 60%
DMVEM LG (G 8% BRL?)I 40% MCDB- 201 ( Si %vavl th 1x SITE
(Si gma)® g %/o&g,@ltg@dpﬁ?@P@ﬁ}ﬁ b’u@tMAPCs were

B e

é @’g@@}ﬂg i1PaddBidv DY &cﬂy héﬁtmpe) ntdilice)%l inf¥ttion of a}nlh -asialo-GM1

et m eni ci N

R fon o O tnstarydphtioertigiss it 300pl ef HES 110 Wi

7699 PGH 10

n%i’ﬁ%%wé%% o AR deedk N i o oy st e

2% f et éienwad)ﬁomimrmmx(sﬁﬁiﬁ)m iy essesved iepariptieni] beo (PB) at

D DR e BB oL it CoteTon AR wEichgnisels watnai & y
t

B iRl A Wer SRR IR BRI YR 10

| ¥ploated Ap@sesipeccof QGFEPrmmaamoemcweHs teail lsmallibowel, pancreas,

¢ BvpEh %gSH.”F S i ptio bigiy ere?‘ﬁf‘@éﬁ&&g @%tg)é'%m

i epeteibirtioh Gf MAPU- d@ﬁe@'o@ﬂ%on%hiam&kt{c%}égées( 201 of
t he stock solutlon diluted in 380 of PBS I'X) was 10

gi ven 61 d&%ﬁﬂ ed in Figyre Hy 21268 atnan%lebacbag@s MARG-Gérived
Hﬁ@i‘ﬁﬁt%g@i'eﬁg e d&?t&%&s té%{tdlfﬂotvgﬁgw eﬁ %%(:;iﬁvgr e frangplanted

per i pher erioar ¢ P
i MithSVARCE SvitOlowelekaly of Géﬁ-@(<1%hﬁ$(&91lvmﬁér§aswrcﬂher animals

i f | h f d,
b rgohed BRAPGH IS o mBRISIoves heitipadd poi SEHereHRSCof
e Gnklykie WIM&EM&O@@ e|t1§ t1sﬁ@9 d@tH&{sltra{éﬁvfﬁguBff%g ré&grﬁftment

15 liver, g skin, skeletal muscle an
h&figestled Ff}c anelysisio PBCBM rsplwm iand tiofmRGWE emiltiktkage
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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 GFP" 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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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.
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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containing TO-PRO-3-iodide (Invitrogen) at 1:1000. After three washes for 5
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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Additionally, culture dishes/flasks were coated at room temperature for one hour
with 10 ng/mL of fibronectin (FN).
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Conponent 100 L Reaction Final conc. 10x Tagnman RT
Buffer 10.0 L I X -5 25nM Magnesi um Chl ori de 22.0 gL
5.5mM DeoxyNTPx M xture 20.0 L 500M dNTP Random
Hexamers 5.0 L 2.5M RNase Inhibitor 2.0 L 0.4 UL
Mul ti Scri be Reverse Transcriptase (50U pL) 2.5 L 1.25
WL 10 RNA (1g/100L reaction) X RNase-free water
38.5L - X TOTAL Vol une 100L Foll owi ng reverse
transcription, Quantitative Real Tinme PCR (Q RT-PCR)
was 15 perforned as follows: Step 1. 50C, 2 mn
(I'ncubation); Step 2: 95C, 10 min (Tag
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activation); Step 3: 95C, 15 sec (Denaturation)
followed by 60C, 1 mn (Extension) and repeat for 40
W@ yeesrs0st ep 4: 95C, 15 sec (Dissociation); SeEpUS2006/040212
60C, 20 sec (Melting curve); Step 6: 95C, 15 sec.
Table 7 provides a reaction mxture for Q RT- PCR 20
Tabl e 7 Conmponent 12, uL Reaction Final conc. Syber
Green (2x) 6.0 L 1X Reverse Prinmer (5M 0.25 L 200nM
25 Forward Priner (5M 0.25 L 200nM cDNA (10ng/L) 3.0
L (30ng/reaction) RNase-free water 2.5L TOTAL Vol une
12L 30 In an initial series of studies, the effect of
cell density (about 104-105 cells/cn), ECM conmponent
(fibronectin, collagen, matrigel) and different
concentrations (10-100 ng/nL) of bFG- (10-100 ng/ni),
FGF2 (10-100 ng/m.), Activin A (e.g., about 10 ng/nL
to about 100 ng/nL), BWMP4 (e.g., about 10 ng/niL to
about 50 ng/nl), retinoic acid (about 10-6M; EG-

( .,| abaut] 10|to about 100 35 ng/nL), FGF10 (e.g.,
ak 50 tjo fabout {1%0 (ng/ gL, including about 100
ng/ mi.) | HGF (e.gl, [about |10 to about 100 ng/ni),
G Ee g.,| about 50|t¢ abut 150 ng/nlL), cycl opam ne
(e:.v ., Sabout 101M, |anti-$HH anti body (Ab; e.g., about
10209/ ne), | nicotinamde|(¢.g., 5 Mto about 50M
i nedudBhng |about | 10M), |exendin 4 (about 5 nMto about
5( Fncliudi ngfabout || OV, betacellulin (e.g., about
5( abut 150 40| ng/pL) alone or in conbinations of 2
of_B and inldifferent|tenporal sequences, on the 62
WD 20074047509 PCII/ USR0P6/ 040212 i nducti on of
trapscription|faciofrs nsul i n, glucagon and
soRpt ostatin expressipn| |l evels after 6, 12 and 18 days
usi ng| @ RT- PCR hvas det el nj ned. A conbi nati on of
activingA 4| and| cyc| opami ne or anti-SHH Ab induced
t hgy hi ghest | (p1D0] fpld)| increase in Pdx-1 nmRNA. The
highest |ipcfepse jn Pdxt 1 5 nRNA was seen when cell's
werle pLatgdion mat i gLe{g_:IR 2t about 50,000 cells/cn.
HOWevEP, |WREND| cethlos) wer @ mai nt ai ned for >6 days,
MBRIC-deri ved cel l|s jappearjed to die. Subsequent ,
ad® t)jon pf| flactorsH belfieved to play a role in further
proft+feratton—and-di-fferenti ati on from
pancr gas- rmitg cel4(s,[to nmature endocrine pancreas,
10 fi &P ud EC . d&|tdbout 50 ng/ml), HGF(e.g.,
a’bou‘t £50 % L) |5 REHH] (e.g.,
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about 100 ng/nL), either alone or in conbination was

tested. These studies denonstrated that cell survival
wo®7eiTim ficantly better when activin-A BMPAPENTS2006/040212

cycl opam ne or anti-SHH Ab were withdrawn after d6 and

cells maintained in the 9 gnce of EGF or HGF, but

not FGF10. Conbi ni ng EGF, and/ or FGF10 did 15 not

have an additive effect. However, %ﬁz cul tures vvere
ined with EGE__cells again I &eaeiang difénal conc.

1OEJWQMHMyBEﬁer Addi tion of 10 M ni col.fafi de (Si gnéX
ZSStMM:igmﬁsmm(EM)mdmd 10 nM Exendi n4 (2ponpd, St. LaussM
NTok Nowirg day 12 support ed bettggoww Va'SO@uM/dNTP
Ra‘ﬁ@ h8adfrther differentiation to gﬁgﬁcrl ne
RI‘@ i{l §§01as | evel s of insulin-1 nR reased @é
E fold by di8. Wen GDF1% 20 ad M&
F’ﬁ]%er ?‘f?ésr‘ee apsiptasy O0U/bY | ns2 rTR?\IAHII-eveI s via® U/uL
RlﬁlééH%g HGrlhesactipt i ni zati on was obt ai n€d by adj usting
RNdse-fbavati¢ron of the different steps3g$angxt he

TSI AL &fo@thé at 1 on course, as welT addyfp,gn of |
-cellulin (50 ng/nm). Differentiation’in 20%02 with

Exendi n4 (or nicotinam de), GDF11l and betacellulin

yi eFolédvihg seuerse tﬂansarmiénﬂﬁudmﬂla&ivs Reat WP@RQQCR’B-M) was
entJ ating 25

ncrea The sc r dlff
P@%‘a dpows) §t§ ég 2 0n (ot 1905 St 2 vﬁ"ﬁi tlﬂm"sm (Taq
acﬁ*\l’aftﬁ)ﬁf SRy Bldsoq, Wé&@enﬂﬁﬁﬁ@ﬁ)@ﬂﬂb@&% ?ﬁﬂ 6@@? Sfﬁﬁfggg&smn)

beyond dI'5-18 . clusters
an@)fqaewf@r g py@esa{itqac‘h @d°€ d Stske (Dissdodation); Stéyes:pbeAGs 20 sec

(& S n trapscri.ption factors a
O S 8P RS Ss BHE T DB e P s Q-RT-
POR.usters above the "stronal feeder" are sunmarized in
Figure 5. 30 These studi es denonstrate that there is
a consistent early incred®lg¢h expression of the
Hnf 30; Hnf6, and Hnflu MRNA from d3 on. Pdx-1 nRNA
Coglvanm: to increase fromd3 and exppbsa@'aanmi ncrﬂa@ggonc

SybdtcrRes ztxgl | day 21. Ngn3 transcripfg gﬁ‘ detectpg

ReP8sIBrimBH 5,1 reased further by >10 ol d by :113
FO1,1‘7‘,3- . stream target Neuro- nlflcan g“M
& ggrge ? d6. Significant incr ehd in N ox2

DN WBNZ0Y/ 047500 PCT/ US2006/ 040212 3.9 wéul | n- A3@wgfreagtion)
RNg#spgReoaterseen from d15. O usters hat.§ested fromthe
TOIwieVohaiant of the cultures on dayg and 21 express

| evel s of Insulin-1 nRNA of -1%of total rat

pancreas, Insulin-2 nRNA of -1%of total rat pancreas,

gl uBh@bmltmizﬁme(smétstuﬁhsm? effedt of Gclbdersity (dtoat 10at0’

ccIBAF DS bR Blho®lish Siakel Ha Be 8 Cibensi T

cortchmtrations ( H)-$0@Agndl) odbFGRI EMY 06 hgm@ pGFz (10 100 ng/mL),
differentiation. Unexpectedly, |evel's of

Actiyigdy (6-8-pthoyh 1§ agingy to e(bnth)OargAmmlBMM e. an dbaus 18 ng/mL to

50055, o AP, PEB) RTS8l I Oy 116
ng/m),chaﬁybe @, atefit 6@ td mwtsmcgmmhﬁmmhﬁgmut 50 ﬁagimL)

cha re done d3, 6, 12, 18 and ‘
HC@ﬂl&geglE tgld}) o&?ng Al GRF1 (e'g., about 50 to abut 150 ng/mkL),
cyclopamine (e.g., about 10 uM), anti-SHH antibody (Ab; e.g., about 10 pg/mlL),

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

ng/mL) alone or in combinations of 2 or 3 and in different temporal sequences, on the
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10 replaced on d9 and d15 at which tine the cytokine

mx is changed as well. It is therefore possible that
waele@7ogrsbhe ful |l medi a change, cytoki nes secr eP@€US2006/040212

the culture systen1|tself or the abrupt changeover

18, 21 and 24,
oK oP KSR R PRIl i ulif ot a8 oo euiammossion
le¥ady aftee 60 iRI@IdTES dBRASTHRIPRELPER WwldletehfldSt i CS.

Sig | evel s not different from 15 what is

njficantly
det éf%b@amw elrastivingd E}\@Mamdwclpmnme@u ent,l -SeTH Hbfmcmced

thé’ﬁ@ﬁes‘t’ dle%tfggl) ﬁ%ﬁ% é(ﬁ{w] 3 er etang)?%%PSFt F’%Se TR B -

mliNeomslaaemmem olts vt/m@tatetdmmﬂmgsm ABFH0THOl d311/RE2,
Hden clusters, In addition, there were

g é(&’f | 1‘38 8? W?ﬁl%ﬂl{l‘iﬂgﬁé 49131t %aYﬁoMAé’Gwd%@d cells appeared to
diendot helial genes (Flkl, FlItl, VE-Cadherin and vW)

and snooth nuscle (SM22 and aSNA) in the 20 stroma

| ay StbseRperd addidion fof Gttt beiiavadrtm[ﬂyy beolbémefrilet plolif@gtion

%Hgf ﬂt%t ISTI ni fi cant tﬂ%l ; evi dence t hat
eve oplm%?ﬂ RFEREPES 9els i ayEs,erigstipmpancreas,
nuisERGE (8. asad@oh@l/mmn}m@(fgsgu WBoR Rty 1bPPGF10 (.0,

rt et al, 2001 Asid rrom endocri ne’ pancreas

ab?lii AHQ ég/iﬁb[t)s eltheé\ﬁqné@é inscanibinativnrasaegtec CTleas studies
e.al so. det ect ed.

| N r

AR el BSHT D sBIMBRE voleF P Fctihi. PGB and,
cyﬂomnn@ammeanHcAm et withdaka afet dSHRM1s nMAHERYE Tk the

ot her enes ecifically hepatocyte
Presencg of EEQJ Séﬂﬁsbq Het E@FHS Gepbiging EGF 0T napdiee FEFAD dinl
no t | ncreas

BB Mo PR SRR B aiped i et
agagippticaied e d@rb@ymmi daI;ODZ% Apdtiod oL1¢ OV Hestala8a8e (STHfa, St.

k h
LoRE BT 3P TY B CRR erBe RGRTs, Mo fobpersddgizsabported
betiex aurvivat ofel19bnd heterhirtEdati et to'\gﬁagcct‘n%gaangljeaéj%ylevels of

@ter cul ture under pancreas different
nseghd PR Nbhdnqrersed by an AdditionabRHfolCh P (118, aWttion SHIF 3w al9,

addeh ﬂ?th%ﬁgcr@é%)qh 'Il!i]sal gﬁ:ia g‘g]ﬁg@eA }g?!%llﬁ nﬁvaﬁ ge):(q%gg?ugép? 2%33
optmmzitttmﬂ vedsubtzanal of adjﬁdting tﬁ$&lratmipoﬁﬁé dfffé?ent §fe§ﬁ MBhe the

er for Iuca on ti de and own~in

dif; Eﬁ%gg?tk?%cou P&t R I@chh Q@brhn(ﬁﬁ,(?rsg’mL) Differentiation in
2o P 3 TR BieoRRinal e 1 B Bl T B et

mR o, @;fle‘@éq between t il Mlﬂiﬁpemﬁe&t Ahd\shesia tfbVa@ filintiating
of

| tt [
MATERIE blftfeete Se iy Bi g Efies Shet hoen 5 and 1056 of
t hewitslthis dﬁ’fe@éﬂ’ﬂla‘u&@&Hem%edlffféfenﬁhﬂ&?\ggﬁ?xt%{#e& bk rﬁidc}\lé 18.

t he cytoplasm and as a conpari son nsu
By {54 1y Cligkrsoloets bitied @rff thcn sellsi antaelred 1 thecRgRm ofﬁhe plate
t f { t 5% 02 t
F 1g%gé; /@8 ;x&éesgg{x of {rg%s@gyg { et é‘?lgg & g ’r‘i’z’ﬂig E:ul?ures
and dioff éTSemtthﬁttlustrslaon@ﬁie@‘EtrMhﬁ'fg&Qr hirg 'al%rrmﬁe ﬁg&le%

Tr a[nscrl i on Factor Transduction and
Meﬂ%“ﬂeﬁlﬁ% itlesie isax qoppistent early increase m

expressmn of the Hnf3c, Huf6, and Hnfla mRNA from d3 on. Pdx-1 mRNA starts to
ncrease from d3 and expression increased further til] 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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Recent publications have denonstrated that exogenous

expression of the 10 pancreatic |ineage transcription
wo awvos75PDX-1 in ES cells (Myazaki et al, 200BJT/082006/040212

adult tissues (intestinal epithelioid cells; Yoshida

n&hind andr :%%A%er%)éggfﬂ&lfﬁsd 1tse’6ﬁﬁs‘?§‘ 3 gg&ﬁé%%d %Qﬁnthgglpematant

secondary transcription tactor neur
oftled dudturdslomdand S end Be reipless ketvelabf Ins@@0 mRINAaF W1, of total rat

P29 Vesuiibdm RO A G DA Hencreie Slioae RN ot shown)
of SHWT, 8Btotdl rivpabledsatsi dYelSis ggﬁg{é—gdmﬂ%r&ﬁ SREQHS M)

pancreas pathway were tran w th adenovi r al
deteeterothis sgpeststhatibe oallsiwithiRthe dusierd araut diféeréignigec OINA

G RiRRS thr taho fGt AR dguuaibon Setaw (N BRI N g
D {riTitoNJIBker SfterTINSEs FRIGTREE) %}lp@&@d tp&%?%ﬂ@a%rrei?nrﬁﬁﬁ)%ﬁ’)ﬂ g

(Ad- Pdxl) or enhanced G een uorescent Pro
aftepyhichpgvelsipergpded egrist Thisthaebya exflsceaseithowntberculture is fed:

iR Rl g 95 QUi UAPRIPY e motio
repdatexd owi A0umden § acivhgh Nanstha k$0kine ik 3é a&%«gd&gﬂg&@g@m

do str%gﬂ%?f a separate CW pronoter ( -
thegfornssiRlf thatdus o thefil medist shangm cytolimep sicreiedin the celture
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after culture under pancreas differentiation conditions (Activin-A and BMP4 d0-9,
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25) was performed. Staining was performed on the clusters of cells that bud off the

stromal feeder for glucagon, c-peptide and Pdx-1. As shown in Figure 6, between 10
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Buffaretiéialine (PBS) (Cellgro). 1 well of cultured cells was trypsinized and used to

determine the cell number. For single-infection experiments, i.e., Ad-GFP, Ad-Pdx1

or Ad-Ngn3-GFP, viruses were diluted to a Multiplicity of Infection (MOI) of 2500

(2500 infectious viral particles per cell) in low glucose Dulbecco’s Modified Eagle

Medium (DMEM), containing 1 g/l glucose (Cellgro). For double-infection

experiments, i.e., AdPdx1 + AngnBGFP? both viruses were diluted to an MOI of
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increases levels of NeuroDl 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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to manufacturer’s instructions. Pictures were taken using a Nikon Coolpix 4500

digital camera, mounted on a Zeiss Axioskop 2.

Irrmmnohistochemistry for C-peptide on paraffin-embedded suspension cells
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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into P chem. cal_ transfection. | ls were 4Qr
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inr%@bﬁs%%‘?@ cosecretion of G Peptide In Vitro in

sponse to ucose in Non-Transduced Cells Insulin

producti on by MAPC- progeny under the influence of high

gl ucose was 20 neasur edFable 8was dét erm ned t hat

sangl-&ptitietSaciation bl duePCeRfffesstiabal tofEndosumnd PantreaRNA

al so secreted insulin in the nedia under the influence

of 20 mM gl ucose,

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/mL 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 finols of C-peptide/well (0.6 mL of media/well) was detected.
Thus, these studies demonstrate that MAPCs induced to express Insl mRNA and Pdx-
1 mRNA can also secrete insulin in response to glucose, a salient feature of functional
B-cells.
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Secretion of C-Peptide /n Vitro in Response to Glucose in Non-Transduced Cells

Insulin production by MAPC-progeny under the influence of high glucose was
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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71



Bhatia R et al., Blood. 1995; 85: 3636-3645. 35 Bhati a
R et. al ., Blood. 2003;101:4701-4707. Bhatia R et al.,
wQ 2@7ios7sbnvest . 1994; 94: 384-391. Bhushan A, €ePCHIUS2006/040212
Dlevel oIomsnt. 2001:; 128: 5109-5117. Bi er hui zen, M et
al ., Blood. 1997;90(9):3304-3315. - Bird, et al., .
Sche sleasvn moFgure 5 1 apisaal Mt repsivef pply Sppgrnagnt cglls, remaingd

oo P 48438, G0 0 A ke B, e

Uporgréngaﬁgf ﬂ;b ll\jlidn‘ésui aﬁmgicalw%ﬁgmmétﬁmdgi)l:tmtghesckiaplgéﬁéms
. S._and T.M, Fol ks, . . 2004; X -

damigilrResRite teigal Compciefe Ho AriTigh et iy ki e such

that ?gg&ggg‘bel 4Z%OlS %.ﬁaﬁ%@\%’ 5%%%%2%381%%@? Bgzégg? ;040&5
6.

Br 2enbeglk thaprdejvedt cambinption/pf gipernptrns cgls ad ate
Brice, GT.. et.al.. . J ACGH i

som@ice Gy rrainaGuSass pyeo5 3 bngd £ foREV HRGH

insulzy Péﬂe‘%slét{cﬁﬁé&i gBdSsed licreabedRdCIH00 YN S E taftad nephfSicenmy.
Celfls. 2004. Cai Z. H, et al., Atif O s.. 1988; . .
12 [hyse388ligzugeh that goflsrniiad igjthe kigney q»f%%] s cagpped

3: 1266-.1270. r K t : '

cellsii%iltas)eglgga AT aln, &1&2" rﬁ%ﬂ%ﬁegtbioé)ﬁ g}%gﬂgg%@%g%@ﬁfg%%@@S 0.

11: 154-159. 10 Cefalu, WT., Ana JMed. 2002; 113 Suppl
_ BA23S-35S. Cerdan C et al., Blood. 2004;

Bibligpgaphy04- 2512,  Chanbers 1 et _al., Cell. 2003;
113&13@43-,@551.-,Wérwé,w@%édﬂlﬁ&rql%?- 2000: 18: 91- 96. Chang,
P. Aldgrenl U, ctTaleftbwes Repil8PBel 17409868 7: 78-83. 15
ChayidmeiTkdyIML. Ay f NeurOsgjdA84;14:9975-86( 1) : 71-4. Choi K et
al .AltBiBPG anrdzabéneBCologerk® 997,68 2053-8 8 cuss@ici09K et
al Alviey s cuusEnt, .ot 4098142 2002,827:988-9781 ackson et al .
Natgire s 119851 3Devddsinbr 8093 Br kan1-Baisence.  2000;
288 L66R:3A., ARriea 8, 1699.800:877-88Keyst one Synposi um on
ig_e ﬁ Er? %’%%ng Kegé%myﬂlﬁfsmﬁ{ on stdm d¥ik.-20850! .

a%boo K, € ,}g & ]9‘ .él‘cad. Sci. (USA). 1996;93: 7843-7848.

Barker JN and Wagner JE. Nature Reviews Cancer. 2003;3:526-532.

Barker IN et al., Blood. 2003;102:1915-1919.

Barker JN et al., Blood. 2004;ePub.

Barnett M7 et al., Blood. 1994,84:724-732.

Basch, et. al., J. Immunol. Methods. 1983;56:269.

Batinic, D., et al., Bone Marrow Transplant. 1990;6(2):103-7.

Beattie, G.M., et al., Diabetes. 1996;45(9):1223-8.

Beattie, G.M., et al., Diabetes. 1999;48(5):1013-9.

Ben-Shushan E et al., Mol Cell Biol. 1998;18:1866-1878.

Bertrand JY et al., Proc Natl Acad Sci U S A. 2005;102:134-139.

Bhardwaj G et al. Nat Immunol. 2001;2:172-180.

Bhatia M et al., Nat Med. 1998;4:1038-1045.

Bhatia R et al., Blood. 1995;85:3636-3645.

Bhatia R et al., Blood. 2003;101:4701-4707.

.Bhatia R et al., J Clin Invest. 1994;94:384-391.

Bhushan A, et al. Development. 2001;128:5109-5117.

Bierhuizen, M. et al., Blood. 1997;90(9):3304-3315.

Bird, et al., Science. 1988;242:423-426.

Bittira B, et al. Eur J Cardiothorac Surg. 2003;24:393-398.

Bjorklund LMea. Proc Natl Acad Sci U S A. 2002;99:2344-2349.

Bodnar, A.G., et al., Science. 1998;279(5349):349-52.

Boneva, R.S. and T.M. Folks, Ann Med. 2004;36(7):504-17.

Borue X, et al. Am J Pathol. 2004;165:1767-1772.

Bossard, P., and Zaret, K.S. Development 1998;125:4909-4917.

72



5

10

1

(943

20

2

W

30

35

40

{5

Coligan, et al., Current Protocols in Imunol ogy,
(1991 and 1992). Cras-Meneur, C, et al., D abetes

wQedI0EB3I4571- 1579. Csernus, V.J., et al., Cel PCNMIB2006/040212

Life SCi 1998; 54: 733-743. 25 D'AnDur KA, et al., Nat

0edd % 410a. d Nolta JA Int
ﬁégi% %%@;@" §§’2 2‘%”‘% %&P&Eﬂ} oo

220a|. BI ood, 1994; 83: 3068-3076. Desai, T.A., Exp. Opin.

Bi oBrowniges M.oWerere 2888454836 3B1868 nguez- Bendal a, J.,
et BuckleyS eitrds Senp0els; 8004720- 726, Dor, Y., et al.,
Nat CaieZ. H2604,;, 428765 8@)s. 4981 2(OpBkH-93, J. et al ., Hum
Gen@anldrgs FDIQ29, J {0 GYre9B330@4bl3:1T006uH78s, J., et al.
Nat Osreordl, & &% Bl., #9Wed. 206502875048y ukker M et al.
?f OCarda AnAeEA., §¢d dliee@ 697290125429599864 95[3)5& M3&5etDU| I
. a
al gfﬂu gT&#%) Od 7% g? 217§§ Eckfel dt CE et
al . E , Nat Rev GCenet.
20% %é n "N YAcad Soi. 1999;
{18: Ann N, YAcad Sci. 2004;

101(Zh981§=1§>66t 91‘:'1% ?éﬁ" Bwﬁcgb 50

apgsh 36, éUf@Tgﬂai 1962;16(y: 7&14 Proc Nat| Acad Sci
US “hoil Fos): a2 By has TalIdiol. 189%576:947-956. et al ., Di abetes
200(1hc5@§ @206 Dl nméiatl 1VO8;1R617a5-732Devel opnment . 2000;
127C1he3bn 041 Nandia. B 32:6242%ence. 1998; 279: 528- 30.
Fl eClafeeSciede, 2000;788: 166D bet es.  1998; 47(9) : 1419- 25.
FoeckielRntet &1, Keys@ﬁlfs odifl@ ondn é8184004r oguel , P.
andcﬁmé/@daﬁloj Myﬁ@%? @%%E?ﬂgt s, 1999,

oo,

10( : Acad.

SCiCéaa- 2e 70, 137 1- TLs ) RAC ortl-ga)sserini
20 ,

Di in cDC

At and
Pr eeagsosnB L.qt et e@atuti ﬁenetléf 1893;3:208w@Bopment  1996;
12Ddgsroth AB et@luBlovdnl 994,85 H686876s 1993: 11 Suppl
2: IB&aB T.A., Exp. Opin. Biol. Ther. 2002;2:633-646.

Dominguez-Bendala, J., et al., Diabetes 2005;54:720-726.

Dor, Y., et al., Nature. 2004;429(6987):41-6. ‘
Douglas, J. et al., Hum. Gene Ther. 1999 ;10(6):935-945,
Douglas, ., et al. Nature Biotech. 1999;17:470-475.

Drukker M; et al. Proc Natl Acad Sci U S A. 2002;99:9864-9869.
Dull, T., et al., J. Virol. 1998,72:8463-8471.

Dyer MA et al., Development. 2001;128:1717-1730.

Eckfeldt CE et al., PLoS Biology. 2004,

Edlund, H., Nat Rev Genet. 2002;3(7):524-32.

Efrat, S., Ann N Y Acad Sci. 1999;875:286-93.

Efrat, S., Ann N Y Acad Sci. 2004;1014:88-96.

Efrat, S., Diabetes. 2001;50 Suppl 1:S189-90.

Efrat, S., et al., Proc Natl Acad Sci U S A. 1995;92(8):3576-80.
Embury, 1., et al., Diabetes 2001;50:1706-1713.

Faloon P et al., Development. 2000;127:1931-1941.

Ferrari, Science. 1998;279:528-30.

Fleischer, N., et al., Diabetes. 1998;47(9):1419-25.

Foerst-Potts, L. Dev Dyn 1997;209:70-84.

Froguel, P. and G. Velho, Trends Endocrinol Metab. 1999;10(4):142-146.
Frolov, I, et al. (Proc. Natl. Acad. Sci. USA. 1996;93:11371-11377.
Gambacorti-Passerini CB et al., Lancet Oncol. 2003;4:75-85.

73



5 Good, A H, et at., Transplant Proc., 1992,
24(2):559-62. G adwohl, G, et al., Proc Natl Acad Sci

WQBN7/02G0D; 97: 1607-1611. Gant MB et al., NatP®BEUS2006/040212
2002; 8: 607- 612 Guardi ol a P, et at., Bl ood. 2000;

10

15

20

25

30

35

40

45

50

Oodss: B a” irigeci tha) 124%@605&./&
Gl%f)%égé %’fF Fggﬂcoi%g@gt x%‘?? §O1. Gipta P et al.

Bl ogtess 4avelaopgeert 19 9-44%at ure. 1999

4019 @Wﬁdﬁd&ﬁ?dﬁ vapl ”éﬂS%B JBi ol Chem

200@0@314\ Ha61 a Franspldi Mabent292;24(D:55%4L. Mol ecul ar

BasOmdufohRdhcetehsPevélbperhsc 4hsl4FR000t9701607- RRA1,

Kl uGesnt AR dieali, daPldelli 2002t&60Ha1R3son, M, et al .,

B w&&‘gﬁéﬁ%ﬁﬁ%ﬁéﬂ?&@ﬁé&?d' kalr711¢ élzzet ﬁl[a} mon
fOGu ) ) edidt ,

uns%u albi »? e9 35 Qgg%}é*éxgm% 6174. 20

Bl’oo 304-312. Harris

: 2
lg Hart, A, et al.
B%gg ?@6?}% %g é ﬁﬁgggey K aner2| erzaE Ea
St e A 2l 11l g IS RO proc
Nat Hab@nélaé F..sdi Mg amgsts 96 P80 Developoint aud, Fuation.

2004} Kluvpsidadenmisubligigns. 127: 4905- 4913, Hel ler, R S.,

Devianysson, 200 2t 42 Pidlees Z004;5860841260R. S. , et aI . Dev
Bi oHard2Q05A 286k 3).,; Prbé Nedl AcadeSeptiS A P08 180:7117-7122.

PLOSBInaIn08)B., &Q04D2v&@ens 3004iemetds-@rigvanl ou A et

al . HalRyM@RBELSrerh 995 150078 9894- 31@enry G, et at.,
SC'H&H—@R@&% g&;m%lz@@s&em §§t ai’ et al., GCenes
-1

De J Cell Biol.
VH&I% 20 Q,EC ggzoo 46 Al psNat Med. 2006;
12( s F8irol. 1999;

%al 2):f s J%Q)d 1997: 90: 85- 96.
Prec. 66‘“’% SAND §9§&509USA 1993:

90 8‘3 algdgy eopmltr?é@o 127:48P5-493.| munol . 1997;
158l !Leng§z v I JXE25T26(27(al ., Exp Hefnatol . 1999:
27-Helleg, RE2 7t al., Dev Biol. 2005;286(1):217-24.

Hematti P et al. PLOS Biology. 2004;2:¢243.

Hemmati- ananlou A et al.,, Dev Genet. 1995;17:78- 89

Henry GL, et al., Science. 1998;281:91-96.

Hentsch, B., et al., Genes Dev. 1996;10:70-79.

Heremans Y et al., J. Cell Biol. 2002;159:303-12.

Hering, B.J., et al., Nat Med. 2006;12(3):301-3.

Hofmann, C., et al. J. Virol. 1999;73:6930-6936.

Hogan CJ et al., Blood. 1997;90:85-96.

Hollinger et al., Proc. Natl. Acad Sci. USA. 1993;906444-6448 (1993).
Holmes, et al., J. Immunol. 1997;158:2192-2201.

Holyoake TL et al., Exp Hematol. 1999;27:1418-1427.

Hori and Kim, PLos Biology 2005.

Hori, Y., et al., Proc Natl Acad Sci U.S.4. 2002;99:16105-16110.
Howe CWS, Radde~Stepanlck T. Hematopoietic Cell Donor Registries. In:

Thomas ED, Blume, Karl G. and Forman, Stephan J., ed. Hematopoietic Cell
Transplantation. Vol. 2. Malden, MA: Blackwell Smences 1999:503-512,

Huotari, M.A,, et al., Endocrinology 2002;143:4437-4446,
Hurley RW et al., J Clin Invest. 1995;96:511-521.

lanus A, et al., J Clin Invest. 2003;11 1:843-850.

Jackson, PNAS USA. 1999;96:14482-6.

Jahagirdar, B.N., et al. Exp Hematol. 2001;29(5):543-56.
Jensen, J., et al., Diabetes 2000;49:163-176.

74



40 Hori and Kim PLos Biology 2005. Hori, Y., et al.,

Proc Natl Acad Sci U S A 2002;99:16105-16110. Howe
WEYB;7/0R&0de- St epani ck T. Henmat opoi etic Cel | DoP@F/US2006/040212

Regi stri es. In: Thomas ED, Blune, Karl G and Fornman,

Cell Transpl antati on.
\S/E)leg 4e%loﬁ% f{%ﬁ“&:u ences: 1999: 503-512.
e cLE 8 de YUY 64953801143

143 EE@ 4‘? xPﬁE’ﬁ”F‘@ P02:30:396-904 0 i n | nvest. 1995:

96: iailg 2ftaldad\[ﬂ5§”eA20 ;418:41-49 Clin Invest. 2003;
5 111388855032l Prae RediulcapNad §sh 2009900 S6pplA4BE58-11860.
Jahdglnstay, S.48, o al., Genal EndoXINYHaa93;05:. 223018,
29(Sg’n@zbsaB,GVatuiiOlAgmmrﬁzstzs et al., Diabetes 2000;
49: T6i3e, 176t al/Hciblre 00 134 71599-20667 / US2006/ 040212 Ji ang
Y eKafli, T., alagog‘ Vlz&099®5738§|ﬁ; . Jiang Yet al., Proc

£PR0;

10 g 56% Jlagg ;(I et
i % TR
Shppl 1 11854- 11860.
0 5 1K € lopd. . (NY) 1993; 15:
225.3 Jonglsilet Big ?99%2771 $3319916822- 525,
15 Juniautinan 13§ efal,, Pfs@NéHef!éadgggUﬁaﬂz@ggasaomm 10Kaf ri |

T. tl fogan DS gand\Ahopison 1098478 S06;BEN243L04Kahan, B. W,
Di abeweda B ciadl. Bloaf(B05202038L-209%.  Kanai - Azuma, M,
et Klawagtwm'/eY openNa2Gos. 092 236(082(349. Kannagi, R
EVBRedne] 093, 2t 435 Scidieant@r3; izp ¢ £t al ., Bl ood.
20 200ReHQAE S 2l 06 JH%@MQK@%*@% ﬂtz al”’, JBiol CheKI‘aH
200R 02167 GAR9D37 # Méd dpa ! 11 gf et al., Proc t
Acaﬁo f&[.ﬁﬂsteglo 8, Kauf h an DS, an

: 8. K da H et al.
Bl Oﬁgﬁﬁl O(%{ 5 Chl a\\lf, et al. Nat
Oﬁgﬁmé 22003,0% et al.. J Cell
25 S8k TsTheQ@ORé#Zrﬁupp1§3&89d|00 Br

Sci ré’ék
J - &7 g?@ 505:30%3TRr Get al ., JExp Med.
20 ‘3 298l 18em Colls RIM;2RIMI 826 n, Nature. 1975;
61(141@;5 A, et al. Development 2004;131:1651-1662. :
Kusada31N et al., Leukemia. 2002;16:1782- 1790.
30 - KybaMetal., Cell. 2002;109:29-37.
Kyba M et al., Proc Natl Acad Sci U S A. 2003 ;100, Suppl 1:11904-11910.
Lagasse E, et al Nat Med. 2000;6:1229-1234.
Lammert, E., et al., Science 2001;294:264-267.
- Lanter LL. “NK Cell Recognition.” Annu Rev Immunol. 2004,
35 Laquetre, S., et al. J. Virol. 1998;72:9683-9697.
Larrick, et al » Methods: A Companion to Methods in Enzymology. (1991).
Lawrence, H. Blood 1997;89:1922.
Lechner A, et al., Diabetes. 2004;53:616-623.
Lechner, A. and J.F. Habener, Am J Physzol Endocrinol Metab.
40 2003;284(2):E259-66.
Ledermann, H.M., Diabetologia. 1995: ;38(12):1482.
Lee, S.H., et al., Nat Biotechnol. 2000;18:675-679.
Lefebvre V. Mat; ix Biol 1998;16:529-40.
Leslie, R.D., et al., J Clin Endocrinol Metab. 2006: ;91(5):1654-9.
45 Leung AYH et al., Dev Biol. 2004,
Lewis ID et al. Blood 2001;97:3441-3449,
LiZ, et al. Dev Biol. 2004;269:252-263.
Lim, J.W. and Bodnar, A., Proteomics. 2002: ;2(9):1187-1203 (2002).

Liu HJ, Lamming C, C.M. V. Characterization of Human Bone Marrow and
50 Umbilical Cord Blood Self-Renewing Multj- -lineage Hematopoietic Stem Cells. 2003,

75



10

15

20

25

30

35

40

45

50

Kohl'i - Kumar M et al., Blood. 84:2050-4, 1994. Kojima,
H, et al., Nat Med. 2003; 9: 504-505. 25 Koryt kowski ,

worqo7e47589 ., Cin Ther. 2005; 27 Suppl B: S89- 10BCT/US2006/040212

Krause DS, et al. Cell. 2001 105: 369-377. Ku, H T., et

.,1§tJ %9422 (121 W et ea[al.,
sviYBl gﬁ‘lf&g A 1%&%@9

; eg%ﬁn %; e s e

200 e}? B22:301- 36‘?3roc Nat| Acad Sci USA.
200 ’Of %%Belir {1 Msshodls gn Brzymokagas 993221 7e599a618. Nat
Med W}’GNH’Q@L]?ZMWZWZBSE—LB%I al ., Sci ence
200 Mzidanago AT 86 7t alahGewtrdittest Shig. CO00;ARSOESI t i on.
AnnMRéwetlainﬁMblBMOWQI ;232:58pgoerre, S., et al. J
Vi r Martifi, F0Bet 42, I6820/9690; 73698160k, et al ., Methods: A
Compaathens V OetMe! DRserds 0522367169y - (1991) Lawr ence,

o Siaakagas, §9a11%’gz%ncé- %&1 0. Di abet es.
e eﬁ,lz c @(@ IEhse 20
7

\{_N

1482 Lee,

Wfdtﬁ W, " elt
M"Hﬁ{f M Eff'% o?tﬁ 18: 675- 679.
Lef 1@’”&10 1@@% 716“7 %9.40. Leslie, RD.
° n e ér Pr? H%d Jée iGeartiakaraiscape 0F Bighetss) 2065 NIM/NCBI
gy R¥-1ebal., o Clin foest B W8H;74206422Lewi s 1 D et al .
BI oMPdVMAQ‘J?aBA@@JZ 389€86:8D7. Z, et al. Dev Biol.
200Mc26@:1252 a@® Berbkt, fyentis \Widasieh BN, 2008 ,14(1 Ha :460-6.
Pr oMilkala B et2002/a2@9)0081®1:50203 6( 2002) . Li
LanMilie, €D Catd CVBu@aasraciel 'C?e?lt B 1?8?1: : -ﬁ%ﬂ,
Mar Miwl1adH, et a0, y@ibbb}z 01®b9§‘?!’1 1 19@2 enew gg Vo
Mul #i dzbﬁee%gﬁ 0 |1's. 2003.

zoocbitatfepcl L el rancon

anéfiodn, M ¢ -72; 00,
A %E"ﬁe gP Pgée?ﬂ 1 Bigglencl A0 T L1508 430361- 366,
Lo é‘ﬂrAC"J"SCl MOBASAsOS5H-6855y mol ogy .

ﬁeis§at5 get@i 8'] Clig ng’ﬁgpigﬂWetM 2082; 85187 Sci ence
OlYIuglg’gmfggg_eg_glngxp Hematol. 2003;31:1323-1330.
Murtaugh, 1.. C., et al., Proc Natl Acad Sci U.S A. 2003;100:14920-14925.
Muschler, G.F., et al. J Bone Joint Surg. Am. 1997;79(11):1699-709.
Najarian, J.S., et al., Transplant Proc. 1977;9(1):233-6.
Nakano T et al Sczence 1994;265:1098-1101.
Narushima, M., et al., Nat Biotechnol. 2005: ;23(10):1274-82.
Nichols I et al., Cell. 1998 95:379-391.
Norgaard, GA et al., Dev Biol 2003;264:323-338.
Novotny and Haber PI oc. Natl. Acad. Sci, USA. 1985;82;4592-4596.
Nusse, R. Nature 2001;411:255-256.
Nyqvist, D, et al., Diabetes. 2005: ;54(8):2287-93.
Offield, M. F et al » Development 1996;122:983-995.
Ohara-Imalzuml M., et al., J Biol Chem. 2002;277:50805-50811.
Oostendorp RA et al., Blood 2002;99:1183-1189.
Oostendorp RA et al., J Cell Sci. 2002;115:2099-2108.
Otonkoski, T., et al., J Clin Invest. 1993;92:1459-1466.
Pack, et al., Bio/Te echnology. 1993;11:1271-77.
Packer, A.L, Dev Dyn 2000;17:62-74.
Pelengaris S, et al., Cell. 2002;109:321-334.
Persons, D., et al., NaruieMedzcme 1998;4:1201-1205.
Petersen, H V., et al., Mol Cell Biol Res Commun. 2000;3:249-254.
Petersen, Science. 1999 ;284:1168-1170.
Pipeleers, D. and Z. Ling, Diabetes Metab Rev. 1992;8(3):209-27.

76



10

15

20

25

30

35

40

45

50

Mal donado, T.S., et al., J Gastrointest Surg. 2000;
4.269-275. Marks et al., J. Mot Biol. 1991,

wWQ2076810697. Martin, F., et al., J. Virol. 198O1/US2006/040212

;g: 8923- 6929. Mathews V, et al., Diabetes. 2004;
1-98. 10 Mat et al., Sci ence 2001;
293“@5@“5@‘36"%@@28%?4%’1&7 Ue§ IOE cad
S PolUBRA ik Froe Nshbelais U S gadonsis todiosed sl
ASRreStaT Carrs Opl §9nct37io8) 1I9RBAH93690Mat zuk, M M, et aI .
NaPunze] M el 3BLod5899618:3730e3%%el |, N, et aI.,
CuRaBiatt WR 091, Bidwd11 BB138: 1Lf§38h&£ntyre L.D.a.J. R, The
Gem}dgspéland&@mezeaée THOBER00e363. 2004 NLM NCBI.  McEvoy
Ra%t @'R etlnijd&&mtzooaaammns 722. Medvi nsky
8 o(GB! Biood 396585 BYgashei var - Levy and Fer ber,

%él; %E{ll %g)tw%(gt)%kg 3 (10):460-6. M kkol a

B -7516 20 Mller, A D,
t’

an nge Lf1 Z@%ﬁ 5 . 1986: 6: 2895- 2902,
VI eI il o VY 4 S 2 igéé?ﬁ&%@%ﬁ& 233235

I\/bcRﬁYQ%IM etigl., Blaod 2001;98: 26\1/?126?5 1998: 72: 8873- 8883.

Nb[Reayes, ML, eiel., &ICHnInxgst. 300210983 734@358- 8361. 25

Mo rRegrgsumd WrfaiBiedA@o b Agaddci. 064 1938:23 [-233 pdigeussion 233-

<§?
g,%

235122: 115-120. Mbrrison et al. Proc. Natl. Acad Sci.

1984 &kt VO9D &t 4865/ 200b084d127. )., et al., Jdin
E“Ci&%&ﬂ%%t Ve alyo1 20875 ﬁ&ﬁ%&smwrum& Y., et al.,

d"g@ Ql a1, 2603 Bl flodd omurtaugh, L.C., et

odfg am HEbpSE npj%ns 932@@@6@5 92@9.374925

s%g 1€ & ;%vgé"xpa ed .‘ézol gl-’-ﬁ% Am
i O 700 otal

Scﬂ%‘hg Qr 5@ et
NatRavlsy dchritser. 19006523(48)S 274 52, Nchols J et
al .Salgeny, B. agb@unebuzsd¥ 3b7 199364 -Gk d G A, et al.,
De\Sdlid) AR0E8] ORI, Haaire.No0brA¢ ﬁ B¥0. " Pr oc.
Nat3andéc dl, etSti Demmeﬁgsﬁﬁ)(82225933-45% Nusse, R
Nat Sender 00 16tdl 1 G2os-266 19Ny i 642-1473, et al .,
Di abeivas, F.2800; Béd)rmnaB 199819943451 ed4d2. M F., et al .,
Dev&iv@ii’@”%t alg%l 2299399984 4hs1.a- | mai zumi, M.
et @laoni PEI A HabRMoI7921 R4 85A8R5: 50811,

Schuh AC, et al., Proc Natl Acad Sci USA. 1999;96:2159-2164.

Schwartz RE, et al. J Clin Invest. 2002;109:1291-1302.

Schwartz RE, et al. J Clin Invest. 2002;96:1291-1302.

Schwarzenberger, P., et al., J. Virol. 1997;71:8563-8571.

Sebestyen, et al. Nature Biotech. 1998;16:80-85.

Shapiro, A.M.,, et al., N Engl J Med. 2000;343(4):230-8.

Shen, C.N., et al., Nat Cell Biol. 2000;2:879-887.

Shimozaki et al. Development. 2003;130:2505-12.

Sipione, S., et al. Diabetologia 2004;47:499-508.

Smith, S.B., et al., Mol Cell Biol.1999;19:8272-8280.

Soria, B., et al., Digbetes 2000;49:157-162.

Sosa-Pineda, B., et al., Nature 1997;386:399-402.

Spangrude G et al., Science. 1988;241:58.

Sreenan S, et al., Diabetes. 1999;48:989-996.

Stock, P.G. and J.A. Bluestone, Annu Rev Med. 2004;55:133-56.

Sussel, L., et al., Development 1998;125:2213-2221.

Sutherland, D.E., et al., Surg Clin North Am. 1978,58(2):365-82.

Sutton, R., et al., J. Virol. 1998;72:5781-5788.

Takahashi, J Clin Invest. 2000;105:71-7.

ip 3y % f’”ﬁﬁ‘” h‘?97eé(%3a 1795 802.

77



10

15

20

25

30

35

40

45

50

Qostendorp RA et al., Blood. 2002;99:1183-1189.
Costendorp RA et al., J Cell Sci. 2002;115:2099-2108.

waeonkeskd , T., et al., J din Invest. 1993; PCT/US2006/040212

92 1459- 1466 Pack, et aI Bi o/ Technol ogy. 1993;
o Dev Dyn 2000; 17: 62- 74.
Pel éé ?@{e)g *(9%5 4(%002 109: 321- 334. Persons,
1534 277+1998; 4: 1201- 1205.
Pet dihsisg;, Hﬁf’“@"b@étzog@b 32 0- Ce| | Biol Res Commun. 2000;
3: 2hepsasen I@m@V@ﬁwllleééMeE@@Hem@d 2¥4: 1168-1170. 50
Pi pdhearas E dbal. aﬂanntM«?d]Q%@il%éﬁ%éG%t ab Rev. 1992;
8( 3)Thaffas ED. Seib: Mén200109%3609-1068T/ US2006/ 040212
Pi t RgRbn JAGH eNcSicho81998282:4B45L4747. Pot ocni k AJ et
al .\ Tilf Neet WAt £xpA9afa:or R00; $2:A000L 9805, 94: 10295- 10300.
Pr esltoqzaﬂ(g%p B mgU&SH@S%Gt 1992; 2: 593-596. Punzel
: L%g

kof
al - o go?ghg- --;%%%?@%Zﬁ@ﬂ MR
Sci q? :
Janigs%
Bl o

%z% %E 9\ﬁ5 et al.,

Nat ur e.
1988¢as3 %, 8‘2@~»§2@’ Cil@ Q@P“ Pé}ntﬂ Lab | nvest .
2005/ BET@Belng, ot akeyBloor 001et al R&f‘%ﬁé 2003:
423 w@gmmlooR@twésGm@Tk@l ZOOOMM:N M{dad Sci. 2001;
038222k 8} aldifsmubsAlng R 38418685 & InReyred., 19]9[8;81910531 15,
Bl 00der2010i2;0&: a2.6 Blrod 6792, Re)088; 100, et al., J din
| nvegdrfai B Q2et 10 BR4- B8;02182Bensss. and Verfaillie, Ann
N YAgaehilBeic et@%ﬁ%%%i@&%ﬁm .643sT0ssSi on 233- 235,

Ri de@&g g,yo@d 19§§317¢ 28210 26109 17-27. Robbins, et
:g Roj as, E., et

a
: etavi _- . 65002265 54 and
R Y‘?r ndg 4P h‘%g 1% 1986:
211 Yy gs‘&lA%&f l(gg 81715%6nem 2002;
48( ¥ ge&?ﬁé gl Rireee 81092 97: ???%‘3[ #0 A Bi ochem Bi ophys

Res graink.. q_(gag7PQ@31\{[tzﬂggccgb§cz USA. 1992;89:6099-6103.
Wang L et al. Immumty 2004;21:31-41.

Wang X et al., Nature. 2003;422:897-901.

Weber, H., et al., Development 2000;127:4345-4360.

Wells, .M., and Melton, D.A. Development 2000;127:1563-1572.

Whitlow, et al., Methods: A Companion to Methods in Enzymology (1991).
Willert K, and Nusse R. Curr Opin Genet Deyv. 1998;8:95.

Williams, R.S., et al., Proc. Natl. Acad. Sci. USA. 1991;88:2726-2730.
Winnier, G., et al., Genes Dev. 1995;9:2105-2116.

Wold, W., Adenovirus Methods and Protocols, Humana Methods in Molecular

Medicine (1998), Blackwell Science, Ltd.

Wu GD, et al. Transplantation. 2003;75:679-685.

Wrysocki and Sato, Proc. Natl. Acad. Sci. (USA). 1978,75:2844.
Xiong, C., et al., Science. 1989,243:1188-1191.

Yahata T et al., J Immunol. 2002;69:204-209.

Yanagi, K., et al., 4S4A10 Trans. 1989;35(3):570-2.

Yang, N.S., et al., Proc. Natl. Acad. Sci. USA. 1990;87:9568-9572.
Yoder M et al., Proc Natl Acad Sci USA. 1997;94.:6776.

Yoshida et al., Diabetes. 2002;51:2505-13.

Zambanini, A., et al., Diabetes Res Clin Pract. 1999;46(3):239-46.
Zaret, K.S. Mech Dev. 2000;15:83-88.

Zeng, L., et al., Blood ASH Abstract 2004.

Zhang, G. et al., Biochem. Biophys. Res. Commun. 1996;227(3):707-711.
Zhao LR, et al. Exp Neurol, 2002;174:11-20.

78



Rowl ey J. Cancer. 1990; 65:2178-2184. 25 Sal nons, B.
and GQunzburg, WH., 1993;4:129-141. Saltiel, A R and
w@ztm/omnm, Nat ure. 2001; 414(6865):799-806. Se©82006/040212

M , et al. Developnent 2000; 127:5533-5540. Sander,

, I :1662-1673. Sanvito,

}@Plg ”ﬂ ﬁ%‘? 4:3451-3462. 30

Sav%hao Heet, f‘ &f ]9é98, 64: 44-51.
3ca§*rﬁp,b>étala+73w/‘rﬁmt28% BuAI&%Yshl8%3: 432-7. schuh
AC, Zhep, }.,.6¢ ahrM@um1993A'3ééc§ SH7TUSA.  1999; 96: 2159- 2164.
Sc Himmbet, REet &, Nakure. X001 A 1AOB65X7822D02: 109: 1291- 1302.

Schwartz RE, et al. J din Invest. 2002; 96: 1291-1302.

J Viro

5 b
7o S gublsRons pdiplssn ertenLPPRt B ElF o uP BRI hersia B
refe%r%?i’)\@gge dngﬂ@ﬁrﬁég)ﬁnfsg%mc%orﬁhls m‘l}@ﬁgh hﬂi\’%&n c?e@&ﬁ)ed in -
rela2i00 0y Gorgiiopi8&Tred eBiliodimeits thereofland mamrld@mle ihave I:Ze@o:set

fortk%g 250§sﬁé2f llé%r%fgl, vgll be gppagient%o thgse £1$1F8L O%F%ﬁ%%gh

invdiioadd dusB&stdle toRIditRnaBmbRlimédts andihabeir@sn 0880 details
49: 157- 16 Sosa-Pineda, B., et al., Nature 1997;

desggiepdineeinoRy bespaiad eusideably withoutgiepasing fromthg:basie: 58.
S al ., Diabetes. 1999; 48: 989- 996.
pn@tlpol%((,)efefgfg%\%m&l\] A Bl uestone, Annu Rev Med. 2004;
55:133-56. Sussel, L., et al., Devel opment 1998;

- 125:2213-2221. Sut herI and, D. E. , et al., Surg din
North Am 1978;58(2):365-82. Sutton, R, et al., J
Virol. 1998; 72:5781-5788. 50 Takahashi, JCin Invest.
2000; 105: 71-7. 77 WD 2007/ 047509 PCT/ US2006/ 040212
Takahashi, Nat Med. 1999; 5:434-8. Thei se, Hepatol ogy.
2000a; 31: 235-40. Thei se, Hepatol ogy. 2000b; 32: 11-6.
Theuni ssen K and Verfaillie CM Exp Hematol. 2004. 5
Thomas E et al., Ann .Int Med. 1986; 104: 155- 163.
Thomas ED. Semin Hematol. 1999; 36: 95-103.

79



Thonson JA et at, Science. 1998; 282: 1145-1147. Tian X
et al., Exp Hematol. 2004; 32:1000-1009. Tolar J et
wa@eoo7/0Bisopd. 2003; ASH Abstract. 10 Traggi ai BPET/U82006/040212
Sci ence. 2004; 304: 104-107.  Trube, G, et at.,
Wﬁ 986; 407: 493-499. Tsuchida, K., et
AT'Q%&SL&B?F §docr| nol . 2004; 220: 59-65. Uwanogho D.
et at., Mech Dev 1995; 49:23-36. Vaca P, et al., Stem
CEII ub ahead.. of n Tendel oo,
l.g mezlm%ﬁglpglé’é@ 08{1“&8‘11“8 n e‘&%‘)y%lc S?%ﬁ“’*%’e%%‘& T et
at enfBPhid B&n cAR Ql@at Gad A3 ferdide indéas V6Bl twoedf edtodermal,

Annal's AI l'ergy, Asthma & [rmmunol. 1998;81:105-115.
Ver feadbdarmalcgimesoderniil eolditypeowith adirsicgent; wherein the first

Verfaill.i et, al Bl ood. 1998: 92: - , .y s .
Veor (e etivia B a sl Sl Wiegg i Sadtatsys libits sonc
Ver f@d}g&ho@ é@{ﬂ%@@ﬂty t599:1d ¢QNs2ABRinpABB6ased ¥eprosdidd HEPEGM.

et al. in Invest. 1992;90:1232. Verfalllie CM

et at. Bl ood. 1996; 87:4770-4779. Verfaillie, GM

o T

SCI enmegerAONGh- a7 yd Ao eeRA ©Olls W BMP4.E. , et at., Proc.
Natl. Acad. Sci. USA. 1992; 89: 6099- 6103, Wwang L et
at., Imunity. 2004;21:31-41. WAang X et al., Nature.

200
3. Zoogﬂfiegr%etﬁ%% gpc%%-lgloisg{/\é Yéhater cbin $ anﬁhg @J)ntactitag\gﬁé Qe.ﬂfﬁfd{/lng

Dev ahapmdthzaoaxpmmn 5&63} HGF 2r HGRhotsiidducelst haying increased

Met ho Oﬁ(ry@qqgl on to Methods in Enzynol ogy (1991).

W | |eé‘PfeS?<°n8 sse R Curr Opin Genet Dev. 1998;

8:95. Wllians, RS., et at., Proc. Natl. Acad. Sci.

USA. 1991, 88: 2726- 2730 35 Wnner G, et al Genes
4.pev. Thegoethod ofi @ainpd.rehersip|the calls hanae mesyeased NGB Fegression

and §Ooﬁa%% CEeasF!IV st%%td}%%ddﬂ Mol ecul ar  Medi ci ne

(19 rence Wi GD, et al.

Transpl antation. 2003; 75: 679-685. Wsocki and Sato
Proc, Nat|. Acad, Sci. (USA). 1978; 75:2844. ng,
5.c., Brempthod afbelaig g or ié@@hez&smmggg m@&ctm%h%@ ISﬁagingg

at ., méxleﬁ'ggﬁré%ress%&pgf R0 FR1n 28 or both of nicotinamide or exendind to

yield cells expressing insulin.

6. The method of claim 5, wherein the expression of insulin is increased over the

amount expressed by the Ngn3 expressing cells.

7. The method of claim 5 or 6 further comprising contacting the cells having

increased expression of Ngn3 with one or both of GDF11 or betacellulin.

8. A method to differentiate non-embryonic stem, non-germ, non-embryonic
germ cells that can differentiate into at least two of ectodermal, endodermal
and mesodermal cell types comprising the steps of:

a) contacting the non-embryonic stem, non-germ and non-embryonic

germ cells with a first agent, wherein the first agent is Activin A,

80



Yanagi, K, et at., ASAIO Trans. 1989; 35(3):570-2.

Yang, N.S., et al., Proc. Natl. Acad. Sci. USA. 1990;
W@7200966609572. Yoder Met al., Proc Natl AcadP@ruUsSigss040212

1997;94: 6776. 45 Yoshida et at., D abetes. 2002;

Pract . 10gnfaas e elsbtiingd ph sop ML &R B o,
15: 830:8Bageh € Meherdin the@bcddld-aged iﬁﬂﬁitﬁ&i@%ﬁédg%%ﬁﬁ@%gb 6.

Zhang, G_ et at,, Biochem "Biophys. Res . ;
227( 3) : 7Qromtktting %o cllrsabtaired Homatep HWHINEGE o HEGGRd

ot al ., GiooblicTGy oGl K el e bgpr o

Bl ofifetind@ddé SexedA@ia42412. Zhao, L., et al., JBiol
Chem 2005;280:11887-11894. . Zhou, X., et al., Nature
1993; 361to5agd salfs expregsipgsulim et al ., Nature. 2001;
414(6865):782-7. Al publications, patents and patent
applications are incorporated herein by reference.

9. Wi Tige mmsthol @f tiaine § avheeeis piep iaf, istptt) on bbthi farthervcentpries
has been described.in relation to certain preferred
enbWarERe e ¢sls 33th BMR% nany details have been set 10
forth for purposes of illustration, it wll be
apparent to those skilled in the art that the

10.i nvElm methoil of slast 8 pir Phwherdin sied d) furtea corephesd icomtattsrgihe
that .certain of th il descti bed herein may be
var§¥§ Wd&‘n@’fed)éﬂ’ggﬂé(ﬁsﬁﬁo?ﬁ%ewﬁgﬁl}'ng fromthe basic
principles of the invention. 79 WO 2007/ 047509
PCT/ US2006/ 040212 WHAT IS CLAIMED IS: 1. A nethod
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non- . eghfy.on ermcells that can differentiate into
nESRERh S

nt
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cell types with a first agent, wherein the first
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14. The method of any one of claims 1-13, wherein the non-embryonic stem, non-
germ, non-embryonic germ cells are mammalian cells.

15. The method of claim 14, wherein the mammalian cells are human cells.

16. The method of any one of claims 1-15, wherein the non-embryonic stem, non-
germ, non-embryonic germ cells are transduced with a pancreatic transcription

factor.

17.  The method of claim 16, wherein the pancreatic transcription factor comprises
Ngn3, NeuroD1, Pdx-1, Pax4, Ptfla/p48, Pax6, Nkx6.1, Nkx2.2 ora

combination thereof,
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wherein step d) further conprises contacting t%e
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13. The nmethod of claim 12, wherein the insulin is )

insulin-1. 14. The nmethod of any one of clains 1-13,
24wh e Tiiemomipesition o€ olbiny A ificthet esmpiging ogesrhoth of GFD11 or

non-enbryonic germcells are mammal i an cel | s.
be{ggeﬁluqm. 9

25.  The composition of any one of claims 20-24, wherein the composition further

comprises cell culture medium or a pharmaceutically acceptable carrier.

26.  The composition of claim 20 wherein the second agent is cyclopamine or an
anti-SHH antibody.

27. A composition comprising the cells preparéd the method of claim 1 or 3 and

cell culture medium or a pharmaceutically acceptable carrier.
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15. The nmethod of claim 14, wherein the manmal i an
cells are human cells. 16. The nethod of any one of

W@L@7/87509 15, wherein the non-enbryoni c stem PORUS2006/040212

28.

29.

30.

31,

32.

33.

34.

35.

36.

germ non-enbryonic germcells are transduced with a

pancreatic, transcrjption, factor. .17...T h

Ol sonmostion pBpHomBb S calls R P Rl Afelieg,
copprise in G Pehettod dtatdm Foif 6 ahdpdedl, culture
Pa@ﬂeﬁsﬁx@f{ﬁ% X2. 2'}%2{%yath conbi nation thereof. 81 WO
20@7kd0dT BODPIRCALSECalkY apeptable cagier.The met hod of claim
16, wherein the pancreatic transcription factor
conprises Pdx-1, Ngn3 or a conbination thereof 19. The
metpdieh t@pxpARe déﬁn&ﬁlsﬂibﬁ&oﬁpﬂi&ng\baﬁlbirﬂng Dfirst agent,
contacting 1s carried out in vitro. 20. A co 03|4|on
conheren ty firstfagestis dgdinm-Anhescenhagab Wheralh thieqend asent

Act.ivin-A,. second . t : 2140t é i
B
NoNrARkBlls tRAtat Mififytentiate oo anlest tveo ofertodiimhile paduderna
into at |east two of ectodernal, endodernal and
negodaresederaal ¢ellitypess. 21. The conposition of clai m 20
further conprising BMP4. 22. A conposition conprising
EG- or HG- and the cells having increased expression
of Pemdhet efdaied2biurtheeconmrirp eminizggBMP4.23. A
conmposition conprising one or both of nicotinam de or
exendi n4 and the cells having increased expression of
NONR RERPRISSDHe E_Q@mgﬁii’ﬁ@ﬁj c&thpiediiad 0ndbiningEGH BEHGF with
conposition of claim23 further conprising one or bqth
of tEFEds tovingtatreesefl xpressiondf PARHEDERHESH bwlil%lﬁe%f)d ng
one.af clains 20-24, wherein the conposition further
codﬂ??%gs cell culture mediumor a pharmaceutically
acceptable carrier. 26. The conposition of claim20
wherein the second agent i s cyc| ppam ne .or an b ¢
ant A ngihodda O enses 2 G%POSAIWSF}%&H“@’ME B ALLIRE
cel i§otﬂfaﬁR@ SR I%hRAHe B HafnPiderOsed eRPrdssiGiBbf Ngn3
culture medi umor a pharnaceutically acceptable
car prepdared BR tHAABOT 6 0ATHOY. PCT/ US2006/ 040212 28. A
conmposition conprising the cells expressing insulin or
havi ng i ncreased expression of insulin prepared by the
met o efhog LAk 39 furkhe B8mBALihg 6othbing@ne GEBbIOI@FHLL or
pharmaceutically acceptable carrier.

betacellulin.

The method of claim any one of claims 29-33 further comprising combining

cell culture medium or a pharmaceutically acceptable carrier.

A method to prepare a composition comprising combining cells expressing
insulin or having increased expression of insulin prepared by the method of
claim 5, 6 or 8 with cell culture medium or a pharmaceutically acceptable

carrier.

The method of claim 29 wherein the second agent is cyclopamine or an anti-

SHH antibody.
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29. A nethod to prepare a conposition conprising
conbining a first agent, wherein the first agent is

WO\eH07W4T509, a second agent, wherein the secondP@m®s1006/040212
i nhi bits sonic hedgehog, w th non-enbryonic stem

non-,ger non- r 1L.G: .S .t R
T4 1 EPaR By REgH e S8 8 €St W BiediApof comprisin:
ecdoder ma) corﬂzitlﬂinﬁﬁiﬁﬁﬂéﬁibﬁyﬁni@ﬂém, hotPgsm, 36n-etibeyomixt evoh
of claim29 further conprisi ngwconbi njng BMP4. 31. A
met RelF thet gepdlsfrrentipicinygdeast BYP elorfndesnalgendodsinml Agd
EG- ] [ L r i
o Bodatidypdelur it st P R EREPE LS RARAPA

nmet hodla secopd eparnt ewlkereiatosicondageno mhilitsisngic hodgehog GSHIH)
one or .both, of i.colinam de or exendind wth.the
col PEIYIL rels ARSI TBTEIEd SRR MG Lgdpar ed by
the met eyl ifirlicHidd Be B halhi BN Rfreblic R 1RR-1
further ?gﬁ%ﬁnglt%gﬂ@co%‘coi ng aonglor bot ﬁg%rf GFD11 or 5088
bet éeptovidei panci84tic chhle imtbelsoljectf cl ai m any one of
clains 29-33 further conprising conbining cell
cul ture mediumor a pharmaceutically acceptable
3gcar MhemetB& of14TRLITO eurtHer BEBpadife SordaitiRgShd hd@Rembryonic
conprising conmbining cells expreSSJng Insulin or
hav isteg iNGBT2EHB PN perye gprmbeelisiysith PMB% epar ed by the
nmethod of claimb5, 6 or 8 with cell culture medium or
a pharmaceutically acceptable carrier. 36. The nethod
390f dhainmstR sdeddigi 37 drf38 fasbardnggein dostacyed thp asllyieaving
an anti- SHH anti body. 83. WO 2007/Q47509 )
PCTAS666 FEesiop of ?('1Awﬁléﬁﬁ%0°rt%8}f) foviclieeahayiaat i ¢
cel liforbRed@ eptbisifilorNEnA $eRy tRISAlGRSI th Bbjedd)
contlaétag)re?lge on-senboryokrrﬁ ? st1 em nons-germ non-é?‘rbryoni c
germ cells that can differentiate into at |east two

f t od I d | d. . , I, t
400q ¢ 715 Mo o i Y R R iR PR e SR
A _@ﬂf_ilea%e@ @ﬁﬁ@ﬁio&%ﬁﬂ& Wil BAEbIbItH ef ﬁi;@@tﬁl%ﬁé@ 8hdxendind to
inhibits sonic hedgehog (SHH) activity to yield cells

havivirdd Pellsrexpecsting sisulas of leayies inprgaset expregsipy of insulin, prior

admtq.h&tkﬁﬁgﬂ%g L hemssldischaving increased expression of
Pdx- 1950 as 10 provi de pancreatic cells in the
subject. 38. The nethod of claim37, further

NN RN i J—
met Redentq Eg@béﬁo%ﬁqélﬁ with bHE &Mth 6PORD1 3 0P Yetaitudnt | NY

the cells having
42. A method to provide insulin expressing cells to a subject in need thereof
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 step a) with Activin-A and a

second agent, wherein the second agent inhibits sonic hedgehog activity;

c) contacting the cells obtained from step b) with EGF or HGF;
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I ncreased expression of Pdx-1 with EGF or HGF to yield
cells having increased expression of Ngn3 prior to
wW@ev7/4s0y ati on to the subject. 40. The net hodr@f/Us10aé/0m0212
39 further conprising contacting the cells having
| ncr eas gl coRdEZThOLINDB R PorR 8Rp @5 whRtdhe OF both of
ni cotinam de or 'exendind to vyield cells expressing
i nsifofinamidelpaekenglindzorasde gigldsgdls expicssing nsithvs ot having
prhqgest$eaQn1nij%natbon t.0 the subject. 41. The
et OB SIS PP conpri sing contacting the
cel | s hayadiflinidteiiiotBs esllsexpressitg RRuING BBk PineREsear
both of GFD 11 or betacellulin.  42. A nethod to
pr e¥pgsiomelinsHindgpresibiesy cells to a subject in need
t hereof conprising: a) contacting non-enbryonic stem
non-germ non-enbryonic germ cells that can
43. di Thenestiddadfecldift 42, athelefsitp f)tepb) BEbEH il comprise
endodermal and nesodermal cell types with a first
Bhﬁ%gent, wherein the first agent is Activin A, b)
contacting the cells obtained fromstep a) with
Activin-A and a second agent, wherein the second
44. agdhe niethidoificdaimotdl @ ABevhelengstard) fuithyr, congriseomeamttiotty
t he obt ai . fromstep b) wwth EGF or HGF, 84 WO
208%%@&#265%5€?$Eg§006/040212 d) contacting the cells
obtained fromstep ¢c) with one or both of nicotinam de
or exendind4 so as to yield cells expressing insulin or
43. havbagpethadariaay ete ek plrisess 7o, sthereis thed subjeahid aghammal.
adm nistering the cells expressing insulin or having
i ncreased expression of insulin to the subject. 43.
46. Th&hemtetiod offclahaismnvheieinie it tiep hapanst ep b) or
both further conprise BMP-4. 44. The nethod of claim
42 or 43, wherein step d) further conprises one or

. bothe Rl d@lan oRL b Wi e t any
one %%n%cl}oai e n%? 42ﬁﬁﬁmi£fg¢n%}% eemglgqbﬁue%t% tgésas %%%1%%?
464disaider oeinfiog. of cl ai m 45, wherein the manmal is a
human. 47. The nethod of any one clains 37-46, wherein
the subject has a pancreatic disorder or injury. 48.

48. ThehsmlehRd @lclfhaiMvhéein¥he iRbRIcE Bl SR doktes ABRELS €S

di abetes, obesity, pancreatic atresia, pancreas

i NPIEHMEE ABRsia.glappigad mammatigmsilphad efntitrypsio deficiency,

he b | .11.S,:. pancreatic cancer ncreatic

ero e B b RARGHE Al BREL BRM e he (BREGS
hyperinsulinism.

(%]

4

~J

49.  The method of claim 48, wherein the diabetes is Type I or Type II diabetes.

50.  The method of claim 47, wherein the injury is a result of physical trauma,

chemical, radiation, aging, disease or combination thereof.

51. Use of the cells prepared by the method of any one of claims 1-17 to prepare a

medicament to treat a pancreatic disorder or injury.

52, Use of claim 51, wherein the pancreatic disorder comprises diabetes, obesity,

pancreatic atresia, pancreas inflammatjon, alphal-antitrypsin deficiency,
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49. The nethod of claim48, wherein the diabetes is
Type | or Type Il diabetes. 50. The nethod of claim
WA 7Z2007/kmspei N the injury is a result of physi caPCT/Ds200&040212
chem cal, radiation, aging, disease or conbination
the rk%?éditaxgz]pa 1!:{%?&19{ LGedR! daficdh) Rdreatc BzyhitaimRichogor
of any on ot1 C almg 1-17 to prepare a nedicanent to
t r edtyparipshiorsmat i ¢ di sorder or injury. 52. Use of
clai m 51, wherein the pancreatic di sorder conprises
di abetes, obesity, pancreatic atresia, pancreas
53, nf | JiRR, 5284 RBRkT AR didbedsn 5 Typédlor diype Cdialifes\O
2007/ 047509 PCT/ US2006/ 040212 hereditary
pancreatitis, pancreatic cancer, pancreatic enzyme

eficie .or_. hyperinsul.ini ) . ' .
S4pher ?%Or}f%aémdslla reeénfﬁgmﬂweﬁglrgr ﬁﬁﬁ%?ﬁé‘% g@ig{%e}%@mal,
54. \dsRtied, «¢lmdi MsSake onb@hBinAtidhi@edenf.ury is a result of
physi cal trauma, chemcal, radiation, aging, disease
or conbi nation thereof. 55. The use of any one of
s<1al B L2y X\@eef;jiedlﬁnfs S G CATRRE nlédidalfhnt further
conprises a p¥1y3| ol ogi call'y’acceptable carrier. 86
comprises a physiologically acceptable carrier.
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